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I know this semester was hard, because well science is hardwork!  I hope 
this semester gave you a demonstration about what it means to be a 

scientist. Good science takes time, involves failure, independent thinking, 
troubleshooting, discussions, re-evaluations, and yes frustration. Good 

science is always challenging at different levels, from collecting the data to 
its analysis and writing. Although hard, science opens the posibilites for 

understanding and discovery and that’s what I love about science.  
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calling, a calling to uncover the beauty that lies hidden in the 
remarkable biology of organisms..." Dr. Leticia Aviles, Behavioral 
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Abstract 

Previous research has described the habitat of bottlenose dolphins in Dolphin Bay, Panama as 
stressful. Dolphins are targeted by multiple tour-boats on a daily basis. Bottlenose dolphins rely 
on sound to communicate, localize prey, and navigate. Previous work has shown the impact of 
tour-boats and associated anthropogenic noise on their communication. In this project, we 
examine dolphin acoustic presence before and during the COVID-19 lockdowns in Panama. We 
generated a presence-absence matrix of dolphin and boat detections for data collected using 
autonomous underwater recorders in 2018 and 2020. We hypothesize that a decrease in boat 
traffic following COVID-19 regulations will directly lead to an increase in dolphin frequency in 
Dolphin Bay. Our results indicate that there is a direct correlation between anthropogenic traffic 
and dolphin acoustic frequency. This research will provide marine ecologists with a better 
understanding of the impact that unregulated boat traffic has on dolphin populations and inform 
ongoing conservation efforts. 

Keywords: whistles, resident population, boat traffic, dolphin behavior, cetacean.  

1. Introduction 

Sound is a foundational aspect of any terrestrial or oceanic environment, and animals are 
typically accustomed to dealing with certain levels of noise. However, anthropogenic domination 
over every environmental niche on the planet has impacted the amount of sound in different 
environments. In areas of high anthropogenic boat traffic, such as Bocas del Toro, species are 
forced to adapt to a consistently high level of sound emanating through their environment. 

Bottlenose dolphins (Tursiops truncatus) rely on sound to navigate, locate prey, and socialize 
(Kassamali-Fox et al., 2020). Previous work has found that dolphin acoustic signals can be 
masked by boat engines, as they overlap in frequencies disrupting their ability to obtain 
information from conspecifics and their environment (May-Collado and Wartzok 2008). 
Furthermore, anthropogenic traffic has been shown to be detrimental to groups where calves are 
present (Guerra et al., 2014). While the acoustic impact of anthropogenic traffic on bottlenose 
dolphins has been well studied, little has been researched in regard to how populations respond 
when acoustic stressors are almost entirely removed from their environment. 

Resident bottlenose dolphins of Dolphin Bay, Panama live in a small population that shows high 
levels of site fidelity (May-Collado et al. 2017). Their predictable behavior has made them a 
target of the largest dolphin watching tour boat industry in Panama (Sitar et al., 2016). In 
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Dolphin Bay, dolphin foraging, and social activities are significantly impacted by anthropogenic 
traffic (Kassamali-Fox et al., 2020). On top of this, mothers and calves are consistently separated 
due to these high levels of noise (May-Collado et al., 2015). The consistent antagonization of this 
population by the dolphin-watching industry generates high levels of stress in individual 
organisms (Perez-Ortega et al. 2021).  
 
Here we examine the acoustic presence of bottlenose dolphins in Dolphin Bay using autonomous 
underwater recorders deployed before and during the COVID-19 pandemic.  We hypothesize 
that a decrease in boat traffic following COVID-19 regulations will directly lead to an increase in 
dolphin acoustic presence in Dolphin Bay. This research will provide marine ecologists with a 
better understanding of the impact that unregulated boat traffic has on dolphin populations and 
inform ongoing conservation efforts. 

2. Material and Methods 

2.1 Study Site 

This research was conducted in Dolphin Bay, Bocas del Toro, Panama (Fig. 1). Dolphin Bay is 
found in the archipelago of Bocas del Toro, on the Caribbean coast of Panama. The area is 
characterized by mangrove islands and exceptionally clear water that can reach sixty feet in 
depth (May-Collado et al., 2015). Additionally, Dolphin Bay is home to a resident dolphin 
community of about 40 dolphins (May-Collado et al., 2017). These dolphins are genetically 
isolated and show high levels of male and female philopatry (Barragan-Barrera et al., 2017). 
(Kassamali-Fox et al., 2019), showed that their predictability in this area has fueled a dolphin-
watching activity that leads to aggressive interactions. Although regulations are in place, the high 
number of boats and lack of compliance to regulations often results in disruptive interactions 
(Kassamali-Fox et al., 2019, Sitar et al., 2016) and is thought to be driver of high calf mortality 
(May-Collado et al., 2019). 
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Figure 1. A visual depiction of Dolphin Bay, Panama, and surrounding geographical features.  

2.2. Recordings 

To study the impact of COVID-19 lockdowns and dolphin presence at Dolphin Bay a Soundtrap 
300 SD (frequency range 20 Hz-150 kHz ±3dB; self-noise of less than sea-state in the bandwidth 
100 Hz-2 kHz, and sensitivity of -203 dB re V/µPa) recorder (Fig. 2) was deployed at 15 m 
location within the dolphin main habitat (9.23N / -82.24W). This location is characterized by a 
muddy bottom and is also the site where most dolphin-tour boat interactions occur. The recorder 
was programmed to record the soundscape for 10 minutes of every hour from September to 
November in 2020. Recordings were uploaded to the RFCxArbimon online platform for storage 
and inspection. A spectrogram was opened in Arbimon with a fast Fourier transform (FFT) size 
of 1,024 points, an overlap of 50%, and using a 512-sample Hann window.  

2.3 Data Analysis 

We selected 10 days per month to be analyzed, and from these days we examined the first minute 
of 10 minutes of each hour to determine presence (1) and absence (0) of dolphin sounds 
(whistles, echolocation clicks, burst sounds, etc.) and boat noises. The matrix will then be 
compared to presence-absence data from 2018 to determine if, during the COVID-19 lockdown, 
boat activity declined and if that led to an increase in dolphin acoustic presence. Data 
visualization was done in JMP 14. (SAS Institute, NC, United States). An ANOVA analysis was 
used to determine if the number of 1-min files with dolphins and boats varied before and during 
COVID-19 lockdowns. 

 

Figure 2. The location of the Soundtrap 300 SD that was used to record acoustic data in Dolphin 
Bay. 
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3. Results 

A total of 7,200 1-min files were analyzed (n2017=99, n2018=171, n2020=761. After accounting for 
differences in recording samples we found a significant decrease in boat presence in Dolphin 
Bay (F Ratio=71.3, df=2, p<0.0001, Fig. 3) and significant increase in dolphin detections in 2020 
(F Ratio=272, df=2, p<0.0001, Fig. 4). We also found a significant decrease in dolphin 
detections throughout the day during 2018 (F Ratio=201, df=2, p<0.0001, Fig. 5) and in that 
same year an increase in tour-boat presence (F Ratio=62, df=2, p<0.0001, Fig. 6). 

 

Figure 3. Mean number of 1-min files with boat detections by year at Dolphin Bay, Panama. 
 

 
Figure 4. Mean number of 1-min files with dolphin detections by year at Dolphin Bay, Panama. 

 

Figure 5. Proportion of 1-min files with dolphin detections by year at Dolphin Bay, Panama. 
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Figure 6. Proportion of 1-min files with boat detections by year at Dolphin Bay, Panama. 
 

4. Discussion 

Our results indicate that although bottlenose dolphins are acoustically present in both 2017/2018 
(no regulations) and 2020 (COVID-19 regulations), they were detected significantly more 
frequently when government regulations were placed on the dolphin-watching industry in 2020. 
These results corroborate the previously described impact of tour-boats on dolphins’ acoustic 
behavior and presence (May-Collado and Wartzok 2008, Perez-Ortega et al. 2021) and habitat 
use (social and foraging activities) (Kassamali-Fox et al., 2020) at Dolphin Bay. Although only 
ten days of the three months chosen in 2020 were analyzed, our results showed a decrease of 4 
times the presence of boats and a doubling in dolphin presence in Dolphin Bay during 2020. 
Similar trends in acoustic behaviors following COVID-19 regulations have been found in 
animals that live in urban areas. For example, a recent study in San Francisco area reveals that 
birds lowered the frequency and amplitude of their acoustic signals during COVID-19 
lockdowns as traffic decreased (Derryberry et al. 2020). 
 
Another important observation is that the boats detected in 2020 within Dolphin Bay are 
transport and personal boats. Therefore, in addition to a decrease in boat presence, there was also 
a shift on the type of boat activity and level of interaction with dolphins. Perez-Ortega et al. 
(2021) showed that when dolphins are in the presence of transport boats their acoustic behavior 
does not change, and several previous studies have shown how dolphin acoustic behavior 
changes drastically in the presence of tour-boats (Christiansen et al., 2005; Cope-Mattson et al., 
2005; Lusseau, 2006). We propose that these drastic changes in their soundscapes allowed 
dolphins to increase their use of Dolphin Bay. While previous studies studied how dolphin’s 
behavior changes in the presence of the research boat and tour boats (Guerra et al., 2014; Sitar et 
al., 2016; Kassamali-Fox et al., 2020; May-Collado et al., 2014), our study provides a unique 
comparison between normal and lockdown boat-presence, clearly showing the impact of 
anthropogenic traffic on bottlenose dolphin presence. 
 
Our results contribute to ongoing conservation efforts to remove the global dolphin-watching 
industry, as a significant number of scientific studies have exemplified the negative impact this 
industry has on the cetaceans it was built around. This study warrants further exploration in the 
examination of how dolphin populations recover behaviorally when anthropogenic stressors are 
removed from their environment, as conservation efforts continue to push for the removal of the 
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dolphin-watching industry. Our results can also be used as a platform for enforceable action to 
take place in terms of regulating dolphin tour-boat activity in Dolphin Bay. Due to the clear 
correlation between anthropogenic traffic frequency and the acoustic behavior of bottlenose 
dolphins, the Panamanian government can use our data to tighten restrictions on this industry. 
Some of these regulations should restrict aggressive following maneuvers, the amount of hours 
tour-boats can be in the Bay, and the decibel range of the boats’ motors. It is important that the 
government enforces these regulations, otherwise they will be overwhelmingly ignored by this 
industry. 
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Humpback Whale Singing Activity Did Not Change During Covid-19 Lockdowns 
Claudia Pollock, Ely Remes, and Chloe Pay 

University of Vermont Department of Biological Sciences, Burlington, Vermont 05405, United 
States  
 
Abstract 
Humpback whales are one of the many diverse species that inhabit the Cano Island, Biological 
Reserve. Humpback whales communicate acoustically and have different song types for mating, 
common, or alternative. COVID-19 regulations have significantly decreased the amount of boat 
traffic at Cano island. It is predicted that a decrease in human traffic will most likely result in an 
increased humpback whale activity in that area because there will be less human noise pollution 
which most likely scares off many creatures. There was no significant difference between the 
mean detection of whales and the mean detection of boats between 2019 and 2020. However, the 
trend of the detections changed. In 2019, when boats were more active, the amount of whale 
calls decreased. In comparison, in 2020, there appeared to be an increase in the number of boats 
at later hours in the night. Our results support the idea that when there is a general time where the 
boat traffic increases, this leads to a decrease in the detection of whales during those hours.  
 
Key Words: Humpback Whales, Ocean(s), COVID-19, Acoustics, Impacts, Boat Traffic 
 
1. Introduction 
Humans have impacted the environment in various negative ways that have caused changes to 
ecosystems and environments. Among these are changes to the acoustic environment due to 
human made noise pollution (Curovic et al., 2021). Humans contribute noise pollution to several 
different ecosystems, both on land and in the sea. Oceans are becoming increasingly more noisy 
environments as commercial shipping, oil drilling, military-related activities, tourism, and an 
overall increase in ocean traffic have become more prevalent (Firestone and Jarvis, 2007).  
 
Many marine organisms rely on sound to communicate and obtain information from their 
environment. Sounds allow animals to exchange information, form and maintain social 
relationships, navigate their surroundings (National Geographic, 2021). This is because in 
seawater sound travels farther than in air, allowing these animals to communicate over long 
distances. Unfortunately, noise from human activities can also reach farther away and mask 
important biological signals (Curovic et al., 2021), such as those produced by humpback whales. 
Humpback whales males sign in breeding areas to attract female and competing with other 
males, and past research have found that boat presence can impact humpback whales singing 
activity (Weilgart,2008). 
 
Here we use data from passive acoustic monitoring efforts during COVID-19 lockdowns to study 
the impact of boat traffic on the singing activity of humpback whales at Caño Island, Biological 
Reserve in Costa Rica. Caño Island is an important breeding ground for humpback whales 
migrating from the antarctica peninsula (Chereskin et al. 2019). We hypothesized that whale 
singing activity will vary before and during Covi-19 lockdowns. We predicted with a decrease in 
boat traffic during Covid-19 there will be an increase on humpback whale’s presence throughout 
the day. 
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2. Materials and Methods  
2.1 Study Site 
The research for this study was conducted in the Caño Island Biological Reserve in Costa Rica 
(8°42′22.1″N 83°53′23.1″W). This reserve is an important breeding area for southern humpback 
whales migrating from the Antarctica Peninsula (Chereskin et al. 2019). 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Jardín Isla de Caño. The blue location dot is the marker for the small island where the 
passive acoustic monitor is being collected.  
 
2.2 Recordings 
A Soundtrap 300 SD (frequency range 20 Hz-150 kHz ±3dB; self-noise of less than sea-state in 
the bandwidth 100 Hz-2 kHz, and sensitivity of -203 dB re V/µPa) recorder was deployed at 25 
m in September 2019 and September 2020 at Jardin, a location with sandy ocean floor, at a 
sampling rate of 48kHz and 16 bit. In 2019, was programmed to record for 5 minutes every 30 
minutes, and in 2020 for the first 15 minutes of every hour. These recordings were then uploaded 
to the Arbimon RFCx online platform for remote access. 
 
3. Results 
Overall, there are no significant differences in the mean detection of humpback whale songs and 
boats between years (p>0.05). However, there was more variation in whale song detection in 
2019 than in 2020.  While in 2020 whale song were detected equally throughout the day, in 2019 
there was decrease in whale signing activity between 5 a.m. and 12 p.m., this the time where 
regularly tour boats arrive to the island. Interestingly, more boats were detected at late hours, 
which could indicate the presence of fishing boats near the protected area. 

 
 

 
 
 
 
 
 

 
Figure .2. Mean number of 1-min files with boat and whale sounds. The bars represent the 
standard deviation by year. 
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Figure 3. Proportion of recordings with whales’ detections (top) and boat detections (bottom) by 
time of the day. 
 
4. Discussion 
Our results show that overall, the mean number of whale and boat detections did not change 
significantly. We did find a trend that in 2019, when tour boats presence peaked, humpback 
whale song detections decreased. In 2020, such declines in whale song detection did not occur. 
Sawyer Miller-Bottoms (CURE, 2021) found that during 2020 noise levels there was a 
significant decrease in boat presence and associated noise levels, particularly at low frequencies 
at Caño Island.  
 
Although we did not find significant differences in whale song activity during Covid-19 there is 
a trend towards an increase whale singing. This is likely the result of a small sample size in our 
study.  Several studies in this year CURE projects found an impact of Covid-19 lockdowns. For 
example, Kelliher et al. (2021) found that bottlenose dolphins in Bocas del Toro, Panama 
increased in acoustic activity during Covid-19 lockdowns and Wilson (2021) also found a trend 
in humpback whale singing activity in Panama.  
 
 Noise pollution is an important factor impacting whale communication (Curovic et al., 2021). 
As things go back to normal, it is important to continue monitoring this population to see how 
the likely increase of boat traffic will impact whale presence and acoustic levels. The correlation 
found in this study between boat presence and whale presence could be used in argument to 
increase restrictions on boat travel in this area to protect the humpback whale species as well as 
other species in this marine community. The correlation between boat presence and whale 
presence can be extended even father to other marine communities where noise a 
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Humpback Whale’s Use of Breeding Ground near Coiba Contreras off the Pacific Coast of 
Panama 

Quinn Chapman, Dagny Keltner, and Hannah Larose 
University of Vermont Department of Biological Sciences, Burlington, Vermont 

05405, United States 
  
ABSTRACT 
Humpback whales from northern and southern hemispheres annually migrate to Central America 
to breed. Previous research suggests the possibility of temporal and geographical overlap 
between these two breeding whale populations. To test this hypothesis, male song activity was 
used as an indicator of humpback whale presence during both whale population breeding 
seasons. Autonomous underwater recorders were deployed near Coiba Contreras Island in 
Panama from August 2020 to December 2020 and at Isla Canal from January to March of 2018 
and generated a presence-absence data matrix of male humpback whales’ songs to determine if 
there is temporal overlap. We expect detections of southern whales from August of November 
and northern whales from November to February. The period of overlap is expected to be mid-
end of November. If there is overlap, we should expect to have songs present throughout this 
period our results show that humpback whale song detections occur throughout the year at Coiba 
and Isla Canal, suggesting there is potential for temporal overlap between populations. 
Furthermore, Southern Hemisphere whales’ song detection increased in July, reaching its peak in 
September, and then decreased dramatically until October where it plateaued. A second peak of 
song detections occurred in November which is consistent with the arrival of Northern 
Hemisphere whales. Future studies should analyze the song structure of songs detected in 
November to determine if both populations are present at the same time in this area. This 
research will provide key information of when both whale populations are present in this area, 
and of the potential connectivity across hemispheres. Additionally, this research can be used to 
revise boat traffic patterns to mitigate the negative impacts boats can have on humpback whales. 

 
Key Words: Bioacoustics, soundscape, RFCxArbimon, courtship song, Megaptera novaeangliae 
  
1. Introduction 
 
Megaptera noveangilae, more commonly known as the humpback whale, completes seasonal 
migration between feeding and breeding grounds in different groups across the world. Two 
distinct populations, the Northern Hemisphere humpbacks and the Southern Hemisphere 
humpbacks are no exception when it comes to preforming this trek. Specifically, the Southern 
Hemisphere humpback populations leave their feeding grounds near the Antarctic and migrate to 
their breeding grounds in Central America between the months of July through October. 
Conversely, the Northern Hemisphere humpback population retire from their northern latitude 
feeding ground and arrive to their equatorial breeding grounds in December and staying until 
April (Clapham, 2001).  
 
Previous research suggests a possibility of temporal and geographical overlap between these two 
breeding whale populations. One study that originally inquired into relationship between water 
temperature and the migration of wintering Southern Hemisphere humpbacks off Central 
America, found evidence supporting this hypothesized overlap. Throughout the course of the 
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research, it was found there was a period of spatial overlap between Southern and Northern 
Hemisphere populations off the Panama coast (Rasmussen et al., 2007). One hypothesized 
explanation for this overlap is a mutual dependence on this location for its stable temperatures 
and protective environment for newborn calves between the Southern and Northern populations 
(Brodie, 1977; Lockyer, 1981). Additionally, the presence of shared genetic traits between the 
two populations suggests there is a “trans equatorial exchange” (Medrano-Gonzalez L., 2001). It 
is this discovery of gene flow in addition to a persistent presence of humpback whales 
throughout the course of year in Central American waters (Rasmussen et al., 2007) that serves as 
strong indication for a period of overlap between these two populations.   
 
This research will continue to build upon what little knowledge is currently known about daily 
humpback whale song detection for humpback whale populations during breeding season off the 
coast of Panama. Additionally, either the presence or absence of a temporal overlap between 
Southern and Northern Hemisphere humpback whales. Our team hypothesized that a large group 
of Southern Hemisphere humpback whales will be detected from the months of August – 
November, followed by a smaller group of Northern Hemisphere humpback whales detected 
between the months of November and February. Similarly, it was hypothesized that the month of 
November, is when a period of overlap between the two populations would occur. To test this 
hypothesis, we utilized male song activity as indicators of humpback whale presence during both 
whale populations’ respective breeding seasons at Coiba Contreras and Isla de Canal. This 
research will firstly serve to provide a more detailed picture as to when each population is 
present at their frequented breeding grounds. However, on a broader scale, by identifying the 
presence or absence of these whales this will contribute to the study of humpback whale 
population connectivity across hemispheres.   
 
2. Materials and methods 
  
2.1 Study site 
 
This study took place in Isla Contreras as well as Isla de Canal, which make up just two of the 38 
islands within Coiba National Park, a protected area of over 400,000 acres in the Gulf of Chiriquí 
off the Pacific coast of Panama (Fig. 1). This area is an important breeding area for Southern and 
Northern Hemisphere humpback Whales (Gretchen H. Steiger, 1991; Rasmussen et al., 2007). 
Southern humpback whales migrate from the Antarctica Peninsula and the Fuegian Archipelago 
in Chile Panama (June - September) and the Northern humpback whales migrate from California 
and Oregon (December - April) (Gretchen H. Steiger, 1991; Calambokidis, 2000; Rasmussen et 
al., 2007)  The International Whaling Commission (1998) estimated that annually 2,000 
Southern Hemisphere and 450 Northern Hemisphere humpbacks make the journey to these 
tropical waters to give birth and mate. Using the complex and stereotypic courtship song of the 
Male humpback, either the presence or absence of humpback whales was able to be indicated. 
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Figure 1. Study site in Panama’s Coiba National Park, Coiba Contreras located in the 
upper left-hand corner (Dominici-Arosemena & Wolff, 2006). 

 
2.2 Soundscape sampling 
 
A Soundtrap 300 SD (frequency range 20 Hz-150 kHz ±3dB; self-noise of less than sea-state in 
the bandwidth 100 Hz-2 kHz, and sensitivity of -203 dB re V/µPa) recorder was deployed at 25 
m at a location near Contreras Island (7.77N/-81.75 W) and Isla del Canal (7.68N/-81.61 W) 
which are characterized by large boulders and sandy bottom. The recorder was programmed to 
record the soundscape for 10 minutes every hour from August to December 2020 in Contreras 
and for 5 minutes every 30 minutes in Isla Canal from January to March 2018. Data from 
Recordings were uploaded and opened in RFCxArbimon an online platform 
(https://arbimon.rfcx.org/) and a spectrogram was generated using a fast Fourier transform (FFT) 
size of 512 points, an overlap of 50%, and using a 512-sample Hann window. 
 
2.3 Data analysis  
 
The first 10 days of provided recordings from each month were inspected. Specifically, the first 
ten minutes of each hour from 12:00 am to 11:00 pm were analyzed for either the presence or 
absence of Megaptera noveangilae’s courtship song under the “Species Presence Validation” tab 
in Arbimon. Each recording was scored presence (1) and absence (0) of humpback whale male 
songs for each 1-min file (Fig. 2). This information was then used to determine changes in 
singing activity by time of day and month, and whale breeding population. 
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Figure 2. Example of Megaptera noveangilae’s courtship song over 60 second period in 
Coiba Contreras, Panama.  

3. Results   

A total of 200 hours (about 1 week 1 and a half days) of recording time were analyzed. 30 hours 
were from Isla de Canal in 2018 and 170 hours (about 1 week) from Contreras Island in 2020. 
After accounting for differences in recording effort, our results show that humpback whale songs 
were detected from August to March in the study sites (Fig. 3). The Southern Hemisphere 
humpback whales had a peak of activity in September, with a recorded average proportion of 
0.45 1-minute files possessing songs. A second peak of activity was found in November when 
Northern Hemisphere humpback whales begin to arrive to the area, with a recorded average 
proportion of 0.30 1-minute files containing songs. Notably, the month of October which 
encompasses the time between these two populations respective departure and arrival exhibited a 
mean proportion of 0.20 1-minute files with songs present.  

 

Figure 3. Proportion of 1-minute files with humpback whale songs from January to March of 
2018 in Isla de Canal (blue) and August to December 2020 in Coiba Contreras (red). 
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4. Discussion  
 
Our results provide evidence supporting a potential temporal and geographical overlap of 
Northern Hemisphere and Southern hemisphere humpback whale populations during the month 
of October. The presence of northern humpback whales arriving in the months of November and 
December are consistent with the timing of the migration of humpback whales from the northern 
pacific to the Central America region (Ryan et al., 2019). The presence of southern humpback 
whales arriving in the southern winter months of July and August are also consistent with the 
timing of the migration of humpback whales from the southern pacific to the same Central 
America region (Guzman and Felix, 2017).  
 
The arrival and departure times suggested through the presence absence data reveal migration 
patterns that are consistent with previous studies which suggested that northern hemisphere 
whales and southern hemisphere whales overlap geographically in middle-pacific regions. 
Geographical migration patterns tracked through genetic tagging of humpback whales identified 
DNA from skin samples at many different study sites in the middle pacific region (Palsbøll et al., 
1997) of whales from both the northern pacific and the southern pacific suggesting that both 
groups occupied the same geographical area. Another study done using photo ID data through 
satellites tracked groups of whales from both the southern pacific and the northern pacific to the 
same regions of the middle pacific near the Coiba region (Acevedo and Smultea, 1995). These, 
as well as many other previous studies using photo ID technology support the hypothesis of both 
groups of whales occupying the same region in the pacific but could not confirm if the timing of 
arrival and departure in the area allow for overlap between the two groups.  
 
This is the first research study that uses soundscape data to confirm the geographical overlap of 
both groups of humpback whales in the middle pacific region. Our results also suggest that, in 
addition to occupying the same region of the middle pacific, both groups occupied the Coiba 
region at the same time. This is supported by the absence of a gap in the presence of humpback 
sounds between the departure of southern whales and the arrival of northern whales suggesting 
an overlap in populations. Although two different study sites were used in this investigation, the 
presence-absence data collected supports the hypothesis that there is significant overlap between 
northern and southern groups of humpback whales in the Coiba Contreras region off the coast of 
panama. This information is integral to the study of interactions between distinct groups of 
whales as it provides a basis for the time and place that these interactions may occur which can 
be applied to future studies. Furthermore, this research provides insight into the migration 
patterns of northern and southern humpbacks and can be used by boat transporters and other 
industries that make up boat traffic to decrease boat contact with humpback whales. Humpback 
whales can be negatively impacted when boats interfere with their calls, or physically harmed if 
a boating vessel strikes and injurers them. Now, new laws and regulations have further support to 
be put in place to protect humpbacks from boats and ships using this research. 
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Abstract 
 
Previous research has found evidence that the interaction between phases of the moon and time 
of day influence male humpback whale singing behavior. Humpback whales are thought to be 
acoustically active at night and shift to visual competitive tactics during the day.  Here we study 
the potential influence of moon phases and time of day on the singing activity of humpback 
whales at Las Marias, an important breeding area in Panama. We use data collected from passive 
acoustic monitoring efforts in this area and generated a presence-absence matrix of song 
detections for Marias from October to December 2020 noting time of day and moon phase. Our 
results show that at Las Marias, male humpback whales mean singing activity increases during 
the first quarter and waxing to full moon phases. Based on previous studies we hypothesize that 
there will be a decrease in singing activity from first to last quarter. This study will provide a 
better understanding of the acoustic behavior of male humpback whales in this breeding ground. 

Key Words: singing activity, Cetacea, songs, temporal variation. 
 
Introduction 
 
Humpback whales spend warmer months foraging at high latitudes where there’s a higher 
amount of prey and migrate in the colder months to breed in the tropics (where prey is limited). 
Las Marias, Panama, part of the Coiba marine park and considered a UNESCO World Heritage 
Site, is a hub for Humpback breeding (Smith). The area’s climate is defined as “tropical 
rainforest” (mindat.org), which means that temperatures range from 21 to 30° C throughout the 
year with a 77-88% humidity and an average yearly rainfall of 80-400 inches (Private Islands), 
making it the ideal warm-water place for humpback breeding. Humpback mating behavior 
includes singing, as well as competitive displays among reproductive males (Yakovsky)- acoustic 
behavior of humpbacks, specifically of breeding stock group whales off of Cano Island in Costa 
Rica, has been studied previously, and has been shown to peak during the breeding month of 
October and during the midday to midnight hours. (Chereskin et. all, 2019) Using these results, 
we can assert that acoustic behavior will change throughout the year and throughout each day; 
we think it may also change throughout the lunar cycle. 
 
As the moon rotates around the earth and the earth rotates around the sun, the moon is visible to 
earth in different fractions, called phases. When the moon is directly between the earth and sun it 
appears dark: this is the new moon. When the earth is between the sun and moon, the moon is 
bright and reflects sunlight: this is the full moon. Transitioning from the new moon to the full 
moon is called waxing and transitioning from the full moon to the new moon is called waning: 
the visible moon takes different identifiable shapes during these times (crescent, gibbous, 
quarter) (National Geographic). Light is a limiting factor in humpback mating displays; a female 
can’t judge what she can’t see, and these displays are necessary to gain a female’s attention 
(Morell). Changes in moon phase cause differences in moonlight available and could therefore 
affect humpback behavior.  
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In this study, we evaluated the presence of humpbacks in Las Marias using audio recordings 
from a span of three months. We analyzed 10 days each from October, November, and 
December of 2020, months in which the population of humpbacks is present after their 
southward migration (Fisheries). We then compared these dates to the lunar cycle and analyzed 
the apparent effects of the lunar cycle on mating behavior. We hypothesized that lunar phases 
with the lightest, i.e. waxing to full moon, full moon, and waning to third quarter, would promote 
the most whale activity - the vocal portion of what is otherwise a visual behavior. We expected 
to see files from those phases having the most recorded whale presence. 
 
Materials and Methods 
 
A. Study Site 
This took place in Las Marias, located within the archipelago of Islas Secas in the Gulf of 
Chiriquí, Panama. This location is characterized by its designation as a “tropical rainforest’ with 
high temperatures, consistently elevated humidity, and a high rate of yearly rainfall as well as a 
sandy bottom and presence of large boulders. This area is also an important breeding area for 
Southern Hemisphere humpback whales that migrate every year from the from the Antarctica 
Peninsula and the Fuegian Archipelago in Chile Panama (months) (Palacios-Alfaro et all, 2012) 
In this breeding area humpback whale males sing stereotypic and complex songs that act as a 
means of communication with other whales. As Las Marias acts as a breeding area for humpback 
whales, the songs heard in the recordings were characterized as courtship songs, specifically 
sung to attract and communicate with female humpback whales. Male humpback whale songs 
are the most common source of acoustic behavior that is observed in breeding areas such as Las 
Marias (Dunlop et all, 2007). 
 
B. Recordings  
A Soundtrap 300 SD (frequency range 20 Hz-150 kHz ±3dB; self-noise of less than sea-state in 
the bandwidth 100 Hz-2 kHz, and sensitivity of -203 dB re V/µPa) recorder was deployed at 25 
m a location near Isla Maris (lat7.993/long-82.071) characterized by large boulders and sandy 
bottom. The recorder was program to record the soundscape for 10 minutes every hour from 
October to December 2020. Data from Recordings were uploaded and open in RFCxArbimon an 
online platform (https://arbimon.rfcx.org/) and a spectrogram was generated using a fast Fourier 
transform (FFT) size of 512 points, an overlap of 50%, and using a 512-sample Hann window.  
 
C. Data Analysis 
The first 10 days from each month (October 16-26, November 10-20, and December 1-11) were 
selected and the first 10 recorded minutes of each hour were inspected, scoring for presence (1) 
and absence (0) of humpback whale male songs and boats for each 1-min file. Along with 
determining the presence of humpback whale male songs we were able to score the songs as 
courtship-specific songs. To determine if lunar phases and tides influence male singing activity, 
we obtained information from the new moon to waxing gibbous phases of October, the waning 
crescent to waxing crescent phases of November, and the full moon to waning crescent phases of 
December (Moon Phases 2021). These days provided data occurring during each phase of the 
lunar cycle. 
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Results 
A total of 110.9 h of acoustic time was analyzed between October and December of 2020. Whale 
presence was detected during each lunar cycle over the course of all three months, with varying 
consistencies of presence depending on each phase of the lunar cycle (Fig. 1). The first quarter 
and waxing to full moon phases showed the most consistent presence of humpback whales over 
time with a value increasing to 1 and remaining until the end of the lunar phase. The waning to 
last quarter showed the least whale presence over the course of the monthly lunar phases, with a 
maximum presence of 0.2 during the phase. The new moon showed an initial high volume of 
whale presence with a value of 1, however its value decreased to 0 near the end of the phase. The 
last quarter had varying degrees of presence throughout its phase, as did the waxing to 1st 
quarter. The waning to new moon phase showed a consistent intermediate presence value 
between 0.5-0.7 for its entire phase. 
 
The mean number of files is equal to the sum number of files containing whale song per lunar 
phase divided by the total number of files containing whale song. 
The lunar phase with the greatest mean number of files with whale songs was waxing to 1st 
quarter (~4 files), followed by waxing to full moon (~3 files) and waning to new moon (~3 files), 
followed by first quarter (~1 file), last quarter (~0.75 file), waning to last quarter (~0.5 file), and 
new moon (~0.5 file) (Figure 1). 
 

 
 
Figure. 1. Mean number of 1-min sound files with humpback whale song detection by lunar 
phase at Las Marias, Panama in October, November, and December of 2020 vs corresponding 
Lunar Phase  
 
Discussion 
 
We find that humpback whale singing activity increases in three moon phases: waning to new 
moon, waxing to 1st quarter, and waxing to full moon. These moon phases had significantly 
more whales than the other phases examined in the months from which data was collected.  
 
This could be since light is not the most prevalent factor in the mating ritual - Humpback mating 
behavior includes singing an elaborate male breeding display, as well as competitive displays 
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among reproductive males. All males within a population share a common set of songs and 
patterns and these songs gradually change over the months, and many scientists think that a 
higher level of acoustic activity could indicate that the male vocal display might be the more 
important mating behavior (Sousa-Lima & Clark, 2008). This could also be since the times we 
studied had more of those phases than others, especially in November and October. Northern 
whales are spotted in Panama in (a lesser number) between December and April, and southern 
whales are found (in a larger number) between July and October, which could be the reason as to 
why more presence was noticed within the months of November and October than December 
because many of the southern whales had left. Humpback whales come from both the Southern 
Hemisphere (July to October with over 2,000 whales) and the Northern Hemisphere (December 
to March about 450 whales along Central America) to Panama (and Costa Rica) (Chereskin et al. 
2019). These factors of migration and light not being as much of a limiting factor are our main 
predications as to why there was more presence during those three specific moon phases. 
 
This research raises other questions around the mating behavior of humpback whales: if light is 
not as important for mating behavior, why are their specific phases with dramatic increases in 
acoustic data? What other behaviors might be critical for humpback mating? To determine that 
the data we gathered was not just a fluke, or impacted by temporary factors, we would like to 
analyze audio recording from multiple other months and years. That way, we could consider any 
shifts in behavior due to changes in temperature, pH, and resources. We would also then be able 
to assess other causes of the spike in acoustic behavior during the waning to new moon, waxing 
to first quarter, and waxing to full moon. It may also be useful to study mating behavior in other 
areas and potentially in different conditions (climate, pH, etc.), to assess the overall importance 
and commonality of certain aspects of the behavior overall - for example, do only some 
populations require light for their rituals to function? 
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ABSTRACT 
Noise from human activities in the ocean have increased by about 3.3 dB per decade.  Given that 
many marine species rely on sound for several biologically important activities (e.g., feeding, 
reproduction, navigation) scientists are concerned about the impact of an increasingly noisy 
ocean. The Covid-19 lockdowns have provided a unique opportunity to study the impact of 
anthropogenic noise on marine communities. This study uses data from passive acoustic 
monitoring in two nearby locations within the Archipelago of Chiriquí in Panama from August 
2017 and 2020 to study changes in boat and biological noise levels before and during the Covid-
19 lockdowns. We hypothesize that during Covid-19 lockdowns a reduction in boat presence will 
result in an increase of biological sound sources. Our results show that dolphin and fish 
detections significantly increased during Covid-19 lockdowns, but no significant differences 
were found with humpback whale song and snapping shrimp detections. This study can provide 
an alternative to marine community health assessments which can improve preservation of 
ecosystem function.   
  
Keywords: mammal activity, acoustic ecology, boat traffic, Chiriquí archipelago, marine 
ecology 
 
1. Introduction 
Because light attenuates rapidly with depth in marine ecosystems, many marine organisms use 
sound for communication, navigation, and localization of food. For example, male humpback 
whales sing in breeding areas to attract females and compete with males by producing 
stereotypic and complex songs (Dunlop et al., 2007). Their songs are within human hearing 
range, ranging from 0.03 kHz to 8 kHz (Madin, 2012). Dolphins produce a variety of high 
frequency sounds that include echolocation clicks for the purpose of locating prey and navigating 
that range from 40 kHz to 150 kHz, as well as whistles and bursts for communication, that range 
from 0.2 kHz to 30 kHz (Madin, 2012). Fish produce pulses that differ in the types of sounds 
created, the duration, and the repetition of the sounds. These sounds are typically low in 
frequency; around 0.2 kHz (Amorim, 2006). The sounds that fish produce are used to find and 
compete for mates, intraspecific competition, defense of habitats, and to make distress calls 
(Amorim, 2006). Snapping shrimp are ocean-dwelling crustaceans that make noise using a large 
claw. The sounds that snapping shrimp produce are loud snaps that have frequencies that range 
from tenths of kHz to above 200 kHz (Bohnenstiehl et al., 2016).  Noise from human activities in 
the ocean has increased by about 3.3 dB per decade (Frisk, 2012). Boat traffic from tour boats 
and container boats used for the shipments of goods contribute to the increasing noise levels in 
the ocean. As the number of boats traveling in the ocean increases, the noise contributed from 
these vessels also increases. The noise contributed to the marine soundscape masks the biological 
signals made by marine organisms and thus impacts these marine organism’s food location, 
distress calls, navigation, communication, and mate attraction and competition.  
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The islands of Islas Secas and Secas Pargo are located close together in the Chiriquí archipelago 
off the coast of Panama and are part of a private, protected tourism site. Islas Secas and Secas 
Pargo are home to a variety of marine organism species, such as humpback whales (Rasmussen 
et al. 2007), dolphins (May-Collado et al. 2009), snapping shrimp, and a variety of sound-
producing fish species (Benfield et al. 2008). The COVID-19 pandemic introduced restrictions 
on travel as well as country-wide lockdowns in many countries during 2020 and forced many 
people to stay at home which resulted in significantly lower noise levels in many parts of the 
world. A study found a significant reduction of noise levels in mainly urban areas that resulted in 
observations of increased bird songs and animal sounds (Manzano, 2021). This trend was 
observed in marine settings as well. Due to Covid-19 restrictions of movement and changes in 
human consumption of products, decreases in boat traffic were observed in 70.2% of Exclusive 
Economic Zones, with April being the peak month for declines observing a 1.4% decrease in 
boat traffic. Boats used for leisure were observed to have larger and longer lasting decreases in 
activity during the first 6 months of 2020 (March, et al., 2021). This decrease in boat traffic 
corresponded to an overall decrease in noise from boat travel in the world’s oceans. The Covid-
19 pandemic provides a unique opportunity to study the soundscape at conditions that are close 
to natural conditions for the organisms.  
 
Given that many marine species rely on sound for several biologically important activities (e.g., 
feeding, reproduction, navigation) scientists are concerned about the impact of an increasingly 
noisy ocean due to human-related traffic, such as boats. This study uses data from passive 
acoustic monitoring in two nearby locations within the Archipelago of Islas Secas in Panama in 
August 2017 and August 2020 to study changes in boat and biological noise levels before and 
during the Covid-19 lockdowns. In this study, we assessed the impact of human boat activities 
on the marine soundscape of Islas Secas and Islas Pargo. Our goal was to analyze the impact of 
high volumes of human boat traffic on the activity levels of marine animals present in the Islas 
Secas archipelago region. We hypothesized that the activity of the marine animals present would 
decrease in the presence of boat travel.  
 

2. Materials and Methods 
 
A. Study Site 
This study took place in the archipelago of Islas Secas on the Gulf of Chiriquí, off the Pacific 
coast of Panama. Islas Secas and Islas Pargo, the two locations that were studied, are two of the 
four major islands in the archipelago. The waters of the Gulf of Chiriquí range from an average 
temperature of 72 degrees Fahrenheit, or 22.2 to 33.3 degrees Celsius. The climate is particularly 
warm all year as the temperature doesn’t drop below 69 degrees Fahrenheit, or 20.6 degrees 
Celsius. The humidity ranges from 5% to 95%, and the climate is considered to be quite humid. 
The area is prone to large amounts of rainfall year-round, with the percentage of rainfall during 
the months of April to November being 51% (Average Weather in Chiriqui, Panama, 2016).  
  
Islas Secas is home to a diversity of microhabitats including sandy and rocky bottom, and coral 
reefs. Several species of marine organisms are observed in this area including humpback whales 
that migrate every year from the Chile and the Antarctica Peninsula to this area to reproduce 
(Rasmussen et al. 2007), pantropical spotted dolphins and bottlenose dolphins (May-Collado et 
al. 2009), several species of sonorous fish and snapping shrimp (Benfield et al. 2008). 
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Figure 1: Map of study sites in the Archipelago of Islas Secas, located off the coast of Panama 
(7.9820° N, 82.0312° W) 
  
B. Recordings  
  
A Soundtrap 300 SD (frequency range 20 Hz-150 kHZ ±3dB; self-noise of less than sea-state in 
the bandwidth 100 Hz-2 kHz, and sensitivity of -203 dB re V/µPa) recorder was deployed at 25 
m in Pargo (7.9582° N, 82.0519° W) from July to the end of September 2020 and in Secas 
(7.9783° N, 82.0276° W) in August 2017. In Islas Secas, the recorder was programmed to record 
the soundscape continuously in a 24-hour cycle at a sampling rate of 48 kHz. From these 
recordings a 1-minute sample was manually selected every 10 minutes. In Pargo, the recorder 
was programmed to record the soundscape for 10 minutes every hour, also at a sampling rate of 
48 kHz.  
 

 
Figure 2: Soundtrap 300 SD recorder placements in the Archipelago of Islas Secas, Pargo located 
(7.9582° N, 82.0519° W) Secas located (7.9783° N, 82.0276° W) 
 
 
C. Data Analysis 

The 1-minute recordings were uploaded to the RFCx Arbimon platform for the inspection of the 
presence (1) and absence (0) of boats, humpback whale, dolphin, fish, and snapping shrimp 
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sounds. We selected 10 days in August 2017 and 10 days in August 2020. The dates inspected 
were August 1st – 5th 2017, and August 17th – 21st in the location Islas Secas. These dates were 
inspected by analyzing the first 5 minutes of each hour in the day. August 1st - 5th 2020, and 
August 17th – 21st 2020 in the location Secas Pargo were also inspected. These dates were 
inspected by analyzing the first 10 minutes of each hour in the day. Data visualization was done 
in JMP 14. (SAS Institute, NC, United States). An ANOVA analysis was used to determine if the 
number of 1-min files with whale, dolphins, fish, shrimp, and boats varied before and during 
Covid-19 lockdowns. 

3. Results 
  
A total of 18,200 1-min files were analyzed from 2017 and 5, 999 1-min files from 2020. After 
accounting for differences in sampling effort we found significant increase in the mean number 
of humpback whales (F Ratio=60, df=1, p<0.0001), dolphins (F Ratio=7,467, df=1, p<0.0001), 
fish (F Ratio=14,904, df=1, p<0.0001), and snapping shrimp detections (F Ratio=669.7, df=1, 
p<0.0001) during the Covid-19 lockdowns (see Fig.2).The mean number of boat detections 
increased in 2020 (F Ratio=60.3, df=1, p<0.0001). 
 

 
Figure 3. Mean number of 1-min files with biological sound sources before and during Covid-19 
lockdowns in the archipelago of Islas Secas, Panama 
 
4. Discussion 
 
This study found that the mean activity of dolphins and fish increased, whereas the mean activity 
of humpback whales and snapping shrimp did not change significantly, between August 2017 
and 2020 at the Archipelago of Chiriquí. Interestingly a study done in Coiba National Park, 
located in the Gulf of Chiriquí found not significant differences in boat presence between 2017 
and 2020 in an area close to Islas Secas and Secas Pargo (Hodson, 2021).  
Our study finds that humpback whale and snapping shrimp acoustic presence was unaffected by 
the increase in boat activity, but dolphins and fish were more detected. Our study area is an 
important nursing area for mother humpback whales and their newborns (Rasmussen et al., 
2007) and male singing activity is lower than in neighboring areas such as Cano Island in Costa 



30 
 

Rica (May-Collado pers.comm. 2021). This could explain why we did not find any significant 
difference between years. Interestingly, a study in Cano Island found an increase in humpback 
whale singing activity (Durant, 2021), and a study found that whales contributed more to the 
soundscape in Cano Island during Covid-19 than in previous years (Miller-Bottoms, 2021). The 
study by Miller-Bottoms also found that in normal years noise levels were concentrated a low 
frequency, as it has been reported by other studies (Frisk, 2012). Low frequencies are used by 
both humpback whales and fish. The decrease in noise at low frequencies might explain the 
increase in detection of fish sounds which are often soft and very low in frequency (Amorim, 
2006). Finally, that we found more dolphin detections than in previous years, suggesting that in 
the absence of human activity, dolphins may have been closer to the coast where our recorders 
were able to capture their high frequency sounds. 
  
The results from this study are significant in that they are essential in informing the public, 
governments, and various advocacy groups about the impacts of noise from human activities on 
marine wildlife. This study was among the first study that was able to be conducted at relatively 
natural conditions due to travel restrictions from the Covid-19 pandemic, thus these results can 
be used to inform future analysis of the impact of human marine traffic on marine ecosystems. 
These results, as well as the results from other studies, could be used to help reshape boating 
policy and lead to better regulation of tourist destinations for whale watching, as well as other 
human activities that are centered around marine wildlife. Studies like this need to be continued 
so the effects of noise on marine wildlife can become better understood in order to ensure the 
preservation of the marine habitat and that industries such as the whale watching industry are 
regulated in such a manner so that their activities do not cause harm to marine ecosystems.  
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Abstract 
 
Covid-19 lockdowns resulted in a decline of global traffic density, resulting in a unique 
opportunity to study the impacts of boat noise on sonorous marine organisms. Here we study 
potential changes in bottlenose dolphins, toadfish, and boat presence before and during Covid-19 
lockdowns in Almirante Bay, Panama. Almirante Bay is home to taxi and ferry companies that 
provide access to various islands in the archipelago of Bocas del Toro and is a major port for 
export of produce. We generated a presence-absence matrix of sound detections from bottlenose 
dolphins, toadfish, and boats using acoustic data collected with autonomous underwater 
recorders on a 24-hour cycle. We hypothesize that during Covid-19 lockdowns there will be a 
decline in boat traffic density resulting in an increase in detection rate of dolphins and toadfish. 
Our results found a significant decrease in taxi-boats during the Covid-19 lockdowns, an increase 
in toadfish acoustic presence, but no significant differences were found in dolphin acoustic 
detections. However, we did find that all sound sources did vary significantly throughout the data 
between years. The results of this study demonstrate the negative impacts of boat traffic (and 
associated) noise to the acoustic activity of marine organisms. This research will provide marine 
ecologists with an increased understanding of the impacts of boat traffic on bottlenose dolphins 
and toadfish, which will inform conservationists on the benefits of designing policies to regulate 
boating. 
 
 
Key Words: boat traffic, acoustic analysis, anthropogenic noise, communication, soundscape 
 
1. Introduction 
 
With human noise pollution increasing by about 3.3dB per decade, the ocean ecosystems directly 
face the consequences (Frisk, 2012). However, in the wake of the Covid-19 pandemic, 
lockdowns have been placed causing a decline in global traffic density (Oguzoglu, 2020). This 
decrease in travel can have a positive effect on the ocean ecosystem by decreasing the sound 
pollution present in our oceans. In response to the Covid-19 pandemic, the boat traffic has been 
limited to that of government and necessary transport boats for resources (Huveneers et al., 
2021). With Almirante Bay being a key port to accommodate exports, boat traffic may still be 
present throughout the pandemic (Thompson, 2016).  
 
When considering the changing noise pollution levels present in these ecosystems, it is important 
to understand the impact this alteration has on the marine organisms. The scientific community 
has placed an increased focus on using soundscape analysis to determine the health of the 
ecosystem (Linseth, 2018). Since other senses, such as sight, are limited underwater, sound is the 
major sense used by aquatic species, as it travels in any direction and can vary in frequency 
(Laura J. May-Collado et al.).  In turn, sound plays a key role in the lives of marine organisms as 
it provides communication, navigation, and the location of food. Soundscape patterns that 
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emerge noisy, meaning numerous organisms are heard, showcase a more diverse and healthier 
ecosystem (Lobel, 2013). In Almirante Bay, the sonorous species present include bottlenose 
dolphins (Tursiops truncatus) and toadfish (Amphichthys cryptocentrus), which help form the 
soundscape of the bay (Thomas A. Wake et al., 2013). Bottlenose dolphins’ sounds have been 
found to be concealed by the sounds produced by boat engines, as they share similar frequencies 
(May-Collado and Wartzok, 2008). Toadfish can face a negative impact from boat noise, as the 
sound produced by the boat impairs the fishes’ auditory sensitivity, which is essential to the 
toadfish in attracting mates and during agnostic encounters (Vasconcelos et al., 2007). These 
interactions of the natural soundscape and human noise pollution can be detrimental to the 
marine species present. Research done through recordings will allow for the entire soundscape 
composition to be seen. This availability of all occurring sounds led us to explore the effects of 
human disruption, through boats, on the biodiversity of the health of the ecosystem in Almirante 
Bay. These results can then be compared prior to and during the Covid-19 pandemic, to track 
changes that occurred.  
 
The occurrence of the pandemic and resulting lockdowns, create a unique opportunity to study 
the impact of boat noise on sonorous marine organisms. In our research, we study the acoustic 
presence of bottlenose dolphins, toadfish, and boats before and during the Covid-19 lockdown in 
Almirante Bay, Panama. The sounds were obtained using autonomous under water recorders that 
were utilized before and after the pandemic. We hypothesize that during the Covid-19 lockdown 
there will be a decline in boat traffic density causing an increase in the detection rate of 
bottlenose dolphins and toadfish. This research will allow for marine ecologists to better 
understand the effects of boat traffic, and other sources of noise pollution, on the marine species.  
 
 
2. Materials and Methods 
 
2.1 Study Site 
This study took place in Almirante Bay in the Archipelago of Bocas del Toro, Panama 
(Figure1.). Almirante Bay is characterized by warm temperatures ranging from 72 to 86 degrees 
Fahrenheit and densely populated coral reefs (Berry et al., 2013). The Bay is abundant in 
nutrients, chlorophyll, and zooplankton, making it a desirable habitat for a rich diversity of 
marine organisms including bottlenose dolphins and toadfish (Cramer, 2013). The area is home 
to a rich diversity of marine organisms including bottlenose dolphins and toadfish. Their habitat 
overlaps with taxi boats routes, that run from 6 a.m. to 6 p.m. every 30 min each way between 
mainland and taxis run, (Perez et al., 2021).  
 
Bottlenose dolphins and toadfish were selected as the subjects of this study because of their 
vocalness, which can be used to measure the effects of anthropogenic noises on their behavior 
and health. An increase in noise pollution can reduce the probability of the marine animals 
detecting signals, which reduces their range of communication. To compensate, the animals may 
increase the level of their own calls, by making their signals longer or more redundant, or by 
waiting to signal until noise is reduced. Some sound exposures may be loud enough to make it 
more difficult for an animal to perform its regular functions., causing them to avoid the human 
sound sources (Tyack, 2008). Depending upon the consistency of exposure to these disturbances, 
the marine animals of the affected ecosystems can endure severe health issues such as hearing 
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loss and stress responses that result in physiological costs. By listening to the noises produced by 
the sonorous bottlenose dolphins and toadfish, we are able to examine how human activity is 
affecting the overall health of the marine ecosystem’s inhabitants as well as their communication 
and presence. 
  
2.2. Recordings 
A Soundtrap 300 SD (frequency range 20 Hz-150 kHz ±3dB; self-noise of less than sea-state in 
the bandwidth 100 Hz-2 kHz, and sensitivity of -203 dB re V/µPa) recorder was deployed at 12 
m depth in Almirante (9.289N, -82.332 W) from February to April 2019 and from July 9th 
through the 13th in 2020 (Fig. 1). Recordings were uploaded and open in RFCxArbimon an 
online platform (https://arbimon.rfcx.org/) and a spectrogram was generated using a fast Fourier 
transform (FFT) size of 512 points, an overlap of 50%, and using a 512-sample Hann window.  
To determine if Covid-19 lockdowns resulted in an acoustic change of toadfish and dolphin 
acoustic presence in Almirante Bay we selected the first five days of February, March, and April 
of 2019 as well as a week (July 9-13) in July of 2020 and inspected the 10 minutes of each hour 
of recording available. During this process, we scored presence (1) and absence (0) of boats, 
dolphins, and toadfish sounds for each 1-min file.  
 
2.3 Data analysis 

Data visualization was done in in JMP 14. (SAS Institute, NC, United States). An ANOVA 
analysis was used to determine if the number of 1-min files with dolphins, toadfish, and boats 
varied before and during Covi-19 lockdowns. 

 

 

Figure 1. Location of the Almirante Bay in the Province of Bocas del Toro, Panama (9.289N/-
82.332W). 
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3. Results 
 
A total of 360 hours of acoustic time were analyzed from February 2019-April 2019 and 24 from 
July 2020 during the Covid-19 lockdowns. We found a significant decrease in taxi-boat 
detections in 2020 than in 2019 (F Ratio=17.4, df=1, p<0.0001, Fig.2). Dolphin sound detections 
did not vary significantly between years (p>0.005, Fig.2), but toadfish detections were 
significantly higher in 2020 than in 2019 (F Ratio=52.6, df=1, p<0.0001, Fig.2).  
 

 
Figure 2. Mean number of 1-min files with sound detections for dolphins, toadfish, and 

boats in 2019 (pre-covid lockdowns) and 2020 (during covid-lockdowns). 
 

Although there were not significant differences in the overall mean number of dolphin detections 
between years, we did find a significant difference in the distribution of dolphin detections 
throughout the day (F Ratio=31.6, df=1, p<0.0001). Figure 3 shows that in 2019 most dolphin 
detections happen from 7 p.m. to 4 a.m. while in 2020 there were three peaks of dolphin 
detections at 5 a.m., between 11 a.m. and 4 p.m., and from 7 to 10 p.m. We also found 
significant difference in the distribution of toadfish detections throughout the day between years 
(F Ratio=54.5, df=1, p<0.0001). Figure 4 shows the toadfish detections increased during daytime 
in 2020. Finally, the presence of boats throughout the day also varied significantly (F 
Ratio=18.3, df=1, p<0.0001, Fig.5). 
 

 
Figure 3. Proportion of 1-minute files with dolphin sounds over a 24-hour period in 2019 and 
2020 at Almirante Bay.  
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Figure 4. Proportion of 1-minute files with toadfish sounds over a 24-hour period in 2019 and 
2020 at Almirante Bay.  
 

 
Figure 5. Proportion of 1-minute files with boat over a 24-hour period in 2019 and 2020 at 
Almirante Bay.  
 
4. Discussion 
 
Our results find that although boat traffic did not notably increase as we had originally predicted, 
there was an increase in the detection rates of bottlenose dolphins and toadfish from pre-Covid 
lockdowns to Covid lockdowns. Although the study only had five days of data during the time of 
the Covid-19 pandemic, our results show that bottlenose dolphin and toadfish presence does 
increase even when a slight decrease in anthropogenic sounds occur. A study conducted in the 
Kvarnerić region produced similar results, also concluding that boating is a large contributor to 
underwater noise and as a result may be negatively impacting the quality of the coastal habitats 
causing a decline in dolphin abundance (Rako et al., 2013).  
 
During the analysis of our recordings, it was noted that boat traffic did not particularly increase 
from pre to post lockdown periods. There are two main types of boats that travel in Almirante 
Bay, including taxi boats and commercial boats. Taxi boats are crucial in the transportation of 
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individuals between the islands of the archipelago, while the commercial boats are needed to 
deliver necessary exports. The Covid-19 lockdowns shut down many nonessential businesses, 
and due to the necessity of exports, commercial boats could not completely stop running during 
the pandemic. As a result, the main source of decrease in the boat traffic detections comes from a 
decline in taxi boats as transporting tourists is not as essential as the transportation of food and 
other goods. Even with this minor decrease in the boat traffic noise, there was an increase in 
toadfish and bottlenose dolphin detection rates. However, toadfish presence increased more 
drastically from the decrease in boat traffic than bottlenose dolphin presence did. Perez-Ortega et 
al. (2021) showed that due to taxi boat’s consistency in maintaining schedules and pre-
established routes, they cause less disruptive interactions with dolphins. As a result, the acoustic 
behavior of bottlenose dolphins in the presence of transport boats does not change dramatically, 
which would explain the less drastic change in dolphin presence with boat presence decreasing, 
in contrast to toadfish, which are heavily impacted by boat noise. From a previous CURE study, 
it was found that male toadfish use acoustic communication to attract females, making their calls 
critical to their reproductive success (Gagne, 2019). Gagne found that boat noise can degrade 
toadfish calls, and in an attempt to avoid the masking of their acoustic communication, toadfish 
change the frequency of their calls. With boat traffic decreased, it is likely that toadfish presence 
increased during the daytime as the decreased noise pollution allowed them to expand the hours 
at which their calls would be heard, increasing their chances of reproductive success.  
 
Our results contribute to ongoing conservation efforts to preserve the toadfish and bottlenose 
dolphin populations of Panama. As sonorous species such as toadfish and bottlenose dolphins are 
vital in indicating the health of marine communities, it is necessary to monitor their acoustic 
contributions to soundscapes. With the decrease in boat traffic noise and the resulting increase in 
toadfish and bottlenose dolphin noise, this study supports the conclusion that designing policies 
for the regulation of boat traffic is essential to preserving these species in Almirante Bay. Due to 
the strong correlation between anthropogenic traffic frequency and the acoustic behavior of 
toadfish and bottlenose dolphins, marine ecologists can use our data to push for conservation 
efforts to preserve these sonorous species. Such conservation efforts may include limiting the 
hours in which commercial boats and taxi boats can travel in the bay or designing specific pre-
established routes for the boats that would interfere with the bottlenose dolphin and toadfish the 
least. 
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