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Abstract 

Male humpback whales sing complex songs as they migrate to and arrive at tropical breeding 

grounds, most likely to mediate interactions with female mates and competing males. These 

songs are population-specific and geographically stratified, but song components can be shared 

between populations of whales that experience acoustic contact. Studying the transmission of 

songs and song evolution informs on how whales from different populations are connected and 

dispersal patterns of humpback whales across ocean basins. This study provides the first 

description of the song of male humpback whales belonging to Breeding Stock G wintering in 

the Gulf of Chiriquí, Panama. Acoustic data was gathered from various autonomous recorders 

deployed in selected study sites, and specialized bioacoustics platforms were utilized for 

analysis. First, the phrases of the 2017 song of Islas Secas, Panama were catalogued and 

compared to a proximal breeding ground in Costa Rica (Chereskin et al 2019) from the same of 

the feeding area. Of the identified phrases, 50% were shared, providing evidence that these two 

groups of humpback whales both belong to Breeding Stock G—one of the fourteen recognized 

humpback whale populations— and migrate from the same feeding grounds. Using these two 

years of data in addition to 2018 and 2019 data, the pace of change of the song was assessed over 

a four-year period. A complete revolution of the song was observed, indicating that this is not an 

isolated population, but rather one that might engage in significant cultural exchange with other 

whale populations (Divna Djokic pers.comm. 2020). Lastly, the acoustic space of humpback 

whales was described by analyzing diurnal singing patterns of humpback whales in three 

different Panamanian sites and one Costa Rican site (Chereskin et al. 2020), along with potential 

anthropogenic interference from local boat engine noise. Significantly less singing and boating 

activity were observed in Panama throughout the day as compared to Costa Rica, indicating that 
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Panamanian waters may be more populated by nursing mothers that are under less acoustic 

stress. This study establishes how Central American humpback whales navigate their acoustic 

space and maintain connectivity with other populations, which aids in regional conservation and 

management plans for this biologically and economically vital mammal.   

 
 

Chapter 1: Introduction 
Background and Literature Review: 

Humpback Whale Behavior 

Humpback whales (Megaptera novaeangliae) are a widely distributed migratory species 

of baleen whales that are found in all of the world’s ocean basins. Humpback whales have 

remained a popular subject of scientific and public interest due to their charisma, diverse 

acoustic behavior, and migration behaviors. The humpback whale is the only member of the 

genus “Megaptera,” referring to the characteristically long pectoral fins. These fins often extend 

about one-third the length of the whale’s body length and are a pure white color, contrasted with 

the dark body color of the animal. Another characteristic feature of humpbacks are the series of 

tubercles, or rounded sensory knobs with a single stiff hair, on the upper and lower jaw and top 

of the snout (Clapham 2009). As seen with most baleen whales, females are typically 1-1.5 

meters longer than males, thus exhibiting a sort of “reverse” sexual dimorphism (Chittleborough 

1965). Other than this, there are no easily observable characteristics that distinguish male and 

female humpback whales.   

Humpback whales are a migratory species with one of the longest annual mammalian 

migration routes, where they travel from high-latitude summer feeding areas to low-latitude 

winter breeding areas (Herman 2002). Often, these whales are found particularly near island 

archipelagos during the winter, where they travel in groups as large as 200 whales (Beacham 
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2001). The exact purpose of this lengthy migration remains unknown, but it is believed that 

humpbacks achieve higher productivity feeding in high latitude areas, while low-latitude areas 

provide the animals with a thermodynamic advantage for breeding (Clapham 2009). The 

humpback whale mating system follows patterns of polygyny in which one male mates with 

numerous females, but females typically only mate with a single male. Males “display” for 

females in the form of song and compete for female mates (Clapham 1996). Calves are born in 

low latitude areas following a gestation period of eleven to twelve months (Chittleborough 

1965). After a few months in tropical areas, calves travel back with their mothers and other 

newly pregnant females to high-latitude areas to feed (Clapham 2009). 

Humpback whales lack a cohesive social structure. While in northern feeding grounds, 

the social organization of humpbacks consists of small, unstable groups and individual 

associations that last for no more than a couple hours. Researchers have found that a lack of 

male-male pairing in feeding is indicative of competitive interactions, while females are more 

social and cooperatively forage to meet the costs of reproduction (Weinrich and Kuhlberg 1991). 

Similarly, in summer breeding grounds, the whales’ social behavior is categorized by small, 

unstable groups and brief associations. Feeding is generally absent during this time, and conflicts 

between males are more common, probably due to breeding competition over females (Clapham 

1996). Behaviors such as tail slashing and head butting are evidence of intense competition 

among males (Clapham 2009). Interestingly, after mothers give birth to calves, the duo is often 

seen accompanied by a third whale, which may reflect mate guarding behavior, as they can mate 

after giving birth.  

 

Humpback Song  
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Humpback whales are notorious for their songs, which are considered the most complex 

vocalizations in the animal kingdom (Beacham 2001). While in lower-latitude tropical breeding 

waters, male humpbacks produce songs that can last 10-15 minutes, which are composed of parts 

that are repeated in specific orders. Similar to a human song which has notes arranged into 

stanzas and compiled into verses, humpback whale songs have a structural hierarchy. At the base 

of this hierarchy is a unit, which is similar to a single note in a human song (Norris et al. 2000). 

These sound units are arranged as phrases, which may be repeated for several minutes before 

moving onto the next phrase. Phrases may overlap units from prior phrases, or may be 

completely novel. Finally, repeating phrases are organized into themes. These different themes 

are sung in continuous loops. A singing whale, referred to as the “singer,” will progress through 

the song until each theme has been completed, and will usually repeat the entire song several 

times.  

 The function of song in humpback whale populations is still not fully understood. Singing 

behavior emanates from “single” whales and has been ascribed exclusively to males (Winn and 

Winn 1978; Tyack 1981). The most popular hypothesis currently suggests that the song serves as 

a display to attract female mates, partially because the songs continue for longer periods of time 

as the breeding season progresses. Song as a tool for mating is not uncommon in nature and is 

found in a variety of other species such as songbirds and crickets (Tyack 1981). In fact, if 

humpback whale songs are sped up and transposed, the structure mimics that of singing birds 

(Rothenberg 2015).  

Field observations have indicated that humpback singing behavior to attract mates may 

follow a lekking system where males form small vocalizing aggregates. The goal of this system 

is to attract females to a group of singing males, where the female can then choose a mate, as 
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these populations often have a male-biased sex ratio (Herman 2016). The acoustic space of 

humpback whale male leks do not have rigid spatial boundaries that are characteristic of leks for 

other vocal species, but rather have been termed “floating leks” (Clapham 1996). In some cases, 

it has been noted that females are more likely to approach groups of singing males than an 

individual singer, providing support for the lekking hypothesis (Hoglund and Alatalo, 2014).  

In a study done in Maui, Hawaii, 35 singing humpback whales were observed in order to 

assess the function of the male humpback whale song. Of these 35 singing males, 13 joined with 

a non-singing whale either during or immediately after completing a song. Non-singing whales 

were also observed to turn away from singers in some interactions, and singers avoided areas 

with other active singers (Tyack 1981). The conclusion from this data was that songs function for 

reproduction, allowing male humpback whales to communicate both location and availability to 

breed (Tyack 1981). However, gender was not specified from the whales in this summer, so this 

data could also support the hypothesis that song functions to facilitate male-to-male interactions. 

Humpback whale songs are not thought to be exclusively involved in mating, but also in 

establishing dominance (Darling 1983) and in creating space between males (Frankel et al. 

1995). This study suggests the multifaceted role that the song plays in maintaining reproductive 

success and fitness levels in humpback whale populations.  

Within any given breeding season, males within a population conform to the same song, 

with little individual variability. Between different populations of humpback whales, the exact 

composition of the songs varies, and the structure of a particular song changes over time. These 

changes in the song are said to be either “evolutionary,” which involves minor changes that 

accumulate over time, or “revolutionary,” where a song undergoes a rapid shift throughout the 

whole whale population (Owen et al. 2019).  While songs constantly evolve, all whales within 
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the same population are capable of keeping up with these changes and singing the same songs 

(Payne et al. 1983; Payne and Payne 1985). Songs show high geographical and seasonal 

stratification, with song sharing only occurring between regions with overlapping individuals 

(Mercado et al. 2005, Garland et al. 2015, Herman 2017). In areas where songs undergo 

relatively little change, it can be assumed that the same males are present each year, with little 

outside interaction. On the contrary, if a revolution of the song is observed between breeding 

seasons, it can be assumed that new males have been integrated into the population. 

One way in which cultural information can be transmitted between individuals is via 

horizontal transmission, where the information is passed between non-related, neighboring 

whales. In 2011, researchers observed this phenomenon with separate humpback populations 

located from eastern Australia to French Polynesia. Over an 11-year period, researchers found 

that eight song types moved east, and four travelled the entire distance, meaning that each 

population replaced all of the themes from the original song and sang something entirely new 

(Garland et al. 2011). It does not take entire populations swapping breeding grounds for such 

drastic change to occur, but rather a few individuals to introduce the song into a new population 

where it can then spread and evolve (Noad et al. 2000). This movement of individuals between 

separate populations may occur between breeding seasons or during a single breeding season.  

Another way in which cultural transmission between different populations takes place is 

via contact on migratory routes. Historically, locations where whale populations overlap have 

been difficult to pinpoint, but one migratory stopover from South-Pacific wintering grounds has 

been identified in the Kermadec Islands in the South Pacific Ocean (Riekkola et al. 2018). 

Following this discovery, humpback whale recordings were collected from the Kermadecs and 

from six known wintering grounds across the South Pacific in September and October of 2015. 
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Analyses matched the song recorded in the Kermadecs to recordings from New Caledonia, 

Tonga, Niue, and the Cook Islands, thus confirming that this migratory overlap provided 

different populations with the opportunity for cultural transmission and acoustic connectivity 

(Owen et al. 2019). This study provides evidence for the mechanism of horizontal eastern song 

transmission of humpback whales across the South Pacific that was described by Garland et al 

(2011).  

The rate at which the song of a given population changes varies, depending on who the 

whales come into contact with and whether introduced structural changes are evolutionary or 

revolutionary. Researchers in Tonga compared the songs of Breeding Stock V whales through 

the 1990’s and tracked any changes that occurred. This study found that some themes were 

recycled for up to five years, while others disappeared after only two years. When comparing the 

songs to prior years, greater differences were observed as more time passed (Eriksen et al. 2005). 

This work is consistent with other research on cultural transmission and song sharing. By 

comparing this song learning phenomenon between different populations of humpback whales, 

we can confirm separations that occurred between whale populations and infer mixing and 

interbreeding among different populations. These data also provide important insight into 

humpback whale social culture. 

 

Humpback Acoustic Space 

Acoustic ecology is a field of study that focuses on how organisms use sounds to 

communicate with other living beings and their surrounding environment (Fournet 2018). The 

speed and distance of sound travel underwater has allowed various aquatic species to develop a 

reliance on sound as a means of communication and information acquisition from members of 
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the same species, other species, and the environment (Bradbury and Vehrencamp 2011, 

Richardson et al. 2013). Sound communication can serve a variety of purposes for marine 

mammals, such as mating, socializing, and predation or prey awareness. Marine “soundscapes” 

are composed of abiotic, biotic, and anthropogenic sounds (Berta et al. 2015).   

The low attenuation with which sound travels underwater has raised concerns among the 

scientific community about potential communication masking and noise pollution produced from 

anthropogenic sources. Several known causes of humpback whale mortality are tied to 

anthropogenic sources, such as entanglement in fishing gear, collision with boats while 

breaching or swimming near the surface, and prey degradation (Whitehead 1987, Lien 1994) as 

well as whaling. Anthropogenic noise threatens the ability of vocalizing marine species to 

communicate and can potentially have chronic effects (Putland et al. 2018). Anthropogenic noise 

includes any sound produced by or resulting from human activities, such as boat noise from 

commercial shipping and fishing vessels (Fournet 2018) and whale-watching (May-Collado and 

Wartzok 2008). Human-caused sounds in the ocean have become the most significant source of 

low-frequency noise, with shipping traffic producing sounds that fall into the same frequency 

categories as various components of the humpback whale’s song (Ross 1976).  

Previous studies have shown that humpback whales will switch from vocal 

communication to non-vocal in the form of flipper slapping when natural abiotic noise becomes 

intense, indicating that this species is able to adapt to maximize effective communication across 

variable conditions (Dunlop et al. 2010). However, a 2012 study showed that sounds emitted 

from an underwater sensing experiment 200 kilometers away caused humpback whales to sing 

significantly less (Risch 2012). Scientists in Brazil also found that on recordings where boat 

noise was present but was not loud enough to mask whale signals on the recording, boat 
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acoustics had a negative effect on singing activity. This could be because males moved away 

from the intrusive sound, they stopped singing all together, or a combination of the two (Sousa-

Lima and Clark 2008).  

 

 Humpback Whale Conservation  

Humpbacks are an extremely valuable presence in ocean ecosystems. These whales bring 

nutrients from highly productive areas to southern waters to increase primary productivity 

(Roman 2010). According to the National Marine Fisheries Service 1991 Recovery Plan for the 

Humpback Whale, the recovery goal for humpbacks was to increase the population to at least 

60% of pre-hunting/ pre-whaling numbers (Beacham 2001). As of 2015, the humpback whale 

population has been back on the rise overall, with only one distinct population deemed at high 

risk (Bettridge et al. 2015). However, Japan announced plans to withdraw from the International 

Whaling Commission in 2018 and restart commercial whaling. Due to the large body size, slow 

maturation, and long gestation period of these animals, wiping out large quantities of humpbacks 

could have devastating and permanent effects on valuable populations. Whether it be from direct 

elimination of whales via commercial whaling or boat strikes, or indirect interference via 

acoustic masking, reducing numbers of whales from any distinct population would be very 

difficult, if not impossible to recover from. It is imperative to continue to study this species of 

whales to ensure that activities such as whaling and boating do not have devastating impacts on 

whale populations as seen in the past. To understand how to maintain healthy populations of 

humpbacks and other species of whales, extensive biological research is required on migration 

routes, breeding behaviors, reproductive rates, population trends, optimal habitats, and threats to 

these species, including human activities. 
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Breeding Stock G: 

 There are currently 14 distinct humpback whale populations that are globally recognized, 

one of which is known as Breeding Stock G. This group of whales feeds in Southern Hemisphere 

areas, such as the Antarctic Peninsula and the Fuegian Archipelago in Chile (Chereskin et al. 

2019). During the Austral winter months of June through September, this population migrates to 

tropical breeding waters off the Pacific coast of Costa Rica and Panama. These destinations are 

further north than those sought out by other populations of Southern Hemisphere humpback 

whales, indicating that segments of Breeding Stock G may complete the longest annual 

mammalian migration (Rasmussen et al. 2007). It has been suggested that this especially lengthy 

migration is driven by water temperature rather than latitude, as warmer waters are advantageous 

in reproductive success and maturation at a low energy cost (Rasmussen et al. 2007). Because 

Breeding Stock G migrates so far north, there are opportunities for overlap with Northern 

Hemisphere humpbacks, which migrate to the same region in the Borreal winter months of 

December through April (Chereskin et al. 2019).  

 

Thesis Goals: 

The Gulf of Chiriquí, Panama is a popular destination for Breeding Stock G southern hemisphere 

humpback whales migrating from the Antarctica Peninsula, yet the song of this region has not 

previously been described. Information and data surrounding connectivity of whales in the 

Southeast Pacific Ocean is lacking. The purpose of the present study is to utilize passive acoustic 

monitoring to study the singing behavior, change of song over time, use of acoustic space, and 
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potential outside threats for these humpback whales. The hypotheses for this study are as 

follows: 
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Chapter 2: Song structure of southern hemisphere humpback 
whales reveals significant connectivity between Panamanian and 

Costa Rican populations 

 
ABSTRACT 

Male humpback whales are well-known for their complex acoustic behavior, which is 

thought to attract female mates and mediate competitive interactions with other males. Songs are 

plastic and population-specific, and they exhibit geographical stratification. Song components 

can be transferred between populations through horizontal transmission or via contact on 

migratory routes from feeding grounds to tropical breeding grounds. Thus, by identifying 

components of a population’s song and comparing it to other populations around the world, we 

can infer migration patterns, interbreeding, and hotspots for acoustic contact. This study 

investigates the song structure of Breeding Stock G (BSG) humpback whales migrating from the 

Antarctica Peninsula to the waters of the Secas Archipelago in the Gulf of Chiriquí, Panama 

using an autonomous underwater recorder during August of 2018. Recordings were made 

continuously in a 24-hour cycle at a 48kHz sampling rate. Only whale songs with a signal-to-

noise rate above 6 dB were included in the analysis. A total of 17 full song cycles were 

catalogued using standard classification into themes, phrases, and units. The results indicate that 

male humpback whales in this population consistently follow the same song structure. Only one 

new  phrase was added halfway through the month. Interestingly, 50% of these phrases were 

shared with the song of BSG humpback whales recorded in Cano Island, Costa Rica the previous 

year, suggesting significant connectivity between these two breeding grounds. Understanding the 

changes in song structure of humpback whales from these poorly studied breeding grounds is key 
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in establishing regional conservation and management plans that reflect their level of 

connectivity.  

Keywords: Passive acoustic monitoring, Breeding Stock G, cultural transmission, migration, 

humpback whale song 

 

INTRODUCTION 

Humpback whales are known to perform long-distance annual migrations from their 

high-latitude feeding grounds to low-latitude tropical breeding grounds (Craig et al. 2002). One 

such breeding ground is the Gulf of Chiriquí, Panama (Rasmussen and Palacios 2013). High 

numbers of humpback whales and their calves have been sighted in the Gulf of Chiriquí, 

including around Islas Secas, migrating from both Northern and Southern hemisphere wintering 

grounds (Rasmussen 2018). The International Whaling Committee (IWC 1998; 2011) recognizes 

14 distinct humpback whale populations, seven of which are from the Southern Hemisphere. The 

Breeding stock G is one of these southern hemisphere populations. These whales migrate from 

Antarctica to breeding grounds off the coast of Central America during the Austral winter 

(Rasmussen et al. 2007). Previous work has shown that BSG whales arrive in Costa Rican waters 

during August and September, and that male song activity peaks in October (Chereskin et al 

2019).  

Humpback whales are known to sing along their migratory route, and at their breeding 

destination (Garland et al 2013). A single song typically lasts between ten and fifteen minutes, 

but is often repeated multiple times and an individual may sing continuously for several hours. 

The song itself is hierarchical and consists of basic components called units, which are the 

smallest parts of the song (Payne and Payne 1971). A pattern of units that repeats is called a 
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phrase, and the repetition of a phrase or multiple phrases is labelled a theme (Garland et al. 

2017). These songs are constantly evolving, both within a single year and on a larger scale over 

several years (Garland et al. 2013). Changes can be small-scale, such as the addition, 

elimination, or substitution of a unit within a phrase, or larger scale, such as the addition of a 

new phrase or even theme. Despite this fluidity, all males within a population tend to share the 

same song at any given time, making it possible to distinguish individuals of different 

populations based on their songs (Rekdahl et al. 2018). 

The changes observed in these highly plastic songs are caused by the process of cultural 

transmission, where a population adopts part of a neighboring population’s song when they are 

in acoustical range with one another (Rekdahl et al. 2018). The incorporation of another 

population’s song components can provide insight into associations between different 

populations; populations with high similarity in their songs could be inferred to have come into 

acoustical contact with each other and populations with no similarity are assumed to have no 

association (Darling et al., 2019). This acoustic contact could theoretically occur anywhere along 

the whales’ migration routes (Owen et al. 2019). Since similarity in songs between populations is 

an indicator for geographic proximity, knowing how and where the songs of various populations 

overlap can inform conservation and management efforts (Rekdahl et al. 2018).  

The purpose of this chapter is to describe the song structure of humpback whale males 

from the Breeding stock G (BSG) population breeding in the Gulf of Chiriquí, Panama and 

determine any connectivity with neighboring humpback whales in the Osa Peninsula of Costa 

Rica. I hypothesize that the song structure of Panamanian whales will conform to the same song 

as has been found in other breeding areas (Garland et al. 2013, Noad et al. 2000, Payne and 

Payne 1985). Additionally,  I hypothesize that given Panamanian and Costa Rican whales belong 
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to the same breeding stock G and migrate from the same feeding ground their song structure and 

singing activity will be similar. The results from this study will provide important information 

about the possibility of connectivity between these breeding grounds  and result in regional 

management, as population boundaries in this region are currently not well defined. 

 

METHODS 

Study Site 

The Archipelago of Islas Secas is located in the Gulf of Chiriquí of Western Panama. The gulf 

consists of many small islands and is characterized by relatively shallow waters that are less than 

300 meters deep. Field studies have deemed the Gulf of Chiriquí an important reproductive 

location for BSG humpback whales, with high numbers of spotted individuals and a notably high 

proportion of calves (Rasmusen and Palacios 2014).  

 

Recordings 

An autonomous SM2M+ recorder (Sampling rate: 4-96 kHz -165dB re: 1V/uPa) from Wildlife 

Acoustics (www.wildlifeacoustics.com) was deployed in August of 2017 near the main island of 

Islas Secas (8.000 N/-82.022 W) (Fig. 1). The recorder was programmed to continuously capture 

the soundscape at a sampling rate of 48 kHz in 30-min files from August 5 to September 1, 2017, 

resulting in a total of 38,535 minutes recorded.   

 

 

 

Panamanian whale song structure  
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Humpback whale song structure was analyzed using one full song cycle from recording files 

with a single whale. All selected songs had a signal-to-noise ratio (SNR) greater than 6 dB, and 

samples were separated for about 24 hours to maximize data independence. The only exception 

to this rule was on August 10, where two full songs were analyzed that were separated in time by 

5 hours. There were noticeable differences between these songs and therefore were assumed to 

come from different males. A total of 17 full song cycles were inspected independently by three 

observers (KZ, DM, and SR) using spectrograms in Raven 1.5 (2016; Cornell Lab of 

Ornithology) (Table 1) with a fast Fourier transform size of 2048 points, an overlap of 50%, and 

a 512-sample Hann window. Upon agreement between observers, whale song elements were 

classified into units, phrases, and themes following standard descriptions of humpback whale 

song components (e.g., Cholewiak et al., 2013). 

 

Comparison with the Costa Rican song 
 
The Costa Rican song was described by Chereskin et al. (2019) following the same protocol 

described above. This description includes songs from September to November 2016 recorded at 

Cano Island in the Osa Peninsula using similar recordings systems and effort.  To determine the 

degree of connectivity between these two breeding whale populations we focus on the presence 

and absence of similar phrases. Therefore, all phrases that were shared between populations were 

labelled with the same letter, and unique phrases were labelled alphabetically continuing the 

Costa Rican labelling in Chereskin et al. (2019).  The proportion of shared and non-shared 

phrases was calculated.  
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RESULTS 

Panamanian whale song structure  

A total of 226 minutes was analyzed from 16 different days, which corresponded to 17 

full song cycles (Table 2). The average song cycle lasted an average of 13.29 minutes (SD = 

2.88). A total of 10 phrases were identified, which were grouped into 4 themes (Fig.2). These 

phrases were comprised of 22 distinct units (labelled 1-22). Phrase E was used most frequently, 

with an average of 12.59 repetitions per song cycle (SD = 6.80; Table 3). This phrase, which 

made up its own theme (Theme IV), had an average proportion of 0.24 (SD = 0.095), which was 

the highest proportion of the song used by any phrase (Fig. 3). The number of repetitions of 

phrase E was highly variable due to the varying lengths of songs observed; the shortest song 

lasted for 8.47 minutes and consisted of 32 phrases, and the longest song was 18.53 minutes long 

and contained 72 phrases. However, phrase E was one quarter of all observed phrases, making it 

consistently the most common phrase in the song. Phrases K, G, H, L, Ñ and E were present in 

every song analyzed (Fig. 4). Phrase F became incorporated into the song starting on August 

15th, but was not present in every singer’s song throughout the rest of the month. The actual 

average repetition (1.89 ± 2.32) and average proportion (0.036 ± 0.042) of phrase F are higher 

than what is displayed in Table 3 because the phrase was not introduced until mid-August. The 

standard deviation of this new average proportion and repetition is high due to a lower amount of 

samples only present at the end of the month. After phrase F, phrases N and M were the least 

commonly used, both observed as completely absent from the songs of three different singers.  

  

Comparison with the Costa Rican song 
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The Panamanian whale song was more diverse in units (n=22) than the Costa Rican song 

(n=12 units). However, the songs of both populations consisted of 10 phrases, of which phrases 

E, F, G, H, and I were shared. Phrase E emitted at a different time in the song order in the 

Panamanian song, while phrases  F, G, H, and I occurred in the same sequence for both 

locations. The sequence presented in theme IV for Costa Rica and in theme II for Panama; the 

only difference between these themes was that phrase J was an addition into the theme in Costa 

Rica.  

 

DISCUSSION 

 The song structure of Southern hemisphere humpback whales breeding in Panama and 

Costa Rica demonstrate these breeding grounds are interconnected. The 2016 whale song from 

Costa Rica shared 50% of the phrases with the 2017 whale song from Panama. The 2017 song 

was relatively stable following the theme order of I-IV and the phrase order of K, F, G, H, I, L, 

M, N, Ñ, E. While this was the general pattern followed, there was still variability in the 

sequence of phrases between individual songs. In some cases, certain themes or phrases were 

repeated before moving onto the next one and in others, certain phrases were excluded entirely. 

There was also a seasonal variability in songs with the addition of phrase F on August 15th. The 

use of phrase F was then inconsistent throughout the rest of the season. Our recordings are from 

August, which is at the beginning of the breeding season. Therefore, males are still arriving and 

bringing new variations of the song, and less consistency is expected as compared to the end of 

the season. Further variability in the song was observed in the number of repetitions of a phrase 

before moving on to the next. Phrase E was the most common phrase of the song and also had 

large amounts of variability in the number of repetitions in a song (average repetition = 12.59, 
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SD = 6.80).  The slight technical variability between individuals and within seasons are typical 

of humpback whale songs (Payne et al. 1983; Garland et al. 2017).  

 Population boundaries in the Southern Hemisphere remain largely unknown (Rosenbaum 

et al. 2009), but the shared phrases between Panamanian and Costa Rican humpbacks is 

indicative of social interaction between these populations. With this song sharing, it is likely that 

these two populations both migrate from the same feeding grounds, where opportunities for 

song-sharing are present. Therefore, we can conclude that both the Panamanian and the Costa 

Rican groups belong to Breeding Stock G. The recordings from these two breeding sites were 

obtained from two different years, indicating that some phrases are recycled (E, F, G, H, I), but 

between the two breeding seasons new themes and phrases were incorporated. The structural 

differences could be a result of the one-year gap and/or the geographic distance between 

breeding sites, both of which would allow for incorporation of new males and new song 

components into the population. These results provide support for the hypothesis that humpback 

whale songs show high geographic stratification yet share structural similarities with whales that 

share proximal feeding grounds. 

 This study is not without limitations. The relatively small sample size available for this 

study likely inflated the levels of variability observed. Though the hydrophone recorded 

continuously throughout its deployment, the majority of song occurrences were not clear or close 

enough to perform a reliable analysis, resulting in only 16 days of sampling. Only one song cycle 

was selected per recording (with the exception of August 10, for which two songs were 

analyzed), so it is likely that many other variations of the song exist outside of those observed. 

Future studies of this nature should examine several song cycles for any given day of recordings 

so as to determine the larger-scale trends in the song and minimize the impact of individual 
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variability on the results. Additionally, recordings should be obtained throughout the entire 

duration of the breeding season in order to track all changes that occur and provide more 

accurate estimates regarding the pace of change of the humpback song. Obtaining only one 

month of recordings does not guarantee that results reflect singing during peak breeding season, 

nor does it account for all potential variability that took place throughout the rest of the breeding 

duration.  

 This catalogue of the song used by the Southern Hemisphere Panama population provides 

a basis for intraspecific comparison of the song over time, as well as with other humpback whale 

populations. The amount of similarity between this population and others would provide insight 

into population structure and associations, with songs converging as populations are more 

closely associated with each other (Darling et al. 2019). This connectivity, or lack thereof, 

between populations is important for implementing conservation efforts (Rekdahl et al. 2018). If 

a high degree of similarity is found between populations’ songs, they can be inferred to have 

extensive interaction with one another and both populations should be considered in any 

management decisions. Alternatively, if the song is found to be highly unique, the population 

should be treated as isolated and management implementations should reflect this isolation.  
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TABLES 

Table 1 - Total times and number of songs analyzed for each day between August 5 and 31.  

Date Length sampled (min) Full songs analyzed 

5 Aug. 9.58 1 

6 Aug. 10.52 1 

8 Aug. 8.47 1 

10 Aug. 32.86 2 

12 Aug. 8.62 1 

13 Aug. 13.13 1 

14 Aug. 15.23 1 

15 Aug. 10.55 1 

16 Aug. 14.08 1 

18 Aug. 14.68 1 

19 Aug. 15.10 1 

23 Aug. 13.02 1 

25 Aug. 15.70 1 

27 Aug. 13.50 1 

29 Aug. 13.83 1 

31 Aug. 17.00 1 

Total 226 17 
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Table 2 - Average number of phrase repetitions per song and average proportion of occurrence 

relative to the total number of phrases. Table displays the average and standard deviation for the 

number of times each phrase is repeated in the song and the average and standard deviation of 

the proportion of each song dedicated to each phrase. 

 
Phrase Average 

repetitions per 
song 

SD repetitions 
per song 

Average proportion 
of total phrases 

SD proportion of 
total phrases 

K 8.82 3.61 0.174 0.063 
F 1.00 1.90 0.019 0.035 
G 2.82 0.64 0.056 0.015 
H 2.06 0.90 0.043 0.027 
I 2.88 1.45 0.055 0.026 
L 4.12 1.22 0.083 0.028 
M 2.41 2.00 0.045 0.032 
N 6.82 4.02 0.138 0.088 
Ñ 7.88 4.87 0.149 0.075 
E 12.59 6.80 0.237 0.095 
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FIGURES 

 

Fig. 1. -  Map indicating the Panamanian study site where recordings of humpback whales 

(Megaptera novaeangliae) of BSG were gathered in August, 2017 (indicated by black circle). 

This site is a part of the Islas Secas Archipelago off the west coast of Panama in the Pacific 

Ocean (8.000N, -82.022W). Comparison Costa Rican site (2016)  is marked by the red circle.  
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A. Costa Rican whale song 

 

B. Panamanian whale song 

Fig. 2. - Sample song of BSG humpback whales (Megaptera novaeangliae) from Costa Rica in 

2016 and from Islas Secas in 2017. Both populations’ song consisted of four themes; shared 

labels for phrases and units indicates similarity between these populations. 
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Table 4- Phrase catalogue for Costa Rica and Panama with same-colored boxes corresponding to 

shared phrases between the two G stock populations.  

Costa Rica 
Theme 

Phrase (2016) Panama 
Theme 

Phrase (2017) 

I A I K 

I B I F (gained) 

I C (gained) II G 

II D II H 

III E II I 

III F III L 

IV G III M 

IV H III N 

IV I III 
Ñ 

IV J (gained) IV E 
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Fig. 3 (a)- Average proportion of each phrase used in all BSG humpback whale (Megaptera 

novaeangliae) songs analyzed from 2017. Phrases are color coded and grouped by theme.  

Fig. 3 (b)- Number of BSG humpback whales (Megaptera novaeangliae) that used each phrase 

in their song. Phrases are color coded and grouped by theme.   
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Chapter 3: Humpback whale song estimation of rate of change 

suggests a song revolution occurred between 2017 and 2019 

ABSTRACT 

Male humpback whales have been shown to sing elaborate songs as they migrate to and arrive at 

tropical breeding grounds to establish relations with female mate prospects and/ or other males. 

Because humpback whales are notorious vocal learners, studying song components and change 

over time provides insight into dispersal patterns and connectivity with other populations. This 

study explores the variation in song components and the pace of change of the song between 

three successive breeding years in Islas Secas, Panama (2017-2019. All songs were delineated at 

the level of phrases and themes rather than units to account for slight technical variability 

between singers from different years. The results of this study indicate that these whales are 

likely in acoustic contact with other populations either within or between breeding seasons, as 

songs exhibited both intra- and inter-seasonal variability. The maximum period a phrase was 

recycled was 3 years, while some phrases were eliminated after a single season. Over the 3-year 

period that was investigated, the song underwent a complete revolution in the 2019 Panamanian 

song. These results indicate high levels of cultural exchange, likely due to the introduction of 

migrant males from other populations at a shared feeding ground, along the migratory route, at a 

migratory stopover, or at the breeding ground itself. Further work in this field examining long-

term trends would help distinguish how this transmission of vocal signals transpires between 

BSG whales and nearby populations.  
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INTRODUCTION 

Songs produced by male humpback whales are traditionally heard and studied on 

breeding grounds. However, humpback whales songs are also detected in feeding areas. In a 

2012 study, researchers deployed passive acoustic recorders year-round in Stellwagon Bank 

National Marine Sanctuary in the Gulf of Maine, a western North Atlantic feeding ground for 

humpback whales migrating to and from the West Indies. This study observed high singing 

activity when whales arrived at feeding grounds, as well as when whales were preparing to 

migrate back to breeding areas. The lull in singing between these two periods corresponded to 

feeding behavior in the population (Vu et al. 2012). This research indicates that throughout a 

humpback whale population’s annual cycle, there are numerous opportunities for song sharing 

and social learning to occur.   

 Humpback whale songs constantly evolve over time, and individuals within any given 

population of whales adapt their songs accordingly (Garland et al 2013). Therefore, throughout a 

breeding season, males within a population incorporate alterations and maintain song 

conformity, providing evidence for social learning. In fact, along with humans, cetaceans are one 

of the few groups of mammals that are able to acquire acoustic signals through advanced vocal 

learning (Janik 2014). Through cultural transmission, whether during feeding, migration, or 

breeding months, populations exchange song components, sometimes simply by the movement 

of a single individual between populations (Noad et al 2000). Alterations in a population’s song 

can include addition or elimination of individual phrases or themes, which is considered 

evolutionary change, or can involve a complete shift in the composition of the song, where the 

changes are considered “revolutionary” (Owen et al. 2019). Every couple years, when all phrases 
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or themes from a prior song have been replaced by new components, it can be said that the song 

has undergone a cultural revolution.  

The rate of change between seasons is variable, but as more time passes, it is more likely 

that new phrases will be acquired and old phrases eliminated. This was observed in a breeding 

site located in the Tongan Islands. Throughout the 1990s, songs of male humpback whales were 

catalogued to note how quickly the composition changed between breeding seasons. Researchers 

found that there was not a consistent rate of change between years, and some phrases were 

recycled for as long as five years while some were eliminated after only two years. However, the 

study consistently showed that a greater time span between the songs of any given years yielded 

higher amounts of change, and less overlap (Eriksen et al 2005).  

Previous studies have not identified the song structure of Southeast Pacific humpback 

whales, nor has the pace of change over time been analyzed. As a result, the current 

understanding of the degree of connectivity of whales wintering in Costa Rica and Panama is 

lacking. The purpose of this chapter is to determine the pace of song change between the years of 

2016 and 2019 for the Breeding stock G (BSG) humpback whales wintering in the Gulf of 

Chiriquí. I hypothesized that the introduction or elimination of song components over the 4 –year 

period analyzed will reflect levels of connectivity and cultural exchange taking place with either 

(a) Costa Rican whales along a shared migration route or (b) whales from other regions 

exhibiting low breeding site fidelity and entering Panamanian breeding grounds. It is expected 

that as more time passes, more changes will present in the song (Eriksen et al 2005), and the rate 

at which this happens will provide insight into how isolated or connected this segment of 

humpback whales is (i.e. rapid change over time indicates high levels of cultural exchange with 

other whales). Understanding these levels of connectivity and cultural exchange along with 
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associated migratory routes between different populations is very important in considering 

Central American conservation and management plans.  

 

METHODS 

Recordings 

Recordings were gathered from the Archipelago of Islas Secas in the Gulf of Chiriquí, Panama 

during 3 different breeding seasons. In August 2017, An autonomous SM2M+ recorder 

(Sampling rate: 4-96 kHz -165dB re: 1V/uPa) from Wildlife Acoustics 

(www.wildlifeacoustics.com) was deployed in near the main island of Islas Secas (8.000 N/-

82.022 W) (Fig. 1). The recorder was programmed to continuously capture the soundscape at a 

sampling rate of 48 kHz in 30-min files from August 5 to September 1, 2017, resulting in a total 

of 38,535 minutes recorded. For the years of 2018 and 2019, a hydrophone manually recorded 

humpback whales when audible from a boat in the field. In 2018, data was collected from July 

26 to September 6, for a total of 577 minutes recorded, and in 2019 data was collected from July 

27 to September 10 for a total of 669 minutes recorded.  

 

Panamanian whale song structure  

Humpback whale song structure was analyzed using one full song cycle from recording files 

with a single whale. All selected songs had a signal-to-noise ratio (SNR) greater than 6 dB 

(Chereskin et al. 2019). A total of 17 song cycles from 2017 and 5 song cycles each from 2018 

and 2019 were inspected using spectrograms in Raven 1.5 (2016; Cornell Lab of Ornithology) 

with a fast Fourier transform size of 2048 points, an overlap of 50%, and a 512-sample Hann 

window (Table 1). Whale song elements were classified into units, phrases, and themes 
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following standard descriptions of humpback whale song components (e.g., Cholewiak et al., 

2013). Files with multiple overlapping singers or songs that had a SNR below 6 dB were 

omitted.  

Song Analysis 

The observed change in the song between breeding seasons was defined as the presence of new 

phrases and the absence of old phrases. Delineating and comparing at the level of phrases 

allowed for technical variation or substitutions in units within phrases between years while 

reducing subjectivity associated with defining and ordering themes. The 2016 Costa Rican song 

served as a means for comparison for the following three years of Panamanian songs because 

significant overlap was noted between the songs of these two breeding grounds, and there was no 

available 2016 song data from Panama (Chereskin et al. 2019). Phrases that were present in the 

2016 season of Isla del Cano, Costa Rica were considered “old” phrases, and any phrases 

introduced in the successive years in Islas Secas, Panama were designated “new.” The ratio of 

new phrases to old phrases was determined for the 2017, 2018 and 2019 breeding seasons to 

examine long-term trends and provide an estimate of the rate of change of the humpback whale 

song in Central American Breeding grounds.  

 

RESULTS 

Over the four years in which humpback whale song data was analyzed, a total of 25 

different phrases were identified. Figure 1 shows the full whale song structure for 2018. Of these 

phrases, 10 were present in more than one breeding year, but no phrase remained a part of the 

song for all 4 years (Fig. 2). Phrase E was present in 3 successive breeding seasons; this phrase 
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was introduced in 2016 in Costa Rica but was no longer present by 2019 in Panama (Fig. 3). This 

represented the longest duration that a phrase was recycled in this population.  

In the four-year period that was analyzed, the pace of change of the humpback whales’ 

breeding song in Panama the proportion of “new” to “old” phrases increased over time. Between 

2016 and 2017, five “old” phrases were recycled and five new phrases were introduced (Fig. 3). 

Between 2017 and 2018, seven phrases were shared, which was the highest degree of similarity 

between any two consecutive years. Of these seven phrases in common, only three were from the 

2016 song, while four new phrases were introduced (Fig. 3). By 2019, a near-total revolution of 

the song was observed, with only phrase R overlapping from the previous year in a slightly 

modified form. Phrase R was incorporated into the 2018 song later in the season, which may 

have increased the chances of being carried over into the following year (Fig. 3). No phrase from 

the 2019 song in Panama overlapped with the baseline 2016 song in Costa Rica, meaning that in 

the time period that was observed the song had evolved into something completely novel. The 

calculated pace of song change was 57%, meaning that on average, 57% of phrases in the song 

of any given year were new compared with the previous year.  

 

DISCUSSION 

 The humpback whales using Costa Rican and Panamanian waters for reproduction belong 

to the Breeding Stock-G (National Marine Fisheries Service, 2016). These whales migrate from 

feeding areas in the Southern Hemisphere, specifically off the Antarctica Peninsula and Fuegian 

Archipelago in Chile (Acevedo-Gutierrez and Smultea, 1995; Rasmussen et al., 2007; Acevedo 

et al., 2017). The results of this study indicate that while these whales segregate in discrete 
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breeding populations in Central America, there is considerable connectivity between them, 

resulting in the sharing of song elements.  

We also find that in these breeding areas, song evolution is quite dynamic, with an 

increasingly rapid rate of change observed between 2017 and 2019. Whereas seven phrases were 

shared between the songs of 2017 and 2018, the 2019 song had 100% new phrases compared to 

2017 or 2016. This indicates that cultural transmission of song components is happening 

regularly between these whales and they have many opportunities for such exchange. Males may 

move between breeding grounds, or since they come from the same feeding area (Vu et al. 

2012), new song elements can be incorporated there or as the whales migrate to tropical areas 

(Noad et al 2000).   

 The variability in how many seasons phrases were recycled for, and the variability in 

pace of song change between successive years, is consistent with other studies (i.e. Eriksen et al 

2005). The duration that a phrase is retained in the song may correspond to how frequently that 

phrase is used, as phrase E was consistently the most popular phrase in the 2017 song of Islas 

Secas and was also retained for the longest period of time (3 years).  

Migratory stopovers where populations intersect and cultural exchange occurs have been 

very difficult to document, so it remains unknown where the information sharing is occurring. In 

recent years, one intersection point was identified by researchers in the Kermadec Islands in the 

South Pacific Ocean (Riekkola et al. 2018). Many different groups of whales were identified 

passing through this region on annual migrations and were later observed conserving the song 

from the migratory stopover at their breeding grounds. If such a migratory “hotspot” exists in the 

southern Pacific Ocean, this could account for the relatively rapid pace of song change. Research 

has also shown that the introduction of just a few individuals into the population can drastically 
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change the native song (Noad et al. 2000). The increasingly rapid rate of change in phrase 

composition of the song may suggest that humpback whales from other populations are 

exhibiting an increasingly low breeding site fidelity and traversing to Central America, where 

they leave an acoustic mark.  

 Conclusions drawn from this study must be made with caution, as the sampling size was 

limited. Though passive acoustic monitoring is a useful tool to study these large mammals, this 

method of study cannot guarantee an adequate sample. Many recordings had to be discarded 

either because the whale was too far away to be heard, or because there were too many whales in 

acoustic range overlapping. The latter, though limiting the sample size, is a good indication of 

population health and may provide evidence for the lekking hypothesis. Future studies should 

increase recording efforts and continue to develop song catalogues for every known breeding 

area to document how the song of any given population evolves over time and what mechanisms 

may be responsible for these changes. 

 

FIGURES AND TABLES 

Table 1 - Total times and number of songs analyzed for 2017-2019 in Islas Secas, Panama  

Year Length sampled (min) Full songs analyzed 

2016* 1,030 64 

2017 226 17 

2018 67 5 

2019 62 5 

*based on Chereskin et al. 2019 
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Fig. 1. - Sample song of BSG humpback whales (Megaptera novaeangliae) from Islas Secas, 

Panama in 2018. The song consists of 4 themes and 11 phrases.  
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Fig. 2. – Phrase evolution in Panama, with “old” phrases defined as any phrase that was shared 

with the 2016 song from Costa Rica and “new” phrases defined as any phrases that were 

introduced after 2016.  

 

 

Fig. 3. – Average proportion of phrases A-X present in Central American song from 2016 to 

2019.  
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Chapter 4: Diurnal Song Patterns and Impact of Boat Noise on 

Acoustic Activity 

ABSTRACT 

Low-frequency sound from anthropogenic sources has become a dominant form of 

pollution in the oceans. This study investigates the daily song occurrence of Southern 

Hemisphere Breeding Stock G humpback whales and the impact of low-frequency engine noise 

on those patterns. Passive acoustic monitoring was used to record activity of whales and boats in 

one wintering ground in Costa Rica, Isla del Cano (September to November 2016), and two areas 

in Panama: Coiba National Park (October to November 2017) and Islas Secas (August 2017). 

Humpback whale singing activity and boat detections were higher in Costa Rica than in Panama. 

In Costa Rica, male humpbacks had a decrease in singing activity during mid-day, which was 

correlated with a rise in boat activity between 8 a.m. and 4 p.m. In contrast, humpback whales 

off the coast of Panama showed more variability in their singing patterns and did not appear to 

be influenced by boat presence. We propose that the lack of a defined diurnal singing pattern in 

Panamanian breeding grounds is due to a lack of acoustic anthropogenic pressure and/or less 

rigid song patterns outside of peak breeding season. We explain the low singing occurrences in 

Panama as compared to Costa Rica by designating Panama as an area for nursing mothers rather 

than singing grounds for males. Our study provides the first assessment of humpback whale 

singing activity for both Central American countries, which can aid in informing conservation 

and management decisions.  

Key Words: autonomous recorders, behavior, ecotourism, migration, noise pollution, boat 

traffic, breeding grounds, conservation 
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INTRODUCTION  

 As humpback whales traverse long distances from high-latitude feeding areas to low-

latitude breeding areas, males produce complex vocalizations that continue and evolve 

throughout the breeding season. The occurrence of humpback whale songs is variable over days 

and seasons. In the Corcovado Gulf feeding ground off of southern Chile, humpbacks were 

observed to sing more during twilight and at night (Español-Jiménez 2018). A similar trend was 

also observed in feeding grounds off of Nova Scotia (Kowarski et al. 2018). Whales wintering in 

Kauai and Maui also tend to sing more at night (Helweg and Herman 1994; Au et al. 2000; Baird 

et al. 2000). In feeding grounds, the trends in song activity have been attributed to reduced 

hunting efficiency at night, which leaves more time for singing (Baird et al. 2000). 

Due to the predictability of the humpback migration, whale-watching industries have 

grown and thrived among coastal communities. While these tourist attractions generate a greater 

knowledge and appreciation of humpbacks among the general public, the engine noise from 

these whale-watching vessels poses a threat to humpback acoustic signaling, and may impact the 

time of day in which these whales optimize their acoustic space. Human-caused sounds have 

become the most significant source of low-frequency sounds in the ocean, with shipping traffic 

producing noise that falls into the same frequency categories as various components of the 

humpback whale’s song (Ross 1976).  

The objective of this study is to determine the diurnal singing activity of Southern 

Hemisphere humpback whales and how it potentially correlates with boating throughout the day 

in wintering grounds off the Pacific coast of Panama and Costa Rica. Boat presence, including 

fishing vessels and whale watching boats, varies between each area of study. In mapping 
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proportions of singing whales over a 24-hour period, the hypothesis is that humpback whale 

singing activity will vary throughout the day, with higher occurrences of singing at night and at 

dusk (Au et al. 2000). We also hypothesized that engine noise from boats will have a negative 

correlation with singing among humpback whales, either because the whale stops singing, moves 

away from the sound, or a combination of the two (Sousa-Lima and Clark 2008). At times when 

there are high proportions of recordings with detected engine noise, it is expected that there will 

be fewer recordings with detected whale songs. This study provides an understanding of marine 

soundscapes and how humpback whales utilize their acoustic space. This information can then be 

applied to conservation efforts, including management of the whale-watching industry and 

boating traffic lanes accordingly.  

 

MATERIALS AND METHODS 

Study Site:  

Humpback whale recordings were gathered from two locations in Panama and one in 

Costa Rica, respectively: Islas Secas (8º00’00.0” N 82º01’19.2” W), Coiba National Park 

(7°41'13.2"N 81°36'39.6"W) and Isla del Cano (8°42’19.20″ N, 83°52’42.12″ W) (Fig. 1). Islas 

Secas is a small island archipelago located in the Gulf of Chiriqui. Coiba is also located in the 

Gulf of Chiriqui east of Islas Secas, and is a marine reserve area (Fig.1). High numbers of calves 

have been sighted in the Gulf of Chiriqui, including around Secas Island, indicating that Western 

Panama is an important nursery ground for humpbacks migrating from both the Northern and the 

Southern hemispheres (Rasmussen 2018). In Costa Rica, 64% of humpback whale sightings have 

a calf, suggesting this is also an important area for nursing mothers (Palacios-Alfaro et al. 2016). 
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Recording and Analysis: 

Autonomous recorders were deployed in each study site. The recorder used for Islas 

Secas was SM2M+ (Sampling rate: 4-96 kHz -165dB re: 1V/uPa) from Wildlife Acoustics 

(www.wildlifeacoustics.com). For Coiba National Park, singing activity was recorded using 

Soundtrap recorder (flat frequency response: 20 Hz to 100 kHz [± 2 dB], clip level: 172 dB re 

1μPa). For Cano Island we used a combination of SM2M+ and a RUDAR-mK2 (Sampling rate 

up to 96kHz -169dB re:1V/uPa) from Cetacean Research Technology 

(www.cetaceanresearch.com). With the exception of the Soundtrap, recorders were programmed 

to continuously record the soundscape in segments of 30 minutes at sampling rate of 44 kHz and 

16 bits programmed from September to November 2016 in Cano, and August 2017 in Secas. The 

Soundtrap was programmed to record the soundscape for 5-min every 30-minutes from October 

to November, 2017 in Coiba National Park. For the continuous data we selected a 1-minute 

sample every five minutes, and for the Soundtrap data the full 5-minute recordings were spliced 

into one-min recordings. All acoustic data was then uploaded to the ARBIMON II platform for 

cataloguing and inspection (https://arbimon.sieve-analytics.com). Recording efforts for each 

location are summarized in Table 1.  

Each 1-minute recording from Islas Secas, Coiba National Park, and Isla del Cano was 

inspected both visually and audibly on the spectrograms in ARBIMON. Presence of whales and 

boats in each sample were scored as one and their absence as zero in Microsoft Excel matrices. 

All song detections, including those that were distant, were included in the matrix. We ran two 

Wilcoxon Ranked Tests to test for statistical differences in both whale and boat sounds between 

the two Panamanian sites and the Costa Rican site. A regression analysis was also run to 
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determine if the proportion of songs was dependent on boat detections throughout the day for the 

three areas. These statistical analyses were done in JMP statistical software.  

 

RESULTS 

The results show that the occurrence of humpback song is significantly different in all 

three sites compared (x2=62.24, df=2, p<0.0001). In Isla del Cano, song activity is higher than in 

both Coiba and Secas, and singing activity occurs primarily at night and early morning, which is 

consistent with previous literature (Fig.  2). In Coiba National Park, song occurrence was highest 

at 02:00, however, there was no clear period of prolonged increase or decrease in activity. At 

Islas Secas, the proportion of recordings with songs was higher than in Coiba. Even the 

minimum proportion observed at Islas Secas (09:00-10:00) was higher than the maximum in 

Coiba. The peak in song activity at Islas Secas occurred at 14:00.  At this site there was a period 

of reduced activity between 18:00 and midnight.  

There is also a significant difference in boat detections between the study sites of the two 

Central American countries (x2=8.65, df=2, p=0.0132). This difference is accounted for by 

detection of significantly more boats in Isla Caño than in Islas Secas (z=-2.73, p=0.0062). In 

both Coiba and Islas Secas, boat activity begins to increase at 06:00 and decreases at 14:00. In 

Caño, boat activity starts to increase at 07:00 and steadily decreases from a peak at noon until 

15:00. There is also a large peak in boat activity at 18:00 in Caño (Fig. 3). The only site in which 

boats had a significant negative correlation with the proportion of whale songs was Isla Caño 

(R2=0.58, F=27.4, p<0.001) (Fig. 4).  
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DISCUSSION 

The results of this study show that singing and boating activity vary between wintering 

grounds in Costa Rica and Panama. There are higher occurrences of both humpback whale 

singing and boat activity in Costa Rica than in Islas Secas and Coiba National Park. Singing in 

Costa Rica appears to follow a clear pattern where activity begins to decline at 05:00 and 

increase again around 13:00. Activity is highest in Costa Rica in the very early morning and late 

at night, which is consistent with the findings of Au et al. (2000). Data obtained from Panama 

follows a less-defined pattern, and singing fluctuates throughout the day. In Islas Secas, singing 

is lowest from 09:00 to 11:00, whereas Coiba experiences a peak in activity around this same 

time. There are three periods of peak singing activity in Secas: 02:00-03:00, 07:00-08:00, and 

14:00-15:00, but each of these peaks are followed by large dips, especially following the 14:00 

peak (Fig. 2). Therefore, our hypothesis that singing would be highest at dawn and late at night 

in Panama is refuted by this data. 

There is a significant difference in the levels of singing activity between the Panamanian 

and Costa Rican sites. The relatively low levels of singing activity in Panama when compared to 

Costa Rica does not necessarily indicate fewer whales in these sites, but may indicate that there 

are fewer males present in those areas. An Australian study found that several breeding grounds 

along coastal migratory routes in the southern Pacific had female-biased sex ratios, where the 

population was mainly comprised of mature females with calves and very few mature males 

(Franklin et al. 2017). It is possible that the Panamanian breeding grounds in Islas Secas and 

Coiba National Park also experience such bias. The Gulf of Chiriquí is known to be a prominent 

calving ground for humpback whales. Satellite and photo identification data provides evidence of 

many whales present in this region (Guzman et al. 2014). Therefore, it is likely that the 
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population of whales observed is predominantly females with calves, with few singing males due 

to the lack of available female mates.  

These results reflect the singing activity of whales outside of their peak breeding season. 

This suggests that there are fewer whales during this time which may be contributing to the low 

proportion of whales observed. In a prior study, Au et al. studied singing activity during the 

boreal winter (December to April) and found that during the seasonal peak, acoustic 

communication was highest between sunset and sunrise. They suggested that these patterns 

reflect a decrease in intraspecific interactions at night which leaves acoustic signals as the only 

alternative way for males to advertise their fitness. The opposite diurnal pattern was observed in 

January and April, which represented the very beginning and end of the breeding season. Based 

on our results and those found by Au et al., diurnal patterns in whale song behavior seem to be 

less rigid outside of the peak season. If the increase of singing at night reflects an alternative to 

intraspecific interactions that take place during the day, perhaps fewer of these interactions are 

taking place in general as the breeding season is just beginning.  

The impacts of boat noise on the acoustic activity of humpbacks has been well 

documented. In previous studies, boat noise has been found to decrease whale singing activity, 

whether because the humpbacks moved to a new area away from the intrusive sound, stopped 

singing all together, or a combination of the two (Clapham, 2000; Sousa-Lima and Clark 2008).  

Boat activity was similar in Islas Secas and Coiba. Most traffic is due to tourism (e.g. whale 

watching and scuba diving). In Isla del Cano, day time traffic can also be attributed to tourism. 

The peak of boat activity between 18:00 and 20:00 is likely due to fishing boats. The lack of a 

pattern in singing for whales wintering in Panama could be due to a lack of boats in the area. In 

regions where boat traffic is high, whales are found to sing more at night when traffic is at a 
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minimum (Chereskin et al., in review). Our results suggest that in the absence of acoustic 

pressure, Panamanian humpbacks have not developed defined diurnal singing patterns in order to 

avoid periods of increased ambient noise. For future work, exploring usage of photo ID practices 

in these areas could help solidify whether these breeding grounds are experiencing decreased 

singing occurrences due to biased sex ratios, and whether the presence of whales is primarily 

mothers and calves.  

 

CONCLUSION 

There is no defined diurnal singing pattern in Islas Secas or Coiba, Panama, and instances 

of both singing and boat noise are significantly less compared to Isla del Cano in Costa Rica. We 

propose that the decreased song patterns and occurrences in these two Panamanian sites is due to 

less pressure to alter singing times to avoid engine noise, less intraspecific interactions outside of 

the peak breeding season, and a greater prevalence of nursing females than singing males. To 

conserve these valuable areas, boat noise should continue to be kept at a minimum so as not to 

disturb humpbacks’ natural migratory and breeding patterns. While ecotourism provides 

economic stability to coastal communities and brings attention to this species, it is important to 

understand the impacts of human activity on these whales’ acoustic space and manage the 

tourism industry accordingly.  
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FIGURES AND TABLES 

Site Recorder Recording dates Total time 
recorded 

No. 1-min samples 
analyzed  

Singing 
Activity 

Sonic 
Structure 

Islas Secas SM2M+ August 5 to 
September 1, 2017 

38,535 7,707 61 

Coiba 
National 
Park 

Soundtrap xSeptember 30 to 
November 20, 2017 

12,320 12,320 62 

November 22 to 
November 30, 2017 

2,140 2,140 
 

Isla del 
Cano 

SM2M+ and 
RUDAR-mk2 

September 19 to 
November 5, 2016 

89,910                  16,881 0 

Table 1. Total number of minutes recorded and analyzed per site and recorder model. 
 
 
 
 

 
Figure 1. Map displaying the three study locations, Islas Secas, Coiba National Park, and Isla del 
Cano, where passive recorders were deployed in August and September-November 2017, and 
September to November 2016, respectively.  
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Figure 2. Proportion of recordings with whale song detection throughout the day for Coiba 
National Park between 30 September and 30 November 2017, Islas Secas between 5 August and 
1 September 2017, and Isla del Cano between 19 September and 5 November 2017(Chereskin et 
al. 2018).  
 

 
Figure 3: Proportion of recordings with boat detections mapped throughout the day at Coiba 
National Park between 30 September and 30 November 2017, Islas Secas between 5 August and 
1 September 2017, and Isla del Cano between 19 September and 5 November 2016 (Chereskin et 
al. 2018).  
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Figure 4. Regression models depicting linear relationships between boat detections and whale 
song detections for each location. A significant correlation was only found at Isla del Cano. 
Models are for Isla del Cano (left), Coiba National Park (middle) and Islas Secas (right).  
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Chapter 5: Conclusions, Significance, and Acknowledgements 

Conclusions and Future Projections 

 This study provides the first description of the humpback whale song in Central 

American breeding grounds. The analyses included in this paper are crucial for generating a 

baseline understanding of the humpback whale song dynamics and the interaction of humans 

with the acoustic space in this region. The delineation of the song from Islas Secas provides a 

baseline for future work to examine how the song changes between breeding seasons and what 

mechanisms may be responsible for these changes. In addition, tracking how humpback whales 

use their acoustic space throughout the day in relation to daily boat traffic informs on the health 

of these populations and how to balance occurrence of low-frequency engine noise with 

maintenance of healthy levels of singing. Having said that, there are many changes that should 

be made in future work, and many more factors to be addressed in this growing field of study.  

 In order to obtain more accurate results, more recordings should be collected from any 

studied site. A larger collection of recordings predicts that there will be more individual whales 

included in the overall sample. In addition, recordings should be deployed continuously 

throughout the breeding season, as our recordings from Isla Secas only captured beginning 

months of the breeding season where more variability in singing is often observed. In Panama 

specifically, recordings should possibly be obtained over the entire year to note any overlap in 

the area that might occur between late-departing southern hemisphere whales and early-arriving 

northern hemisphere whales, as this region has been observed to be a destination for both.  

 One of the limitations of this study is that we cannot guarantee with complete certainty 

that all sampled whales were independent, though the time lag between songs and the observed 

structural differences suggest that different singers were sampled. Utilizing photo identification 
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alongside recorders could work to characterize individual songs and ensure independence. A 

final suggestion in this research is that the scientific community continue work in safe tagging of 

humpbacks from various populations to understand migration routes and general swimming 

patterns. This can help with policy-making for boat traffic routes, and can also inform on where 

various “hotspots” for cultural transmission may lie.  

 

Conservation 

 Humpback whales are not currently listed as an endangered species due to various 

policies that have protected the species and rebounded its numbers. Humpbacks faced a near-

extinction in the 1900s from whaling around the world until concern about rapid population 

reductions led the International Whaling Commission to ban commercial whaling. A more local 

example of policy-making in favor of conservation occurred in the Stellwagon Bank just east of 

Boston. While the area was federally labelled as a marine sanctuary where whales could reside 

safely, scientists discovered that whale numbers were becoming rapidly depleted by boat 

collisions. Knowledge of these fatalities and where exactly these whales inhabited led to federal 

laws that changed shipping lanes and saved this population (McKeever 2019). These two 

examples highlight how much education, awareness, and advocacy are the mechanisms for 

change. If we can continue to increase our knowledge base on the population dynamics and 

behaviors of various marine species, we can optimize our time in precious waters without 

causing harm to the local inhabitants.  

 It is important to note that the dynamics of marine populations, including humpback 

whales, are always fragile. Humpbacks are large mammals that are not able to reproduce quickly. 

Not only do humpbacks take a long time to reach sexual maturity, but the gestation period once 
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they do takes close to a year, and there is also a lag time after reproduction where mothers need 

time to recover from a taxing birth. While the numbers of this species are currently on the rise, 

this will likely not always be the case. Scientists must continue to oversee humpback population 

health and growth and ensure that whales, especially sexually mature adults, are not removed 

from populations in overwhelming quantities. Additionally, major shipping routes should be 

overseen to ensure that low-frequency anthropogenic sounds in our oceans are not reaching 

levels that could severely hinder underwater acoustic behaviors.  

 

Significance 

 Every animal that exists in the ocean serves an ecological purpose, and decimation of any 

given species can upset the equilibrium and cause great damage to the overall ecosystem health. 

Humpback whales specifically play key roles in ocean productivity, moving nutrients across 

oceans during migration and vertically through the water column via what is known as the 

“whale pump.” Essentially, phytoplankton and microorganisms pump materials downward when 

they consume carbon and nitrogen then excrete these nutrients as fecal matter. Whales then 

return these nutrients to the surface in an upward pump, and further provide plankton with 

nutrients via their own waste products (Chami et al. 2019). By promoting the growth of 

phytoplankton, humpback whales increase productivity, as plankton serve as the base of the food 

chain for larger feeders. On top of that, phytoplankton absorb a very large amount of 

anthropogenic carbon dioxide that would otherwise build up in the atmosphere, thereby 

mitigating the effects of climate change. Thus, humpback whales hold a very high economic 

value not only because of the money they pump into the tourism and whale-watching industry, 

but also because of their potential to nullify human-caused climate destruction. For these 
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reasons, and many others, countries should work together to increase humpback whale 

populations to pre-whaling numbers.  
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