
Chapter 11
Humpback Whales: Exploring Global
Diversity and Behavioral Plasticity
in an Undersea Virtuoso

Danielle Cholewiak and Salvatore Cerchio

… it does give one pause to realize that the ocean has been
resounding with whale song for millions of years, and that the
ocean’s inhabitants have long been swimming in the midst of the
echoing choruses. It is not altogether surprising to find that
humans nearly extinguished the whole source and only in the
last few years have we begun to hear the music. (Payne and
Payne 1985)

Abstract It has been fifty years since Payne and McVay’s seminal publication on
the strange and beautiful sounds of the humpback whale (Megaptera novaeangliae),
the study which inspired decades of research into their complex, underwater acoustic
world. In the subsequent five decades, there probably have been more research
projects and publications on humpback whale song than on the vocal behavior of
any other baleen whale. What makes humpback song so unique? What have we
learned? What questions remain? With this chapter, we explore these questions with
an eye toward the overarching theme of studies that address proximate mechanisms
(the “how do humpback whales do this?” questions) versus those that inquire about
ultimate causes (the “why do humpback whales do this?” questions). We draw a
distinction between studies that focus on singing behavior, versus those that use song
as a proxy to investigate other biological processes. We take the reader through a
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historical review of the literature, endingwith a series of observations about the unan-
swered questions intended to provoke new ideas and new lines of inquiry. Through
this exploration, we hope to synthesize a global body of research to identify common
themes and probe the lingering gaps in our understandings of humpback whale song.

Keywords Humpback whale · Acoustics · Song · Sexual selection · Cultural
transmission · Cultural evolution · Breeding behavior

11.1 Early Song Studies: Laying the Foundations
from 1960s Through 1980s

Humpback whales (Megaptera novaeangliae) are almost cosmopolitan, occurring in
all major ocean basins. Individuals in all but one or two populations are known or
believed to undertake long-range seasonal migrations between high-latitude feeding
and low-latitude breeding areas. By the mid-twentieth century, humpback whales
had been hunted nearly to extinction throughout most of their range (reviewed in
Baker et al. 1993). In 1955, commercial whaling for humpbacks was banned in the
North Atlantic, followed by the Southern Hemisphere in 1963–64, and the North
Pacific in 1966. How many animals were taken, and what the pre-whaling popula-
tion sizes were, is not entirely clear. However, the populations that remained were a
fraction of their original sizes, and in some cases occupied perhaps only a fraction
of their original ranges (e.g., Reeves et al. 2001). The impacts of this population
decimation on humpback whale movements, interchange, and communication struc-
tures are unknown. When the earliest acoustic recordings were made of humpback
whales in the 1950s, US naval researchers and scientists were just beginning to
learn about whale acoustic behavior by listening in on remnant populations left after
post-industrial whaling. We are still unraveling the implications of impacts from the
whaling era and considering how our interpretations of acoustic communication are
affected by the study of populations that are recovering and expanding back into old
and possibly new habitats. As we explore the processes that govern humpback whale
singing behavior, it is important to keep in mind that our understanding of humpback
communication dynamics may be influenced by these population-level changes.

By 1964, it was known that humpback whales make sounds during the breeding
season, and also that these soundswere different than those heard on feeding grounds.
As Schevill (1964) eloquently wrote, “The sonorous moans and screams associated
with the migrations of Megaptera past Bermuda and Hawai’i may be an audible
manifestation of more fundamental urges, for in New England waters and at other
seasons we do not hear anything nearly so spectacular from this species.” It would
be a few more years before the breeding sounds of humpbacks would be recognized
as “song”, and by the time Roger Payne and Scott McVay published their seminal
paper (Payne and McVay 1971), multiple researchers were already recording and
exploring this newly documented acoustic phenomenon.
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Fig. 11.1 Spectrogram showing a partial song sequence from one humpback whale, recorded off
Hawai’i in 1990 (1024 pt FFT, Hann window, 80% overlap). This image reveals a diversity of song
units as well as the hierarchically patterned structure of humpback song

The pioneeringwork in the 1970s developed a framework bywhich to analyze and
understand humpback song structure. Payne and McVay (1971) described the well-
structured hierarchy of song sequences, composed of individual units, organized into
repeated patterns (“phrases”), repeated a variable number of times (“themes”) before
a singer switches to a new set of phrases and themes (Fig. 11.1). This type of singing
had already been defined in the avian song literature as “eventual variety” (Kroodsma
1977; Fig. 11.2), which was also later applied to humpback whales (Cholewiak
et al. 2013). Payne and McVay laid the groundwork for describing the hierarchical
structure of humpback song, and explored variability in the singing behavior of
individual singers, documenting, for example, that singers vary the number of times
they repeat a phrase within a theme, resulting in themes and song sequences of
varying lengths. These observations of plasticity in song production underlie an
important behavioral mechanism that we continue to explore. Payne andMcVay also
speculated on the possible role of song in mate attraction or group cohesion and
speculated that singing may be common in baleen whales. While their insights were
seminal for humpback whale research, they also had clear influence on baleen whale
song research worldwide.

The mid-1970s through the 1980s saw an explosion of research on humpback
whales. By 1979, preliminary descriptions of acoustic signals had been produced for
many baleen whale species (Thompson et al. 1979), but work on humpback whales
wasmore advanced than on other species. Perhaps largely due to their accessibility in
warm water coastal habitats and their charismatic vocal displays, humpback whales
attracted dedicated and consistent study. Our understanding of humpbackwhale song
and singing behavior during this era was shaped almost entirely by studies conducted
in theNorthernHemisphere;most researchwas being conducted offBermuda, around
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Fig. 11.2 Spectrogram showing partial song sequence from one humpback whale recorded off the
Sultanate of Oman in 2012 (4096 pt FFT, Hann window, 50% overlap), with phrases delineated and
colored by theme, showing how humpback singing behavior fits into the framework of “eventual
variety” singing. Recording courtesy of the Environment Society of Oman

the Caribbean, and around the Hawaiian Islands. Scientists were exploring concepts
related to individual identification based on song characteristics (Hafner et al. 1979),
diel periodicity in song production (Thompson et al. 1979), and the use of song
to assess population distribution and size (Winn et al. 1975; Levenson and Leapley
1978), recognizing that it was possible tomonitor portions of a population in breeding
areas using passive acoustics as a scientifically robust methodology. Work was also
underway to assess geographic variation in song. In the first published comparison
of song structure between populations, Winn et al. (1981) found strong similarities
among songs in widely separated wintering grounds, recognizing that within the
North Atlantic, songs recorded in the West Indies and Cape Verdes shared the same
themes, as did songs recorded between Hawai’i and México in the North Pacific. In
contrast, between ocean basins, North Atlantic songs shared no themes with those
from theNorth Pacific, and bothwere different from one sample obtained fromTonga
in the South Pacific.

In 1983, the book “Communication and behavior of whales” (Payne 1983) was
published, which contained an important compilation of detailed studies on hump-
back whale song and singing behavior. These laid out the basic concepts that are
still considered foundational to our understanding of humpback whale singing, that:
singers are males (Glockner 1983); all individuals within a local breeding aggrega-
tion (e.g., theHawaiian Islands) share the same phrases at any given time (Payne et al.
1983); there exists distinct individual variation such that some singers diverge from
the typical ordering of themes and may be considered “aberrant” (Frumhoff 1983);
songs change progressively over time (Payne et al. 1983); songs of individual singers
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change through time in the same ways that songs from their regional “population”
of singers change through time (Guinee et al. 1983); and singers in a completely
different breeding aggregation located across an ocean basin, e.g., in México, sing
songs composed from some of the same phrases and change those phrases in a
similar manner across seasons as the singers in the Hawaiian Islands (Payne and
Guinee 1983). An important concept running through many of these studies was that
humpback whales change their song in different ways over time, but the subtleties,
dynamics, and scales of such changes were just beginning to be appreciated.

Two fundamental papers on song structure and changes in song were published by
Katharine Payne and her colleagues (Payne et al. 1983; Payne andPayne 1985). These
papers, built on multiyear studies of humpback song in two different ocean basins,
provided profound insights that shaped the research community’s understanding of
humpback singing behavior. At their core, these studies examined the patterns and
dimensions of variability of temporal change at the organizational level of song
structure. Payne et al. (1983) observed that most of the structural changes in song do
not occur between seasons, but rather during the breeding season, dismissing an early
notion of “forgetfulness” as the root cause of song change. They observed that singers
change their song structure at different rates over time, that “chaotic” themes could
become organized, and that song structure goes through periods of instability and
stability. Entire themes die out and new ones appear, and the birth of new themesmost
often occurred through a process by which stable themes become variable and later
begin to differentiate. Payne and her colleagues described the humpback song system
as “at once highly organized and also labile”. Payne’s observations and insights were
influenced by contemporary research on oscine songbirds, in particular, the work in
Peter Marler’s lab at Rockefeller University, with which the Paynes were associated.
This was an era of intensive study on song learning in avian species, utilizing captive-
bird laboratory experiments andfieldmanipulations to develop a better understanding
of the innate and environmental influences on acoustic repertoire development (e.g.,
Marler and Peters 1981; Marler 1984, 1990).

The Paynes’ observations were remarkable, as at the time the idea of song learning
in baleen whales had not yet been considered. Importantly, Payne et al. (1983)
recognized that progressive changes in humpback song, which imply that whales
continuously learn song changes from conspecifics, represent a process of cultural
transmission and cultural evolution. Cultural transmission and song evolution had
already been well-documented in a number of oscine avian species (i.e., “song-
birds”) by the 1970s (e.g., Lemon 1975; Jenkins 1978; Slater and Ince 1979), and
researchers were developing frameworks to describe the process conceptually and
quantitatively (Mundinger 1980; Cavelli-Sforza and Feldman 1981). Cultural evolu-
tion of a vocal behavior is the process by which a song tradition is changed over
time, and changes are transmitted between individuals. This is the consequence of
an individual having the capability to learn, coupledwith the transmission of acoustic
elements between individuals. These changes in a song pattern, sometimes referred to
as “cultural mutations” (Jenkins 1978; Mundinger 1980), are believed to result from
an “error” in copying, improvisation, innovation, or some combination of each of
these. In most songbirds, changes accumulate slowly across generations, such as the
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typical “vertical” transmission described in New Zealand’s South Island saddlebacks
(Philesturnus carunculatus; Jenkins 1978) and indigo buntings (Passerina cyanea;
Payne et al. 1981). However, in exceptional cases, “horizontal” transmission between
individuals within the same generation, coupled with continual copying of individual
innovations within singing seasons and throughout an individual’s lifetime, results in
what has been termed “rapid cultural evolution”, as displayed by humpback whales
(Chap. 8). The remarkable phenomenon of population continuity for a form of song
undergoing rapid cultural evolution, in which emergent changes are adopted among
individuals within a population to maintain the same song patterns, is not unique
to humpback whales. Several avian species also exhibit similar phenomena in their
acoustic breeding displays, such as the village indigobird (Vidua chalybeata, Payne
1979), and the yellow-rumped cacique (Cacicus cela, Trainer 1989).

There are likelymultiplemechanismsbywhich such changes canbemaintainedby
individual humpbackwhales in breeding areas thousands of kilometers apart. At least
three mechanisms were proposed for the exchange of song material between indi-
viduals from different breeding populations: Singers from different breeding areas
may overlap on the feeding grounds; they may interact and hear one another during
migration; and/or they may move between breeding areas within a season or inter-
annually (Payne and Guinee 1983). However, song similarity within an ocean basin
is more complicated than originally believed (explored in more detail in Sect. 11.2).

Payne and Payne (1985) described humpback whale song structure patterns from
19 years off Bermuda, defining the concept of “transitional phrases”, as well as
three types of themes: “static”, “shifting”, and “unpatterned” (Fig. 11.3). These
categories are still used today in characterizing variation in humpback song.However,
in many more recent papers, these distinctions are often not observed or described,

Fig. 11.3 Two excerpts from humpback song showing a shifting theme (top) and static theme
(bottom). In the top panel, note both the progressively decreasing frequency and the increasing
temporal spacing of the song units with each phrase repetition. In contrast, in the bottom panel,
the spectral-temporal features of the song units are consistent among phrases. Recording sites: top
panel: Madagascar, 2018; bottom panel: México, 2006
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leaving us to wonder if some of the variation in song is either not accounted for
or is misinterpreted. For example, without recognizing that transitional phrases are
composed of components of different phrases from consecutive themes, and that
in shifting themes the phrase structure changes progressively from the first to last
repetition of the phrase, there exists the potential to “over-categorize” or split themes,
leading to potentially erroneous interpretations.

The long time series of the samples used by the Paynes allowed them to recognize
commonalities in humpback songs across years. Some of these commonalities have
to do with the finer details in song units—such as the inclusion of both “simple” and
“complex” sounds (defined as ranging from tonal to noisy bursts), and other types
of contrasting sounds, such as those that are frequency-modulated and relatively
constant in frequency, very long and very short in duration, and abrupt and gradual
in onset. In examining the processes of theme evolution, the Paynes found that
themes had dissimilar rates of extinction; while about half the themes were present
in more than one year in their study, some were present for 7 or 8 years. Between
adjacent years, the ratio of new to previous material varied; theme content in some
adjacent years was very similar, while songs in other adjacent years had few themes
in common. In fact, every 5–6 years, a period of stability seemed to be reached
in which songs remained very similar between years. The Paynes also observed
variation among themes and years in the “rhythm” of the song, the song tempo;
a feature that students of humpback whale song studies recognize, but is difficult
to capture in words. Finally, the Paynes recognized that despite inter- and intra-
individual variation, overall, all songs from one breeding season are more similar
to other songs from that same season than to songs from other seasons. Many of
these insights were possible due to the expansive sample analyzed by the Paynes,
and their insights have had lasting impacts on our understanding of the strengths and
limitations of using song analyses to evaluate population structure.

In his book “Sociobiology”, E.O. Wilson (1975) stated “the most elaborate single
display known in any animal species may be the song of the humpback whale
Megaptera novaeangliae.” Among the balaenopterid whales, this observation holds
true. None of the other rorquals produces a song that comes close to rivaling the
complexity of humpback whale song. It has become clear that most (if not all)
mysticete species sing; therefore, song can be considered an ancestral synapomorphic
trait for this branch of cetacean evolution. When considering the acoustic frequency
range and variety of unit types, and the complexity of song structure, humpback
whale song is the most highly derived among the balaenopterid clade. What are the
evolutionary drivers for this elaboration and complexity?

Early studies of humpback breeding behavior considered the question of evolu-
tionary drivers. The existence of a trait that is highly derived and elaborate within
a comparative phylogenetic framework is a typical indication of sexually selected
exaggeration. In recognizing that the choruses of singers that they observed on the
breeding grounds could function as a local “communal” display, Herman andTavolga
(1980) made the first connection between the humpback mating system and the lek
mating systems described in terrestrial taxa (Emlen and Oring 1977). In lek mating
systems, males aggregate and display to attract females, and females visit display
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arenas for the purposes of evaluating males and choosing a mate based on their
displays. Leks evolve in situations where males cannot directly control females or
access to resources, where female movements to an area are predictable, and where
females are relatively asynchronous in their periods of sexual receptivity, thereby
skewing the operational sex ratio toward males. Many of these features are good
descriptors of the typical humpback whale breeding system. Females arrive on the
breeding grounds over a protracted period of severalmonths (Dawbin 1966), and have
an average two-year reproductive cycle (Mackintosh 1972), thus strongly skewing the
operational sex ratio among sexually active adults towardmales. Furthermore, during
the breeding season, individuals are primarily or exclusively fasting (Chittleborough
1965); therefore, selective pressures with respect to defending food resources are
unlikely to play a role in breeding behavior. Tyack (1981) put sexual selection at the
forefront when considering the evolution of humpback singing behavior, noting that
female choice may have been a driving force for song complexity (Chap. 7). Payne
et al. (1983) took this concept one step further, drawing the analogy to the process by
which female choice in some songbird species has led to the evolution of complexity
in the form of large vocal repertoires.

Perhaps the most important insights to come out of this early period of work
have to do with not only characterization of the intricate nature of humpback song
structure and patterns of song sharing and rapid cultural evolution, but the exploration
of hypotheses related to the underlying evolutionary drivers of song complexity.
Therein lies the distinction between asking questions about the proximate processes
that explain how an observed pattern develops, versus asking questions about the
ultimate reasons for why these processes evolved. The foundational work of this
early period of research, with its descriptions of song structure and the dynamics of
humpbackwhale singing behavior, falls primarily into the proximate category. Based
on these explorations, these authors cited above began to speculate on the ultimate
questions of why humpback whales have evolved such a complex and dynamic
singing behavior, which set the stage for further considerations of the selective forces
and evolutionary drivers of the complexity in humpback singing behavior.

11.2 The Next Generation: Further Description of Patterns
During the 1990s–2010s

The first phase of research on humpback whale song and singing behavior was
conducted primarily by just a few research groups. Starting in the 1990s, humpback
whale research in the ensuing three decades has focused on a broad range of topics
by an ever-expanding number of researchers. Much of this more “modern” work has
focused on exploring proximate mechanisms of how song patterns change and are
transmitted between populations. Often song similarity has been used as a proxy
metric to describe potential interactions among populations, supplementing early
knowledge derived from whaling data and photo-ID mark recapture studies.
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While earlier work concentrated on the Northern Hemisphere, Cato (1991),
Dawbin and Eyre (1991), and Mednis (1991) confirmed that Southern Hemisphere
humpback whales exhibit similar song structure and variable rates of song change to
those of the Northern Hemisphere, undergoing periods of stability and of substantial
change. Initial studies indicated that songs from east and west Australia showed little
similarity, indicating that the geographic barrier of Australia may be more important
than overall distances apart, as shown by the greater distances between breeding
assemblages within the South Pacific with similar songs.

Passive acoustic studies have shown that patterns of physicalmovement (i.e., inter-
change) of individuals within and between populations can be more complex than
previously thought.Within the North Pacific Ocean, initial studies showed that songs
recorded from the breeding assemblages in Hawai’i and México shared all phrase
types (Winn et al. 1981; Payne and Guinee 1983). Further ocean-basin-scale studies
in the North Pacific revealed fluctuations in similarity among songs recorded from
different breeding areas, sometimes resulting in the occurrence of temporary, regional
differences in the number of shared versus “private” themes (Helweg 1990; Cerchio
et al. 2001; Darling et al. 2014, 2019a). For example, Darling et al. (2019a) found
that some themes were present across the entire North Pacific from the Philippines
toMéxico during a 3-year study, but others were only present in certain regions (e.g.,
“private themes”), and ocean-basin-scale similarity in song content varied across
years. The variation in rates of song change and development of temporary, regional
differences in song composition likely reflect variable levels of interchange and
mixing of singers from different breeding areas over time. Within an ocean basin,
therefore, humpback population structure could be described as a “metapopulation”
(Levins 1969;Hanski andGilpin 1991),withinwhich there exists a complexpattern of
site fidelity and overlap of individuals between feeding and breeding areas that varies
across years. Similarly detailed song studies have not been conducted between the
main breeding areas of theNorthAtlanticWest Indies andCapeVerde Islands, though
comparable fluctuations in similarity of song content between breeding regions may
be present.

North Pacific and North Atlantic populations are separated by a continental land
mass, with no movement of individuals between oceans. But the Southern Hemi-
sphere is more open, with the high-latitude (>60° S) circumpolar “Southern Ocean”
connecting separate ocean basins, and large expanses of lower latitudes dotted by
islands. This allows for enhanced opportunities for whales mixing both between
ocean basins across seasons, and within ocean basins during a season. The first
example of consequent song sharing came fromNoad et al. (2000), where humpback
whales migrating along the east coast of Australia (western South Pacific Ocean),
adopted the songs of animals from the west coast of Australia (southeast Indian
Ocean) across two singing seasons. The process by which higher level song features
(i.e., themes) are transferred between populations or aggregations is termed “cultural
diffusion” (Mundinger 1980;Whiten et al. 2016).Mundinger (1980) applied this term
to describe the process by which novel behaviors are introduced to one population
by immigrants from a different population, as a cultural analog to gene flow between
different populations. In the case of the Australian humpback whale populations,
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immigrant individuals from the Indian Ocean (the origin population) introduced their
song (the novel behavior) into the South Pacific population, which then adopted it.
This is distinct from rapid cultural evolution that occurs incrementally and progres-
sively as individuals from within a population gradually modify their existing song
as they copy innovations made by one other. Noad et al. (2000) coined the term
“cultural revolution” (perhaps due to the appeal of rhyming with cultural evolution,
rather than drawing a parallel with other biological phenomena) for the transmis-
sion of song traditions between different populations. We maintain the original term
“cultural diffusion” in this chapter.

During cultural diffusion from western to eastern Australia, there was complete
replacement of all phrase types previously sung by the eastern Australian South
Pacific population. There are also examples of cultural diffusion of partial songs, with
only some novel phrase types being introduced and adopted, as described above in the
North Pacific (e.g., Darling et al. 2019a). The phenomenon of cultural diffusion and
complete replacement of songs has also been occasionally observed in other species,
such as between social groups with distinct dialects in village indigobirds (Payne
1985). As in humpback whales, village indigobirds otherwise exhibit progressive
rapid cultural evolution of songs during the singing season via individuals making
innovations within songs that are copied and transmitted within their social group.
However, Payne (1985) documented at least one case in which males from a neigh-
boring social group permanently emigrated and introduced their origin social group’s
song dialect into their new social group, whose previous dialect entirely disappeared.

Since 2000, the cultural diffusion of changes in song content between humpback
breeding populations in the western and central South Pacific has been demonstrated
repeatedly through a number of studies (e.g., Eriksen et al. 2005; Garland et al.
2011, 2015; Owen et al. 2019; Chap. 8). Other studies have shown limited song
sharing across the Indian Ocean (Murray et al. 2012), and variable rates of song
sharing across years between the southeast Atlantic and southwest Indian Oceans
(Rekdahl et al. 2018). Song comparisons between breeding regions in the western
and eastern South Atlantic (Darling and Sousa-Lima 2005) have shown that there
is some song sharing between populations on opposite sides of the Atlantic Ocean,
similar to patterns in the Northern Hemisphere (e.g., Darling et al. 2019a). Taken
together, these studies reveal complex patterns of interchange between individuals
both within and between breeding populations and subpopulations. These studies
extend our early understanding of population movements derived from the whaling
period (e.g., Dawbin 1966) aswell aswhat has been shown through satellite telemetry
and photo-ID studies (e.g., Calambokidis et al. 2001; Hauser et al. 2010; Garrigue
et al. 2011, 2015).

While it is not clear which mechanisms for song transmission (as first proposed
by Payne and Guinee 1983) are at work, it is likely that multiple mechanisms
exist. Numerous studies have documented the occurrence of singing activity on
feeding grounds in Northern Hemisphere and Southern Hemisphere (e.g., Gabriele
and Frankel 2002; Clark and Clapham 2004; Vu et al. 2012; Stimpert et al. 2012;
Garland et al. 2013; Van Opzeeland et al. 2013; Magnúsdóttir et al. 2014; Kowarski
et al. 2018). Several studies have also documented singing in the open ocean, away
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from breeding aggregations, presumably frommigrating animals (Norris et al. 1999;
Clark and Gagnon 2002; Darling et al. 2019b), as well as potential mixing between
populations during migration (Owen et al. 2019). Finally, interannual movements of
individuals between breeding areas have also been documented by individual recap-
ture studies in both hemispheres (Dawbin 1966; Darling and Jurasz 1983; Darling
and Cerchio 1993; Pomilla and Rosenbaum 2005; Stevick et al. 2016). All of these
are likely mechanisms by which song sharing and cultural diffusion of song elements
occur within and between populations. Levels of interchange between individuals
appear to vary over time; thus, relatively short-term studies of only one or a few years
cannot capture the full picture. Long-term, broad-scale studies (e.g., Garland et al.
2011) are needed to appropriately interpret what the patterns in song structure reveal
about population interactions.

The 1990–2010 period also showed that changes in singing behavior can be used
as an indicator of behavioral disturbance from human activities. Whereas numerous
studies have assessed the impact of acoustic disturbance on movement patterns of
individuals or distribution of populations (e.g., Frankel andClark 2000, 2002;Dunlop
et al. 2018), comparatively few have addressed behavioral impacts on singing activity
or an acoustic response in the formof alterationof a vocalization.Humpbacks respond
acoustically to a wide variety of anthropogenic sounds, such as vessel noise (Norris
1995; Sousa-Lima and Clark 2008; Tsujii et al. 2018), naval sonar (Fristrup et al.
2003; Risch et al. 2012), and seismic surveys (Cerchio et al. 2014), by altering song
structure or decreasing singing activity. Subsequent studies modeling the poten-
tial communication space for humpbacks engaged in vocal interactions (both song
and non-song) have demonstrated how noise from human activities can reduce the
area over which individuals can communicate with one another (Cholewiak et al.
2018a; Dunlop 2019), a disturbing consequence of the expansion of human use
of the oceans. Collectively, these studies have important implications, particularly
considering cases when intense noise is generated in breeding habitat during the peak
of reproductive activities; for example, seismic surveys occurring in tropical African
waters during the austral winter. Since singing is a breeding display, disturbance in
breeding habitats has the potential to impact the reproductive success of males and
the ability of females to make important mate choice decisions.

11.3 The Next Phase of Research: Progress Toward
Ultimate Questions

Many studies since the 1990s have documented cultural transmission of songs
between humpback whale populations. Song is used in these cases as an indicator
variable to study individual movements and population dynamics, rather than for
the study of singing behavior itself. These studies reveal some of the proximate
mechanisms of song transmission, but rarely address ultimate reasons for the evolu-
tion of song complexity, or the evolution of a system that favors a changing song
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along with the rapid assimilation of changes in song units and patterns by individual
males within a population. Compared to the numerous studies examining patterns
of geographic variation in song, relatively few have been conducted in the past five
decades that explore ultimate evolutionary hypotheses.

Why did the complexity that we observe in humpback whale song and singing
behavior evolve in the first place? Evolutionary theory can give us some clues.
While natural selection shapes signals that are important for survival, sexual selec-
tion shapes signals that are important within the context of reproduction. In some
species, females show preferences for song characteristics even though these do not
seem related to direct benefits to a female. The preference for traits that indicate
indirect benefit is traditionally thought to arise through one of three types of selec-
tion: (1) traits that indicate “good genes”, which might result in higher offspring
survivorship (Hamilton andZuk 1982), (2) traits forwhichmales incur a cost, thereby
indicating male viability (the “handicap principle”, Zahavi 1975), or (3) indirect
selection for an arbitrary trait that has no particular benefit other than increasing
reproductive success for males who possess the trait (Fisher 1930, 1958). The latter
involves the linkage between the male trait and female preference for the trait and
is often referred to as “self-reinforcing” selection (Andersson 1994); this may lead
to the evolution of highly exaggerated traits, such as the extravagant plumage of
male peacocks (e.g., Pavo cristatus) or birds-of-paradise (family Paradisaeidae,
e.g., Parotia lawesii), or the elaborate vocal performance of the common nightingale
(Luscinia megarhynchos).

To address the adaptive function of rapid cultural evolution of songs in passerine
birds, Trainer (1989) contrasted the reproductive behaviors of caciques and village
indigobirds (species that are flexible learners with songs that are culturally trans-
mitted horizontally and undergo rapid evolution), with the reproductive behaviors
of chaffinches (Fringilla coelebs) and indigo buntings (Passerina cyanea) (species
with stable songs that are transmitted vertically and change slowly across genera-
tions). Caciques and village indigobirds are polygynous, males are not territorial and
frequently engage in competitive contact, males disperse widely, and songs can be
learned as adults. In contrast, chaffinches and indigo buntings tend to be monoga-
mous, males are territorial and engage in less social contact, males usually return to
the same territory throughout their lifetimes, and learning ability is restricted to a
period in early life. Trainer (1989), therefore, suggested that rapid cultural evolution
of bird song occurs in species with a high degree of male-male competition. Payne
(1985) suggested that the male village indigobirds with the most matings were those
that sometimes initiated changes in song composition andwere imitatedmost byother
males. Trainer (1989) did not directly observe this in caciques, but proposed a process
based on the preferential adoption of songs of successful males by less successful
males, in which dominant males innovate on an existing song model to produce a
song distinguishable from other males. This song variant from a high-ranking male
acts as a strong stimulus to either threaten males or attract females. Other males try
to imitate this song to confer its selective advantage upon themselves. Once all males
share the song, it is no longer effective, and the dominant male makes a new impro-
visation. Therefore, there is continual incentive to improvise, and the repeating cycle
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results in non-random, directional change in the details of the song composition. In
humpback whales, this specific mechanism of copying dominant males cannot be the
primary driving force behind song evolution; thousands of males spread across an
ocean basin sing similar songs, and it is unlikely that a male’s reproductive success
in one breeding aggregation is affected by males in another breeding aggregation.
However, humpback whales exhibit similar processes to some passerine songbirds
in the rapid cultural evolution in song characteristics, suggesting that there may be
similarities in the general underlying selective pressures.

In a comparative phylogenetic context and relative to other balaenopterids, the
song system of the humpback whale clearly fits into the category of exaggerated
traits, shaped by strong sexual selection. Singing is one of a suite of alternative
mating tactics employed by males on the breeding grounds (Clapham 1996; Cerchio
2003; Cerchio et al. 2005). One of the main hypotheses is that female choice is the
selective force driving both rapid cultural evolution and the complexity observed
in humpback song (Tyack 1981; Payne et al. 1983; Clapham 1996; Cerchio et al.
2001; Cholewiak et al. 2018b); however, few studies have yet to document the role of
intersexual selection.Medrano et al. (1994) documented two cases of females joining
male singers, and Darling and Bérubé (2001) documented one case of a male–female
pair in which the male was singing, and several instances of males singing in the
presence of a female with calf. Smith et al. (2008) found that singers off eastern
Australia were more likely to join mother–calf pairs than other types of groups and
sang longer in the presence of a mother–calf pair than other group types. Anecdotal
evidence from Kaua’i suggests that mothers accompanied by singers altered their
respiratory behavior in response to the singers’ presence by surfacing with the male
(whose surfacings were timed to occur during a specific theme in the song), thus
suggesting the femalewas listening to the singer and synchronizing her behavior with
him (Cerchio 2003). Successful males participate in a variety of breeding tactics, and
singing to mothers with calves may be one of them (Cerchio 2003; Cerchio et al.
2005). Molecular determination of paternity of calves off Socorro, México, matched
the paternity of a female’s second calf in consecutive years to a male observed
escorting her in the previous year (Cerchio 2003). Estimated rates of post-partum
estrus range from 3 to 20% of females giving birth in consecutive years (Clapham
andMayo 1987; Glockner-Ferrari and Ferrari 1990; Cerchio 2003) to 40%, based on
whaling data (Chittleborough 1965); therefore, courtship of a mother with calf may
be an important male breeding tactic.

These studies provide a glimpse of insight into potential intersexual selection.
Studying the behavior and interactions of non-parous females with males on the
breeding grounds could be quite revealing, but is unfortunately very challenging.
Females are often the center of attention in competitive groups, which can involve
many males vying for the position closest to her (Tyack and Whitehead 1982;
Clapham et al. 1992), precluding the opportunity to study their behavior in the
absence of interference by males. When unaccompanied, single individuals can be
difficult to visually locate and track, as they can be relatively cryptic compared to
other types of groups (singers being a notable exception). Therefore, although lone
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females may well be within acoustic detection range and listening to (or even inter-
acting acoustically with) male singers, their behavior is difficult to document. These
challenges have thus far limited our ability to study potential female choice relative
to singing males.

Studying singer behavior to examine the potential role of intrasexual selection
has been a more fruitful line of inquiry. From the intrasexual perspective, using
song to mediate interactions may allow males to assess potential rivals and avoid
physical conflict. In taxa from ungulates to birds, escalation or de-escalation of
agonistic interactions can be based on an individual’s motivation and perception of
one’s own quality or competitive ability compared to that of a rival. Several studies
have examined the spatial and acoustic responses of singers to interactions with other
males. Frankel et al. (1995) found that singers generallymaintainedgreater separation
distances between one another than non-singing individuals in a breeding area off
Hawai’i, leading to the idea that males may use song to maintain spacing between
other singers (also observed in minke whales, Gedamke 2004). Darling et al. (2006)
found that 89% of singers in their study sang until they were “joined” by non-singing
males (143/161 observed interactions), often leading to brief interactions (<10 min)
that typically appeared to be non-agonistic. This is consistent with other observations
of lone males interacting with singers, who then often ceased to sing (Smith et al.
2008). Darling et al. (2012), using an experimental playback design, also found that a
singingmale approached a playback of song thatwas similar to his own song 7out of 9
times (78%), and stopped singing in 8 out of 9 trials (89%). In considering these types
of interactions, Darling et al. (2006) hypothesized that males may assess one another
using details of song content as an index of association, and that this informationmay
allow individuals to determine whether to interact antagonistically or otherwise with
another singer. Only one study has examined the response of singers to one another
by evaluating not only their spatial movements and singing persistence, but also
by examining whether males are responding acoustically—specifically, changing
the details of their song structure in response to other singers (Cholewiak et al.
2018b). If male singers are using song interactively to mediate interactions with
one another, then it should be possible to measure the responses of one individual
singer relative to the actions of another singer. With song, this could take the form of
acoustically “pointing” at specific receivers, via timing or pattern changes (Todt and
Naguib 2000). Cholewiak et al. (2018b) found that 11 out of 12 singersmodified their
song presentation in the presence of a singing rival, changing the rate at which they
switched between phrase types, and the overall “evenness” of their song presentation.
A similar result was found via a controlled playback study, in which singing males
were presented simplified versions of their own songs (Cholewiak 2008). Similarly
to previous studies, Cholewiak et al. (2018b) also found that some singers (5 of 12)
approached other singers. Rapid approaches were associated with one or both males
ceasing to sing (in 3 out of 3 cases), suggesting that the combination of singing
while approaching could be a form of threat. This hypothesis suggests that males are
interrupting the display of their rivals as a form of competition, as is commonplace
on bird leks (Wiley 1991; Höglund and Alatalo 1995).
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If humpbackwhalemales are using their singing behavior and song characteristics
tomediate potential competitive interactions, then there should be strong selection for
song characteristics that allow males to assess one another, and these characteristics
should be both costly and an honest reflection of male quality (i.e., difficult to cheat).
Costs may be incurred either through production (e.g., energetic costs) or through
enforcement of honesty by conspecifics (Bradbury and Vehrencamp 1998). Song
elements or behavior that are difficult to produce, or those that indicate body size
might be useful formale–male assessment. For example, differences in the spectral or
amplitude characteristics of song units (Frankel 1994), or speed of swimming while
singing as observed in finwhales (Balaenoptera physalus; Clark et al. 2019), could be
features that convey male quality. The quality of a male’s song itself may also reflect
experience and age of the singer, if some features of signal production or adherence
to the “optimal” pattern require a skill level only acquired through repetitive practice
and experience. Additionally, graded song characters (such as switching rates) that
allow males to predict the likelihood of escalating aggression are also important in
some species (e.g., Searcy et al. 2000).

It is likely that humpback whale song may have evolved in response to both
inter- and intrasexual selective pressures (Herman 2017; Cholewiak et al. 2018b).
In many avian species, song has been shown to serve both functions within the
breeding system, where males may use different song types or change presentation
style depending on the primary audience (e.g., Kroodsma et al. 1989; Searcy and
Yasukawa 1990). Furthermore, both males and females may eavesdrop on acoustic
interactions, which may also play a strong role in sexual selection (Naguib et al.
1999; Mennill et al. 2002). Individuals can gain information about another indi-
vidual’s quality or motivation through eavesdropping and use this information to
make subsequent decisions (Bartsch et al. 2014). Females may use the same types
of song traits to assess male quality. The combination of stereotypy and complexity
in humpback song may indicate that it is a multimessage display (Murray et al.
2018), and both males and females may be listening in on male–male interactions
(Cholewiak 2008; Dunlop and Noad 2016; Cholewiak et al. 2018b).

A potential approach to exploring selective forces that have shaped humpback
whale singing behavior is to use comparative studies from non-interacting popula-
tions and different periods of time (e.g., different decades), to distinguish between
aspects of the singing behavior and song that are heritable versus entirely learned
(Chap. 2). Several researchers have suggested that some aspects of singing behavior
may follow innate templates, as opposed to those features of songs (e.g., the patterns
themselves) that appear to be learned and transmitted between individuals and thus
subject to the processes of cultural evolution. The continuity of humpbackwhale song
structure and singing behavior on a global scale was first recognized by Payne and
Guinee (1983). Populations in all ocean basins follow the same hierarchical song
structure, change their songs progressively through time, and have similar levels
of complexity, so Payne and Payne (1985) argued that there are innate constraints
guiding the form of song. This is not entirely surprising, as all species of whales have
their own recognizable species-specific song structure that is clearly a heritable trait.
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Humpbacks are set apart from at least the other balaenopterids by the predisposi-
tion for flexible learning, apparent innovation, and aptitude for copying conspecifics;
these traits are also clearly heritable, found in all populations currently studied, and
apparently unique within the Balaenopteridae clade (Chap. 12). Therefore, it is clear
that some evolutionary force has selected for the process of dynamic temporal change
in humpback song. Another level of questioning is to ask whether these same evolu-
tionary forcesmayhave selected for specificways inwhich singers change their songs
over time, and thus constraining the observed variation in song patterns. Cerchio
et al. (2001), during a study of geographic variation between Hawai’i and México,
observed that some quantitative variables of unit and phrase structure changed in
parallel in the two distant breeding areas over a single singing season. Since it was
concluded that singers in these distant breeding areas could not interact during the
study time period, the authors suggested that this may be evidence for an innate
template that could govern some aspects of how singers change song over time, in
the same manner as innate processes determine song structure. It was argued that
progressive change therefore could be explained as a combination of cultural trans-
mission overlaid on a set of innate rules for change. The prediction of such a system
would be recurring patterns of how songs are changed over time, when comparing
songs from distant populations or different periods of time (e.g., different decades).
Other more recent studies have examined song samples from such non-interacting
populations and similarly suggested “constraints” on what song elements are copied
(Mercado III et al. 2003) and persistent recurring patterns of both phrase structure and
how songs are changed over time (Green et al. 2011). Together, these studies expand
upon the concept of genetic predispositions for song structure and flexible learning
thatwere first proposed in the early studies (Payne andGuinee 1983; Payne andPayne
1985) and extend it to propose innate components to how these patterns change over
time. Studies exploring a heritable component to song structure and temporal change
have been relatively few in comparison to studies of cultural transmission and the
resultant patterns of geographic variation. If in fact there are constraints on song
variation and behavior, and definable patterns of temporal change, the description
of these patterns could inform what has been selected during the evolution of the
behavior, and in turn reveal those aspects of song that are important to reproduc-
tive success and inclusive fitness, driving the development of the observed complex
system.

11.4 Where Do We Go Now? Open Questions for Future
Work

In the fifty years since humpback whale song was first described, there have been
well over 100 papers published in the scientific literature describing the content and
patterns of song across space and time, the occurrence of singing activity, the behavior
of singers, as well as speculations about the form and function of song within the
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humpback breeding system. The beauty and complexity of humpback whale song
have captivated many hearts and minds.

Yet, despite decades of research, fundamental questions remain. What are the
evolutionary drivers that have resulted not only in a highly exaggerated acoustic
display, but also the predisposition for life-long learning and incorporation of new
features into an individual’s song? Which features of humpback song and singing
behavior are culturally transmitted, and which are genetically constrained? How do
individual whales develop and change their own songs, andwhat are the social factors
and thresholds for hearing new material that prompts an individual male to adopt
new song patterns into his own song (e.g., Beecher 2017)?

For the most part, these questions have not been addressed because it is extremely
difficult to study sexual selection. To do so would require documenting mate choice
by females, quantifying the reproductive success of individual males, and identifying
specific quantifiable male traits that contribute to reproductive success. Unlike song-
birds, where individuals can be raised in captivity and the influences on amale’s song
development (and his subsequent reproductive success) can be tested in a controlled
environment, no such research opportunity exists with free-ranging, long-lived large
whales (or other large mammals, for that matter). Mating has been nearly impossible
to observe in humpback whales, and there have been few molecular genetic studies
of paternity and/or male reproductive success. Only three such studies have been
published (Clapham and Palsboll 1997; Nielsen et al. 2001; Cerchio et al. 2005).
The insights from these studies have revealed only mild skew in male reproductive
success beyond what would be expected from a random mating model (with many
males siring single calves and few males siring multiple calves), and indicate that
successful males use a variety of mating tactics, singing being among them (Cerchio
2003; Cerchio et al. 2005). Studies of male reproductive success are particularly
challenging in species with large populations that cover broad ranges, where the
chances of sampling successful males are low.

There are multiple avenues for further study that have not been fully explored and
could reveal new insights into both the proximate mechanisms and ultimate drivers
of humpback whale singing behavior. From a comparative perspective, only one
other species of cetacean has evolved a similarly complex song—the bowhead whale
(Balaena mysticetus; Chap. 12). Bowhead whales are part of the family Balaenidae,
which represents a separate evolutionary lineage within mysticetes, having diverged
from the lineage that gave rise to the balaenopterids over 30 million years ago (Marx
and Fordyce 2015). Within the four species of extant balaenids, it was previously
thought that right whales (Eubalaena glacialis, E. japonica, E. australis) did not
exhibit male acoustic reproductive displays, although recent studies have revealed
that right whales do produce patterned sequences of gunshot sounds that have been
characterized as song (Crance et al. 2019). Bowhead whales, on the other hand, are
well known for their varied song repertoire, with extreme diversity in song types
reported in some populations (Stafford et al. 2018; Chap. 12). Male bowhead song is
generally comprised of one to three themes, but many different song types have been
recorded within and between breeding seasons, suggesting potentially strong selec-
tive pressure for novelty (Stafford et al. 2018). In addition, bowheads incorporate
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biphonation into some of their song units (Tervo et al. 2011), essentially singing with
two voices. Given the phylogeny of mysticete whales, the occurrence of an exagger-
ated, complex acoustic display in both bowhead and humpback whales likely repre-
sents convergent evolution rather than shared ancestry. Of further consideration, the
breeding systems of these two species are quite different; the bowhead whale mating
system likely relies on sperm competition, given their larger-than-predicted testes
size (Brownell and Ralls 1986) and observed mating behavior (Everitt and Krogman
1979), whereas humpbackwhales are believed to have a form of a polygynousmating
system with alternative male mating tactics (Clapham 1996; Cerchio 2003). Further
exploration of bowhead behavior and song within a comparative framework may
reveal commonalities between the species, indicating similarities in sexual selection.

Within studies of humpback song and humpback singing behavior, several topics
remain understudied. One of these is the ontogeny of song, both developmental, as
a juvenile male matures into adulthood, and seasonal, i.e., with the increase and
decrease in song production at the beginning/end of the breeding season. Studying
the developmental ontogeny of song within individual males would require directed
effort to record vocal production by juvenile males at various stages during their
growth and maturation, an undertaking which has not been attempted, to our knowl-
edge. Studies of calves with their mothers on the breeding grounds have revealed
the production of non-song sounds by calves (Zoidis et al. 2008; Saloma 2018), but
documentation of song production and song structure of sexually immature males is
lacking. Such studies would reveal insights into how individual males develop and
learn their songs. Areas where juvenile humpbacks occur during winter months, such
as the mid-Atlantic coast of the US eastern seaboard (Swingle et al. 1993), could
provide study areas where such targeted research could take place.

Recent work describing the seasonal ontogeny of song structure on feeding
grounds in the western North Atlantic (Kowarski et al. 2019; Kowarski 2020) has
revealed patterns in the onset and cessation of song production prior to and post
breeding season. In the autumn, there appeared to be a gradual onset of singing
behavior, with the production of song fragments prior to full song sequences. Song
fragments were composed of individual phrases or subphrases, repeated a variable
number of times, and were detected for several weeks prior to the detection of full
song sequences. In contrast, during spring months, presumably when males would
have been returning from the breeding grounds, the cessation of singing behavior
was abrupt, with fewer instances of song fragments being detected. The authors
discuss these patterns within the context of singing and hormonal development
in oscine birds, suggesting that the production of song fragments is similar to the
production of “subsong” (or perhaps more accurately, “plastic song”) in songbirds
(Kowarski et al. 2019). More detailed analysis of complete songs throughout the
autumn on the feeding ground, into the winter on Caribbean breeding grounds, indi-
cated a steady increase in repetition number of phrases and consistency in order
of themes, suggesting an analogous progression from “plastic song” to “crystalized
song” (Kowarski 2020). While these studies were not able to discern the seasonal
ontogeny of song development for individual males, they provide information on
population-level patterns. Interestingly, the most common forms of song fragments
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detected byKowarski et al. (2019) were comprised of single or multiple song themes,
with singular phrases or subphrases rarely detected.

Another line of inquiry that has not beenwell explored is that of the commonalities
in the compositional organization and spectral content of humpback song found in
songsworldwide. The Paynes first noted that all songs include “a remarkable range of
contrasting frequencies, dynamics, and rhythms” (Payne and Payne 1985). Beyond
simply the inclusionof contrasting frequencies and rhythms, our ownobservations are
that completely unrelated songs (i.e., songs from different ocean basins and different
years) may share similar compositional characteristics when examined from a broad
view; for example, the production of themes with relatively higher frequency units
(e.g., 300–500 Hz) followed by themes with consistently lower frequency units (e.g.,
<200 Hz), as though the themes are somewhat “ordered” by spectral content. These
organizational features can be seen in example spectrograms of songs recorded from
two different ocean basins (North Pacific vs. Indian Ocean) across a nearly 40-year
time period (1990 vs. 2019) (Fig. 11.4). A similar pattern in overall spectral compo-
sition has been observed in other ocean basins, such as in the songs recorded in the
North Atlantic (pers. obs.) as well as in the South Pacific (Mercado III and Perazio
2021) in different timeperiods.While thefiner details of the spectral features and song
composition are clearly different between these regions and periods, there appear to
be similarities in the broad pattern that is greater than the individual components.
These attributes describe what could be considered an emergent property of hump-
back whale song, which is often (though not always) observed. This observation
may be one of the indications distinguishing what may be innate structural rules
governing humpback song organization, versus the details of song composition that
may be culturally transmitted (Cerchio et al. 2001).

Fig. 11.4 Spectrograms showing examples of humpback song from two different ocean basins (a
North Pacific Ocean, b Indian Ocean), and two different years (1990, 2019, respectively). Note
the general similarity in the spectral-temporal organization of frequency content in both examples,
demonstrating what appears to be a periodically recurring phenomenon in thematic organization in
humpback song structure
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The cultural diffusion and song convergence episodes documented in the South
Pacific (e.g., Noad et al. 2000; Garland et al. 2011) provide another opportunity to
study song learning, cultural transmission, and patterns of change. As individual
males in one breeding aggregation appear to have learned and sung the songs from
males in a different breeding aggregation, how is the new material incorporated
into an individual’s own song, and consequently the song of the population as a
whole? One study has provided a glimpse into these mysteries, examining the song
sequences of four males during periods of cultural diffusion (Garland et al. 2017).
In each example, males incorporated complete phrases from new themes into their
existing song pattern, and in some cases sang transition phrases that incorporated
material from both the old and new themes. This suggests that the salient component
for males incorporating newmaterial into their songmay be song phrases, rather than
individual units. The observations of song hybridization and song convergence raise
a new set of questions related to the cultural evolution of song patterns. After a song
convergence episode between two breeding aggregations that had previously sung
different songs (i.e., different sets of themes), there appears to be a period of isolation
of the two aggregations during which song divergence occurs once again (Darling
et al. 2019a). While some studies have examined measures of song “complexity”
within a population before and after such convergence episodes (Allen et al. 2018), no
studies have yet examined the differential patterns of song change between breeding
aggregations after such convergence. Since cultural diffusion and song convergence
are reported to occur repeatedly over decadal scales in both the Southern Hemisphere
and Northern Hemisphere (Darling et al. 2019a; Garland and McGregor 2020), it is
apparent that when males in one breeding aggregation are isolated from males in a
different aggregation, some song changes must occur in different directions between
the two separate aggregations. Therefore, studies on the temporal progression of song
changes after convergence could provide valuable insights into cultural evolution,
allowing one to potentially tease apart changes that are purely the result of cultural
transmission of individual innovations (which one would predict to be divergent
between aggregations), from those types of changes that may occur according to
an innate heritable template, that would appear as similar parallel trends in the two
diverging populations (Cerchio et al. 2001; Green et al. 2011).

As humpback whale populations increase after their decimation during the indus-
trial whaling era, there may be increased opportunities for mixing of individuals
from different breeding aggregations during migration or on the feeding grounds.
Climate change and the resulting effects on the distribution and abundance of prey
will continue to impact the movements and potential interchange between individ-
uals from what had been different breeding aggregations on the foraging grounds.
Observed variations in primary productivity have been correlated with fluctuations
in humpback singing activity (Ryan et al. 2019), and the seasonal distributions of
multiple species of large whales have already shifted in recent years in some regions
(e.g., Davis et al. 2020). In addition, some breeding areas near to but north of the
equator are utilized by individuals from both the Northern and Southern Hemi-
sphere populations, in opposing breeding seasons. In the Cape Verde Islands and
western African coast in the North Atlantic, and along the coast of Costa Rica in
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the North Pacific, both Northern and Southern Hemisphere populations have been
documented at different times of year (Acevedo and Smultea 1995; Rasmussen
et al. 2007; Hazevoet et al. 2011; Van Waerebeek et al. 2013). While simultaneous
utilization of those breeding areas by individuals from opposite hemispheres has not
been documented, overlap of breeding males at the extreme temporal limits of their
respective breeding seasons could be a possibility. Each of these factors (population
recovery, shifts in distribution and potential overlap in breeding habitats) could facil-
itate increased cultural transmission of song features between males from different
breeding aggregations. What is the threshold of exposure before an individual singer
decides to incorporate a new song type into his own, and how does that relate to what
is happening at the level of the breeding aggregation? Some breeding aggregations
have appeared more “acoustically dynamic” than others (e.g., Darling et al. 2019a),
and in the South Pacific, cultural transmission of new song types appears to spread
from larger to smaller breeding groups (Garland et al. 2011, 2015). However, in some
cases new song types were detected but failed to be adopted by the breeding aggre-
gation as a whole (Garland et al. 2011). We are reminded that the changing dynamics
of populations that are growing in a post-whaling era provide opportunities, but also
complications, to our understanding of the factors driving the observed patterns in
humpback song structure.

Finally, we reflect on a unique population of humpback whales that inhabits the
Arabian Sea. Unlike all other humpback populations, the animals in the Arabian
Sea comprise an extremely small population of year-round residents. They follow a
NorthernHemisphere breeding cycle (Mikhalev 1997), but have no physical access to
high-latitude feeding areas: Biannual periods of monsoon-driven productivity allow
them to remain in the Arabian Sea and feed throughout the year (Minton et al.
2011). Therefore, they do not undertake the latitudinal migrations typical of other
populations. This population was subjected to intensive illegal Soviet whaling in
the 1960s that reduced a population that was thought to be already small in size,
on the order of hundreds of animals (Mikhalev 1997); current estimates suggest the
remaining population could be less than 100 animals (Minton et al. 2011) and has
significantly lower genetic diversity than Southern Hemisphere populations (Pomilla
et al. 2014). What can studies of an isolated, non-migratory population of humpback
whales tell us about the mechanisms and underlying drivers for song complexity
and change? Passive acoustic monitoring over a two-year period off the Arabian
Sea coast of Oman indicated that singing activity followed the same boreal seasonal
pattern typical of other Northern Hemisphere populations (Cerchio et al. 2016),
despite the lack of latitudinal migration and the population having been derived from
a Southern Hemisphere population approximately 70,000 years ago (Pomilla et al.
2014). Initial analyses of acoustic data from the region found that while patterns in
song and phrase structure at any given time fit within the range of variation seen
in other populations globally, temporally the population exhibited an unusually low
rate of song change over a 3-year period, possibly representing a form of temporal
“stasis” (Cerchio et al. 2018). The authors speculate that one potential explanation
could be that the small population size has resulted in a low level of innovation
in song patterns. Furthermore, during the study period, songs from the southwest
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Indian Ocean humpback population were recorded on several days during the Boreal
summer (Austral winter) off the coast of Oman, indicating a low level of occurrence
of animals from the Southern Hemisphere population. However, the Arabian Sea
animals did not incorporate or adopt any elements from the southwest Indian Ocean
song into their own song, similar to the observation by Garland et al. (2011) in
French Polynesia (where new songs were recorded but failed to be adopted by the
breeding aggregation as a whole). Cerchio et al. (2018) propose three hypotheses
for their observation: that no Arabian Sea animals were in the area during the time
that the Southern Hemisphere animals appeared, that the number of the Southern
Hemisphere singers was too few to result in cultural diffusion (i.e., for the local
males to adopt the new elements into their song), or that the Arabian Sea population
was either not receptive or possibly has partially lost the trait for adoption of novel
material. The combined observation of comparatively slow change of songs over
three years and the lack of cultural diffusion despite the presence of the immigrants’
songs suggest that there may be some unique selective drivers for this population’s
singing behavior.

11.5 Afterword

Looking back on the past half century of research, it is clear that we have uncov-
ered fascinating mysteries about the captivating songs of humpbacks whales. The
growing availability of acoustic recording and analytical technologies in the past few
decades has facilitated our ability to listen in on the ocean in many remote parts of
the world, revealing new and interesting insights into the acoustic behavior of not
only humpbackwhales, but manymarine species. However, as our ability to remotely
collect passive acoustic data has increased, there seems to have been a corresponding
decrease in field efforts dedicated to the focal study of individual animal behavior;
a line of inquiry that is essential if we are to further unravel some of the lingering
questions that we have described in this chapter. Without continued study of hump-
back breeding behavior, and in particular the behavior of singers and how individual
males change their songs over time, our understanding of the processes and forces
that drive the beautiful complexity in humpback songwill always be constrained. It is
only through combining our collective efforts and observations, and retaining a deep
connection to the animals that we study, that we can reflect on the most interesting
and in-depth questions that inspire us, and pay homage to the wonders of the natural
world.
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