
Chapter 8
Culture and Social Learning in Baleen
Whales

Ellen C. Garland and Emma L. Carroll

Abstract Culture, the sharing of behaviors or information within a community
acquired through some form of social learning from conspecifics, represents a
“second inheritance system”. This assertion, while still controversial, is a clear indi-
cation that culture and the study of social learning in animals is no longer a taboo
subject. Some of the strongest evidence for culture in animals has come from the
study of cetaceans; while the focus has typically been on the odontocetes (mainly
sperm whales, killer whales, and bottlenose dolphins), baleen whales provide impor-
tant, unique, and robust evidence for cultural processes. Baleen whales undertake a
myriad of behaviors across a variety of contexts. Some of these behaviors have been
investigated with a cultural lens and have clearly shown maternally directed (and
thus culturally transmitted) site fidelity to breeding, feeding and migratory routes,
dynamic cultural transmission of song, and social transmission of novel feeding
techniques. Undertaking cultural studies in large, free-ranging cetaceans requires
multiyear, long-term datasets with enough detail to track changes; such datasets
are rare and take decades to accumulate. However, we are now seeing a number of
such datasets come to light, and the results are spectacular. Here, we first provide
an overview of culture and its transmission; we then highlight some of the clearest
examples of baleen whale culture to date, concluding with research considerations.
Culture and its influence on the lives of cetaceans can no longer be ignored as, to
paraphrase some of the pioneers in the cetacean culture field, it is now clear that
culture rules their [cetaceans’] lives.
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8.1 Culture and Social Learning

To be human is to be cultural. Cultural traditions have shaped human societies
(Ramsey 2013); this concept has led to heated debate about the existence of culture
in animals (see Laland and Janik 2006; Whiten et al. 2017; Whiten 2021). Since
evidence for social learning of behavioral variants and their subsequent social trans-
mission have come to light in species from fruit flies (Drosophila melanogaster;
Danchin et al. 2018) to southern right whales (Eubalaena australis; Valenzuela
et al. 2009), such arguments are diminishing. Culture and its transmission have
been extensively investigated in our nearest cousins, the great apes, in particular
chimpanzees (Pan troglodytes; Whiten et al. 1999, 2007). A wide body of research
illustrates the broad-scale patchwork of behavioral variants across populations and
controlled experiments demonstrate the social learning and transmission of behav-
iors (including tool use; Whiten et al. 2007, 2017; Whiten 2017). These have set the
stage for understanding animal culture.

The term “culture” is defined in a broad sense as “shared behavior or infor-
mation within a community acquired through some form of social learning from
conspecifics” (Rendell and Whitehead 2001; Fragaszy and Perry 2003). The term
“culture” can at times be used interchangeably in the peer-review literature with the
term “tradition” (Whiten 2017). The important step when asserting that a behavior is
cultural is the transmission process (i.e., social learning) and subsequent diffusion of
the behavior from the innovator through a population. Animals are able to innovate
or invent behaviors de novo (e.g., exploit a new resource), but it is the learning of
this innovation from another individual and the diffusion, spread, sharing, or trans-
mission of the behavior through a population that is of interest here. This is what is
meant by culture.

Influences such as genetics or ecology contribute to behavior, and these factors
may explain behavioral differences between and among populations. To establish
that a behavior is culturally transmitted, the so-called exclusion method involves
an examination of the plausibility of other influences or confounding factors. This
method has received both praise and criticism (Laland and Janik 2006; Krützen et al.
2007). For example, in the late 1990s, variation in chimpanzee behavior acrossAfrica
was described. After exclusion of ecological explanations, 39 different behavioral
patterns were reported as cultural (Whiten et al. 1999). The method of exclusion is
useful to create a broad-brush examination that should be refined in future analyses.
A general criticism of this method is that behaviors do not develop in isolation
but as an interaction between environmental experience and a genetic blue-print
or predisposition (Laland and Janik 2006). The animal culture field is now moving
beyond the method of exclusion toward approaches evaluating the magnitude of each
potential causal factor on the development of a specific behavior (Laland and Janik
2006; Allen et al. 2013; Whitehead et al. 2019).

A potentially confounding issue when designating behaviors as having a cultural
basis is the pathway of transmission. Vertical transmission is from parent to offspring
(e.g., mother to calf), oblique transmission is from a non-parent model to the next
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generation (e.g., juvenile learning the song of an unrelated adult male), and hori-
zontal transmission is transmission within a cohort (e.g., learning a new feeding
technique from your peers) (Whitehead et al. 2019). The direction of information
flow is important, especially when attempting to distinguish vertical cultural trans-
mission from underlying genetic explanations. For example, in Shark Bay , Western
Australia, a subset of the bottlenose dolphin (Tursiops sp.) population forages for
food using marine sponges (Krutzen et al. 2005; Sargeant and Mann 2009). “Spong-
ing” is habitat specific and is vertically transmitted from mother to calf (Krutzen
et al. 2005; Kopps et al. 2014). Sponging was initially identified in a single matri-
line (Krutzen et al. 2005), raising concerns of the genetic influence on the purported
cultural behavior. However, a second sponging matriline has been identified in Shark
Bay indicating this is a more widespread foraging tactic (Kopps et al. 2014) and most
likely culturally transmitted.

Here, we highlight some of the studies that have provided evidence for cultural
processes in baleen whales. These include studies of migration, foraging, acoustic
communication, and breeding behaviors. Cultural processes can be investigated using
approaches such as molecular genetics, isotopes, acoustics, and telemetry tags. We
do not cover all of the different social learning mechanisms or delve deeply into
discussions of conformity (see Laland 2008). The goal of this chapter is to provide
readers with the biological concept and framework of culture, and perhaps inspire
readers to take a look into interpretations of their own data through a cultural lens.

8.2 Culture in Cetaceans

The past two decades have seen an explosion in cetacean culture studies. From
an initial synthesis by Rendell and Whitehead (2001) through to recent work with
a diverse number of species and behavioral contexts [reviewed in Whitehead and
Rendell (2015)], a clear conclusion has emerged: Culture is important to cetaceans.
Four genera have been the focus of most cultural studies: the sperm whale (Physeter
macrocephalus), killer whale (Orcinus orca), bottlenose dolphin and humpback
whale (Megaptera novaeangliae). Vocal clans, ecotypes, sponging and song are
part of these species, respectively. These are examples of cultures that have shaped
communities and species. We urge readers to explore studies on this subject, some
of which are presented by species in Book 1 of this series (Würsig 2019). Here, we
note two examples of odontocete culture, before focusing on baleen whales.

Killer whales can be divided into ecotypes strongly associated with diet (foraging
specialization; Ford et al. 1998; Foote et al. 2016). Pods are composed of a number
of related matrilines, and each pod has a pod-specific acoustic repertoire (dialect;
Ford 1991). Subtle acoustic call differences are shared among members of a pod,
and some call types are also shared among pods within an area, creating “acoustic
clans” (Ford 1991;Miller et al. 2000; Yurk et al. 2002). These clan “dialects” undergo
cultural drift and evolve (Filatova and Miller 2015); call changes can be horizontally
transmitted among matrilines (Deecke et al. 2000); and calves learn their repertoires



180 E. C. Garland and E. L. Carroll

from their mothers (i.e., vertical transmission; Filatova et al. 2015). Multiple cultural
processes are therefore at work. Dialects provide vocal markers not only of pods,
but also of ecotypes. Like dialects, feeding specializations are vertically transmitted
within the matriline; such conditions may promote gene–culture coevolution and
potentially, speciation (see Foote et al. 2016; Ford 2019). Sperm whales also provide
an excellent example of gene–culture coevolution, where feeding specializations and
vocal dialects interact and are culturally transmitted (see Cantor et al. 2019).

Bottlenose dolphins produce patterns of frequency-modulated sounds called “sig-
nature whistles” that encode individual identity (Caldwell and Caldwell 1965; Janik
et al. 2006). Bottlenose dolphins copy one another’s signature whistles as a means
of addressing specific social companions, in effect addressing a conspecific by using
their “name” (Janik 2000; King and Janik 2013). This ability is rare in non-human
animals (King and Janik 2013). Bottlenose dolphins are also able to label objects
with novel learned whistle patterns (Richards et al. 1984). Thus, vocal learning abil-
ities of bottlenose dolphins are exceptional among mammals and hint at underlying
complex cognitive abilities (Janik 2009).

Tool-using culture has been documented in a subset of wild bottlenose dolphins
in Shark Bay, West Coast Australia (Krutzen et al. 2005; Sargeant and Mann 2009;
Connor et al. 2019;Mann 2019;Wild et al. 2019a). Individuals place marine sponges
over their rostra to probe the sediment for fish in deep-water channels (Mann and
Sargeant 2003; Krutzen et al. 2005). Sponging behavior is passed vertically from
mother to calf (Krutzen et al. 2005, 2014), although mainly female calves acquire
sponging behavior, as male offspring of spongingmothers tend to not show sponging
in later life (Mann and Sargeant 2003; Krutzen et al. 2005). Initially, a single matri-
line was discovered to sponge (Krutzen et al. 2005); but subsequently, a second
sponging matriline was identified, indicating that sponging is not a unique foraging
tactic (Kopps et al. 2014), and unlikely to be confounded by genetic inheritance
factors (Laland and Janik 2006). The importance of social learning on the diffusion
of sponging was more recently investigated using network-based diffusion anal-
ysis, which accounts for ecological and genetic factors (Wild et al. 2019a). Results
support previous findings that sponging is vertically socially transmitted frommother
to (primarily female) offspring (Wild et al. 2019a). The behavioral proclivity of
sponging therefore represents a clear example of tool-use culture in amarinemammal
(Krutzen et al. 2005; Krützen et al. 2014).

8.3 Evidence for Culture in Baleen Whales

We focus here on two species that provide case studies for culture in baleen whales:
southern right whales and humpback whales. But, we acknowledge that there are
many other potential examples of cetacean culture yet to be discovered.
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8.3.1 Migratory Culture in Southern Right Whales

As with other baleen whales, southern right whales move between offshore high
latitude summer foraging grounds and sheltered coastal wintering grounds. Long-
term studies that used photographs of naturalmarkings (photo-ID) and unique genetic
profiles to identify individual whales have shown that females demonstrate long-term
fidelity to theirwintering grounds (Bannister 2001;Rowntree et al. 2001;Carroll et al.
2016). Females calve in these preferred wintering grounds and migrate with their
calves to preferred foraging grounds. These mother behaviors provide a way for
offspring to learn their mothers’ migratory traditions in their first year of life. The
cultural transmission of migratory preferences, or migratory culture, has profound
implications for genetic structure and connectivity across the species’ migratory
network. Such behavior is believed to contribute to significant genetic differentiation
between wintering grounds, particularly evident in maternally inherited mitochon-
drial DNA (mtDNA; Patenaude et al. 2007; Carroll et al. 2015, 2018). Such a pattern
is found in other baleen whales, demonstrating how molecular methods allow us to
understand the behavioral lives of whales (Chap. 6).

Correlations between mtDNA, a proxy for maternal lineage or tradition, and
stable isotope data, a proxy for foraging grounds, have yielded interesting results.
The first study was conducted using 131 southern right whales from the Argentine
wintering ground, primarily including females with calves (Valenzuela et al. 2009).
The study showed there was a non-random association between maternal lineage,
as indicated by mtDNA version or haplotype, and foraging ground, as indicated
by stable isotope data (Fig. 8.1). Whales with the same mtDNA haplotype were
more likely than expected by chance to have more similar isotope profiles. This
work was confirmed and expanded based on 78 whales sampled on the Australian
wintering ground (Carroll et al. 2015). Whales that shared mtDNA haplotype and
were more genetically related were also more likely to have more similar isotope
profiles. The simplest explanation for this finding is maternally directed learning
of foraging grounds, such that related animals are foraging in isotopically similar
locations.

Migratory culture also plays a role in the recovery of southern right whales
following the decline of whaling and could be a key determinant of their response to
climate change. Once numbering perhaps 100,000 throughout the Southern Ocean,
the species declined to possibly less than 400 individuals around 1920 (Jackson et al.
2008). Today, the species shows patchy recovery: For example, few whales occur
around mainland New Zealand and the east Australian wintering grounds, compared
with the strongly recovering populations in the New Zealand sub-Antarctic Islands
and in southwest Australia (Carroll et al. 2011, 2015). It is likely that when whales
that inhabited a region were extirpated, the memory of that area as a good migratory
destination was also lost. This loss of “cultural memory”, exacerbated by the loss of
adjacent populations and low abundance, means it is unlikely that previously inhab-
ited areas will be recolonized on a timeframe relevant to management (i.e., decades;
Clapham et al. 2008).
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Fig. 8.1 Empirical evidence for southern right whale migratory culture: correlation between
foraging ground, as shown by δ13C value, and maternal lineage, as indicated by mtDNA version or
haplotype for southern right whales sampled on wintering grounds. Data are plotted independently
for the Argentine wintering ground, with each square representing an individual whale [left panel,
data from Valenzuela et al. (2009)] and the Australian wintering ground [right panel, data from
Carroll et al. (2015)]

Southern right whale recovery also depends on their ability to adjust to changes
in prey distribution. The vertical transmission of migratory culture has likely been
beneficial on long time scales as it provides useful information on foraging and
nursery habitats in an often visually featureless and vast sea (Whitehead 2010).
Indeed, there is evidence that the recovery of southern right whales has been very
dependent on environmental conditions at their feeding grounds. The reproductive
success of southern right whales on their wintering grounds in Argentina and Brazil
has been correlatedwith oceanographic conditions and krill availability at their South
Georgia foraging ground, respectively (Leaper et al. 2006; Seyboth et al. 2016).
However, in an era of climate change, these cultural traditions canbecomedetrimental
if they are too fixed to respond to rapid resource shifts due to climate change or other
anthropogenic activities (Keith and Bull 2017). Such problems are called ecological
or evolutionary traps, entailing a behavior that originally increased fitness (e.g.,
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fidelity to rich feeding ground) but then became a hindrance in the face of rapid
environmental change (e.g., changes in distribution of food resources due to climate
variation and/or anthropogenic activities; Schlaepfer et al. 2002; Keith and Bull
2017). Encouragingly, there is evidence that at least some baleen whale species can
behaviorally adapt to such shifts. For example, humpback whales in the Gulf of St.
Lawrence, Canada, have altered the timing of their migratory journeys to coincide
with earlier prey availability (Ramp et al. 2015). However, humpback whales may be
uniquely plastic in their foraging behaviors (see next section), and we do not know if
southern right whale culture is too conservative to cope with shifting prey resources
under rapid climate change conditions.

8.3.2 Feeding Traditions and Song Culture in Humpback
Whales

Humpback whales have multiple independently evolving cultural traditions within a
population. These include the social learning of feeding tactics (Allen et al. 2013),
maternally directed site fidelity to breeding grounds, feeding grounds and migratory
routes (Baker et al. 1990), and the evolution and revolution of song displays (Payne
and Payne 1985; Noad et al. 2000; Garland et al. 2011). We focus on two different
behavioral contexts—song culture and feeding tactics—asmigratory culture has been
covered in the previous section and may be considered broadly similar between the
two genera.

In 1980, a humpback whale in the Gulf of Maine population on the east coast
of North America performed an innovative modification to their feeding technique,
termed “lobtail feeding” (Allen et al. 2013). Humpback whales commonly forage
by “bubble-net feeding”, where a bubble stream is produced below and around a
school of prey followed by lunging through the bubbles (Chap. 5). The lobtail feeding
technique is amodification of the original bubble-net feeding behavioral sequence by
adding a series of tail slaps to start the sequence (Weinrich et al. 1992). Researchers
observed an increase in the feeding technique over a 27-year period, suggesting
social transmission of the innovation through the population. However, its emergence
coincidedwith the crash of one prey species, herring (Clupea harengus), and a switch
in prey to sand lance (Ammodytes americanus), suggesting an ecological factor (Allen
et al. 2013).

The spread of a behavioral innovation can be investigated by apportioning the rela-
tive influence of multiple factors (i.e., ecological, social, and genetic) using network-
based diffusion analysis (NBDA). Allen et al. (2013) employed NBDA to analyze
the spread of the lobtail feeding innovation. Results strongly indicated that social
transmission was responsible for the spread as support for models including social
transmission were six to 23 orders of magnitude greater than for models without
social transmission (Allen et al. 2013). While there was clearly an ecological driver
to initiate the innovation (i.e., change in prey abundance resulting in a switch in prey),
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the spread of the innovation through the population was overwhelmingly driven by
social transmission. Modeling approaches such as NBDA assist researchers in exam-
ining multiple drivers for a behavior while not removing the behavior out of the envi-
ronmental context. The NBDA method has drawbacks; for example, it includes the
need for large (e.g., hundreds to thousands of sightings) datasets to have the power to
tease out relative effects of different drivers. Furthermore, application of NBDA to
population-wide, stable cultural traditions may be limited in situations where social
transmission could have historically occurred between populations.

Let us now investigate song culture and dynamics. Male humpback whales sing
a long, complex, stereotyped, and hierarchically structured vocal display termed
“song” (Payne and McVay 1971; Herman and Tavolga 1980), which functions in
sexual selection to attract a mate and/or mediate male–male interactions (Herman
2017). Most males within a population sing a similar song at any time; that is,
they sing songs which share similar themes, phrases, and units, as well as the same
arrangement of song components. Thus, there is strong cultural conformity to the
current arrangement (version) of the song display in male humpback whales (Payne
et al. 1983; Payne and Payne 1985). Songs also evolve through time (Payne and
Payne 1985); males within the population incorporate changes into their own song to
maintain the observed cultural conformity. Further information on general humpback
whale song can be found in Chap. 11, while humpback whale social communication
is explored in Chap. 10.

Over the last two decades, some striking song dynamics have been discovered
in the South Pacific. Noad et al. (2000) discovered that over a two-year period,
song from the west Australian population replaced the existing song of the east
Australian population. This rapid and complete change was termed by the authors
a “song revolution” to distinguish it from the common and traditional perspective
of a gradual “song evolution” process. More recent studies have shown that song
transmission from the west into the east Australian population is relatively frequent
and represents the transfer of multiple song types between the Indian and South
Pacific Ocean basins (Rekdahl 2012; Allen et al. 2018).

Payne andGuinee (1983) hypothesized three different mechanisms to allow songs
to be shared among populations. First, song sharing could occur on shared feeding
grounds and/or on shared or partially shared migratory routes. Second, males may
share song by visiting more than one wintering ground in consecutive years. And
finally, song sharing may occur by males visiting more than one wintering ground
within a breeding season. Since the Australian continent separates east and west
Australian breeding grounds, song transmission between the two breeding grounds
was suggested to occur either through males switching breeding grounds between
seasons and/or through males from the different breeding grounds occurring on the
same feeding ground in the same season (Noad et al. 2000). Models of humpback
whale song revolutions test which of these scenarios are most likely to initiate a
song revolution (Lamoni 2018). To successfully mirror the west–east transmission
pattern with song revolution data, the model required a song memory to ensure that
singers did not revert back to their old song. This suggests that a cognitive capacity is
required to concurrently remember the previous seasons’ songs and the current song,
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similar to songbirds (McGregor and Avery 1986). Such capacity is likely essential
to not only remember previous songs, but also to rapidly learn the ever-changing,
complex and culturally driven song display.

The introduction of a substantial amount of novel material (i.e., when a new song
type is introduced) requires rapid learning to reproduce the observed pattern. Garland
et al. (2017) investigated how humpback whales learn a new song type by examining
instances of song hybridization, where we recorded a whale thought to be in the
process of learning a new song during a song revolution. Songs were segmented and
then learned as whole themes, akin to how some songbirds learn song and human
infants learn language in segments (Garland et al. 2017). The position in the song
where a singer switched from “old” to “new” song themes was not random. Garland
et al. (2017) uncovered a “switch when similar rule”: Singers smoothly transitioned
from old to new song themes at the location in each song where the similarity in unit
type and arrangement was highest.

Garland et al. (2017) confirmed that song structure and syntax are important to
humpback whales. To further investigate song learning, Allen et al. (2018) investi-
gated song complexity in the east Australian population over 13 consecutive years.
Song complexity increased during periods without revolutions, but decreased after
revolutions, leading to oscillations in the long-term pattern of song complexity. Allen
et al. (2018) suggested that relative complexity of songs in song revolutions may
represent an upper limit to song learning (Allen et al. 2018), while the degree of
structural complexity and syntax in the song may facilitate rapid learning of novel
material (Allen et al. 2019). Howmemory, vocal complexity, speed of learning, song
structure, and syntax interact is unknown, but the integration of these components is
likely to yield intriguing results.

Garland et al. (2011) documented a striking pattern where multiple song types
spread from the east Australian population eastward through the populations of
the South Pacific, causing multiple song revolutions in a series of cultural waves
(Fig. 8.2). Song types typically took two years to spread from east Australia, located
in the western South Pacific, across to French Polynesia, in the central South Pacific,
approximately 6000kmaway.The new, revolutionary songs replaced the current song
in each population as they spread. This pattern created a checkerboard of behav-
ioral phenotypes at the decadal scale (Fig. 8.2). Garland et al. (2011) also traced
Noad et al.’s (2000) original cultural revolution as it transited across the Pacific,
representing a cultural signal that spanned two ocean basins and seven years.

Subsequent work demonstrated that song revolutions rapidly and repeatedly
transit exclusively east across the South Pacific region, and song-type differences
can be used to identify populations (Garland et al. 2011, 2012, 2013b, 2015, 2017;
Owen et al. 2019). Why songs spread in an easterly direction remains elusive; one
hypothesis is that this directionality is due to differences in population sizes across
the region (Garland et al. 2011). South Pacific humpback whale song transmission
remains the best example to date of repeated, population-wide, horizontal cultural
transmission in which behavioral variants are passed among populations of a non-
human animal.While human behavior (e.g., fashion trends) remains the best analogy
for this cultural process, we suspect that another baleen whale, the bowhead whale
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Fig. 8.2 Humpbackwhale song types identified in the South Pacific region from1998 to 2008 (from
Garland et al., 2011). Populations are listed fromwest to east across the region. Each color represents
a distinct song type; song-type colors are as follows: black, gray, pink, dark blue, blue, light blue,
dark red, light red, yellow, dark green, and light green. Two colors within the same year and location
indicate that both song types were present. In these cases, the seasons are broken into three periods
(early, middle, and late) to indicate when a new song type was recorded. Crosshatching indicates
no data available. Reprinted from Current Biology, 21, Garland et al., Dynamic horizontal cultural
transmission of humpback whale song at the ocean basin scale, 687–691, 2011, with permission
from Elsevier

(Balaena mysticetus), may also be a prime candidate for future discoveries of song
culture. We know significantly less about bowhead whale song than humpbacks
(see Chap. 12); however, bowhead whale song is complex, changes rapidly, possibly
evolves, and may be individual or group specific. These features hint that this display
may have a cultural component.
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8.4 Conclusions and Future Directions

Byacting as a “second inheritance system” (Whiten 2017), culture provides an impor-
tant and understudied aspect of animal behavior. Culture plays an important part in
the lives of cetaceans (Whitehead and Rendell 2015). Here, we have presented an
overviewof evidence for cultural processes in baleenwhales. But,whydowe care and
why should you?One important answer is that a significant number of cetacean popu-
lations are impacted by human activities and require conservation management and
interventions. There are real population consequences arising from ignoring culture
when considering outcomes (Brakes et al. 2019, 2021). As the climate changes, the
ability of baleen whale populations to be behaviorally plastic and respond to change
may be limited by culture. Maternally directed migratory culture in southern right
whales, for example, may result in an inflexibility to change feeding areas (Keith
and Bull 2017), further exacerbating a slow recovery or blocking it. Alternatively,
cultural traditionsmay provide a buffer to environmental extremes through exploiting
a different foraging niche (Gruber et al. 2019), as recently documented in Shark Bay
bottlenose dolphins (Wild et al. 2019b). For example, during an extrememarine heat-
wave, individual bottlenose dolphins that sponge-fed were less impacted in terms of
survival than non-sponge-feeders (Wild et al. 2019b). Wild et al. (2019b) suggest
that spongers were buffered against the cascading effects of habitat loss following
the heatwave by having access to a less severely affected foraging niche. However,
long-term population viability will be impacted if conditions do not improve, as
reproduction was equally impacted for both groups (Wild et al. 2019b).

The undertaking of cultural studies of free-ranging cetaceans requires multiyear
and long-term datasets with enough detail to track changes. Such datasets are rare and
take decades to accumulate. A number of long-term datasets are coming to fruition;
we urge readers to think about what data they hold and whether re-examining these
data through a cultural lens might yield interesting results. The next decade will be an
exciting time for cetacean research, especially relative to considerations of culture.
It appears that each time a researcher investigates their behavioral data in detail, a
new example of cetacean culture is discovered. Examples of cultural traditions from
cetaceans are pivotal to our understanding of culture in animals and are having an
impact on the fields of animal culture and their conservation (Brakes et al. 2019,
2021).
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