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Abstract: Studies of animal culture have not normally included a consideration of cetaceans. However, with several long-term field stud-
ies now maturing, this situation should change. Animal culture is generally studied by either investigating transmission mechanisms ex-
perimentally, or observing patterns of behavioural variation in wild populations that cannot be explained by either genetic or environ-
mental factors. Taking this second, ethnographic, approach, there is good evidence for cultural transmission in several cetacean species.
However, only the bottlenose dolphin (Tursiops) has been shown experimentally to possess sophisticated social learning abilities, in-
cluding vocal and motor imitation; other species have not been studied. There is observational evidence for imitation and teaching in
killer whales. For cetaceans and other large, wide-ranging animals, excessive reliance on experimental data for evidence of culture is not
productive; we favour the ethnographic approach. The complex and stable vocal and behavioural cultures of sympatric groups of killer
whales (Orcinus orca) appear to have no parallel outside humans, and represent an independent evolution of cultural faculties. The wide
movements of cetaceans, the greater variability of the marine environment over large temporal scales relative to that on land, and the
stable matrilineal social groups of some species are potentially important factors in the evolution of cetacean culture. There have been
suggestions of gene-culture coevolution in cetaceans, and culture may be implicated in some unusual behavioural and life-history traits
of whales and dolphins. We hope to stimulate discussion and research on culture in these animals.
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1. Introduction we feel it is timely to introduce cetaceans into the wider de-
bate surrounding animal culture for a number of reasons.

The presence of cultural processes in nonhuman animals is First, there is growing evidence of cultural transmission and

an area of some controversy (de Waal 1999; Galef 1992). In
this target article we attempt to fuel the debate by review-
ing the evidence for cultural transmission in whales and dol-
phins (order Cetacea), a group that has so far received al-
most no attention from students of animal culture. Studies
of cetaceans have uncovered a number of patterns of be-
haviour and vocalizations, which some cetologists have as-
cribed to cultural processes. Here we review these results
from the perspectives used in research on cultural trans-
mission in other animals.

Theoretical investigations suggest that cultural transmis-
sion of information should be adaptive in a broad range of
environments (Boyd & Richerson 1985), but it is quite
rarely documented outside humans (but see Slater 1986;
Whiten et al. 1999). This discrepancy has vet to be ex-
plained (Laland et al. 1996). When stable over generations,
culture can strongly affect biological evolution, in both
theory (e.g.. Findlay 1991) and practice — much of human
behaviour is determined by a broad range of cultural pro-
cesses, and there is good evidence for gene-culture coevo-
lution in our species (Feldman & Laland 1996). In contrast,
among nonhuman animals culture is much simpler, rarer,
and, except possibly in the case of bird song (Grant & Grant
1996), thought not to have the stability necessary to make a
substantial impact on genetic evolution (Feldman & Laland
1996; Laland 1992).

The logistical difficulties of studying wild cetaceans make
the study of culture difficult, and often give rise to infor-
mation that is incomplete and poor in detail. Nonetheless,
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cultural evolution in the cetaceans, some of which is strong,
some of which is weaker, but which when taken as a whole
make a compelling case for the detailed study of cultural
phenomena in this group. Although culture and cultural
transmission have been briefly discussed in the context of
cetaceans by a number of authors (Felleman et al. 1991;
Ford 1991; Norris & Dohl 1980; Norris & Schilt 1988; Nor-
ris et al. 1994; Osborne 1986; Shane et al. 1986; Silber &
Fertl 1995), no synthesis has been attempted. Second, the
evidence now available describes some interesting and rare
(in some cases unique outside humans) patterns of behav-
ioural variation in the wild, likely maintained by cultural
transmission processes. Third, there is growing evidence
that in the complexity of their social systems — the only non-
human example of second-order alliances (Connor et al.
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1998) — and their cognition — data suggest that dolphins can
use abstract representations of objects, actions and con-
cepts to guide their behaviour (Herman et al. 1993; 1994)
— some cetaceans match or exceed all other non-human an-
imals. Since complex social systems and advanced cognitive
abilities have been suggested as good predictors of animal
culture (Roper 1986), it is pertinent to ask whether these
factors are reflected in the cultural faculties of cetaceans.
Finally, cetaceans provide an interesting contrast to the
study of culture in humans and other terrestrial animals,
since they inhabit a radically different environment and
perhaps represent an independent evolution of social learn-
ing and cultural transmission.

The study of animal culture is heavily influenced by per-
spective. Hence, before we review culture in cetaceans, we
discuss the differing approaches that have been taken to
the study of nonhuman culture. We then review evidence
for culture in cetaceans from the two principal perspec-
tives, ethnographic patterns and the experimental study of
imitation and teaching, comparing the results with the
most similar phenomena described in other groups of ani-
mals. After trying to reconcile the evidence from these two
approaches, we consider the evolution of cultural trans-
mission in cetaceans, gene-culture coevolution, and the
possibility that cultural processes may explain some un-
usual behavioural and life-history patterns of whales and

dolphins.

2. Perspectives on culture

Clearly our review of culture in cetaceans will depend heav-
ily upon our idea of what culture is. There is little consen-
sus on this issue; the term culture is defined in an array of
subtly different ways within the literature, some of which
we have listed in Table 1. We have not included definitions
that make culture a trait only humans show. These were
considered by Mundinger (1980) in his review of cultural
theory. We agree with him in both respects, that is, that
there is “no empirical evidence” supporting such a cultural
dichotomy between humans and other animals, and more
general concepts of culture are more likely to advance un-
derstanding. The work of Boyd and Richerson (1985; 1996)
has been crucially important in giving the study of cultural
transmission and cultural evolution a sound theoretical ba-
sis (Bettinger 1991, p. 182). Thus the definitions of culture
that they found useful are particularly important, and have
heavily influenced our decision on which definition to
adopt:

Culture is information or behaviour acquired from conspecifics

through some form of social learning. (Boyd & Richerson 1996)

Whiten and Ham (1992) list a range of “social processes”
as supporting cultural transmission, and in the definition of
culture we use, the phrase “some form of social learning”
refers to these processes. These comprise exposure, social
support, matched dependent learning, stimulus enhance-

Table 1. Some definitions of culture.

Source

Definition

Aoki (1991)

Bonner (1980, p. 163)

Boesch (1996)

Boesch et al. (1994)

Boyd & Richerson (1985, p. 33)
Boyd & Richerson (1996)

Feldman & Laland (1996)
Galef (1992)

Heyes (1993)
Kummer (1971, p. 13)
Mundinger (1980)

Nishida (1987)

Russell & Russell (1990)
Slater (1986)

Tomasello (1994)

The transfer of information between individuals by imitative or social learning.

I have defined culture as the transfer of information by behavioural means.

The key to culture is not so much the precise transmission mechanisms, as we saw that many of
them could be at work, but a permanence-guaranteeing mechanism.

A behaviour is considered cultural only if differences in its distribution between populations are
independent of any environmental or genetic factors.

Culture is information capable of affecting individuals’ phenotypes, which they acquire from
other conspecifics by teaching or imitation.

We define cultural variation as differences among individuals that exist because they have ac-
quired different behaviour as a result of some form of social learning.

Culture is treated as shared ideational phenomena (ideas, beliefs, values, knowledge).

... defined as an animal tradition that rests either on tuition of one animal by another or on imi-
tation by one animal of acts performed by another.

... asubset of traditions in which the focal behaviour has been formed through the accumulation
of modifications through time.

Cultures are behavioural variants induced by social modification, creating individuals who will in
turn modify the behaviour of others.

Culture is a set of [behavioural] populations that are replicated generation after generation by
learning.

Cultural behaviour is thus defined here as behaviour that is () transmitted socially rather than
genetically, (b) shared by many members within a group, (¢) persistent over generations, and (d)
not simply the result of adaptation to different local conditions.

The culture of a society may be defined as behaviour common to a substantial proportion of its
members, socially transmitted within and between generations.

Cultural transmission is the phenomenon whereby features of behaviour pass by learning from
one individual to another.

The concept of culture was specifically formulated to describe group differences in human be-
havior, and, thus, behavioral traditions of humans provide the proto-typical case of cultural trans-
mission.
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ment, observational conditioning, imitation, and goal emu-
lation as listed and defined in Whiten and Ham (1992).

In contrast to this broad definition, some scientists have
insisted that cultural transmission only takes place under
two types of social learning: phylogenetically homologous
(to humans) imitation and teaching (Galef 1992; Tomasello
1994). This restriction is justified on the grounds that these
processes seem to be vital elements of human culture (Galef
1992), and also that, unlike other forms of social learning,
they allow complex cultures to be constructed by successive
modification (Boyd & Richerson 1985). While we reject
this narrower view of culture for reasons discussed next, we
recognize that teaching and imitation are particularly im-
portant forms of social learning when considering cultural
transmission.

The empirical study of cultural processes in animals is
generally approached in two major ways: controlled labora-
tory experiments on social learning mechanisms and field
descriptions of behavioural variation (Lefebvre & Palameta
1988). The first follows from the restriction of culture toim-
itation and teaching and emphasises process — is imitation
and/or teaching taking place? — and the second, espoused
by those accepting a generally broader definition of culture,
emphasises product — cultural patterns. Both make impor-
tant contributions to our understanding of culture.

The first approach focuses on experimental study of the
cognitive processes underlying cultural transmission. In
general, controlled laboratory experimentation is the pre-
ferred methodological tool; this gives the approach the ad-
vantage of controlled conditions and hence less chance of
ambiguity in the interpretation of data. However, the
studies do not necessarily relate to what occurs in the wild,
and care must be taken to establish that such studies are
not simply measuring what McGrew (1992, p. 21) calls the
“socio-ecological validity of the captive environment”
rather than the true abilities of the animals under scrutiny.

The second approach is field-based, involving the sys-
tematic assimilation of data on the behaviour of individuals
and groups often over large temporal and spatial scales.
Here culture is deduced from patterns of behavioural vari-
ation in time and space, which cannot be explained by en-
vironmental or genetic factors (Boesch 1996; Boesch et al.
1994; Nishida 1987; Whiten et al. 1999). This approach has
been likened to ethnography in the social sciences (Wrang-
ham et al. 1994). The strength of this approach is that it is
firmly rooted in what the animals actually do in the wild,
with the unavoidable weakness that results can be more am-
biguous than those derived from controlled experiments.
However, such studies cannot usually tell us much about
which specific social learning processes are involved in pro-
ducing the observed behavioural variation.

These two approaches have interacted in different ways
in the study of culture and cultural transmission in differ-
ent taxonomic groups. Culture in humans is studied largely
from an ethnographic perspective, although some experi-
mental work has been done (e.g., Meltzoff 1996; Tomasello
et al. 1993). In the study of the cultural evolution of bird-
song, the two approaches have generally integrated coop-
eratively with laboratory and field studies complementing
each other in a stimulating and progressive way (see Baker
& Cunningham 1985). In non-primate mammals there ex-
ists an impressive body of work concerning the social trans-
mission of feeding behaviour, based mainly on an experi-
mental approach (see Galef 1996), with little reference to
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variation in the wild (for a notable exception, see Terkel
1996). It is in the discussion surrounding culture in nonhu-
man primates that the most severe dichotomy between
these two perspectives is apparent. A lack of laboratory ev-
idence for imitation has led to the persistent denial of cul-
ture in chimpanzees (Pan troglodytes) from some (Galef
1992; Tomasello 1994), while others, drawing on field evi-
dence of variation in behaviour such as nut-cracking, which
cannot be explained by ecological or genetic factors, main-
tain that wild chimpanzees do have distinctive and complex
cultures (Boesch 1996; Boesch et al. 1994; McGrew 1994;
Whiten et al. 1999).

We strongly believe that research on cultural processes is
best served by an approach that integrates the sometimes
opposing process- and product-oriented perspectives, as well
as the laboratory and field approaches, taking good data
from each. This cannot be achieved unless both perspec-
tives are understood, and so we shall approach cetacean cul-
ture from both in turn. Following this, we will bring our
own perspective, as field biologists heavily influenced by
evolutionary ecology, to an attempted integration.

3. Culture in cetaceans: Ethnographic patterns

The ethnographic evidence for cetacean culture is remark-
ably strong, given the substantial difficulties of studying
whales and dolphins in the wild. In only four (of ~80)
species of Cetacea have more than a handful of papers on
behaviour been published (Mann 1999): the bottlenose
dolphin (Tursiops spp.), the killer whale (Orcinus orca), the
sperm whale (Physeter macrocephalus) and the humpback
whale (Megaptera novaeangliae). However, studies of each
of these species have been carried out in different ocean
basins and over time periods of ten years and more. In many
attributes, these four species span a wide range. For in-
stance, their sizes range from 2 m (bottlenose dolphins) to
16 m (sperm whales), their habitat from protected coastal
lagoons (bottlenose dolphins) to deep oceanic waters
(sperm whales), and trophic levels from partial planktivores
(humpback whales) to top predators (killer whales). The
four species have diverse social systems: humpback whales
live in loose fission-fusion societies (Clapham 1993); both
sexes of killer whale generally remain within their natal ma-
trilineal group (Baird 2000); female sperm whales live in
largely matrilineal groups from which males disperse to
lead quite solitary adult lives (Whitehead & Weilgart 2000);
in bottlenose dolphins, males can form stable alliances,
whereas females possess a network of more labile relation-
ships (Connor et al. 1998). Although the four well-studied
cetacean species are socially diverse, they are likely to be
unrepresentative of all cetaceans. For instance, the pelagic
dolphins, beaked whales, and river dolphins may have quite
different social systems (Connor et al. 1998) and cultural
faculties. From the ethnographic perspective cultural trans-
mission is deduced from spatial, temporal or social patterns
of variation in behaviour that are not consistent with genetic
or environmental determination or individual learning. It
should be noted that from this perspective, no attempt is
made to deduce what particular form of social learning un-
derlies the observed patterns. We will consider three types
of pattern:

1. Rapid spread of a novel and complex form of behav-
iour through a segment of the population, indicating a largely
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horizontal — within-generation (Cavalli-Sforza & Feldman
1981) — cultural process.

2. Mother-offspring similarity in a complex form of be-
haviour, indicating vertical — parent-offspring (Cavalli-Sforza
& Feldman 1981) — cultural transmission.

3. Differences in complex behaviour between stable
groups of animals that are hard to explain by genetic dif-
ferences, shared environments, or the sizes or demographic
structure of the groups. Such patterns could arise through
vertical or oblique — learning from a nonparental model of
the previous generation (Cavalli-Sforza & Feldman 1981) —
transmission within strictly matrilineal groups, or through a
combination of vertical, oblique, and horizontal within-
group transmission in a system with conformist traditions —
individuals aligning their behaviour with that of other group
members (Boyd & Richerson 1985) — within more labile
groups.

We will refer to these as rapid-spread, mother-offspring,
and group-specific behavioural patterns, respectively. Our
categories are not discrete, as the same cultural phenome-
non (such as behaviour learned primarily from the mother)
could be inferred in more than one way (mother-offspring
or group-specific if groups are matrilineal). However, there
is a distinction between rapid-spread patterns, which are
likely to be primarily due to within-generation transmission,
and the other categories, which are likely to incorporate a
significant between—generation transmission component.
This distinction is important from an evolutionary perspec-
tive since it is between-generation transmission that has the
most profound evolutionary effects (Feldman & Laland
1996; Laland 1992; Russell & Russell 1990). Here, we re-
view examples of each pattern in cetaceans, and compare
what has been found with results from other animals. We
consider cases where environmental and genetic causation
can be ruled out, and also those where such causes are the-
oretically feasible but practically unlikely.

3.1. Rapid spread of novel behaviour

When new behavioural variants spread through much of a
population over time scales of less than a generation, then
genetic causation can be excluded, but environmental
change plus individual learning must be considered as an
alternative to social learning. If behavioural change is con-
tinuous, then an environmental causative factor should vary
over a similar temporal scale. The spread of a single novel
behaviour through a population over a short period could
be caused either by environmental change and then indi-
viduals learning the appropriate behaviour independently,
or by social learning (culture). Distinguishing between
these alternatives requires either observation of individual
or social learning (which is very hard for cetaceans, see fol-
lowing paragraphs), or a consideration of the likelihood that
a new environmental factor could have triggered a bout of
independent individual innovations.

On their winter breeding grounds, male humpback whales
produce songs, structured sequences of vocalizations cy-
cling with a period of about 5-25 min (Payne & McVay
1971). At any time, all males in a breeding population sing
nearly the same song, but the song evolves structurally over
time, changing noticeably over a breeding season, substan-
tially over periods of several years, but remaining stable
over the largely nonsinging summer months (Payne &
Payne 1985). Males sing virtually identical songs on breed-
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ing grounds thousands of kilometres apart, and the songs on
these different grounds evolve as one. For instance, songs
from Maui, Hawaii, and Islas Revillagigedo, Mexico (4,500
km apart) are similar at any time but change in the same
way over a two-year period (Payne & Guinee 1983). While
the mechanisms underlying this process are not fully un-
derstood, horizontal cultural transmission almost certainly
plays an important role in maintaining song homogeneity as
there is no conceivable environmental trigger for such a
pattern of variation (Cerchio 1993; Payne & Guinee 1983)
— it may be that the oceanic deep sound channel (Payne &
Webb 1971) plays a role in facilitating this transmission.

Superficially, this pattern of rapid change is similar to the
cultural evolution of song in yellow-rumped caciques
(Cacius cela) (Feekes 1982; Trainer 1989) and village in-
digobirds (Vidua chalybeata) (Payne 1985), but there are
important differences. Humpback song is homogenous
over entire ocean basins compared to the sharp variation
over short distances in both bird species, and thousands of
individual humpbacks share the same song compared to the
colony- or locale-specific birdsongs (Cerchio 1993). Thus it
is hard to see how the changes in humpback song could be
driven by imitating a few dominant males as has been sug-
gested by Trainer (1989) for birds showing similarly rapid
change — some other cultural process must be acting. Cer-
chio (1993) suggests that evolving humpback song may con-
stitute dialects in the time domain, and that conformity to
the current dialect may be socially significant in the same
way that conformity to the local dialect is in birds (we take
as our definition of dialect that of Connor [1982] — varia-
tion in the vocal behaviour of different but potentially in-
terbreeding groups). Nevertheless, the differences in scale
make humpback songs a so far unique instance among non-
humans of a continuously evolving conformist culture in a
large and dispersed population.

Bowhead whales (Balaena mysticetus) of the Bering Sea
stock also sing during their peak mating season. While their
songs are simpler than the humpbacks’, bowhead songs also
change from year to year and all males on a given migration
sing the same general song (Clark 1990; Wiirsig & Clark
1993). Bowheads have been observed apparently imitating
conspecific calls (Clark 1990), hence horizontal cultural
transmission also likely maintains song homogeneity in this
species. However, as much less data are available for com-
parisons between areas and over time than with the hump-
backs, the characteristics of this system await further
recordings from different populations.

Cultural innovations can also spread quite rapidly on
humpback feeding grounds where they spend the summer
months. In the southern Gulf of Maine, a novel complex
feeding technique, “lobtail feeding,” was first observed in
1981, and by 1989 had been adopted by nearly 50% of the
population (Weinrich et al. 1992). This feeding method is
apparently a modification of “bubble-cloud” feeding, a com-
plex but common form of feeding in humpbacks in which
prey schools are enveloped in clouds of bubbles formed by
exhaling under water (for the diversity of humpback feed-
ing techniques, see Hain et al. 1982); the behaviour is mod-
ified by slamming the tail-flukes onto the water (termed
lobtailing) prior to diving. The spread of the behaviour is
known in some detail since it was recorded over a nine-year
period in individuals known from photo-identification, and
in these details are clues to the transmission process (Wein-
rich et al. 1992). The increase in the numbers of animals
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showing lobtail feeding was due primarily to animals born
into the study population using the technique (many of
these had mothers that did not show the technique, thus ge-
netic determination is unlikely), although some adults also
adopted the method. Figure 1 shows that this pattern of
spread strongly suggests social learning, given that it is best
represented by an accelerating function, as would be ex-
pected under social learning (Lefebvre 1995), although a
series of independent individual learning events cannot be
entirely ruled out (Weinrich et al. 1992). Although the in-
novation of lobtail feeding followed a shift in diet accom-
panying a change in the distribution of prey species (Wein-
rich et al. 1992), the change was in proportional use of
different food sources, not the introduction of a novel en-
vironmental element. Given that the technique is a modifi-
cation of preexisting methods, these observations suggest
the potential for a “ratchet effect” (Tomasello 1994) in cul-
turally transmitted feeding behaviour.

The spread of novel feeding methods through a popula-
tion has been documented for a number of terrestrial and
avian species (Roper 1986). Two of the most famous cases
are milk-bottle top opening by birds in Britain (Fisher &
Hinde 1949), and washing sweet potatoes by Japanese
macaques (Macaca fuscata) (Kawai 1965). In both cases,
the spread was thought to be due to imitation, but more re-
cent work has cast doubt on this (Sherry & Galef 1984;
Whiten 1989). Rates of spread of the innovations were sim-
ilar to those observed for the lobtail-feeding humpbacks:
Milk-bottle opening took 20 years to spread across London
and potato washing spread through almost all the band of
macaques in nine years.

3.2. Mother-offspring similarity

When mother and offspring have similar, but characteristic,
patterns of complex behaviour, this suggests vertical cul-

60 -
e Observed

50 9| — Best model

40 A

30 4

20 4

Percentage of animais observed lobtail
feeding

1980 1982 1984 1986 1988 1990
Year

Figure 1. Number of animals lobtail feeding as a percentage of
all animals observed feeding over a 10 year study (data from Wein-
rich et al. 1992). We applied the exact methodology of Lefebvre
(1995) to this dataset, comparing the fit of several models (linear,
exponential, logarithmic, logistic, and hyperbolic sine) using
Akaike’s information criterion. The lowest AIC value, and hence
best fit, came from the exponential model (AIC = —16.72, y =
0.02¢%-3%) which is consistent with social learning and is plotted
here. This fits the data better than a linear model which would in-
dicate individual learning (AIC = —15.10).
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tural transmission through imitation, teaching, or other
forms of social learning. However, genetic determination or
shared environments leading to parallel individual learning
are also potential explanations in some cases. The limita-
tions of current field studies on cetaceans mean that only
seldom are mother-offspring relationships known among
adults.

Genetic and photo-identification studies have shown that
young beluga (Delphinapterus leucas) and humpback
whales follow their mothers on initial migrations between
breeding and feeding grounds, and then repeat them faith-
fully throughout their lives (Katona & Beard 1990; O’Corry-
Crowe et al. 1997). In both species, the segregation of mi-
tochondrial DNA haplotypes by migration routes suggest
strong maternal migratory traditions (Baker et al. 1990;
O’Corry-Crowe et al. 1997) (a haplotype being any given
DNA sequence — individuals with the same mitochondrial
haplotypes have the same DNA sequence in their mito-
chondrial genome; mitochondrial DNA is found not in the
nucleus but in the mitochondria, and is inherited through
the maternal germ line). In humpbacks this hypothesis is
supported by photo-identification data showing calves re-
turning to their mother’s feeding grounds, even though sev-
eral feeding stocks apparently intermingle on breeding
grounds — making genetic inheritance unlikely (Clapham &
Mayo 1987). These cases have obvious parallels in the mi-
gratory behaviour of some birds (e.g., Healey et al. 1980).

Bottlenose dolphins in Shark Bay, Australia, carry sponges
on their rostra (Smolker et al. 1997). The exact function of
“sponging” is not known; it is thought to be a foraging spe-
cialisation (Smolker et al. 1997), but could carry little obvi-
ous adaptive significance, making it directly comparable
to stone-handling in Japanese macaques (Huffman 1996).
What is interesting from a cultural perspective is that in a
population of over 60 individuals known from the 150 km?
study site, only five sponge regularly; it was been observed
only four times in other individuals over a six-year study pe-
riod (Smolker et al. 1997). The sponging dolphins are also
unusual in their social behaviour; all female, they are
markedly more solitary in their habits than the other dol-
phins in the population and were not observed in any large
social groups during the study period. While sponging is
only seen in sandy parts of the mixed sand — sea grass habi-
tat, all members of the population experience the same
mixed habitat, so ecological explanations for this behav-
ioural variation can be discounted. Other members of the
population are seemingly aware of the technique, as evi-
denced by the occasional observations of sponging in other
individuals, but they do not fully adopt it; thus variation is
unlikely to be due to any genetic ability. However, the calf
of one of the regular spongers itself sponges, suggesting
vertical cultural transmission. Dolphins in Shark Bay also
show another “foraging specialisation” — feeding by humans
at Monkey Mia beach — in which not all of the population
takes part. This variation also appears to be maintained by
vertical cultural transmission, since most of the dolphins
taking advantage of the feeding are offspring of females
which were themselves fed (Smolker et al. 1997); hence the
so-called specialisation is likely learned while swimming
with the mother.

The transmission of feeding specialisations from parent
to offspring is fairly common in other animals. For exam-
ple, it has been documented in oyster catchers, Haemato-
pus ostralegus, (Sutherland et al. 1996), rats, Rattus rattus,
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(e.g., Terkel 1996), and chimpanzees (Nishida 1987; Whiten
et al. 1999), although the remarkable diversity of feeding
specialisations in bottlenose dolphins both within and be-
tween areas (Shane et al. 1986; Wiirsig 1986) is compara-
ble only with chimpanzees.

Mother-offspring similarity in feeding behaviour is also
known from killer whales, particularly the dramatic case of
intentional stranding on beaches to catch pinnipeds (Baird
2000). This behaviour has been sufficiently well studied
that it provides good evidence for teaching, and so is dis-
cussed below under transmission mechanisms.

3.3. Group-specific behaviour

The principal ethnographic approach to the study of culture
has been the contrasting of behavioural patterns between
stable social groups of animals (e.g., Whiten et al. 1999).
However, social groups, especially in primates, usually oc-
cupy distinct habitats and are genetically related, leading to
criticism that such ethnographic patterns may be the results
of individual learning in different environments, or may
have been caused by genetic differences (Galef 1992). Pri-
matologists address such arguments by examining correla-
tions between presumed cultural variants and environmen-
tal features or phylogenetic relatedness (Whiten et al.
1999). In the two species of cetacean with matrilineal social
systems where group-specific behavioural patterns have
been explicitly studied, killer and sperm whales, environ-
mental causation is easily dismissed as groups showing dis-
tinctive behavioural patterns are often sympatric, sharing
the same habitat and frequently interacting (Baird 2000;
Whitehead & Weilgart 2000). We use the term group here
sensu Connor et al. (1998) — a set of animals with consis-
tently stronger associations with each other than with other
members of the population over periods of months to
decades.

Addressing potential genetic causation of behavioural
differences between groups is more complex, as some pre-
sumed cultural traits in the matrilineal groups of these
species seem to be sufficiently stable that they can show oc-
currence patterns that are very similar to parts of the ma-
ternally inherited mitochondrial genome (Whitehead et al.
1998, Fig. 2). However, except in the case of the different
forms of killer whale (see below), mating appears to occur
across behavioural variation boundaries (Baird 2000;
Ohsumi 1966). Thus, stable group-specific behavioural
traits, if genetically determined, would have to lack pater-
nal inheritance, as conventional biparental genetic trans-
mission via the nuclear genome would lead to hybrid be-
haviour and scramble group-specific patterns (Whitehead
1999a). It is unlikely in the extreme that mitochondrial
DNA would code for behaviour. It is theoretically possible
for behavioural variants to be encoded in the nuclear
genome and give rise to the observed patterns if the en-
coding genes were subject to some form of genomic im-
printing, where only the alleles from one parent, in this case
the mother, were expressed (see Barlow 1995; Spencer et
al. 1999). However, such genomic imprinting systems are
typically involved in embryonic development and are
thought to be the result of genetic conflict for develop-
mental resources (Spencer et al. 1999); it is hard to see how
such a system could have evolved in the case of group spe-
cific behaviour. Vertical (or oblique within matrilines) cul-
tural transmission is an obviously analogous process to the
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maternal inheritance of mtDNA, which could easily lead to
strong mtDNA-behaviour correlations.

Several species of cetaceans live in stable social groups
(Connor et al. 1998); of these the best known is the killer
whale, particularly those that live around Vancouver Island.
There are at least two different forms of killer whale in this
area, which are sympatric but can be distinguished by diet,
morphology, behaviour, social structure, and genetics
(Baird 2000). Although they are known as residents and
transients, this terminology does not really reflect the
habits of the two forms (Baird & Dill 1995). Best known is
the fish-feeding, resident, form. Residents live in highly sta-
ble matrilineal pods averaging 12 animals (Bigg et al. 1990);
there is no known case of individuals changing pods in over
21 years of study (Baird 2000). In contrast, transients live in
smaller pods, averaging three animals (Baird 2000), which
appears to be the more typical case for killer whales world-
wide (Boran & Heimlich 1999). Transient killer whales do
occasionally leave their natal pods and travel temporarily
with other transient groups. The study of this species off
Vancouver Island and in other areas has produced evidence
for considerable behavioural variation among social groups.

The strongest evidence lies in the vocal dialects of resi-
dent pods; each pod has a distinctive set of 7-17 discrete
calls (Ford 1991; Strager 1995). These dialects are main-
tained despite extensive associations between pods. Some
pods share up to 10 calls (Ford 1991), and pods that share
calls can be grouped together in acoustic clans (Ford 1991),
suggesting another level of population structure. Ford
(1991) found four distinct clans within two resident com-
munities, and suggested that the observed pattern of call
variation is a result of dialects being passed down through
vocal learning and being modified over time. Thus, given
the lack of dispersal, acoustic clans may reflect common
matrilineal ancestry, and the number of calls any two pods
share may reflect their relatedness (Ford 1991). So how
reasonable is the assumption of vocal learning in the face of
the alternative hypothesis that dialects are genetically
based? Although the question has not been directly ad-
dressed, there is some evidence that killer whales are capa-
ble of vocal learning, ( Janik & Slater 1997 and see sect. 4.1).
In a fine scale analysis of call variation over time within
pods, Deecke (1998) showed that individual call types ac-
cumulated modifications over a 12-year period within two
pods, and that these modifications did not result in a diver-
gence between the two pods, implying that some mecha-
nism is preventing divergence while modification takes
place (the most likely is horizontal cultural transmission);
both of these findings are evidence against genetic deter-
mination of dialect in killer whales. Finally, for genetic de-
termination of pod-specific dialects when most mating ap-
pears to take place between pods (Baird 2000), some highly
unusual genetic system without paternal inheritance would
be needed (as discussed previously).

Between-pod variation is also evident in other aspects of
killer whale behaviour, particularly foraging. Baird and Dill
(1995) found strong variation in the use of their study area
by transient pods — some pods were seen primarily during
the harbour seal (Phoca vitulina) pupping period, appar-
ently specialising on foraging around haul-out areas during
the pupping season, while others were seen foraging away
from haul-outs all year round. There are strong indications
that different sympatric resident pods specialise on differ-
ent salmon species (Oncorhynchus spp.), evidenced by cor-
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relations in the abundance of different salmon species and
killer whale pods at various locations. It has been suggested
that accumulated knowledge of salmon distribution results
in the traditional use of specific areas by different pods
(Nichol & Shackleton 1996). Resident predation on marine
mammals is extremely rare compared to transients, but in-
terestingly, of the handful of observations of resident killer
whales “harassing” marine mammals, all but one (10/11
combined observations from Osborne [1986] and Ford et
al. [1998]) were by a single pod, LO1. In a study of Norwe-
gian residents and their interaction with herring (Clupea
harengus), Simili et al. (1996) reported pod-specific varia-
tion in migration patterns as indicated by area use, while
Simild and Ugarte (1993) describe a cooperative hunting
technique (carousel feeding) not seen in any other killer
whale population. The feeding techniques of killer whales
are as variable and adaptable as those of the bottlenose dol-
phin; in addition to the techniques we describe here, they
also take a wide variety of other cetaceans (Jefferson et al.
1991), pinnipeds (e.g., Smith etal. 1981), and elasmobranchs
(Fertl et al. 1996; Visser 1999), using a range of often com-
plex and cooperative hunting techniques. This variability
and adaptability in feeding techniques has also allowed
killer whales to take advantage of new anthropogenic food
sources as they become available, — for example the dis-
cards of trawlers (Couperus 1994). In the Bering Sea, killer
whales take fish from long lines (Yano & Dahlheim 1995);
of 19 known pods in the Prince William Sound area, only
two are known to take fish in this way (Yano & Dahlheim
1995), another example of sympatric behavioural variation.

Other behavioural patterns vary among higher-level
groups of killer whales. Off Vancouver Island, there are
community-specific “greeting ceremonies” observed when
resident pods of one community meet (Osborne 1986); the
two pods line up facing each other and stop in formation for
10-30 seconds before approaching and mingling. Some
pods of another community engage in “beach-rubbing,”
and again there is variability between pods in the preferred
locations for rubbing (Hoyt 1990). All of this variation
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should be considered in the context of the markedly low ge-
netic variability within the resident and transient commu-
nities (compared to other cetaceans) found by Hoelzel et al.
(1998).

Sperm whales make distinctive, stereotyped patterns of
3 to >12 clicks called codas, which are thought to function
in communication (Watkins & Schevill 1977). Distinctive
coda dialects (consisting of very different proportional use
of about 30 different types of coda) are a feature of partially
matrilineal, but interacting, groups of about 20 female
sperm whales (Weilgart & Whitehead 1997). Given the
wide-ranging movements of these animals — on the order
of 1,000 km (Dufault & Whitehead 1995) — these dialects
are effectively sympatric. Among six sperm whale groups,
there was a strong and significant correlation between in-
tergroup dialect similarity and the similarity of their mito-
chondrial DNA (mtDNA) haplotypes — groups with similar
coda dialects also had similar mtDNA (Whitehead et al.
1998, and see Fig. 2). The existence of this correlation im-
plies that mitochondrial haplotype and coda dialect are
transmitted by analogous processes through the female line
and show a similar order of stability. However, it also pre-
sents a conundrum as sperm whale groups are not them-
selves particularly stable, often consisting of two or more
largely matrilineal units that swim together for periods of
days (Christal 1998; Richard et al. 1996; Whitehead et al.
1992). These social units may themselves split or merge
(Christal et al. 1998). How then can the groups possess
highly stable dialects? Possible resolutions (Christal 1998;
Whitehead 1999a) include the possibility that the coda
repertoire of a group is largely determined by its numeri-
cally dominant social unit; the fact that the results on non-
matrilineality of sperm whale units are based on studies of
just a few units in Galdpagos and Ecuadorean waters that
may have been fragmented by intense whaling from Peru;
the transfer of individuals between units may occur within
larger, currently unrecognized, cultural trait groups (such
as the acoustic clans of killer whales, Ford 1991); transfer-
ring individuals may have low reproductive success; and
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Non-metric multidimensional scaling plots of coda type and mitochondrial DNA dissimilarities for six sperm whale groups;

the numbers next to the points indicate group identity in the analysis. The two dissimilarity matrices upon which these plots are based
were significantly correlated (Mantel test p = 0.01), showing that groups with different mitochondrial DNA also have different coda
repertoires. Neither matrix showed any significant correlation with geographic distance (from Whitehead et al. 1998).
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conformist traditions maintain cultural stability within
groups in situations when groups frequently interact (see
next paragraph).

There are also indications of nonvocal group-specific be-
haviour in sperm whales. Group identity accounted for an
estimated 40% or more of the variance in 6/18 measures of
the visually observable behaviour of sperm whales off the
Galdpagos Islands when environmental and temporal varia-
tion had been considered (Whitehead 1999b). These mea-
sures were mostly (5 out of 6) concerned with how the
groups used space: heading consistency, interanimal dis-
tance, and straight-line distance moved in daylight. The re-
sults of this study should be interpreted cautiously for a
number of reasons (Whitehead 1999b). For instance, in only
one measure (straight-line distance moved in 12 hours) was
the group-specific effect statistically significant at P < 0.05
following corrections for multiple comparisons, although
statistical tests for group-specific effects had little power
(group identity had to account for >~65% of the variance
in a measure to produce a significant effect at P < 0.05).

In a study spanning the South Pacific, there were signifi-
cant differences in the number of predator-inflicted marks
on the tails of sperm whales between matrilineal groups
(Dufault & Whitehead 1998). As with coda repertoire, the
marks possessed by a group were correlated with the group’s
predominant mitochondrial haplotype (Whitehead et al.
1998). One explanation for this surprising result is that, like
coda repertoire, methods of communal defence against
predators are passed down culturally in parallel with the mi-
tochondrial genome (Whitehead et al. 1998): Sperm whale
groups have been observed to defend themselves against
killer whale attack in some instances by forming a tight rank
and keeping their heads and jaws toward the killers (e.g.,
Arnbom et al. 1987), and in others by putting their heads to-
gether and allowing their bodies to radiate outward in a
wagon-wheel formation so that their tails face the predators
(e.g., Pitman & Chivers 1999) — although there is no data
available on whether groups consistently use one or other
strategy. Groups adopting the wagon-wheel formation
would tend to accumulate tail markings much more readily
than those that defended with their jaws.

In addition to these group-specific patterns of killer and
sperm whales, there are some local behavioural patterns of
cetaceans that do not live in such stable groups. Bottlenose
dolphins at Laguna off the coast of Brazil have an unusual
group-specific feeding technique which seems to date from
1847 and have been transmitted within a matrilineal com-
munity since at least three generations of dolphin are in-
volved (Pryor et al. 1990). The 25—30 dolphins and local
fishers follow a strict protocol — involving no training or
commands from the fishermen — that allows the humans
and dolphins to coordinate their actions. The dolphins drive
fish into the nets of human fishermen, indicating as they do
so by performing a distinctive rolling dive when the humans
should cast their nets. The humans can also pick up from
how much of the body comes out of the water on this roll
an idea of how many fish are present — it is entirely unclear
whether this cue is given intentionally or not — and then
feed off the fish that are stunned or missed by the net (Pryor
etal. 1990). There are other bottlenose dolphins in the area
that do not participate in the cooperative fishing and some-
times try to disrupt it (Pryor et al. 1990); hence, again, be-
havioural variation is sympatric. Only young adults whose
mothers took part in the fishing later adopted it themselves,
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although not all the offspring of fishing mothers did so
(Pryor etal. 1990). There are several other accounts of such
cooperative fishing on different continents (Pryor et al.
1990). For example, Irrawaddy dolphins (Orcaella brevi-
rostris) in the Ayeyarwady River, Myanmar, have a similar,
generations-old, cooperative relationship with local fishers
(Anderson 1879; Smith et al. 1997).

Group-specific, culturally transmitted behavioural pat-
terns have parallels in other animal taxa, but in some re-
spects these cetacean cultures, in particular those of the
killer whale, appear unique outside humans. Within a num-
ber of primate species, including macaques and chim-
panzees, bands have characteristic cultures, which include
diet, familiarity with a home range, social signals, relation-
ships, and, in the case of chimpanzees, tool use (Russell &
Russell 1990; Whiten et al. 1999). Similarly, populations of
birds of a single species sing different dialects of the species-
specific song (Baker & Cunningham 1985). However, these
dialects and cultures are geographically based: Animals in
one place behave in one way, and those in another behave
differently. In contrast, different cultural variants of killer
and sperm whales, as well as the cooperative fishing tradi-
tions of bottlenose dolphins, are sympatric, and animals with
different cultures often interact. Thus, members of these
species are repeatedly exposed to a wide range of cultural
variations but maintain their own group-specific culture.
Somewhat similar phenomena have been observed in the
flock-specific calls of some birds (e.g., Feekes 1982; Mam-
men & Nowicki 1981). However, these flocks are not stable
for more than a few months and hence do not support per-
sistent cultures. Greater spear-nosed bats (Phyllostomus
hastatus) modify their screech calls to establish and main-
tain differences between stable social groups that share
caves (Boughman & Wilkinson 1998), hence demonstrating
sympatric cultural variation. However, this variation is based
only on modifications of a single call and so does not ap-
proach the complexity of group-specific behaviour seen in
killer whales. Another contrast is that the behavioural com-
plexes seen in killer whales appear to encompass both vocal
and physical behaviours; such complex multicultural soci-
eties where culture encompasses both the vocal and motor
domains are otherwise known only from humans. However,
it should be noted that in no cetacean example is there evi-
dence of such broad suites of cultural behaviours as have
been found in chimpanzees, where 39 behaviour patterns
have been shown to vary culturally (Whiten et al. 1999).

A second remarkable attribute of some of the group-
specific cultural traits of cetaceans is in their stability. Killer
whale dialects are highly stable, known to persist for at least
six generations, and it has been suggested, much longer
(Ford 1991). To give rise to the strong dialect — mtDNA
correlations that seem to be present in sperm whales — vo-
cal culture must be stable over many generations (White-
head 1998). Such stability is not a feature, as far as is known,
of comparable cultures outside humans (Feldman & La-
land 1996). Some songbird dialects last over 10 years, but
these are apparently not related to stable social groups (e.g.,
Trainer 1985).

4. Cetacean culture: Transmission processes

What kinds of social learning are cetaceans capable of?
Some scientists (e.g., Galef 1992; Tomasello 1994) will only
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admit culture when it can be shown that behavioural pat-
terns are being transmitted between animals by either im-
itation or teaching, and not by other types of social learning
such as stimulus enhancement (in which individual learn-
ing is enhanced when one animal directs the attention of
another toward a stimulus). While we do not subscribe to
this particular view, we do think that understanding process
(cultural transmission) is crucial to our understanding of
the product (culture) — for example, some forms of cultural
transmission may be more likely to produce cultures capa-
ble of feeding on themselves, producing the “ratchet effect”
(Tomasello 1994) — and so it is appropriate to ask whether
cetaceans are capable of higher-order social learning such
as imitation or teaching.

In the wild, cetaceans are mostly underwater and out of
view, while only the smaller species, such as bottlenose dol-
phins, can be kept in captivity for more than a short period.
Even then, the social and ecological environment of the
captives is far from natural. Therefore, there is little con-
crete evidence for imitation or teaching by cetaceans. For
instance, it has not been experimentally proven that matur-
ing killer whales learn their group-specific call dialects (Ty-
ack & Sayigh 1997); only cross-fostering experiments could
establish this, and given the expense and difficulty of rais-
ing killer whales in captivity even without cross-fostering,
these experiments are not likely to be performed, regard-
less of the ethical issues involved. We are also limited by the
fact that the vast majority of experimental work has been
performed on assingle species — the bottlenose dolphin. De-
spite these substantial difficulties, there is some good evi-
dence that cetaceans can imitate and teach.

4.1. Imitation in cetaceans

Bain (1986) describes a captive killer whale from Iceland
learning, over a three-year period, the vocal repertoire of
its tank-mate from British Columbia, while Ford (1991)
presents evidence for interpod call mimicry in the wild —
both suggesting that killer whales are capable of vocal learn-
ing. Bowles et al. (1988) followed the ontogeny of vocal be-
haviour in a single captive killer whale. During the study,
the calf was housed with its mother, another female com-
panion, and a young male; the calf never had any contact
with its father. By 398 days, the calf’s output was dominated
(90% of output) by the one call type that distinguished its
mother’s repertoire from that of the female companion (the
two adult females shared other call types), even though
82% of all the calls recorded from the tank were not of that
type. Bowles et al. (1988) suggest that this is due to selec-
tive learning by the calf. However, they recognise that their
study cannot exclude genetic effects, although there was no
trace of the father’s dialect in the calf’s repertoire, hence no
evidence for the hybrid dialect expected under genetic de-
termination. When viewed as a whole, the combined evi-
dence clearly points to imitation as the transmission mech-
anism of vocal repertoire. Hence, it seems very likely that
killer whale call dialects are, as Ford (1991) suggests, cul-
tural institutions, even from the perspective of those who
believe cultural transmission should be restricted to teach-
ing and imitation.

There is less direct evidence for social learning in the
other good example of group-specific cetacean dialects, the
sperm whale coda repertoire. However, in the remarkable
echocodas, two animals precisely interleave their click pat-
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terns, giving rise to two overlapping codas, identical in tem-
poral pattern to within a few milliseconds, offset by about
50-100 msec (Weilgart 1990). This duetting suggests that
sperm whales may be matching codas in a similar way to
bottlenose dolphins matching signature whistles (see Tyack
1986b); such matching would require imitative learning in
some form.

Experimental work on the learning abilities of cetaceans
has been largely confined to a single species, the bottlenose
dolphin, mainly because this species makes up the vast ma-
jority of the captive population. A number of studies have
shown that this species is clearly capable of vocal and mo-
tor imitation (Bauer & Johnson 1994; Kuczaj et al. 1998;
Richards 1986; Richards et al. 1984). Anecdotal examples
include the imitation of the movements and postures of a
pinniped by a dolphin sharing the same tank described by
Tayler and Saayman (1973). Imitative abilities include sim-
ple imitation, called “action level imitation” in the termi-
nology of Byrne and Russon (1998) and “copying” in Heyes
(1994), and true imitation, called “goal emulation” in
Whiten and Ham (1992) and “program level imitation” in
Byrne and Russon (1998). An example of the former is the
imitation of motor patterns (for example, shaking the head
from side to side) described by Bauer and Johnson (1994);
of the latter, the imitation of functional tool use described
in Kuczaj et al. (1998). Such examples are deserving of
more recognition than they have previously been given in
discussions of animal imitation; evidence for imitation in
dolphins is a consistent “thorn in the side” (Byrne & Rus-
son 1998) of those who deny imitation in nonhumans (e.g.,
Galef 1992; Tomasello 1994). The grey parrot (Psittacus
erithacus) rivals the bottlenose dolphin in social learning
ability, being capable of both vocal and movement imitation
(see Moore 1992; 1996); however, it has yet to be shown
whether parrots are capable of program level imitation.
Thus, to our knowledge, bottlenose dolphins are the only
nonhuman animal for which both vocal imitation, and mo-
tor imitation at both action and program level, have so far
been demonstrated (Herman 1986; Kuczaj et al. 1998).

4.2. Observations of teaching in killer whales

Killer whales in the Crozet Islands and off Punta Norte, Ar-
gentina, swim ashore to capture pinnipeds (Guinet 1991;
Guinet & Bouvier 1995; Hoelzel 1991; Lopez & Lopez
1985). In the clearest descriptions of the social learning
process in wild cetaceans, Guinet and Bouvier (1995) de-
scribe young killer whales learning from their mothers, and
sometimes other animals, the feeding technique of inten-
tional stranding on pinniped breeding beaches. This
method of feeding is profitable but risky; one of the calves
in Guinet and Bouviers (1995) study was found perma-
nently stranded and facing death until observers returned
it to the water. As the behaviour of adult killer whales to-
wards juveniles during intentional stranding appears to (un-
usually for nonhumans) fit definitions of teaching (Baird
2000; Boran & Heimlich 1999), the details bear repeating
here. We take Caro and Hauser’s (1992) definition of teach-
ing as modifying behaviour at some cost or lack of benefit
only in the presence of a naive observer such as to encour-
age, punish, provide experience, or set an example, such
that the observer acquires a skill more rapidly than it might
do otherwise, or may not ever learn. While Caro and Hauser
(1992) considered the evidence for teaching in killer whales
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weak, this was before the publication of Guinet and Bou-
vier's (1995) study. The evidence now is considerably
stronger, although it is based on observations of only two
calves, so we are unaware of how widespread the process
may be.

Adult killer whales have been observed pushing their
young up the beach, then back down the beach, directing
them toward prey, helping them out when they become
stuck by creating wash, helping them back to deep water af-
ter a successful capture (Guinet & Bouvier 1995), and
throwing prey at juveniles (Lopez & Lopez 1985) — hence
they modify their behaviour in the presence of naive ob-
servers. Adults are more successful at hunting in the ab-
sence of juveniles (Hoelzel 1991); at the extreme, they
throw away already captured prey (Lopez & Lopez 1985) —
hence there is a demonstrable cost. Pushing juveniles onto
beaches and pushing them toward prey is clearly encour-
agement. As to whether observers learn better with or with-
out instruction, consider Guinet (1991) and Guinet and
Bouvier’s (1995) studies in the Crozet Islands. They fol-
lowed the development of hunting by intentional stranding
in two killer whale calves, A4 and A5. At the start of the
study, the calves estimated ages were 4 and 3, respectively,
and they were observed taking part in beaching play (strand-
ing, with their mothers and/or other adults, on beaches de-
void of elephant seal, Mirounga leonina, prey); occasionally
they would also strand during predation attempts by adults.
Both calves were observed to strand alone for the first time
at age 5. Near the end of the three-year study calf A5, then
aged 6, was observed successfully catching a seal pup. A4,
although a year older, had not been observed hunting suc-
cessfully by the end of the study. This difference between
the calves is very interesting; during beaching play, A5
stranded exclusively with its mother, while A4 stranded only
twice in 35 observations with its mother (Table 2). A4’s
mother rarely took part in beaching play, and was not ob-
served hunting in this way. In contrast, A5’s mother closely
supervised its strandings. The mother was observed push-
ing the calf up the beach and stranding onshore in order to
push the calf back into the water, accompanying the calf on
unsuccessful hunting attempts and finally assisting in the
first successful capture by pushing the calf toward the prey
and helping the calf to return to the water following cap-
ture. Hence, the behaviour of A5’s mother seems to have
enabled her calf to learn the hunting technique at least one
year earlier (aged 6) than A4, who received very little “in-
struction,” so the behaviour apparently results in a skill be-
ing learned more rapidly than it otherwise would. It is not
known whether A4 ever learned to hunt successfully this
way; interestingly, A4 was the previously mentioned calf
found permanently stranded and facing death, suggesting a
severe fitness cost for mothers who do not give their calves
much attention. Clearly, according to accepted definitions,
killer whales teach. Caro and Hauser (1992) point out the
rarity of such overt encouragement in other animals.

5. The question of cetacean culture

Does the evidence we present here legitimately allow us to
attribute culture to cetaceans? We recognise that how one
defines culture will inevitably affect how one attributes it,
and we also recognise that we have chosen a broad defini-
tion of culture. However, we think there are good reasons
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for choosing such a definition, which we will attempt to ex-
plain here.

From our evolutionary perspective, the important ques-
tions surrounding culture in humans and animals concern
how cultural faculties and the behavioural complexes to
which they give rise (which we would call cultures by our
definition) vary in extent and form within and across
species, and how this may be related to evolutionary ecol-
ogy. Along with Mundinger (1980), we find that there is no
“empirical evidence for any qualitative difference that would
support a basic human/nonhuman dichotomy.” Many social
learning processes apparently play an important role in sup-
porting human culture (Boesch 1996; Midford 1993; Olsen
& Astington 1993; Plotkin 1996; Rogoff et al. 1993), but
there are also animals, including bottlenose dolphins, that
are capable of sophisticated social learning, in particular
imitation. Hence, we cannot support any definition that
renders culture by definition as something only humans can
have. Surveying cultural transmission in nature, one finds
what approaches a continuum among animals that acquire
only a single behavioural pattern culturally (e.g., bluehead
wrasse, Thalassoma bifasciatum, mating sites, Warner 1988),
through animals that acquire suites of behaviours by cul-
tural processes (including chimpanzees and, data strongly
suggest, killer whales), to humans where culture has en-
abled us to radically alter our own environment. Given this
continuum, it seems to us that the question of culture is
more likely a question of extent: Just how much of the be-
havioural repertoire must be culturally determined before
a population can be said to show culture? We would main-
tain that drawing a line on this continuum and labeling one
side culture and the other not culture is essentially an arbi-
trary exercise, leading to the current variability in attribu-
tions of culture to nonhumans. Instead, we adopted a defi-
nition that has allowed significant progress to be made in
developing a theoretical basis for understanding culture
and is not tied to any particular species or any particular
form of culture. Such a broad definition allows us to con-
centrate on comparing cultures across species, and relating
these comparisons to ecology.

We have rejected an exclusively process-centred defini-
tion of culture. Such a stance contains a number of serious
weaknesses. Culture has been incorporated into theoreti-
cal models in a way that is essentially process independent.
Though, the transmission process will affect the parame-
ters of cultural evolution (for example the speed of acqui-
sition of a novel trait, or the stability of resultant traditions)
as long as information is transferred between individuals
extragenetically, then, it does not affect the basic coevolu-
tionary process. To define culture in terms of the transmis-
sion mechanisms upon which human cultures depend (see
Tomasello et al. 1993) is from an evolutionary perspective
counterproductive and anthropocentric (de Waal 1999).
We concur with Plotkin’s (1996) assertion that “dual inher-
itance can be, and almost certainly is, served by more than
one form of social learning”; Whiten and Ham (1992) ex-
plicitly list a range of social learning processes from expo-
sure to goal emulation as supporting cultural transmission.
Human cultures depend on human cultural learning;
teaching and imitation may be unique to humans (although
there is good and growing evidence that it is not, and
cetaceans are a group that has given rise to some of the
strongest evidence, as presented here), and hence culture
as a human trait has unique properties, the material evi-
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dence of which surrounds us. However, to then define cul-
ture as a general trait in terms of human transmission pro-
cesses is, in our view, a mistake; it is akin to defining loco-
motion as a general trait in terms of walking on two legs;
this is how humans move, but other animals achieve the
same effect (moving from A to B) with a huge variety of
different locomotion processes, some of which are ener-
getically more efficient, or quieter, or faster than others
(de Waal 1999 independently gives a similar argument).
Clearly it is wrong to say that animals do not show locomo-
tion if they do not move using a bipedal gait; in our view it
is equally wrong to say that animals showing stable behav-
ioural variation independent of ecology and genetics and
transmitted through social learning do not show culture if
that behavioural variation is not transmitted using teaching
or imitation. We cannot agree with Tomasello’s (1994) ar-
gument that since “behavioral traditions of humans provide
the prototypical case of cultural transmission” (p. 302),
then human culture should be the benchmark against
which all else is compared. Instead, we concur with Boesch
(1996) that “it seems rather arbitrary to single out one
process of information transmission as the only one able to
produce culture” (p. 258).

We see other weaknesses in the process-centred defini-
tion. Concentrating on process reduces the issue of culture
to a question of whether or not a species can imitate or
teach in an experimental setting, as opposed to other social
learning mechanisms, such as stimulus enhancement.
However, there is much conceptual confusion surrounding
imitative and nonimitative social learning; it is not clear how
the bewildering taxonomy of terms (e.g., Galef 1988) for
various social learning mechanisms relate to each other, nor
that the underlying conceptual approach is really satisfac-
tory — many of the categories are based on unobservable
and ill-defined mechanisms, are not mutually exclusive, and
give little or no information regarding conditions for oc-
currence or functional significance (see Heyes 1994). The
“cross-talk and confusion” (Heyes 1996) surrounding the
taxonomy of social learning processes, up to and including
various forms of imitation, weakens the process-centred
approach to culture; the different approaches of Heyes
(1994), Zentall (1996), Tomasello et al. (1993), and Byrne
and Russon (1998) have yet to be resolved into a coherent
understanding of social learning. This becomes serious if,
as tends to occur, observational learning (and hence cul-
ture) is rejected as an explanation for field observations un-
til and unless all other social learning mechanisms are ex-
perimentally excluded (Boyd & Richerson 1996); we do not
accept this to be a really sound approach, given the lack of
consensus surrounding social learning. Moreover, the im-
plicit assumption that behaviour is culturally acquired in
humans and that it is not in nonhumans (McGrew 1992,
pp- 14, 197, 217) leads to different null hypotheses for con-
sidering culture in humans and animals; the apparent lack
of culture in animals may be due more to the placement
of the burden of proof than anything else, leading to the
criticism that “a double-standard is being applied” in this
human-centred approach (Boyd & Richerson 1996), and a
heuristic weakness has led this approach “down paths of
steadily decreasing interest to the rest of the community of
life scientists” (Galef 1992, p. 158).

Until and unless cetacean traditions are proven experi-
mentally to rely on teaching or imitation, those who restrict
culture to imitation and teaching will deny culture to these
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animals. The final weakness of such an approach is that the
necessary experiments will likely never be performed given
the expense and difficulty of keeping, let alone raising, most
cetaceans in conditions that are both sufficiently controlled
for valid experiments and sufficiently naturalistic so that the
animals may show realistic social behaviour. For instance,
social groups of sperm whales will never be kept in captiv-
ity; the logistics are simply not feasible. Ethnographic data
and field observations are all that are, and likely ever will
be, available for such species. Here is the central problem
with an experimental approach to cetacean culture: It can
freeze the question by demanding that which will never
occur (i.e., experimental studies). In our view, it is not rea-
sonable to postpone discussion on this semipermanent
basis, because other rigorous and conceptually sound ap-
proaches are available. This is not to say that the study of
social learning mechanisms is not important — as we have
already stated. Human culture shows extraordinary charac-
teristics when compared with animal culture, in particular,
concerning its linguistic, material, and symbolic extent, and
it is likely that the mechanisms by which it is propagated
contribute to this uniqueness. For example, accumulating
modifications over time, the so-called ratchet effect (Toma-
sello 1994) may be greatly facilitated by enhanced observa-
tional learning abilities in humans (Boyd & Richerson 1995;
1996; Henrich & Boyd 1998).

The field-based approach to culture is exemplified by
Boesch et al.’s (1994) and Whiten et al.’s (1999) work on
chimpanzee culture, Grant and Grant’s (1996) work on
Darwin’s finches and Warner’s (1988) work on bluehead
wrasse. The approach is clear; systematic field observation
(and manipulation of natural populations in Warner 1988)
enables the elimination of ecological and genetic factors
potentially causing behavioural variation; what is left must
be cultural. The resulting conclusions are weak in that the
transmission process remains unproven but strong in that
they are firmly rooted in how the animals actually behave
in the wild. Since cultural learning is social learning, we
can only fully appreciate its complexity and functional us-
age in animals when it is studied in a naturalistic social set-
ting. The cultural hypothesis is strengthened if the behav-
iour under scrutiny varies nonadaptively or arbitrarily
(Boesch 1996) since both ecological and genetic factors
are more likely to produce adaptive variation, whereas
culture can produce maladaptive behaviours (Boyd & Rich-
erson 1985) or influence otherwise selectively neutral vari-
ation in behaviour (e.g., bird song, Baker & Cunningham
1985).

This ethnographic perspective heavily influences our ap-
proach to culture. Our review suggests that at least some
cetaceans are adept social learners (see also Boran & Heim-
lich 1999). It seems to us most likely that these abilities, and
not genetic or environmental causation, have given rise to
the conspicuous patterns of rapid-spread, mother-offspring
similarity, and group-specific behaviour listed in Table 2. In
a few cases, such as sponge feeding and the use of human
provisioning by bottlenose dolphins, it is possible to envis-
age scenarios of environmental change and individual
learning giving rise to the observed patterns. However, the
continuously evolving songs of humpback and bowhead
whales have no conceivable environmental or genetic
cause, and if the characteristic dialects and behaviour of the
matrilineal groups of killer and sperm whales were geneti-
cally determined, there would have to be little or no pater-
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Table 2. Numbers of self-strandings observed and the percentage
in which the mother was present for two killer whale calves
(data from Guinet & Bouvier 1995)

Year
Calf 1988 1989 1990 1991
A4 Estimated age (yrs) 4 5 6 7
No. self-strandings 6 23 0 6
% with mother 0 4.3 — 16.7
A5 Estimated age (yrs) 3 4 5 6!
No. self-strandings 1 20 12 20
% with mother 100 100 100 100

"The only successful capture by a calf during the study was by
A5 in 1991.

nal inheritance, a highly unusual process. Thus, from the
ethnographic perspective, we believe that most, if not all,
of the patterns listed in Table 3 can be ascribed to cultural
transmission.

In the case of the killer whale, there are strong indica-
tions that groups possess suites of distinctive, interlocking
cultural characteristics, so far described only for humans
and chimpanzees (Whiten et al. 1999). However, one obvi-
ous difference between these cultures is that there is no ev-
idence at all for preservable material culture in cetaceans
compared to both humans and chimpanzees (cf. McGrew
1992). Human culture is intimately linked to both language
and symbolism, but there is currently no empirical basis for
discussing the role or nonrole of language and symbolism
in cetacean culture — bottlenose dolphins have been taught
artificial “languages” (e.g., Herman et al. 1993), but such
work tells us little about the role of communication in the
natural situation (Tyack 1993). Cetacean cultures do appear
to possess attributes that have otherwise been restricted to
humans. In particular, we are aware of no phenomena out-
side humans comparable to the distinctive, stable, and sym-
patric vocal and behavioural cultures that appear to exist at
several levels of killer whale society.

6. The evolution of cetacean culture

Some cetaceans, then, seem to have evolved cultures that
closely parallel those found in chimpanzees and humans.
What is perhaps surprising is that all four of the best stud-
ied cetacean species show strong evidence, from either the
experimental or ethnographic approach, for social learning.
Why? It is true that they possess those biological attributes
that Roper (1986) suggests favour social learning: long life-
times (~20-90 years), advanced cognitive abilities, and pro-
longed parental care (Herman et al. 1994; Marten & Psara-
kos 1995; Tyack 1986a). However, while there probably is a
minimum cognitive capability required for social learning,
the relative success of those individuals within a given spe-
cies that are better than average at social learning likely de-
pends ultimately on the ecological situation in which those
individuals must make a living. Thus it is more important to
look to ecology when attempting to explain species differ-
ences in social learning (Lefebvre & Palameta 1988). We
think that ecological factors may have a strong role to play in
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explaining the social learning abilities and culture to which
they give rise in cetaceans. Whitehead (1998) suggests that
the structure of the marine environment may have favoured
the evolution of cultural transmission in cetaceans. Here we
explore this suggestion in more detail.

Compared with life on land, marine ecosystems are
more likely to switch into alternate states over time scales
of months or longer (Steele 1985). This increased low-
frequency temporal variability of marine systems may sig-
nificantly increase the adaptiveness of culture to cetaceans,
as the benefits of cultural transmission, relative to individ-
ual learning or genetic determination, are thought to be
strongly related to environmental variability (Boyd & Rich-
erson 1985; 1988; Laland et al. 1996). The scale of spatial
variation may also be important; spatial autocorrelation
in oceanic ecosystems weakens at ranges of about 500 km
(Myers et al. 1997), so that one way to deal with radical
changes in the environment in any place is to move a few
hundred kilometres. Many marine organisms are adapted to
particular environments in which they can flourish, but also
have long-range dispersal of large numbers of eggs, larvae,
or juveniles, which allow them to colonize suitable distant
ocean areas and so to persist when conditions deteriorate
in any one place (Steele 1985). Long-lived marine animals
with low reproductive rates similarly can use migration to
avoid unfavourable conditions (Whitehead 1996). Com-
pared to terrestrial mammals, but not birds, cetaceans have
the advantage of much lower travel costs (Williams et al.
1992), and few substantial barriers. Many oceanic cetaceans
do appear to use movement over hundreds of kilometres to
improve environmental conditions (e.g., Whitehead 1996).
For instance, the mean monthly displacement of a female
South Pacific sperm whale — ~350 km — is roughly 10 times
that of members of a particularly mobile population of a par-
ticularly mobile terrestrial mammal, the African elephant,
Loxodonta africana (Thouless 1995; Whitehead, in press).
The efficiency of these movements could be greatly en-
hanced by cultural transmission of desirable movement
strategies vertically from mother to offspring, horizontally
among animals in the same region, or, perhaps especially,
between generations within stable groups (Whitehead
1996). Moreover, if the primary benefits of culture accrue
from accelerated adaptation to changing circumstances or
more rapid expansion into new niches relative to individual
learning or genetic change (Boesch 1996; Boyd & Richer-
son 1996), then these benefits will be accentuated in envi-
ronments that are more variable, and also in which move-
ment into new habitats is likely or easy, conditions that are
both true for cetaceans. For example, chimpanzees live in
quite stable ecological situations and have a limited migra-
tory potential, and hence the adaptive advantage of culture
may not have been as strong as in nomadic hominids
(Boesch 1996); perhaps also this is why the evolution of cul-
ture seems to have progressed further in some directions
among cetaceans than in nonhuman primates.

Extensive mobility, while often primarily a function of
the need to reduce variation in one key environmental vari-
able (usually food intake, availability of water, or tempera-
ture), tends to increase variance in other aspects of an ani-
mal’s environment, including its social environment. Tyack
and Sayigh (1997) argue that the relatively greater mobility
of cetaceans may be one reason why they show extensive ca-
pabilities for vocal flexibility and vocal learning, while ter-
restrial mammals do not. Consider group-living species:
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Table 3. Ethnographic patterns suggesting cetacean culture

Causation:
Species Phenomenon Ecological? Genetic? Common
Humpback Songs No No Continuously evolving in large and
whale dispersed population
Lobtail feeding, Unlikely No Rapid spread through population
migration No Unlikely! Calf repeats mother’s migration
Bowhead Songs No No Continuously evolving; some
whale evidence for imitation
Beluga Migration No Unlikely! Calf repeats mother’s migration
whale
Bottlenose Sponging Unlikely Unlikely A few animals in one study site,
dolphin seem to be passed from mother
to female offspring
Use of human ? Unlikely Recent phenomenon in one
provisioning, site
human-dolphin Unlikely No Complex coordinated behaviour
fishing pattern of both species has
cooperative persisted for generations
Killer Intentional Unlikely Unlikely Teaching process described
whale stranding,
resident call No Unlikely! Sympatric dialects are quite stable
dialects but show small coordinated
changes
Pod-specific No Unlikely! Consistent specializations of both
foraging resident and transient pods,
specializations, sometimes sympatric
pod-specific No Unlikely! Sympatric
migration
patterns,
community- Unlikely Unlikely Not sympatric
specific greeting
ceremonies
Sperm Group-specific No Unlikely! Sympatric, partially matrilineal
whale coda repertoires, groups have stable dialects
group-specific Unlikely Unlikely! Sympatric groups show evidence
movement of characteristic movement
patterns patterns
Group-specific P Unlikely! Indirect evidence
communal
defence methods
Irrawaddy Human-dolphin Unlikely Unlikely Complex coordinated behaviour
dolphin fishing pattern of both species has
cooperative persisted for many generations

For these patterns to be genetically determined the inheritiance would have to be entirely or principally from the mother; as dis-

cussed in the text, this is unlikely.

There are substantial advantages for individual cetaceans
living in groups, be it through cooperative foraging (Simili
& Ugarte 1993), food sharing (Hoelzel 1991), or communal
defence (Armbom et al. 1987), but there is also the risk of
sharing food with, or being injured in defending, individu-
als who are not members of the same group and hence are
unlikely to reciprocate. Group signatures are one way to
minimize this risk. However, as Tyack and Sayigh (1997)
point out, when highly mobile animals regularly interact
with conspecifics of different groups, signature systems
need to be flexible and sophisticated, a demand that cul-
turally transmitted dialects meet.
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We can envision an evolutionary trajectory for cetacean
cultural learning abilities similar to that proposed for
psittacine birds by Moore (1992; 1996) of call learning be-
ing generalised to vocal mimicry through to more gener-
alised imitative capabilities — although it must always be
recognised that we know virtually nothing about the actual
learning mechanisms cetaceans employ. Three of the four
species we primarily discuss here are known or very likely
to be vocal learners: the bottlenose dolphin, killer whale,
and humpback whale. For sperm whales, the learning of co-
das, since it does not involve learning a new sound, only a
pattern of known sounds (clicks), may involve contextual
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rather than strictly vocal learning (see Janik & Slater 1997).
In addition, the link from vocal to motor mimicry through
percussive behaviour proposed by Moore (1992; 1996) for
birds may also be present in cetaceans — almost all species
perform behaviour that involves striking the water surface
(lobtailing, flipper slapping) and it is thought that these may
sometimes function as acoustic signals (e.g., Norris et al.
1994). So the mobility of cetaceans may have created se-
lection for vocal learning, providing the roots of sophisti-
cated social learning, while the spatial and temporal vari-
ability of the marine environment made social learning
highly adaptive as a cost-reducing adjunct to individual
learning about new niches (see Boyd & Richerson 1995). In
long-lived animals that form stable social groups, the op-
portunities for cultural transmission are greatly increased,
and if most other group members are kin, such information
exchange would also accrue inclusive fitness benefits —
leading, perhaps, to the remarkable cultures of killer
whales.

For the dialect-gene and dialect-ancestry correlations
that seem to be present in sperm and killer whales, cultural
transmission must be very stable, with cultural traits being
passed consistently within matrilines, but very rarely be-
tween them (Whitehead 1998). How can this occur when
cetacean matrilineal groups frequently meet, interact, and,
in the case of sperm and transient killer whales, occasion-
ally receive new members (Baird 2000; Christal et al. 1998;
Connor et al. 1998b)? Conformist traditions within groups
seem to be a vital element of human cultural evolution
(Boyd & Richerson 1985); we actively adopt the prevalent
cultures of the groups we are members of. Conformity is
clearly advantageous to the group as a whole, and thus its
members, when the culture refers to coordinated behav-
iour, such as communal foraging or within-group commu-
nication, and can lead to highly stable cultures (Cavalli-
Sforza & Feldman 1981). One of the mechanisms with
which cultural information could be secured is through so-
cial norms (Boesch 1996; Heyes 1993); this idea equates to
Boyd and Richersons (1985) conformist transmission.
When group-specific behaviour is generally favoured, then
conformist cultural markers of group membership may
evolve, reinforcing the conformist transmission of other
cultural elements (Richerson & Boyd 1998). Recent theo-
retical work points to the widespread conditions favouring
conformist transmission and suggests a synergistic relation-
ship between the evolution of imitation and conformism
(Richerson & Boyd 1998); such an interaction could well
have occurred, or be occurring, in killer and sperm whales.

7. The effects of culture: gene-culture
coevolution and nonadaptive behaviour

The two features in which killer and probably sperm whale
cultures seem to differ from those of virtually all other non-
human animals, stability and multiculturalism, are prereq-
uisites for cultural processes to have much effect on genetic
evolution. To affect genetic evolution, cultures must usually
be stable over many generations (Laland 1992), and if cul-
tural variants rarely interact, they will generally have only
local effects (Whitehead 1998). There have been two sug-
gestions that substantial gene-culture coevolution has oc-
curred in whales and dolphins; since both involve historical
explanation, neither can be empirically proven. However,
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this is no different from posited cases of gene-culture co-
evolution in humans (Feldman & Laland 1996). Both Baird
(2000) and Boran and Heimlich (1999) propose that cul-
turally transmitted group-specific foraging techniques ini-
tiated the divergence of the forms of killer whale, which
now show genetic and morphological differences, and may
well be in the process of speciation given the apparent re-
productive isolation of the two forms (Baird et al. 1992).
This is a plausible explanation for the ongoing sympatric
speciation; however, since the genetic differences between
the two forms are now so evident (Hoelzel et al. 1998), it
cannot be proven that culture was responsible for the di-
vergence.

Mitochondrial DNA diversity in four matrilineal whale
species (killer whales, sperm whales, and the two pilot
whale species, Globicephala spp.) is about fivefold lower
than it is in most other cetacean species (Whitehead 1998).
Whitehead (1998) suggests that this may have occurred by
means of “cultural hitchhiking” in which selectively advan-
tageous and matrilineally transmitted cultural variants
sweep through a population, incidentally reducing the di-
versity of analogously transmitted mitochondrial DNA.
Such a process is theoretically analagous to molecular
hitchhiking in which diversity in a neutral locus is reduced
by selection at a linked, nonneutral locus (Kaplan et al.
1989). In the cultural hitchhiking proposed by Whitehead
(1998), the non-neutral locus is a cultural trait, transmitted
matrilineally between generations; selection is in the form
of greater reproduction or survival for animals with certain
cultural variants. Since mtDNA is also transmitted matri-
lineally between generations, alleles at neutral mtDNA loci
will track the spread of (“hitchhike on”) successful cultural
traits — as successful traits spread in the population, the
mtDNA alleles associated with that matriline will also
spread, giving rise to the reduced mtDNA diversity now
observed in the matrilineal odontocetes. Other theoreti-
cally tenable explanations for the low mtDNA diversity of
the matrilineal odontocetes are population bottlenecks
(Lyrholm & Gyllensten 1998), group-specific population
dynamics (Amos 1999; Siemann 1994), or group-specific
environments (Tiedemann & Milinkovitch 1999). How-
ever, all of these alternative explanations make assumptions
or predictions that do not seem to be consistent with what
we know of the biology of the matrilineal whales (White-
head 1998; 1999a).

Conformist traditions can lead to cultural group selection
(Boyd & Richerson 1985). Group conformity increases
both homogeneity within groups and heterogeneity among
groups and thus elevates variation in behavioural pheno-
type to the group level (Boyd & Richerson 1985; Richerson
& Boyd 1998); hence we would expect selection on behav-
ioural phenotype to act at this level. For species that forage
cooperatively, particularly within kin-based groups (e.g.,
killer whales), competition for resources may occur largely
between rather than within groups, which would signifi-
cantly increase the adaptive value of conformist traditions,
reinforcing the whole system. Similarly, predator-prey arms
races can be a potent driver of both genetic evolution
(Dawkins & Krebs 1979) and, as is very apparent in human
history, cultural evolution. For most whales and dolphins,
the most formidable and important natural predator is an-
other cetacean, the killer whale ( Jefferson et al. 1991), and
the predatory techniques of killer whales appear to be
largely determined by cultural processes. Thus, it is possi-
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ble to envisage cultural arms races between killer whales
and their cetacean prey.

Theoretical studies also suggest that during the evolution
of group-specific cultures behaviour that is not adaptive can
easily arise (Boyd & Richerson 1985). There is one behav-
ioural pattern seen in group-living cetaceans that is indi-
vidually maladaptive but could have arisen within a system
of conformist traditions: mass stranding. Cetaceans of sev-
eral species fatally strand en masse. In contrast to individ-
ual strandings, most of the animals involved in these mass
strandings appear healthy, but when individually pulled
back to sea, turn around and restrand (Sergeant 1982). A
simple, genetically mediated, aggregation response is un-
likely to produce such behaviour as it is so individually mal-
adaptive. This phenomenon is seen as indicative of extreme
social cohesion in the species that mass strand (Norris &
Schilt 1988), with the usually adaptive strategy of remain-
ing with the group proving fatal when one member makes
a mistake or becomes debilitated through disease. There is
evidence from pilot whale strandings that larger (presum-
ably older) animals have a strong influence on the behav-
iour of the group (Fehring & Wells 1976). We suggest that
cultural group conformity in movement strategies may play
an important role in mass strandings; such phenomena
might then be an example of the maladaptive effects of con-
formist cultures.

Culture may also have had effects on the evolution of life
history. Menopause is known in killer and short-finned pi-
lot whales (Globicephala macrorhynchus), and there are in-
dications of its occurrence in other cetacean species (Marsh
& Kasuya 1986; Olesiuk et al. 1990). Like humans, and un-
like any other mammal, female killer and short-finned pilot
whales may live decades after the birth of their last off-
spring (Table 4). Within-group cultural processes may have

layed a part in this phenomenon, if, for instance, the role
of older females in cultural transmission is very important.
Menopause could be highly adaptive if the role of older fe-
males as a source of information significantly increases the
fitness of her descendants, and reproduction toward the
end of her life decreases survival (Boran & Heimlich 1999;
see also Norris & Pryor 1991). Guinet and Bouvier (1995)
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note that the juvenile killer whales they observed learning
the difficult and dangerous technique of self-stranding in
order to catch pinnipeds spent at least six years closely as-
sociated with their mothers; one calf was not observed to
capture prey itself until it was six years old, and even then
required assistance in handling the prey. They contrast this
with observations near Vancouver Island where juvenile
resident killer whales rarely spend more than three years in
such close association with their mother and feed on
salmon, which they learn to catch within a year of birth
(Haenel 1986). We suggest that the long time required to
learn the culturally transmitted (and highly adaptive) self-
stranding technique may be driving an incipient divergence
in life histories, with the by-product of extended parent-off-
spring contact providing the opportunity for more cultural
transmission. Such interactions between culture and devel-
opment may closely parallel early human evolution.

Russell and Russell (1990) point out the link between
maternal care and cultural transmission in early humans
and other primates, and it is interesting that the cetacean
species for which gene-culture coevolution has been sug-
gested are also those with matrilineally based societies. This
potential link produces a testable hypothesis: Other, less
studied, matrilineal cetacean species should show group-
specific traditions. Preliminary evidence suggests that
short-finned pilot whales, almost certainly a matrilineal
species and also a species showing menopause (Kasuya &
Marsh 1984), do indeed have group-specific dialects
(Scheer et al. 1998). If our ideas on gene-culture coevolu-
tion in cetaceans and cultural influence in the evolution of
menopause are correct, then further investigation of this
species and its congener, the long-finned pilot whale (Glo-
bicephala melas) — also matrilineal (Amos et al. 1991) —
would strengthen this link.

8. Conclusions

Although it has not been experimentally demonstrated in
any case, observations of cetaceans in the wild strongly sug-
gest that cultural transmission is important in some species.

Table 4. Life-histories of some primates and cetaceans. Only humans, killer whales, and short-finned
pilot whales show significant post-reproductive lifespans. (Data from Whitehead & Mann 1999)

Age at Age at

sexual reproductive Post-

maturity senescence Lifespan reproductive
Species (yrs) (yrs) (yrs) lifespan (yrs)
Macaque ~5 ~25 ~25 0
(Macaca sp.)
Gibbon ~8 ~30 ~30 0
(Hylobates sp.)
Chimpanzee ~11 ~40 ~40 0
(Pan troglodytes)
Human ~17 ~45 ~70 ~25
(Homo sapiens)
Short-finned pilot whale ~10 ~40 ~63 ~23
(Globicephala macrorhynchus)
Killer whale ~12 ~45 ~70 ~25
(Orcinus orca)
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The lack of evidence in other species could well be due sim-
ply to lack of study. In the case of killer whales and possibly
other matrilineal species, this transmission gives rise to
stable cultures, which are in some respects unique outside
humans. Our ethnological perspective, and hence our con-
clusions, are unlikely to be shared by all. However, our ap-
proach is internally consistent, and its conclusion is that
culture should be attributed to cetaceans. We hope to stim-
ulate a research effort which, even if it should disconfirm
some aspects of our assertion, will give us a much better in-
sight into the role of cultural transmission in the behav-
ioural development of cetaceans. Given that there are over
80 species in the group, the possibility for comparative work
is exciting,

We have suggested several aspects of the natural history
of whales and dolphins that may have promoted the evolu-
tion of these complex cultures. Of these, mobility may
largely account for the apparently greater complexity of
some cetacean cultures than those found in some nonhu-
man primates, whereas greater group stability and cognitive
ability may be important in the differences between the cul-
tures of cetaceans and birds. These ideas have relevance to
our understanding of human prehistory. Theoretical work
indicating the widespread adaptiveness of culture coupled
with a dearth of empirical examples suggest there are im-
portant obstacles to the evolution of cultural transmission,
obstacles which both humans and some cetaceans appear
to have overcome. What ecological and social factors were
common in the histories of both groups to enable this evo-
lutionary leap? Our review suggests stable matrilineal
groups as an important social factor, and environmental
variability and mobility (c.f. Boesch 1996) as important eco-
logical factors. While cetaceans are intrinsically more mo-
bile than humans, humans have been able to use cultural
innovations to become progressively more proficient trav-
elers, overtaking first cetaceans, then birds, and so acceler-
ating the spread and evolution of our other cultural forms.

None of the observations of cetacean culture summa-
rized in this paper come from research directly on cultural
transmission — they are by-products of observational stud-
ies of behaviour, vocalizations, or populations. Yet, together,
they constitute strong evidence that, from the ethnographic
perspective, these animals do have culture. Thus, there is a
clear case for studying the cultural transmission of infor-
mation directly as parts of the research agendas of the long-
term field studies of whales and dolphins.
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Culture and hyperculture: Why can’t a
cetacean be more like a (hu)man?
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Abstract: Human hyperculture appears to have been produced by the
amplification of the kind of normal culture shared by cetaceans and other
animals and presumably by our ancestors. Is there any possibility that
cetaceans could be subject to these amplifying processes, which may in-
clude: sexual selection; within-group moral behavior; culling of low-
cultural-capacity individuals through predation or self-predation; and re-
ciprocal positive feedback between culture and the capacity for culture.

If cetaceans (and many other animals) have what can be termed
“normal culture,” perhaps we should call what Homo sapiens has
“hyperculture.” Rendell and Whitehead review a literature estab-
lishing that culture in cetaceans is in many ways similar to that of
terrestrial species; along the way, they argue that there are no
qualitative differences between human and animal culture. Let us
begin with that “along the way.” There are indeed many similari-
ties between human and nonhuman culture, but there are also dis-
similarities (and reasons for discussing them that have nothing to
do with quaint claims for human uniqueness). Human culture is
not just socially transmitted information, it is an immense pool of
different categories of data (Barkow 1989). Some categories seem
to be fairly stable across generations (e.g., the grammar of a lan-
guage), other kinds alter with considerable rapidity (e.g., alloca-
tion criteria for relative standing). Presumably, different kinds of
information are acquired/conveyed through different cognitive
mechanisms, so that the “transmission” term itself is more
metaphor than explicit process. Individuals use the “cultural” in-
formation for many purposes, and frequently struggle to edit, re-
vise and add to it in ways that may further their own interests
rather than those of others. The cetacean cultures the authors de-
scribe are far simpler than any human hyperculture: they may be
limited to a group dialect, for example, or to a socially transmitted
foraging strategy. Though research limitations have probably
obliged the authors to understate the extent of cetacean culture,
there seems little doubt that it is a “normal” culture and therefore
of far less scope and complexity than human “hyperculture.” Thus
the question arises: why are not cetacean cultures more like our
own?

Various “amplification” processes appear to have been involved
in the transformation of the presumably “normal culture” of our
ancestors into hyperculture. (1) For Boyd and Richerson (1996;
Richerson & Boyd 1998; 1999), one such process was that of “cul-
tural group selection” in which groups that were able to create
moral codes that transcended mere kinship overcame others (cf.
Waddington 1960 for a similar argument). (2) For Miller (2000) it
was a matter of sexual (rather than “survival”) selection for the lan-
guage and other “genetic indicator” abilities that permit us to de-
velop and transfer cultural information in the way that we do. (3)
For Alexander (1971; 1975; 1979) and others, it was a matter of
self-predation. The less intelligent and socially cooperative would
have been culled out by conspecific predators. (4) A similar se-
lection pressure could have resulted from culling by other preda-
tor species, but there is no evidence for this (Barkow 2000). (5)
For Dobzhansky (1963), Geertz (1962), and Spuhler (1959), our
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hyperculture was produced by a reciprocal positive feedback be-
tween the genetic capacity for culture and the adaptive culture be-
ing invented and transmitted (a process that would have led to an
exponential growth in culture and brain size and complexity that
is apparently not reflected, unfortunately, by the fossil and ar-
chaeological records). It is possible that all of these hypothetical
processes contributed to the generation of human culture and ca-
pacity for culture, during some periods of our evolutionary history.
For present purposes, however, the question is: Are any of these
five processes occurring among cetaceans? Could they even in
principle occur, and so result in the evolution of a hypercultural
species of dolphin or whale in some ways similar to ourselves?

Does the fact that cetaceans are not terrestrial have any bear-
ing, here? As the authors point out, aquatic life favors both effi-
cient movement and efficient vocal communication, and culture
can permit rapid adaptation to the changing environments and po-
tential new niches made possible by the resulting cetacean “ex-
tensive mobility.” These factors may have non-obvious implica-
tions for the development of hyperculture.

While there is thus far no evidence for a hyperculture cetacean
species, the evolutionary possibility of one merits thought. To the
various interesting questions R&W already raise, therefore, let us
add the following: (1) What is the relationship, if any, between so-
cially transmitted information and sexual selection, among ceta-
ceans? (2) Is there any evidence of a predation or self-predation
process affecting cultural capacity? That is, do individuals and/or
groups get culled out if they are less successful in transmitting/ac-
quiring social information than others in the face of predation or
conspecific conflict? (3) Is there any socially transmitted informa-
tion that has to do with “moral behavior,” that is, behavior having
to do with how individuals in a group treat one another, rather than
simply how they transmit vocalizations or foraging strategies? Fi-
nally (4), If aquatic environments are conducive to the evolution
of normal culture, could it be that they may provide novel ways for
normal culture to become hyperculture?

A sound approach to the study of culture

L. G. Barrett-Lennard,2 V. B. Deecke,? H. Yurk,2

and J. K. B. Ford®

2Department of Zoology, University of British Columbia, Vancouver, British
Columbia, V6T IK8, Canada; ®School of Biology, University of St. Andrews,
St. Andrews, Fife KY16 9TS, Scotland, United Kingdom; €Vancouver
Aquarium Marine Science Centre, Vancouver, B.C. V6B 3X8, Canada.
barrett@zoology.ubc.ca yurk@zoology.ubc.ca
vd2@st-andrews.ac.uk. ford@zoology.ubc.ca

Abstract: Rendell and Whitehead’s thorough review dispels notions that
culture is an exclusive faculty of humans and higher primates. We applaud
the authors, but differ with them regarding the evolution of cetacean cul-
ture, which we argue resulted from the availability of abundant but spa-
tially and temporally patchy prey such as schooling fish. We propose two
examples of gene-culture coevolution: (1) acoustic abilities and acoustic
traditions, and (2) transmission of environmental information and lon-

gevity.

The faculty of culture has long been argued as one of the last fea-
tures to set us humans apart from other animals, but, as Rendell
and Whitehead (R&W) have shown, once more our cultural
pedestal is crumbling badly, forcing us to assume our place as one
cultural animal among many. That the latest assault on human cul-
tural supremacy should come from the field of cetacean studies is
not surprising, given the advances in this field since Mundinger
(1980) acknowledged the vocal traditions of some “whales” (he
fails to mention the species) as cultural institutions. What is sur-
prising is the glacial speed with which findings from the field of
cetacean science have diffused into the study of cultural trans-
mission, and we hope that R&W'’s thorough review will help to
remedy this problem. As researchers of vocal variation and pat-
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terns of gene-culture coevolution in killer whales, we are excited
at the prospect of a renewed, more vigorous scientific discourse
between the fields of cetacean science and cultural evolutionary
theory.

Determining the extent to which the expression of certain be-
haviours is based on innate or learned factors is the first challenge
in field studies of animal culture. The second challenge is to dis-
tinguish between social learning (via cultural transmission) and ex-
periential learning, as R&W point out. The problems and pitfalls
that students of social learning face in studies of terrestrial species
are compounded when they turn their attention to cetaceans. It is
naive to think that the nuances of social interactions can be un-
tangled by surface observers: with a few exceptions (e.g., the
learning of high-risk stranding behaviours by killer whales) social
learning in cetaceans must be inferred from rapid intra-popula-
tional changes, mother-offspring similarities, and inter-popula-
tional differences in readily observed behaviours such as prey cap-
ture or migration, as the authors discuss. However, there is a
bright side to the study of behaviour in cetaceans. Many species
produce highly variable vocalisations, and although water makes
visual observations difficult, it is an excellent conductor of sound.
Furthermore, the transmission mechanism of vocal behaviour is
likely more direct than that of other behaviours, because an ani-
mal perceives the sounds of other individuals and its own sounds
in the same sensory modality. Not surprisingly, then, many (and,
we would argue, the most convincing) of the examples of cultural
transmission in cetaceans described by R&W involve sound.

One of the points in which we differ from R&W is in the role of
environmental variability in the evolution of culture. The authors
note that marine ecosystems change state over relatively short
time periods compared to terrestrial ecosystems, and that ceta-
ceans generally compensate for change by moving. Culture, they
argue, is seen as an efficient mechanism for transmitting learned
movement strategies. While terrestrial ecosystems do not switch
between ecological states in the same manner as marine ecosys-
tems, they are subject to much greater variation in temperature
and to catastrophic events such as floods, droughts, hail or ice
storms, fires and the like — all of which could presumably be bet-
ter survived by species with a cultural memory of similar events.
And yet, as the authors acknowledge, the best example of a non-
human cultural primate, the chimpanzee, comes from one of the
most stable terrestrial ecosystems. The authors also observe that
the development of culture is likely enhanced in species that are
long-lived and live in stable social groups. These conditions are
most likely to arise under environmental conditions that favour
low adult mortality and groups of constant size. We therefore sus-
pect that culture has evolved in cetaceans because they are able
to survive ecosystem changes, rather than vice versa.

We believe that the evolution of culture in cetaceans is more
closely linked to super-abundant but spatially and temporally
patchy prey than to state changes in ecosystems. Terrestrial
ecosystems have few equivalents of schooling or aggregating ma-
rine species such as krill, forage fish, and squid, which support vast
suites of large predators. It is the availability of such aggregated
prey, we argue, that makes it possible for species such as killer, pi-
lot, and sperm whales to live in stable groups, and for migratory
species such as humpback whales to congregate seasonally on
their feeding grounds. The fundamental requirement of such
species is to be able to find patches of such prey, and to feed on
them efficiently. Cultural transmission of information regarding
prey distribution will increase the average fitness of group mem-
bers. Likewise, cultural transmission of feeding techniques, in-
cluding cooperative foraging methods such as “bubble-netting” in
humpback whales (Jurasz & Jurasz 1979) or carousel-feeding
killer whales (Similid & Ugarte 1993) would seem to have obvious
advantages.

R&W limit their discussion of gene-culture coevolution to the
evolution of menopause and protracted juvenile dependence in
certain cetaceans. We feel it is worth adding the remarkable
acoustic facility of many cetaceans to this list. Almost all mammals,
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including our primate relatives, are poor vocal copiers. The no-
table exceptions are humans and cetaceans. The similarities can-
not be explained by common ancestry. How then can we account
for this convergent evolution? Sociality alone is not a satisfactory
answer; many mammalian species are highly social but have not
evolved the ability to produce and imitate complex sounds. We
propose that the propagation of successful traditions by cultural
transmission creates selection pressure for reliable mechanisms to
signal group identity. In other words, culture preceded and se-
lected for vocal variation and vocal copying, which in turn en-
hanced the development of traditions. Similarly, culture may se-
lect for longevity since senescent individuals may increase the
fitness of their offspring and relatives by transferring knowledge
to them, and longevity in turn promotes further culture. Elders
are valued in many human societies for precisely this reason, and
it is not unreasonable to imagine that very old individuals are tol-
erated in killer whale groups (Bigg et al. 1990) for similar reasons.

In conclusion, we feel that the case for cultural transmission of
traditions in cetaceans, particularly acoustic traditions, has been
well established for many years. R&W correctly point out that this
message has been slow to reach researchers working on other
species (including humans). We believe that their methodical
marshalling of the evidence is long overdue and will help to bring
about a more general appreciation of the central role that culture
plays in the lives of certain cetaceans.

The mimetic dolphin

Gordon B. Bauer and Heidi E. Harley

Division of Social Sciences, New College of the University of South Florida,
Sarasota, FL 34243; Mote Marine Laboratory, Sarasota, FL 34236.
bauer@sar.usf.edu harley @sar.usf.edu

Abstract: Rendell and Whitehead note the necessary, complementary re-
lationship between field and laboratory studies in other species, but con-
clude their article by de-emphasizing the role of laboratory findings in
cetacean research. The ambiguity in field studies of cetaceans should ar-
gue for greater reliance on the laboratory, which has provided much of the
available research supporting the hypothesis of cetacean culture.

Rendell and Whitehead (R&W) recognize the benefits of inte-
grating laboratory and field studies for investigating culture. Para-
doxically, they also suggest that study of imitation and teaching in
laboratory settings is not a productive approach. Not withstanding
their reservations, evidence of imitation in laboratory settings pro-
vides strong indications of the cognitive skills necessary for
cetacean culture. A more thorough review of the literature on im-
itation (including yet to be published data), a clarification of the
status of social learning in cetaceans, and a look at some lines of
future research suggest that laboratory studies make essential con-
tributions to understanding culture.

Ostensibly solid examples of cultural transmission in more eas-
ily observed terrestrial animals, such as potato washing in Japa-
nese macaques, lend themselves to alternative interpretations
(Galef 1992). Laboratory research on transmission processes pro-
vides substantive evidence to support the more ambiguous evi-
dence of culture that arises from the difficult observational con-
ditions in the wild.

Many researchers report vocal imitation in trained dolphins
(Caldwell & Caldwell 1972; Evans 1967; Lilly et al. 1968; Richards
1986; Richards et al. 1984; Sigurdson 1993). Dolphins also copy
spontaneously without external reinforcement. Wild dolphins ap-
pear to imitate each other’s signature whistles ( Janik 1997; 2000).
Captive dolphins often copy their poolmates’ signature whistles
(Janik et al. 1994; Janik & Slater 1997; Ralston et al. 1987; Tyack
1986b). Mimicry of the secondary reinforcer “bridge” whistle used
by trainers is also reported (Tyack, 1986b; personal observations).
In a study in which two mothers and their male calves were pre-
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sented with the opportunity to use a keyboard, which led to elec-
tronic whistle-like emissions, which the two young males sponta-
neously imitated after a short exposure (2—-19 emissions) to the
sounds (Reiss & McCowan 1993). Young dolphins’ repertoires ap-
pear to change over the first year (McCowan & Reiss 1995), and
young dolphins often share whistles with their adult companions
(McCowan & Reiss 1995; Sayigh et al. 1995). One dolphin isolated
at age 1-2 years (and for 7 years thereafter) was exposed to a large
number of recorded and electronic whistles. His repertoire be-
came large and included copies of these sounds (Caldwell et al.
1990).

Experimental studies also confirm that dolphins mimic familiar
actions of other dolphins (Bauer & Johnson 1994) as well as imitate
novel behaviors performed by their conspecifics (Xitco 1988; Xitco
et al. 1998; see Herman, in press, for a review). Two recently wild-
caught 2-year-old dolphins successfully imitated novel behaviors
performed by human models (Harley et al. 1998). An older dolphin
with more experience in captivity also imitated two novel behaviors
demonstrated by a human (Herman, in press). Anecdotes of inter-
species imitation include imitation by a false killer whale of a pilot
whale (Brown et al. 1966), by a bottlenose dolphin of a spinner dol-
phin (Brown et al. 1966), and by a bottlenose dolphin of a Cape fur
seal (Tayler & Saayman 1973), and so on. (See Herman 1980, for a
review.) Dolphins can also learn to replicate behaviors presented
to them via television (Herman et al. 1993) and to “repeat” the last
behavior they themselves produced, which could potentially be an
imitation of their own actions (Mercado et al. 1998).

In arguing the problematic nature of laboratory evidence, R&W
note the disputes over differentiation of various social learning
processes, for example, true imitation (learning a new behavior
by observation) versus alternative, putatively primitive, processes
such as stimulus enhancement, social facilitation, and matched
dependent behavior (cf. Roitblat 1998). This is an unnecessarily
cautious interpretation of the literature. A wide range of processes
contributes to cultural transmission of information (Whiten &
Ham 1992). A thorough explication of the role(s) of these pro-
cesses in the development of culture is an active area of research.
To dismiss this exploration is to confuse the details (processes and
mechanisms) with the empirical demonstration of social influence
and learning in cetaceans. The fact is that bottlenose dolphins
have demonstrated mimicry of complex, novel behaviors, per-
formed by a variety of species, over delays of time, and under de-
graded stimulus conditions (Herman, in press). They have shown
a sophisticated, flexible ability to imitate that could provide the
foundation for culture in natural environments.

Although the capacity and flexibility of cetacean mimetic abili-
ties is clear, laboratory studies can go much further in exploring
these foundations of culture. Research on imitation in general has
been limited by Thorndike’s (1965) heritage of denying imitation
by animals, an influence that is rapidly attenuating. Research on a
broader range of species has been limited by an availability bias
favoring the bottlenose dolphin. An effort needs to be made to re-
duce this bias in order to investigate the range of mimetic abilities
across cetaceans. Blackmore (1999) hypothesized that imitation
not only supported culture in humans, but also promoted brain
size increases. Comparison of brain size and mimetic performance
among the cetaceans might provide an interesting test of her hy-
pothesis. The facility of imitation by young dolphins (Harley et al.
1998; Xitco 1988) suggests that developmental factors need to be
explored. Numerous observers have commented on the pro-
nounced synchrony of dolphin behavior, and a recent study of a
captive mother/calf pair (Fellner & Bauer 1999) indicates that be-
havioral synchrony is exhibited from shortly after birth and main-
tained at a high level (over 90% of the time) throughout early in-
fancy. An interesting hypothesis is that imitation might evolve
from this apparently innate characteristic, that is, synchrony might
provide a model or foundation for a more flexible skill — imitation.
Differences among studies suggest that social factors may play a
role in elicitation of imitation, that is, social roles may determine
the models and imitators.
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Size might be an obstacle to captive study of the large cetaceans,
but the majority of toothed whales can be studied in captive set-
tings. The carefully controlled studies of the numerous smaller
species that the laboratory allows will contribute strongly to the
understanding of cetacean culture.

Social learning by observation is analogue,
instruction is digital

Marion Blute

Department of Sociology, University of Toronto at Mi
Ont. L5L 1C6, Canada. marion.blute@utoronto.ca

Iga, Missi 1ga
g

Abstract: Social learning in the strict sense is learning by observation or
instruction. Learning by observation appears to be an analogue process
while learning by instruction is digital. In evolutionary biology this dis-
tinction is currently thought to have implications for the extent to which
mechanisms can function successfully as an inheritance system in an evo-
lutionary process.

Rendell and Whitehead’s impressive review of the evidence of
culture in whales and dolphins is persuasive and it, along with Bo-
ran and Heimlich’s (1999) recent review, allows us to firmly place
cetaceans alongside the other mammals and birds for which sim-
ilarly persuasive evidence is available. I agree with the authors that
the existence of culture in nature is most usefully recognized by
the kinds of field methods employed in the research they review
— independent of the details of the social learning mechanisms in-
volved — despite the fact that mechanisms are not irrelevant for
specifying what could reasonably be called culture. To be relevant
to the concept of culture, as a minimum, mechanisms must be
both social (independent individual learning is excluded) and have
the effect of maintaining or increasing similarity. Matched-de-
pendent individual learning in which reinforcement is conditional
on “matching” another’s behavior meets these minimal criteria;
hence some, including Whiten and Ham (1992), consider it rele-
vant to the concept of culture. We should not be surprised, how-
ever, by the scepticism with which the concept of animal social
learning in the more strict sense (sometimes called imitation) can
be greeted by psychologists. Recall that from roughly Thorndike
at the turn of the last century until Bandura in the 1960s and
1970s, as incredible as it may now seem in retrospect, the exis-
tence of social learning in this sense was widely denied by psy-
chologists in humans as well! Albert Bandura, developing his in-
terest in the effects of television violence on children, first showed
that as a practical matter, most social learning in humans cannot
be explained by individual learning mechanisms such as matched-
dependent learning. Bandura experimentally demonstrated social
learning without concurrent performance, without at least overt
rewards, and with long-time delays between learning and per-
formance (see discussion and references in Blute 1981). This led
to the common definition of social learning in the strict sense
as learning by “observation” (in any sensory modality) or “instruc-
tion” (the communication of strings of symbols, among people;
normally, sentences in a natural language). While many other dis-
tinctions can and have been drawn subsequently, learning by ob-
servation is social learning whether the learning is about stimuli,
responses, associations, or consequences; whether purely behav-
ioral or cognitive; whether modelling is passive or active, and so
on; which brings me to my second point.

Observational learning appears to be an analogue (continuous)
process while instructional learning by means of human language
is, like the genetic code, digital (discrete). As a consequence, ob-
servational learning would appear to be subject to the cumulative
degradation of information characteristic of any analogue copying
mechanism (Dawkins 1995 Ch. 1; Woolfson 2000 Ch. 8). In the
short run, collapsing continuous input into discrete categories
loses information. Over the longer run, however, it provides peri-
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ods of stability making possible the evolution of complexity (e.g.,
by analogy in the ordinary language sense, i.e., over-duplication
and divergence to serve new functions and by symbiosis). In the
still longer run, discrete information too is subject to error, but it
is also amenable to the evolution of error-correcting mechanisms.
Knowing as little as we do about the origin and early evolution of
life, it is unclear whether the limitations of analogue copying
mechanisms affect their ability to function as inheritance systems
in evolutionary processes as much in practice as they are thought
to do in theory. Perhaps the study of observational learning and
cultural evolution will shed some light on this.

Maynard Smith and Szathmary (1995) have stated flatly that
among living things, beyond nucleic acid molecules, the only
hereditary replicators capable of supporting the inheritance of an
indefinitely large number of distinct states are language and mu-
sic. What fascinates so much about whales and dolphins is that
those notes, phrases and themes of humpback songs and the
clicks, whistles, and pulsed calls of killer whale vocalisations (Bo-
ran & Heimlich 1999a) are so language-like in appearance (vary-
ing elements, in which repetition and order can matter, with hier-
archical structure, i.e., grammar possible, etc.). Perhaps a decade
from now, we will be reading another review in BBS of evidence
for the evolution of language in cetaceans.

Sacrileges are welcome in science! Opening
a discussion about culture in animals

Christophe Boesch

Max-Planck Institute for Evolutionary Anthropology, 04103 Leipzig, Germany.
Boesch@eva.mpg.d www.eva.mpg.de/primat.html

Abstract: The sacrilegious proposition of the existence of cultures in
whales and dolphins should open the discussion of cultures in other ani-
mals, allowing us to find what is unique in human cultures. The ethno-
graphic approach used by all anthropologists is the key in this investigation
and revealed that cultural differences are present in animals and could re-
sult from different learning mechanisms.

Animal cultures? This sounds as a heretic combination of words
to some social and cultural anthropologists. Here, the authors
combine the word culture with whales and dolphins. This sounds
like a stronger sacrilege than to use it with chimpanzees. Some
sacrileges in science should be welcomed, and I welcome that one
with the hope that it will lead to a thorough discussion of the evi-
dence and improve the study of culture in non-human animals.
Any claim of uniqueness within a species of a behaviour can be
confirmed only if we can show that effectively it is absent in other
species. In fact, the discussion about culture being uniquely hu-
man has been often clouded by anthropocentrism and misreading
of the evidence. Rendell and Whitehead’s claim of culture being
present in whales and dolphins is eye opening, for most of the
readers are probably not aware of the complexity of the behaviour
in aquatic mammalians. I allow myself to follow their heretic
proposition by discussing two important aspects about how to
study culture in animals, including humans.

Social anthropologists were the first to concentrate their study
on describing human cultures in many different societies. If we
follow Rendell and Whitehead’s terminology, all their approach
was ethnographic. The overwhelming outcome of this approach
was that all human societies possess large differences in feeding,
housing, clothing habits, in rules of kinship, marriages, in knowl-
edge about their environment, group members and foreigners,
and in what they believe, feel, and share. The key method used to
arrive at this result was comparing these aspects in many different
human societies. This scientific method is in animal behaviour a
luxury. This fact may explain the difference we see between hu-
mans and other mammals, because only in a small minority of
species do we have observations on more than one group. Thus,
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by definition, comparisons between societies are not yet possible
for most species and cultures, therefore, cannot be detected.

We have observations on more than one social group for a few
animal species only, for example, on some great apes, a few pri-
mates, a few carnivores, some birds, and cetaceans, and evidence
increased slowly about behavioural differences between popula-
tions. That is the moment when psychologists entered the arena
and proposed that the ethnographic approach used in animals
does not answer the question of culture and that only the trans-
mission mechanism counts to attribute culture to a species
(Galef 1990; Tomasello 1990). Beside the intrinsic interest of
studying the mechanism of social transmission of information
within a species, the problem with this argument is the double
standard it sets. No one seems to require human cultural dif-
ferences to be acquired only through imitation or teaching.
The reason being simply that this data do not exist (Boesch &
Tomasello 1998).

1. Ethnographic versus the transmission process approach.
Since the ethnographic approach has been the main one for study-
ing human cultures, we are perfectly justified to use the same ap-
proach to study animal cultures. However, an awareness of the
transmission mechanism has led scientists working on culture in
non-human animals to emphasise the social component of cultural
transmission and require that the behaviour should not be influ-
enced by either genetic nor ecological factors. This criteria is more
stringent than what has been used by social anthropologists, that
never excluded a behaviour from being cultural if it was affected
by ecological factors such as climatic conditions.

The main criteria for attributing cultures is that we observe dif-
ferences between social groups that have a pure social origin.
What qualifies as culture is the result of the interactions within the
group that is independent of the transmission mechanism that
produced this result. In fact, anthropologists have almost never
studied the acquisition of a behaviour or a ritual in humans; and
applying a transmission approach to humans would disqualify
most human cultures.

2. Culture cannot be defined only through the transmission
mechanisms, as a behaviour seen in all humans would never qual-
ify as cultural whatever the transmission mechanism. Hard-liners
have proposed that human cultural traits are learned only by imi-
tation or teaching and therefore this should be proved in animals
before attributing them cultural abilities (Galef 1990; Heyes
1994a; Tomasello 1990). However, no evidence has been provided
for this proposition. Many studies have been done with animals on
the transmission mechanisms during the acquisition of different
behaviours (Galef & Heyes 1996; Tomasello & Call 1997; Whiten
& Custance 1996) that provided evidence of how, for example,
chimpanzees learn to throw sand, to rake food, to open artificial
boxes containing food, or how rats learn to push bars. These ob-
servations are very interesting when we want to understand social
learning in animals. But our present interest is in cultural learning
and not the learning of any behaviour. Thus, these studies tell us
nothing about cultural learning in animals, since nobody pro-
posed, for example, sand throwing to be a cultural behaviour.

The few studies about the acquisition of cultural behaviours in
humans and chimpanzees show that many transmission mecha-
nisms are at work. For example, observational learning is a major
practice in learning complex weaving techniques in different hu-
man societies, a practice that is partly complemented by facilita-
tion and stimulation from an expert during later phases of the ac-
quisition process (Greenfield 1984; 1999; Rogoff 1990). More
specifically is shown that when maintenance of a traditional way is
important, learning by observations and shaping by scaffolding
prevail, whereas when innovation is valued, learning by trial and
error dominates (Greenfield 1999). The only existing study of the
acquisition process in a cultural behaviour in chimpanzees is on
the nut-cracking behaviour in the Tai forest (Boesch & Boesch-
Achermann 2000) and shows that observational learning is im-
portant but mothers interfere with the learning of their offspring
every five minutes by stimulating and facilitating their attempts
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and correcting errors when necessary. Thus, when known, the
learning of cultural behaviour can be very similar in humans and
chimpanzees.

In conclusion, I would like to thank the authors for opening a
thorough discussion about culture in animals. I suggest that cul-
ture is a dynamic process reaching different complexities, and this
will allow us to understand the uniqueness of cultures in different
species, including humans.

Genomic imprinting and culture in mammals

William Michael Brown

Department of Psychology, Dalhousie University, Halifax, Nova Scotia B3H
4J7, Canada. wmbrown@is2.dal.ca

Abstract: Genomic conflicts are potentially involved in the evolution and
maintenance of culture. Maternal genes contributing to neocortical de-
velopment could influence biases in the acquisition of information. Specif-
ically, relatedness asymmetries due to multiple paternity are expected to
lead to an increased reliability and receptivity of matrilineally-transmitted
information. This view complements the gene-culture coevolutionary
model adopted by Rendell and Whitehead.

Rendell and Whitehead (R&W) offer an indispensable ethnogra-
phy furthering the case for an evolutionary convergence of cul-
tural capacities between aquatic and terrestrial mammals. This
particular convergence implies that natural selection acted upon
neural systems mediating culture (the social transmission of in-
formation or behaviour). In this commentary, I suggest that ge-
nomic imprinting may be a significant factor in the evolution of
culture.

Genomic imprinting is the inactivation of a particular allele de-
pendent upon the sex of the parent from which it was inherited.
The genomic conflict hypothesis proposes that multiple paternity
favours the differential expression of maternal and paternal al-
leles so that (1) paternal alleles increase the cost to the offspring’s
mother; and (2) the maternal alleles reduce these costs. Haig
(1999; 2000) suggests that genomic conflict applies to all fitness
costs imposed on a mother that benefit offspring (not just off-
spring size). Moreover, the genomic conflict hypothesis applies to
all interactions between relatives with different maternal and pa-
ternal coefficients of relatedness (Haig 1997). In terms of social
learning, the decision rules to adopt a cultural practice for help-
ing relatives may be costly to paternal genes (or maternal x-linked
genes). Maternal genes in daughters could benefit from decision
rules filtering the costly noncooperative preferences sometimes
induced by paternal genes.

R&W assume that traditional inclusive fitness calculations are
sufficient for explaining the benefits of culture. When one con-
siders “relatedness asymmetries” (Haig 1997) the information
transmitted between siblings may have different levels of reliabil-
ity. Cultural transmission between siblings could be detrimental
to maternal genes. R&W “downplay” genomic conflict’s connec-
tion to “group-specific” behaviour (i.e., culture). They state that
genomic imprinting is restricted to conflicts over resources dur-
ing embryonic development. Although it is true that imprinting is
implicated in growth, there are also influences on behaviour via
the differential expression of paternal and maternal genes in the
mammalian brain (Isles & Wilkinson 2000). In mice, maternal
genes are expressed in cells found in the neocortex (involved in
decision-making) and paternal genes are expressed in the cells of
the hypothalamus, involved in homeostasis (Allen et al. 1995; Isles
& Wilkinson 2000; Keverne et al. 1996).

R&W adopt Richerson and Boyd’s (1998) model that culture is
the conformist acceptance of transmitted information. However,
since signal-receptor systems are particularly susceptible to super-
stimulation (Ryan 1990), cultural transmission may provide op-
portunities for sensory exploitation (Rice & Holland 1997). Ani-
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mals likely filter information that is designed to cause them to de-
viate from their optimum behaviour.

The “cultural hitchhiking” hypothesis (Whitehead 1998) en-
dorsed by R&W may be bolstered by a genomic conflict ap-
proach. Any heritable unit (mtDNA or cultural information)
transmitted with high fidelity from mother to daughter can lead
to tight social networks due to high maternal relatedness. Relat-
edness asymmetries, genomic imprinting, and paternity are fac-
tors favouring matrilineal sociality (Haig 2000). The imprinted
expression of genes predisposing cooperation are favoured when
recipients in the social group have different probabilities of shar-
ing the donor’s maternally and paternally derived alleles (Haig
2000). Under conditions of multiple paternity it is predicted that
maternal genes predispose offspring to learn from mother (verti-
cal transmission) compared to other siblings (horizontal trans-
mission). There can be inclusive fitness costs to maternal genes
that treat all information as equally reliable. Conflict over the
transmission and reception of information between (and within)
individuals is possible (Trivers 2000). For example, nonpaternally
related sibs could encourage behaviours costly to the learner or
discourage behaviours detrimental to the “teacher.” This places a
premium on the reliability of information, and maternal genes
may benefit from suppressing misleading information transmit-
ted between sibs.

When there is male-biased dispersal, as in sperm whales Phy-
seter macrocephalus (Lyrholm et al. 1999), sibling paternal coef-
ficients of relatedness are low and the likelihood of genomic con-
flict is high (Haig 2000). Male-biased dispersal creates groups
bounded by matrilineal kinship bonds. The degree of patrilineal
kinship will depend upon the mating system (e.g., number of
sperm donors). Even when males do not disperse, as seen in killer
whales Orcinus orca and pilot whales Globicephala melas (Con-
nor et al. 1998), it is possible that females mate multiply, given the
molecular evidence for multiple paternity in humpback whales
Megaptera novaengliae (Clapham & Palsboll 1997). The evolu-
tionary predictions regarding conflicts are simple when siblings
have higher maternal than paternal relatedness. That is, maternal
information may be designed to inform maternally related kin or
suppress misleading information provided by paternal genes.
However, when one or several males dominate paternity, the
sources of conflict may change. Specifically, high coefficients of
relatedness in male sex-linked genes among daughters could also
favour tight social networks among daughters. This is because a
father’s x-linked allele is always transmitted to daughters and stays
within the group for more than one generation given male-biased
dispersal. However the probability that daughters share the x-
linked allele inherited from mother is 1/2 (the same as autosomal
genes). When homogametic (xx) offspring of a heterogametic (xy)
parent share an entire sex chromosome subject to genomic im-
printing, there should be a predisposition toward cooperation
among daughters with common paternity (Haig 2000).

Social navigation increased neocortex size in primates (Dunbar
1992) and potentially Cetacea (Connor et al. 1998). Misinforma-
tion may have selected for better filtering (Rice & Holland 1997)
and/or fine-grained kin recognition mechanisms in the neocortex.
Sperm whale maternal genes may be associated with the cross-
modal neocortical processing referred to as “echolocation im-
agery” by Roitblat et al. (1995). Oelschlager and Kemp (1998) re-
ported that there is a large proportion of auditory neocortex in
sperm whales, which may be implicated in echolocation images of
conspecifics. Maternal genes could benefit from echolocation im-
agery if it allowed for more reliable assessments of information in
an aquatic environment where visual assessments are error-prone.
“Acoustic signatures” found in sperm whale echolocation click
trains (Andre & Kamminga 2000) may be particularly salient if the
signal is an intrinsically unfalsifiable kinship marker. In conclu-
sion, genomic conflicts are potentially important for cultural stud-
ies if genomic imprinting influenced the evolution of mammalian
brain structure (Barton & Harvey 2000) designed to transmit and
acquire information.
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Individual foraging specializations
in marine mammals: Culture and ecology

Richard C. Connor

Department of Biology, University of Mass-Dartmouth, North Dartmouth, MA
02748. rconnor@umassd.edu

Abstract: Rendell and Whitehead argue persuasively that individual for-
aging specializations, if socially learned, are examples of cetacean culture.
However, they discount ecological variation experienced by individuals
within a population as a factor in such behavior. T suggest that ecological
variation may play an important role in individual foraging specializations
and describe several ecological parameters that may help us understand
the high frequency of this interesting behavior in the marine habitat.

I consider foraging specializations to be differences in the types of
food or methods used to procure food among two or more indi-
viduals that have overlapping home ranges. I am not interested in
differences attributable to age, sex, reproductive state, or cases
recorded during periods when a new behavior is spreading through
a population (although if it spreads incompletely, the result will be
individual foraging differences). Individual foraging specializa-
tions have now been described for a taxonomically diverse sample
of marine mammals including bottlenose dolphins, sea otters,
seals, and minke whales (Connor et al. 2000; Harwood 1990;
Hoelzel et al. 1989; Riedman & Estes 1990; Smolker et al. 1997).
Marine mammals may exceed their terrestrial counterparts in this
regard.

At least four distinctive foraging specializations have been ob-
served in Shark Bay, Western Australia. (1) “Sponge-carrying” is
performed by a minority of females in §—10 m channels (Smolker
etal. 1997). Wearing cone-shaped sponges over their rostra, these
females engage in otherwise typical behavior associated with for-
aging in deeper water, arching their peduncles, or lifting their
flukes out of the water as they dive toward the bottom. The dura-
tion of sponge-carrying and observations of females with sponges
near the bottom suggests that the sponge may protect the rostrum
from abrasion during benthic feeding (Smolker et al. 1997). The
same females have been observed carrying sponges for over 10
years. (2) “Kerplunking” occurs over shallow offshore seagrass
beds (1.5-2.5 m). Individuals lift their peduncle high into the air
before bringing their flukes down at a steep angle with respect to
the water surface, driving their flukes into the water (Connor et
al. 2000). The resultant cavitation produces a 3—4 m high vertical
splash and accompanying pulsive sound that is thought to startle
prey hiding in the seagrass. Kerplunking appears common on off-
shore seagrass beds east and northeast of but not in our core study
area of 130 km? where we observed kerplunking only twice in 10
years. Seagrass beds in our core study area are not as extensive but
appear otherwise similar, and we have extensive observations of
dolphins foraging on them. (3) At the tip of Peron Penninsula in
Shark Bay, there is an unusually steep beach with deep water ac-
cess where a few female dolphins “hydroplane” in extremely shal-
low water and even beach themselves in pursuit of fish (Berggren
1995). As in the case of sponge-carrying, beaching appears re-
stricted to a few females, and may be passed on to their calves.

(4) Associating male alliances in Shark Bay may have different
favored foraging habitats (Connor, unpublished data). One al-
liance foraged preferentially in shallows, while two alliances they
associated with preferred to forage in deeper water in the embay-
ment plain.

Each of the four patterns described above is limited to a par-

BEHAVIORAL AND BRAIN SCIENCES (2001) 24:2 329


https://doi.org/10.1017/S0140525X01433966

Commentary/Rendell & Whitehead: Culture in whales and dolphins

ticular habitat type; sponging in deeper channels, kerplunking in
shallow offshore flats, beaching on the beach at the top of the
peninsula, and male alliance foraging in shallows or the embay-
ment plain. It is also worth emphasizing that while some of these
specializations may be limited largely to one sex, they are not gen-
eral to members of that sex. Thus sponging may be a mostly fe-
male activity, but most females do not carry sponges.

What kind of model might help us understand the adaptive ba-
sis of Shark Bay foraging specializations? I suggest that social po-
sition, physical condition, and ecology might play a role. One
sponge carrier is missing half her fluke but other spongers have no
such handicaps so physical condition seems insufficient as a gen-
eral explanation (Smolker et al. 1997). We do not know the degree
to which individuals are excluded from particular foraging areas
by rivals, but the importance of feeding competition in other
mammals suggests that this possibility should not be neglected in
dolphins. Rendell and Whithead (R&W) suggest that because “all
members of the population experience the same mixed habitat,”
“ecological explanations for this variation can be discounted.”
While a dolphin’s home and day range will be closely related to
their foraging strategies it is also a certainty that the natal ranges
of dolphins do not contain equal amounts of the different habitat
types in Shark Bay. The most obvious example is the beach favored
by the beaching dolphins. No such beach is within the home range
of most dolphins in the study. It is also clear that the ranges of dol-
phins in our study differ significantly in the extent to which they
contain offshore seagrass beds, embayment plains, or channels.
Thus, the profitability of a particular foraging specialization will
depend on the extent of the concomitant habitat type in a dolphin’s
range and that will differ to some degree for most dolphins whose
ranges do not overlap exactly.

If the behaviors are socially learned, then the profitability of
learning particular foraging strategies will be influenced by the
available models from which the offspring can learn (e.g., what
mom does) and the proportion of habitat types in the offspring’s
range. While one of these influences (learning models) might out-
weigh the other (habitat types) it would be wise to maintain both
in our working model until the data tell us otherwise.

This conclusion is relevant for the broader consideration of
what amounts to culture in cetaceans. I suggest that, in keeping
with the actual definition of culture used by Rendell and White-
head, the only important question is whether the behavior is
learned socially. While rendering this question a more difficult
one, ecological overlap is not incompatible with the definition of
culture as are genetic differences or individual learning,

What ecological conditions might favor specialization in marine
compared to terrestrial habitats? In hopes of furthering research
into this question, I offer several possibilities.

Prey diversity. Marine mammals may enjoy greater diversity in
prey and habitat types per unit area compared to their terrestrial
counterparts.

Prey biomass. A higher standing biomass and replacement rate
would allow marine mammals to meet daily foraging requirements
on fewer species.

Practice rewards. Animals may be more likely to specialize in
cases where practice of particular foraging methods leads to
greater foraging efficiency. Shellfish must be extracted, and fish
may have a variety of hiding places and escape responses that must
be overcome. It is also possible that the number of foraging tech-
niques required increases with the number of prey species faster
in marine than in terrestrial habitats.

Mobility. Dolphins enjoy relatively lower travel costs than do
the terrestrial mammals. Thus, for the same energetic cost, dol-
phins can range over a larger area that, if other factors are equal,
contains more prey biomass than is found in the ranges of their
terrestrial counterparts. The same dolphins could then meet their
energetic needs from fewer species and thus specialization would
be more affordable.

Seasonality. R&W relate the overall importance of culture in
cetaceans to environmental variation over large temporal and spa-
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tial scales. I suggest that short term stability may be key to under-
standing the frequency of individual foraging specializations in the
marine habitat. Reduced seasonality should translate into more
dependable food sources upon which one can afford to specialize.

Validating cultural transmission in cetaceans

Rachel L. Day, Jeremy R. Kendal, and Kevin N. Laland
Sub-Department of Animal Behaviour, University of Cambridge, Madingley,
CB3 8AA, United Kingdom. rd245@cus.cam.ac.uk
www.zoo.cam.ac.uk/zoostaff/laland/seal/rd/day.html

Abstract: The evidence of high cognitive abilities in cetaceans does not
stand up to close scrutiny under the standards established by laboratory
researchers. This is likely to lead to a sterile debate between laboratory and
field researchers unless fresh ways of taking the debate forward are found.
A few suggestions as to how to do this are proposed.

As the evidence presented for culture in Cetaceans is largely a
byproduct of other behavioural studies, we welcome Rendell and
Whitehead’s synthesis which rightly highlights the fact that whales
and dolphins have been neglected by those studying animal social
learning.

Psychological mechanisms and cognitive ability. Rendell and
Whitehead (R&W) begin by stressing the virtues of a broad defi-
nition of culture that is not anthropocentric in restricting culture
to that achieved through imitation and teaching. It is paradoxical
then that they should devote much of their article to citing sup-
posed examples of imitation and teaching in order to make a num-
ber of bold claims about the psychological capabilities of whales
and dolphins. It is quite clear that many of these do not stand up
to close scrutiny. For instance, the authors assert that according to
accepted definitions, killer whales teach. Yet Caro and Hauser
(1992), the only source they cite on the topic, clearly state that
teaching cannot be inferred in an animal unless there is evidence
that the “teacher” adjusts its behaviour and the “pupil” learns
something as a consequence, and their example provides evidence
for neither.

In addition the majority of the proposed evidence of imitation
in cetaceans constitutes vocal learning. In fact vocal imitation is
likely to be cognitively less complex than motor imitation (Thorpe
1961) as all animals are able to compare directly the sounds they
produce to those produced by another. In the case of motor imi-
tation, in contrast, there is generally no such process enabling a
perceptual match between the observer’s behaviour and that of
the demonstrator. Contrary to the opinion of R&W the vocal im-
itation qualities of cetaceans do not provide evidence for any more
cognitive sophistication or complexity of culture than that found
in birds.

The high fidelity of cetacean cultures is regarded by the authors
as unique and held up as further evidence of imitation and high
cognitive ability. However, the widely held belief that imitation is
correlated with high copying fidelity remains unproven and sev-
eral nonhuman species have traditions over many generations
without imitation. Consider for example, the highly stable tradi-
tion of milk-bottle opening of British birds which has been main-
tained since the 1930s (Fisher & Hinde 1949; Sherry & Galef
1990). Fidelity reveals nothing about cognitive capacity in the ab-
sence of knowledge of what exactly is being learned. Is it the mo-
tor pattern (imitation), the sub-goals of an action (programme
level imitation), the ultimate goal (goal emulation), or learning
about the features of the environment (stimulus enhancement)?
It is the answer to this question that has implications for the cog-
nitive abilities that may be inferred from such traditions and which
determines whether R&W are justified in their claims of higher
cognitive capacities in cetaceans. Yet if R&W’s goal is truly to de-
velop a nonanthropocentric approach to the study of cetacean cul-
ture then it does not matter whether whales and dolphins imitate
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or not. They would seem to be judging their study species ac-
cording to the anthropocentric standards that they reject.

Much of the evidence for cetacean culture cited by R&W as-
sumes that increasing incidence of behaviour implies that indi-
viduals have learned the trait. However, it is not necessary for all
individuals in the population to learn a context-dependent, novel
behaviour, for it to appear to increase in frequency in a popula-
tion. For example, whilst some animals may learn to perform a be-
haviour in a particular environmental context, others may perform
the same behaviour by schooling, response facilitation or through
social facilitation, without having learned anything. Furthermore,
in a spatially changing environment the phenotypic distribution
may alter through unlearned developmental processes. Thus, one
would observe apparent diffusion that is in fact entirely unlearned.
Moreover, contrary to R&W’s statement it is quite possible for
noncultural behavioural traits to change in frequency rapidly if the
variation strongly affects survivorship. Conversely, the expression
of many selectively advantageous cultural traits will be strongly
correlated with environmental resources. If the existence of cul-
ture can only be inferred by the independence of cultural traits
and environmental factors then the incidence of culture is likely
to be widely underestimated. Therefore the processes that R&W
document are likely to be a misleading reflection of the extent of
the cultural attributes of the animals concerned. While this is true
for all taxonomic groups and not just cetaceans, the difficulties of
observing cetaceans make this issue particularly problematic.

A way forward? We see little virtue in another polarised debate
in which field researchers are willing to accept evidence for ad-
vanced cognitive processes in their animals that does not satisfy
more exacting standards of experimentalists. The way past this
impasse is by attempting to develop new methods for drawing in-
ferences from field data. One avenue that we are currently ex-
ploring is whether it is possible to use the shape of a diffusion
curve to infer something about the processes that led to the spread
of the novel behaviour. This is likely to be considerably more com-
plicated than the prevailing dogma that accelerating curves imply
social learning, which is based on an inadequate theoretical foun-
dation. Our analyses have found a number of scenarios in which
asocial learning could generate acceleratory and sigmoidal pat-
terns. For instance, a normal distribution in time to learn asocially
would generate a sigmoidal cumulative pattern of diffusion.
Nonetheless, preliminary findings suggest that it may shortly be
possible to make probabilistic statements giving estimates of the
likelihood that data described by particular mathematical func-
tions were generated by social or asocial processes, and draw other
inferences concerning the underlying processes.

A second approach would be to devise experimental methods
that are indicative of social learning processes, but require only a
single individual or a small number of captive animals. One
promising line is the do-as-I-do procedure developed by Hayes
and Hayes (see Whiten & Custance 1996). A second could emerge
from the Bowles et al. (1988) report that a killer whale calf’s vocal
output was dominated by the one call that distinguished its
mother’s repertoire from that of a female companion. The appro-
priately timed introduction of an additional female with a reper-
toire that overlapped with the mother’s in a different fashion
would be sufficient to distinguish vocal imitation from alternative
explanations. We urge R&W to give some thought as to whether
cetacean researchers could devise a battery of such tests, to satisfy
the sceptics.

Finally, the authors™ account of the evolution of cetacean cul-
ture stresses that there are likely to be interesting interactions be-
tween migration and culture. We agree with this general perspec-
tive, and suggest a complimentary line of reasoning, developed
more extensively elsewhere (see Laland et al. 2000 sect. 2.1.3).
Through their activities and movements, countless organisms
modify their selective environments, that is they engage in niche
construction. Among both cetaceans and hominids their niche
construction has generated selection that favoured cultural trans-
mission. This has occurred because their movements (relocational
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niche construction) and, for hominids, their construction of arte-
facts and other environmental components (perturbational niche
construction) damps out significant variation in their environ-
ments. This means that parent and offspring experience similar
environments (e.g., similar prey, predators, climates, etc.) which
results in the learned behaviour of the parents being of value to
the offspring. This niche construction (of which mobility is just
one component) can mediate cultural evolution.

Culture in cetaceans: Why put the cart
before the horse?

Bertrand L. Deputte

Station Biologique, Ethologie, Evolution, and Ecologie, CNRS, Université
de Rennes 1, 35380 Paimpont, France. deputte@univ-rennesl.fr

Abstract: Twisting definitions of a concept to serve one’s purposes is rarely
a fruitful exercise and the demonstration of culture is, necessarily, a two-
step procedure: (1) documenting a behavioral difference between popu-
lations, (2) demonstrating that this difference has spread through the
group by means of social learning. This will avoid putting the cart before
the horse.

Whiten et al. (1999) published an updated and careful examina-
tion of behavioral differences between several populations of
chimpanzees. Their organized report followed a similar endeavor
by Tomasello (1990). Both articles drew upon four decades of
careful uninterrupted or almost uninterrupted observations made
by researchers in close contact with their subjects. These field re-
ports were paralleled by five decades of experimental research on
chimpanzee cognitive capabilities. Although, in a phylogenetic
perspective, it is legitimate to study culture in chimpanzee to doc-
ument the emergence of certain human traits, primatologists have
waited all this time and accumulated all these data to present this
report which is far from being totally conclusive. Other efforts to
tackle the issue of culture in animals have been made another way
by putting the emphasis on an underlying mechanism: social
learning. Heyes and Galef (1996) published Social learning in an-
imals: The roots of culture. Although the range of studied species
was restricted to only few groups of animals (rats, primates, and
birds), chapters put an emphasis on social learning and the meth-
ods that should be used to demonstrate social learning. In addi-
tion all these species had been heavily studied both in the field and
in the lab. As honestly acknowledged by Rendell and Whitehead
in the target article, this is not, and possibly will never be, the case
for cetaceans. Instead they attempt, at any price, to document cul-
ture in cetaceans while failing to adopt the scientific rigor that
many other authors dealing with culture in animals have favored.
This makes their claim for presence of culture in cetaceans very
weak, if not fruitless. I will consider two issues: choice of the def-
inition for culture and cultural transmission within the context of
social development.

Choice of a definition. As often acknowledged, starting an arti-
cle by defining the concept under study is always a fruitful exer-
cise, immediately advertising the authors” intentions. The most
common definition of culture has two components: (1) behavioral
differences between populations, and (2) evidence that these dif-
ferences had spread within the populations by means of different
forms of “social learning,” including imitation and possibly teach-
ing (see Nishida 1986). Taken separately, each part of the defini-
tion has its own interest, but together, and only together, they
mean “culture.” In the target article while the authors considered
this two-component definition, they nevertheless favored one
component over the other one, behaving as if the two components
could be taken separately. They are victims of the “Cappuccino
syndrome”: the presence of steamed cream and coffee is neces-
sary but not sufficient, and the order in which the two components
are arranged, the cream on top of coffee makes the specificity of
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the cappuccino. Just so for the definition of culture. The “ethno-
graphic approach” that the authors favored will not provide suffi-
cient evidence to claim the presence of culture. A similar problem
exists when establishing the origin of sex differences: observing
males behaving differently from females, one could claim that it
is a sex difference, genetically determined, only if the causal link
between sex genes and the behavior is demonstrated by means of
experiments, as Bernstein (1978) suggested and Goy (e.g., 1996)
did. In humans, and in chimps to a lesser extent, the ethnographic
approach for assessing the existence of culture is acceptable only
because there is sufficient evidence that humans are capable of
every form of social learning including imitation. But even im-
plicitly, the two-component definition of cultural transmission is
always applied to humans and not overlooked.

Socialization and cultural transmission. To imply that the
spreading of a behavioral innovation occurs through social learn-
ing restricts culture to social species. Sociality is defined as a type
of gregariousness with the specific feature of an interattraction be-
tween individuals of the same species (Deputte 2000). Sociality
implies the permanence of groups of conspecifics showing a net-
work of relationships between them. As a consequence, every in-
dividual born in a social group will develop within a social context.
It has been demonstrated that the expression of species-specific
behaviors, and possibly traditions as well, developed through so-
cial interactions: the richness of an individual repertoire is a func-
tion of the size of the social network of this individual and/or the
richness of partners’ repertoires (Deputte 2000). But it would be
wrong to conclude that culture is a compulsory by-product of so-
ciality because learning within a social context is not necessarily
social learning. Social partners do represent the necessary context
for an individual to express its species-specific potentialities (cf.
isolation studies and “wild child” cases, such as Victor from Avey-
ron, in humans). But within a social context all forms of learning
co-exist including individual forms, trial-and-error, associative
learning . .. and social ones, like observational learning and its
highest form: imitation. All these alternative forms of learning
have to be considered as possible before jumping to the conclu-
sion that it could only be cultural (social learning) transmission.
Observational learning and possibly imitation have to be demon-
strated in a species if one wishes to infer that they are mechanisms
of transmission of innovative behavior (see Visalberghi & Fragaszy
1990).

If scientists wish to study how animals fly they will not take the
chimpanzee as a model. If scientists wish to study how animals
walk quadrupedally they will not take the rattlesnake as a model.
If scientists wish to study culture, it is better to select social species
where social learning has been demonstrated than many species
of cetaceans for which the relevant data do not exist. There is no
need to speculate desperately before these data become available.
Let us put the horse before the cart.

So how do they do it?

R. I. M. Dunbar

Evolutionary Psychology Research Group School of Biological Sciences,
University of Liverpool, Liverpool L69 3GS, United Kingdom. rimd@liv.ac.uk
www.liv.ac.uk/www/evolpsyc/main.html

Abstract: While the evidence that cetaceans exhibit behaviours that are
every bit as cultural as those recognised in chimpanzees is unequivocal, I
argue that it is unlikely that either taxon has the social cognitive mecha-
nisms required to underpin the more advanced forms of culture charac-
teristic of humans (namely those that depend on shared meaning).

Rendell and Whitehead provide a convincing case for the claim
that whatever it is that can be classed as culture in primates (no-
tably great apes) must necessarily apply to cetaceans. They are
right to draw attention to the fact that observationalists (mainly
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ethologically-oriented field workers) and experimentalists (mainly
laboratory-based comparative psychologists) disagree fundamen-
tally about what evidence they are prepared to accept for the ex-
istence of cultural behaviour. Indeed, humans would often fail the
rather stringent criteria demanded by the comparative psycholo-
gists. The situation is an unsatisfactory one and urgently needs to
be resolved in the interest of progress.

However, the roots of this dispute raise an interesting issue. If
cetaceans do aspire to phenomena that we would be willing to call
cultural in higher primates, what does this tell us about the cog-
nitive mechanisms involved? Does dolphin cultural behaviour in-
volve the same kinds of cognitive processes, supported by the
same kinds of neurological mechanisms, as chimpanzee (and ulti-
mately human) cultural behaviour?

The neuroanatomical evidence would initially incline us to an-
swer “no,” because dolphin brains (at least) are organised rather
differently to primate brains: the dolphin neocortex is thinner and
lacks some of the cellular layers present in primate neocortex
(Morgane & Jacobs 1972). Nonetheless, it is perhaps possible that
similar cognitive functions can be supported by somewhat differ-
ent neurological mechanisms. What cognitive functions might be
required? Social (imitative) learning must be one of these, but one
suspects this is not a particularly advanced phenomenon, since
there is good experimental evidence that even the lowly rat can
manage this kind of transmission (Heyes 1994b; Laland & Plotkin
1992). Even though social learning must be important as the
mechanism of inheritance for cultural phenomena even in hu-
mans, it is difficult to see how it can stand as the critical marker
for true cultural behaviour.

A more plausible suggestion, perhaps, is that cultural behaviour
depends on advanced social cognitive functions. At least in hu-
mans, adoption of cultural practices or beliefs often seems to de-
pend on an implicit recognition that the cultural item has social
significance. Cultural practices commonly identify us as belong-
ing to some small subset of the population as a whole: cultural
practices (including such phenomena as dialects) are badges of
group identity (Nettle & Dunbar 1997). Such a definition of cul-
ture would lead us perhaps to look for evidence for mechanisms
like secondary representation and meta-representation (or the-
ory-of mind, ToM), and for behaviours like teaching that depend
on these more advanced social cognitive processes.

I cannot speak for the latter (although claims of teaching have
certainly been made in respect of chimpanzees). However, I can
comment on the question of social cognitive processes like theory-
of-mind, since in my lab we have attempted to test both chim-
panzees and dolphins for ToM using the standard kinds of false
belief task that developmental psychologists have identified as the
crucial marker. The chimpanzees showed modest performance on
such tasks (at least insofar as they significantly out-performed
autistic humans), but their level of achievement was roughly
equivalent to 3—4 year old children (Dunbar 2000; O’Connell
1996). However, subsequent tests failed to replicate even these re-
sults (Call & Tomasello 1999).

The initial tests of dolphins on false belief tasks looked promis-
ing, with the dolphins succeeding on a task that chimpanzees
failed but children passed easily. However, there remain some
questions about uncontrolled cuing in the experimental design
that have yet to be fully resolved. A subsequent attempt to repli-
cate these results in a different population (which controlled for
at least three key sources of confound) produced negative results.

If we take these results at face value, we might be inclined to
conclude that both taxa can aspire to something analogous to the
kinds of secondary representation achieved by 3—4 year old chil-
dren (i.e., those who are beginning to be able to use belief-desire
psychology successfully in inferring simple mental states, but who
have yet to develop the more sophisticated ability to understand
the complexities of another’s mind that is deemed to be charac-
teristic of older children and normal adults). But, on present evi-
dence, it seems unlikely that either taxa can aspire to full blown
theory-of-mind (second order intentionality) and the prospect
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that either could run the more advanced levels of intentionality
habitually exhibited by adult humans (on current evidence, fourth
order intentionality: Kinderman et al. 1998) seems remote.

Without at least second order intentionality, it seems unlikely
that either taxon could ever aspire to full human-like language,
since the real cognitive burden of language probably lies in the
mind-reading that listeners have to do in order to fathom out just
what speakers mean rather than in the neural costs of syntax. It is
even possible that full blown language depends on higher orders
of intentionality beyond formal ToM.

More importantly, if human culture in its fullest sense does de-
pend on shared meanings in a mental world, then it seems unlikely
to me that either of these taxa could ever aspire to the levels of
culture that we see in humans: these kinds of shared meanings of-
ten reflect metaphysical rather than superficial descriptions of the
world, and this surely necessitates at the very least second (possi-
bly third?) order intentionality because the individual has to be
able to divorce itself from the immediacies of the world as expe-
rienced in order to be able to imagine that the world could be
other than it is. In a word, it may be that only humans will ever as-
pire to religion and literature, because only humans have the re-
quired depth of reflexiveness that is necessary to make either of
these things possible.

This is not to decry the evidence that both chimpanzees and
dolphins (and whales!) exhibit forms of behaviour that we should
recognise as cultural in its truest sense. But it is to suggest, per-
haps, that there are levels of culturalness, and that the evidence so
far suggests that perhaps only humans aspire to these more ad-
vanced forms.

Cetaecean culture:
Philosophical implications

Michael Allen Fox

Department of Philosophy, Queen’s University, Kingston, Ontario K7L 3N6,
Canada. maf@post.queensu.ca

Abstract: Culture among cetaeceans has important philosophical impli-
cations. Three receive attention here. First, these animals are more like
humans than we had previously thought. Even so, we must affirm and re-
spect their otherness. Second, only a fresh approach to research makes this
kind of information available. Third, whales and dolphins should now be
included with us in an extended moral community.

What if whales and dolphins had their own recognizable culture,
as determined in accordance with a commonly acknowledged set
of criteria for culture? What if they proved to be among those non-
human animals (possibly including the great apes, elephants, and
other species) of which this could be said? What would be the im-
plications for human beings, and more specifically for our treat-
ment of cetaeceans? These are the kinds of questions that must be
faced in light of the research done by Rendell and Whitehead
(R&W), and reported in this journal. The conclusion drawn by
R&W seems indisputable, based on a wealth of empirical data
and cautiously worded inferences: whales and dolphins live and
develop within their own unique species-specific, even group-
specific cultural contexts.

What should we make of these findings? What do these strange
facts mean to the scientist and nonscientist alike? To begin with,
let us observe that perhaps they are not all that strange, and we
shouldn’t be too surprised. The idea has been around for decades,
if not longer, that dolphins not only have culture but also philoso-
phies, perhaps even metaphysical theories and forms of spiritual-
ity far in advance of our own (Lilly 1975). This may have been wild
fantasy or at best science fiction in the opinion of many. Nonethe-
less, while the truth may not turn out to be so glorious or dramatic
as this, such speculations often prepare the way for a breakthrough
in the way we see and think about things. Even apart from this,
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however, the intelligence, curiosity, complex communication, and
other humanlike qualities of some cetaeceans have been well es-
tablished both anecdotally and experimentally.

The major challenge is how we might best create a mental space
in our outlook on nature that will accommodate cetaecean culture.
To start with, animals with culture become even more like us than
they seemed before the discovery or confirmation of this dimen-
sion of their existence. And they become less like beings whose
behaviours are instinctually or genetically preprogrammed. This
“becoming,” of course, signifies a change that takes place in our
perception, in our heads, not in their mode of existence, which re-
mains what it always has been and which we have merely learned
to decipher to a certain extent. We may be contemplating the ob-
vious here, but it deserves saying nonetheless, for humans are
used to evaluating animals in relation to how well the latter mea-
sure up to some human norm of ability or attainment. Well, it ap-
pears that whales and dolphins have, in any event, done this once
again. But can we see beyond this limited perspective? Can we ap-
preciate them in their own right as cultural beings? Let us hope
so0. We cannot expect that we shall be able to escape entirely from
our anthropocentric locus of evaluation, however, since all defini-
tions of culture are bound to be drawn in the first instance from
human contexts. Yet even if this be true, we can understand and
value what (for want of a better term) we may call “alien cultures”
for their own sake — as having a point and purpose that is in no way
instrumentally important to, or dependent upon, us and our
parochial interests and needs. Such cultures of otherness flourish
according to their own rhythms which we cannot merely assimi-
late to our own, no matter how hard we try. And for this reason,
many of the practices that constitute them may be and remain in-
commensurable in relation to our understanding of the workings
of our own culture and cultures similar to ours.

There are clear epistemological implications of the R&W re-
search. First, as they assert, controlled experiments are out of the
question by virtue of being both unmanageable and counterpro-
ductive. Therefore, a choice has to be confronted of either closing
down access to research in this area, and hence meaningful dis-
cussion in regard to the possibility of cetaecean culture, or else ac-
cepting that the issue can be explored as best we can only within
avast natural marine environment. It takes a bold and imaginative
investigative strategy to surmount this problem, which these au-
thors have demonstrated. The data are out there, and it is we who
must seek a way of gathering and processing them that will enable
knowledge to be gained, rather than invoke a standard of certainty,
a skeptical barrier, that prevents us from seeing something new.
Second, R&W reach their conclusion by eliminating alternative
hypotheses, leaving their own as the most plausible alternative.
This is not an eccentric procedure, but rather one which fits the
domain of data with which they are working and which reflects the
pragmatic decision (just described) to pursue such studies along
the best available avenue. Furthermore, the procedure is one that
is (or ought to be) followed in other areas of science where con-
trolled experiments are simply not on (one thinks here of cosmol-
ogy or theories about the origin of life, for example).

Finally, there are ethical implications to be considered. Perhaps
a minimal starting-point here is to affirm the principles first pro-
mulgated by Paola Cavalieri and Peter Singer in framing A dec-
laration on Great Apes (Cavalieri & Singer 1993). Chimpanzees,
gorillas, and orang-utans — also animals with cultures of their own
— share with humans a common extended moral community, and
this entails that each member has three basic rights: to life, indi-
vidual liberty, and freedom from torture. I submit that we are now
at the point, owing to the findings of scientists like R&W, where
dolphins and whales should be seen as entitled to their own “Dec-
laration” affording the same guarantees. If such basic moral rights
were also reaffirmed by law, cetaeceans would then receive sanc-
tioned protection from hunting, captivity, wounding, habitat threats,
or invasive experimentation. This would be an enormous step for-
ward — not only for cetaeceans but also for human moral evolu-
tion.
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With respect to how we ought to treat whales and dolphins, the
handwriting has been on the wall, or shall we say on the waves, for
some time now. But research aimed at bringing their cultural lives
into focus seems to clinch the matter, so far as fundamental moral
obligations are concerned. Like the great apes, we owe these mag-
nificent sea-dwelling creatures something, if only the right to sur-
vive and flourish free from human interference (Fox 1996).

R&W deserve our thanks for their careful and objective inves-
tigations. What the rest of us have to decide is whether we are
ready for the new world of interspecies communication, empathy,
and responsibility that is now dawning on the horizon of human

knowledge.

Communicative cultures in cetaceans:
Big questions are unanswered,
functional analyses are needed

Todd M. Freeberg

Departments of Audiology and Speech Sciences, and Biological
Sciences,Purdue University, West Lafayette, IN 47907.
freeberg@bilbo.bio.purdue.edu

Abstract: Demonstrating cetacean communicative cultures requires doc-
umenting vocal differences among conspecific groups that are socially
learned and stable across generations. Evidence to date does not provide
strong scientific support for culture in cetacean vocal systems. Further,
functional analyses with playbacks are needed to determine whether ob-
served group differences in vocalizations are meaningful to the animals
themselves.

Rendell and Whitehead (R&W)provide an important and timely
review of studies suggesting culture-like processes acting on
cetacean behavioral systems. The question of whether culture
might influence behavioral variation in nonhuman animals offers
an exciting, theoretically powerful area of current research. Inter-
pretations of work in this area depend largely on one’s view of “cul-
ture.” For some, culture represents behavioral variants not attrib-
utable to genes, the physical environment, or individual learning
— in other words, variants due to social learning. For others, imi-
tation and teaching are the social learning processes required for
behavioral variants to represent culture (Galef 1992). R&W take
the former view. While this more liberal view is problematic (see
Galef 1992), I accept it for the present purposes and instead focus
on whether current evidence supports the authors’ views. In par-
ticular, a major branch of the authors” argument is that systems of
cetacean vocal communication represent culture. I argue that the
scientific evidence does not support this view firmly enough.
Cetacean vocal traditions probably fit the liberal definition of cul-
ture, but probably is not a particularly satisfying scientific answer.
Much more work is needed.

Whether systems of behavior are culturally transmitted across
generations is the question of utmost interest from an evolution-
ary perspective in studies of culture. To demonstrate cultural
transmission of vocal systems experimentally, certain criteria need
to be met (Freeberg 2000). Vocal traditions must be characteris-
tic of groups, must be socially learned, and must be fairly stable
across generations. With most cetaceans, as R&W point out, test-
ing cultural processes experimentally is simply not possible. How-
ever, ethnographic approaches can provide answers.

Here I focus on how well the peer-reviewed journal literature
supports the authors” assertions that cetacean vocal traditions rep-
resent culture. The calls of killer whales provide arguably the
strongest data: there are group differences, the differences are
probably due to social learning, and they appear stable across sev-
eral years (Ford 1991; Stranger 1995). One way of demonstrating
social transmission of vocalizations would be to show that calls are
indeed transmitted across generations matrilineally. Thus, an in-
dividual’s call types should be more like its maternal grand-
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mother’s than its paternal grandmother’s (the reverse of paternal-
line transmission in Darwin’s finches — Grant & Grant 1996).

For sperm whales, statements similar to those made for killer
whales above could be made, though perhaps less strongly (Weil-
gart & Whitehead 1997). However, as stated by R&W, “sperm
whale groups are not themselves particularly stable, often con-
sisting of two or more largely matrilineal units which swim to-
gether for periods of days.” In the avian species the black-capped
chickadee (Poecile atricapillus) flocks show group-distinguishing
calls, but because chickadee flocks are stable for only several
months the authors argue they “do not support persistent cul-
tures.” One wonders how the authors can argue, though they do,
that the day-to-day groups of sperm whales can therefore support
persistent cultures.

The evidence for song as culture in humpback whales seems the
most difficult to interpret. There probably are worldwide group
differences, although to my knowledge no systematic comparison
of such large-scale group differences in humpback song exists.
Songs are likely socially transmitted, with all group members shar-
ing the same song type during a year (Payne & Payne 1985).
Across years, however, the songs show progressive change to such
an extent that after several years, little if any of the original song
components remain. Thus, there is little documented evidence of
group differences maintained across generations, a necessary cri-
terion for vocal systems to represent culture.

One problem facing the interpretations one can make from
much of this work is whether the vocalizations purported to be
characteristic of the group are, in fact, representative of all the
members or just one or two members. For culture this concern is
fundamental, as reported “group” differences may be nothing
more than individual differences. The question is, how do we
know the entire group has been recorded, and not just one or two
particularly vocal individuals? For humpback whales, no informa-
tion on the extent of group sampling is provided. For sperm
whales, individuals can be successfully tracked and recorded, us-
ing a calibrated three-microphone array (Watkins & Schevill
1977). In the sperm whale studies suggesting click coda differ-
ences by group, however, this recording methodology was not
used, so determining how many individuals were sampled per
group seems problematic. Weilgart and Whitehead (1993) report
sampling different individuals, but do not indicate how that was
known. For killer whales, largely from evidence with captive ani-
mals, the data supporting group sampling are stronger (Ford
1989), but one would still like better indication that groups in the
wild are being sampled sufficiently.

Perhaps the major missing piece of information for the cetacean
work suggesting communicative cultures is that, to my knowledge,
there have been no functional tests of vocal differences. (This
problem is not faced solely by cetacean researchers, as there have
long been similar critiques of studies of song dialects in birds.) To
determine whether vocal differences are functional differences,
playback studies are needed. With fine-scale acoustic analyses of
calls, click codas, and songs, researchers demonstrate that vocal-
izations of groups differ, but it is not known whether the whales
themselves make those group-level distinctions. Just because we
can measure differences does not mean the animals perceive or
care about those differences. If one recorded the speech patterns
of individuals from Fifth Street of some city and compared them
to the speech patterns of individuals from Sixth Street of that city,
a detailed acoustic analysis would likely find group differences —
differences that might mean nothing to those individuals. The
point is, we will not know whether observed vocal differences do
mean anything — whether they represent meaningful cultural vari-
ants — unless we functionally analyze the vocalizations with play-
backs, letting the animals themselves answer the question of com-
municative cultures.
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Where's the beef? Evidence of culture,
imitation, and teaching, in cetaceans?

Bennett G. Galef, Jr.

Department of Psychology, McMaster University, Hamilton,L8S 4K, Ontario,
Canada. galef@mcmaster.ca

Abstract: Vocal imitation does not imply an ability to imitate nonvocal mo-
tor patterns. Exponential growth in frequency of a behaviour in a popula-
tion does not imply diffusion by social learning. Distinguishing analogues
from homologues of human culture will avoid confusion in discussion of evo-
lution of culture. Original sources do not demonstrate social learning, imi-
tation, or teaching of intentional beaching or lobtail feeding in cetaceans.

Below, I address very briefly three aspects of the target article. I
apologize for the uncompromising exposition, which surely fails to
do justice to the complexity of issues raised.

First, for at least 100 years it has been acknowledged that it can-
not be inferred from evidence of vocal imitation in a species that
species members imitate motor acts other than vocalizations.
Consequently, the implication in the target article that, because
cetaceans have vocal traditions, they can learn other motor acts by
imitation, is not convincing.

Second, in the target article, culture is defined to include cases
where local enhancement supports transmission of behaviour.
On such a definition, problem-solving guppies (Reader & Laland
1999) are bearers of culture. Of course, culture can be defined
many ways, but there are differences between, for example, guppy
aggregations and classic French cuisine that should probably be ac-
knowledged in discussing “culture.” Often, group-specific behav-
iours in animals are analogues, rather than homologues of human
culture. Analogues need to be distinguished from homologues
(Galef 1992; 1998a) both to focus discussion of the evolution of cul-
ture on relevant examples and to avoid misleading the uninitiated
by using a word in common usage in an unusual way.

Third, I agree that “patterns of behavioral variation in time and
space, which cannot be explained by environmental or genetic fac-
tors” (target article) suggest culture. However, I am not comfort-
able with the rich interpretation of selected data apparently re-
quired to attribute teaching, imitation, ratchetting, and culture to
cetaceans.

Questions that need to be answered are: (1) Do subpopulations
of a species differ in their behaviour? [In cetaceans, the answer is
clearly, yes.] (2) Do such differences in behavior reflect social
learning of some kind? [In cetaceans, in some cases, the answer is,
probably yes], and (3) What kind of social learning is involved? [In
cetaceans, the answer seems to be, we do not know]. Only after
such questions are answered, can it be decided whether observed
variation is analogous or homologous with human culture.

Because space is limited, I discuss just the two observations of
variation in cetacean behaviour on which the target article depends
most heavily in making the case that cetaceans have culture in do-
mains other than the vocal: that is, lobtail feeding by humpback
whales and intentional beaching by killer whales. To put those two
examples in context, however, R&W?’s Table 3 lists 16 cases of ob-
served behavioural variation among cetacean populations. In none
of the 16 do the authors consider it likely that ecological or genetic
variation produces behavioural variation.

Humpback whales. First, I quote from the paper (Weinrich et
al. 1992) used in the target article to support the conclusion that
ecological changes are unlikely to account for spread of lobtail feed-
ing in humpback whales.

A major change in diet did occur for New England humpback whales im-

mediately prior to the onset of our study. . . . When this shift occurred,

sand lance became increasingly important in the diet of humpback
whales. . . . sand lance . . . would react to external stimuli by clumping

more readily than the larger, stronger herring (Pitcher & Wyche 1983),

possibly favouring use of a disturbance such as that created by a lobtail

... the increase of sand lance in dietary importance immediately prior to

the onset of this study may have encouraged development of a new, effi-

https://doi.org/10.1017/50140525X01433966 Published online by Cambridge University Press

cient manner of exploiting that prey particularly among younger animals.
(Weinrich et al. 1992, p. 1070)

I do not see this discussion as consistent with the assertion in
the target article that ecological variables are unlikely to be im-
portant in diffusion of lobtail feeding. Further, there can be no ev-
idence of “ratcheting” here, as bubble feeding, the basis of lobtail
feeding, is not socially learned.

Second, the data in R&W'’s Figure 1, though consistent with the
hypothesis that lobtail feeding was socially transmitted, is of lim-
ited value. Although an exponential equation provides the best fit
for the data, it is a very poor fit indeed for years 1 to 7. More im-
portant, exponential increase in the number of animals exhibiting
a behaviour can result if animals show a normal distribution in la-
tencies to learn a behaviour individually. Consequently, exponen-
tial growth of frequency of a behaviour in a population does not
demonstrate social learning of that behaviour.

Killer whales. The target article depends heavily on the obser-
vations of Guinet and Bouvier (1995) to show that: (1) young killer
whales learn to beach by imitating adults and (2) adults actively
teach their young to beach. For example, the authors of the tar-
get article assert “the behaviour of A5’s mother seems to have en-
abled her calf to learn the hunting technique at least one year ear-
lier than A4” (target article). However, the relative ages of A4 and
A5 are not known with any certainty [“Both calves were first ob-
served in 1986 . . . According to the linear regressions obtained for
the two calves, and based on an average birth length of 2.36 me-
ters . . . we estimate A4 was born in 1984, while A5 was probably
born in 1985” (Guinet & Bouvier 1995, p. 29)]. Further, Hoelzel
(1991) has reported greater success by a female (A1) when hunt-
ing in the surf zone with a single juvenile, than when hunting
alone.

Yes, swimming into shallow water endangers young whales, and
yes, adults do engage in activities which sometimes facilitate
stranded pups’ return to deep water. However, to suggest that this
is evidence of teaching is misleading. Surely, you do not teach a
child to swim by returning it to shore, should it start to drown. Life
saving provides an environment where learning can occur, but it
is not teaching.

Further, we do not even know whether juveniles are more fre-
quently in company with adults when beaching than when en-
gaged in other activities. Similarly, although adult killer whales
push young up and down the beach and throw prey around, we
have no systematic data on the frequencies with which such push-
ing and throwing increases or decreases juveniles” access to prey.

Conclusion. Rich interpretations of a subset of field observa-
tions, or for that matter of selected laboratory data, may suggest
directions for further work, but show nothing. Assertion of knowl-
edge, where no knowledge exists is as likely to prove counterpro-
ductive in the twenty-first century as it did in the nineteenth.

Do humpback whales learn socially to lobtail feed? Do killer
whales teach their young to hunt pinnepeds in shallow water? I re-
ally do not know, but then neither does anyone else.

Laboratory evidence for cultural
transmission mechanisms

Louis M. Herman and Adam A. Pack

Kewalo Basin Marine Mammal Laboratory and The Dolphin Institute,
Honolulu, HI 96814. Iherman@hawaii.edu pack@hawaii.edu

Abstract: The mechanisms for cultural transmission remain disputable
and difficult to validate through observational field studies alone. If con-
trolled experimental laboratory investigation reveals that a putative mech-
anism is demonstrable in the species under study, then inferences that the
same mechanism is operating in the field observation are strengthened.

Rendell and Whitehead (R&W) have performed a valuable ser-
vice in calling attention to the possibility of culture in cetaceans
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and by providing several lines of supporting evidence for four
cetacean species. We believe, however, that R&W’s definition of
culture requires some revision, and their view of the importance
of laboratory studies, expansion. Although noting that the process
(cultural transmission) is crucial to the understanding of the prod-
uct (culture), R&W define culture as “information or behavior ac-
quired from conspecifics through some form of social learning”
(adopted from Boyd & Richerson 1996). This definition empha-
sizes how culture is achieved rather than what culture is. Thus,
culture is not the information or behavior acquired per se, but the
product of that acquisition expressed by the members of a social
group. Culture, in turn, affects and controls behaviors of the group
members, behaviors that may extend well beyond those copied
or taught. Furthermore, as noted by Wrangham et al. (1994), cul-
ture is not an all-or-nothing phenomenon, but requires a broad
definition that encompasses “culture-like, pre-cultural, or proto-
cultural manifestations” (p. 1).

In effect, R&W use a “reverse engineering” approach, identify-
ing behaviors that appear to be common and unique to some sub-
group, and then attempting to impute social mechanisms through
which these behaviors may have been transmitted. Imitation and
teaching are identified as the prime social mechanisms, as noted
by most researchers, but R&W would like to include also other
forms of social learning, such as stimulus enhancement (an ani-
mal’s behavior is influenced by what a conspecific is attending to)
or local enhancement (an animal’s behavior is influenced by where
the conspecific is located when it is performing a behavior). How-
ever, R&W offer no examples of these mechanisms as causative
agents in any imputed cetacean cultural expression. R&W rightly
point to the importance of both controlled laboratory studies and
field studies to the understanding of culture in cetaceans. Never-
theless, in their emphasis on and zeal for the ethnographic ap-
proach, they fail to appreciate fully the important role of labora-
tory studies in verifying whether particular mechanisms may be
available to the species under study. Laboratory findings, obtained
through the rules of scientific evidence, can reveal whether dol-
phins are capable of a particular form of social learning. Positive
findings may stimulate a search for similar capabilities among wild
animals or be used with increased credibility to explain their ob-
served behaviors. For example, laboratory findings of dolphin vo-
cal mimicry (Richards et al. 1984) have impelled subsequent field
studies of vocal imitation among wild dolphins (Tyack 1986b), as
well as theories about the functional significance of such imitation
(Janik 2000). The ethnographic approach favored by the authors,
which relies primarily on observation or anecdote, cannot easily
conclude whether imitative mechanisms are involved in an ob-
served apparent cultural expression. However, the presumption
becomes stronger if there is independent compelling laboratory
evidence for imitative abilities.

What is the evidence for cetacean imitation? Actually, R&W
seem a little confused on this matter, saying within the same para-
graph “there is little concrete evidence for imitation or teaching in
cetaceans,” and then only three sentences later, they say “there is
some good evidence that cetaceans can both imitate and teach”
(sect. 2). In fact, a recent review of imitation in bottlenosed dol-
phins (Herman, in press) summarized a suite of laboratory studies,
including both previously published and unpublished materials,
demonstrating that imitative abilities in this species are far more ro-
bust than is indicated by the brief summary given by R&W. The
bottlenosed dolphin may be properly called an imitative generalist.
Its imitative abilities extend not only to vocal and motor mimicry,
including novel acts and actions on objects during motor mimicry,
but also to self-imitation, defined as the ability to copy one’s own
past behavior. Motor imitation of conspecifics as well as of human
models was reported, both for behaviors illustrated live and for be-
haviors appearing only on a television screen watched by the dol-
phin. Immediate as well as delayed imitation was demonstrated. A
key element in these studies was that in all three cases, motor-, vo-
cal-, and self-imitation, imitation was carried out by the dolphin
only if it was requested to do so through a symbolic abstract ges-
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ture given by the trainer (cf. Custance et al. 1996). Thus, the dol-
phin developed a broad concept of imitation. Inasmuch as a large
variety of behaviors were demonstrated, and these varied from trial
to trial, the dolphin had to maintain a mental representation of the
behavior performed and update that representation as each new
behavior occurred. Mental representation, as a cognitive trait, is in
keeping with other extensive advanced cognitive and communica-
tive abilities demonstrated in the bottlenosed dolphin (e.g., Her-
man et al. 1993). Cognitive traits likely working in concert with
imitation during the process of cultural transmission include atten-
tion, perception, memory, and communication. Each of these traits
has been addressed in laboratory studies with bottlenosed dolphins,
revealing their functional characteristics and competencies (e.g.,
see reviews in Herman 1986). Although laboratory studies of imi-
tation in cetaceans have been largely limited to bottlenosed dol-
phins, we would not be surprised to see similar capabilities revealed
for killer whales if tested in laboratory studies.

Still on the topic of imitation, we feel it necessary to comment on
R&W's statement that “the Grey parrot rivals the bottlenose dolphin
in social learning ability, being capable of both vocal and movement
imitation (sect. 2).” A strong distinction can be made, however, be-
tween the imitative capabilities of these two species. Whereas the
dolphin can copy many different motor behaviors in real time, the
parrot exhibits imitation of only a few motor behaviors and only
after a long “incubation” period (months or years) of having ob-
served the behavior multiple times (Moore 1992). Moreover, unlike
the case for the dolphin, there is no evidence thus far on whether
the parrot can understood motor imitation as an abstract concept.

In contrast to imitation, the data on teaching by animals (peda-
gogy) are scant and controversial (see reviews in Caro & Hauser
1992; Visalberghi & Fragasy 1996). Teaching implies an intention
to convey knowledge or skills to the pupil, and an understanding
that the pupil is deficient in those areas being taught (Cheney &
Seyfarth 1990). Under this view, teaching requires a theory of
mind, yet to be demonstrated in cetaceans or convincingly in other
animal species. The anecdotal example of an Orca mother teach-
ing beaching to her young is compelling, but we do not know
whether the stated criteria were met. The mother’s actions are de-
scribed as a series of goal-directed behaviors, but some of these
might be explained as a series of other independent mechanisms.
For example, the calf accompanying the mother on the beach
could be an imitative act, and the mother refloating the calf could
be interpreted as succorant behavior. Here, the value of controlled
laboratory studies becomes apparent again. Through such studies,
we are more likely to reach a firm conclusion as to what aspects of
pedagogy are or are not within the capabilities of a cetacean
species. A positive finding would likely motivate careful study of
wild populations for pedagogical behaviors.

Finally, we have a brief remark on song transmission in hump-
back whales. R&W, relying on work of Payne and Guinee (1983)
comparing songs in Mexico and Hawaii, state that whale songs are
virtually identical in these widely separated winter grounds and
“evolve as one” (sect. 1). However, a more recent comparison of
songs in Hawaii, Japan, and Mexico in the same year (Helweg et
al. 1990) showed three themes common across these three winter
grounds, but that other themes were either unique to a given
ground or were shared by only two of the three. Although there is
ample evidence for song convergence within a winter ground, the
more likely mechanism for similarities across grounds may not be
through the long-range SOFAR channel, as postulated by R&W,
but through singing during common migration routes (e.g.,
Clapham & Mattila 1990), singing occurring in the summer
grounds (albeit to a limited extent) (Mattila et al. 1987), and by the
same whales visiting different winter grounds in different years
(Darling & Juarasz 1983; Salden et al. 1999). Any of these mech-
anisms could initiate or produce commonalities across winter
grounds.
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Commentary/Rendell & Whitehead: Culture in whales and dolphins

The use and abuse of ethnography

Tim Ingold
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Abstract: Human beings grow into cultural knowledge, within a social and
environmental context, rather than receiving it ready made. This seems
also to be true of cetaceans. Rendell and Whitehead invoke a notion of cul-
ture long since rejected by anthropologists, and fundamentally misunder-
stand the nature of ethnography. A properly ethnographic study of
cetaceans would directly subvert their positivist methodology and reduc-
tionist assumptions.

As a nonspecialist, I find much of what Rendell and Whitehead
(R&W) have to say about the activities of cetaceans quite fasci-
nating. As a social anthropologist I have no qualms (as do many of
my colleagues) about extending approaches to cultural under-
standing developed for the study of human societies to studying
the societies of nonhuman animals. But I do object when the ap-
proach that is extended to nonhumans — in this case cetaceans —
is one that is itself based on the crude and simplistic extension of
models derived from animal behaviour studies to humans. And
when this approach is described as “ethnography,” my objection
verges on consternation.

In the perspective favoured by R&W, what they call culture is
brought in to account for the residue of behavioural variation that
cannot be attributed to ecological or genetic factors. It apparently
consists of elementary behavioural instructions, or “traits,” that
are transmitted across generations by one or another form of so-
cial learning. Admittedly, the idea that culture consists of trans-
missible particles of information, analogous to genes, once en-
joyed some currency in anthropology, and still persists in some
quarters. For the most part, however, it has been dismissed as in-
coherent, and its current resurrection within evolutionary ecology
and psychology looks decidedly anachronistic. Part of the problem
lies in the very logic by which social learning is distinguished from
individual learning. The notion of cultural transmission — and the
theories of gene-culture co-evolution that are based on it — ulti-
mately depends on this logic. But its effect is to remove the sphere
of the learner’s involvement with others from the contexts of his
of her practical engagement with the world. It is as though human
beings first received their knowledge ready-made from predeces-
sors, and subsequently imported it into the settings of practice.
By and large this is not what happens, however. Rather, novices
grow into the knowledge of their culture, within an environmen-
tal context furnished by the presence and activity of others. Judg-
ing from the evidence presented by R&W, the same may be true
of cetaceans.

Moreover, the idea that culture is a third determinant of be-
haviour, after allowance has been made for environmental and ge-
netic determinants, is perfectly absurd. Behaviour is the surface
appearance of the activity of the whole organism in its environ-
ment; it is not an effect of cultural, ecological, and genetic causes.
R&W might try applying their explanatory framework to an analy-
sis of their own scientific practice. It would not take them very far.
(If their practice were determined in this way, we would have no
cause to take their arguments seriously — they would just be prod-
ucts of their genes, their environment, and their culture.) If the
idea does not work for scientists, who are human, it should not
work for any other humans. And if it does not work for humans, 1
do not see any reason why it should work any better for nonhu-
mans.

Citing an article by Richard Wrangham and two fellow prima-
tologists (Wrangham et al. 1994), R&W tell us that their way of in-
ferring “culture” from the data of field studies may be “likened to
ethnography in the social sciences.” Wrangham et al., however, are
not social scientists, and they do not know what they are talking
about. For the best part of a century, ethnography has been the
principal research method of social and cultural anthropology, and
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has also been adopted to an increasing extent by sociologists. It
goes far beyond the mere recording of observed behaviour to
achieve an understanding that is sensitive to the intentions and
purposes of the people themselves, to their values and orienta-
tions, to their ways of perceiving, remembering, and organising
their experience, and to the contexts in which they act — all of
which add up to what anthropologists generally mean by “culture.”

What R&W call ethnography is a million miles from what
ethnographers, whether in anthropology or sociology, actually do.
This is for the simple reason that the proper conduct of ethnogra-
phy and its rationale rest on philosophical principles concern-
ing the nature of knowledge and understanding that run directly
counter to the positivist methodology and reductionist assump-
tions built into the research programme set out in this article. It
would be exciting to see a genuine ethnographic approach being
applied to research on — or rather with — nonhumans, though I am
afraid that the results of such research would likely be dismissed,
out of hand, as “unscientific” (in much the same way as has the
very extensive knowledge of animal behaviour possessed by in-
digenous people). The least one would expect of anyone consid-
ering an ethnographic study of non-humans, however, would be
that they were minimally conversant with the anthropological lit-
erature on the promises and pitfalls of the ethnographic method
as applied to humans, its epistemological underpinnings, and the
understanding of culture that it entails. To sideline this literature
altogether, as is done here, seems inexcusable.

It is sad to see such rich empirical material, about such won-
derful creatures, harnessed to such an impoverished theoretical
agenda.

Is cetacean social learning unique?

Vincent M. Janik

Sea Mammal Research Unit, School of Biology, Gatty Marine Laboratory,
University of St. Andrews, Fife KY16 8LB, United Kingdom. vi@st-and.ac.uk

Abstract: Studies on captive dolphins have shown that they are capable
of social learning. However, ethnographic data are less conclusive and
many examples given for social learning can be explained in other ways.
Before we can claim that cetacean culture is unique we need more rigor-
ous studies which are fortunately not as difficult as Rendell and Whitehead
seem to think.

A definition of culture that includes any information transmitted
through social learning is very broad. Using it, we find culture not
only in primates and cetaceans but also in other mammals (Box &
Gibson 1999), birds (Catchpole & Slater 1995), fish (Helfman &
Schultz 1984), and possibly even in cephalopods (Fiorito & Scotto
1992). However, despite the wide range of taxa that show social
learning it is interesting that cetaceans display a high degree of
versatility in social learning that is not quite as common. The best
examples come from captive studies. Bottlenose dolphins are
clearly capable of vocal learning (Richards et al. 1984) and obser-
vational data suggest that they are equally adept at copying other
motor behaviour (Bauer & Johnson 1994; Herman 1980). Such
versatility raises the question of how widely social learning is used
in less studied species of cetaceans. However, the only convincing
ethnographic evidence for social learning comes from humpback
whales using learned songs. Humpback whale song and the abili-
ties of bottlenose dolphins are impressive examples for social
learning. But does this justify concluding that social learning is
used as widely as Rendell and Whitehead (R&W) suggest? Ex-
trapolating data from a few species to all other cetaceans is not a
good approach to study culture. Currently, other explanations that
do not involve social learning are still equally likely for most ex-
amples for social learning given in the target article.

Genetic constraints. R&kW argue that group-specific behav-
ioural traits among sympatric matrilineal groups are indicative of
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