Commentary/Ramsey et al.: Animal innovation deﬁned and operationalized
conditions, and research effort. In using the dichotomous key, we
had to disregard the clear social and ecological contributions for
most foraging behaviors (Mann & Sargeant 2003; Sargeant et al.
2007) and assume no exclusively genetic causes (e.g., Krützen
et al. 2005). Six foraging behaviors ﬁt the criteria for innovation
and several were inconclusive. Using Reader & Laland’s
(2003a) deﬁnition, two behaviors would be classiﬁed as innovations: sponging and trevally hunting. Trevally hunting involves
an elaborate pursuit and processing of golden trevally ﬁsh (up to
1 m in length), and is used by one adult female (among hundreds
of dolphins observed in the population). She catches trevally
every few hours, and attracts many dolphins immediately following a catch, suggesting the availability of trevally to others. Sponging would also qualify largely because a small subset of
individuals uses this foraging method and we have traced its
development and habitat use (Mann & Sargeant 2003; Sargeant
et al. 2007). As expected, Reader and Laland’s criteria were
more conservative by identifying only relatively recent innovations of known origin.
The authors present an ambitious method for identifying novel
learned behaviors that lays the groundwork for a standardized
approach, but relevant data will likely be missing for many
species. Although the authors attempt to identify ways to study
potential innovations using more rapidly obtained cross-sectional
data, their approach requires more effort in several areas (more
sites, experimental or laboratory data) and it may still take substantial observation to determine which individuals exhibit a
behavior. Thus, it is unlikely to “save time” relative to longitudinal study. In addition, their approach does not clarify what cognitive mechanisms are involved. Detailed developmental study
on the emergence of behaviors might provide a better indication
of maturational, parental, social, ecological, and other inﬂuences
because these can be directly measured. Sample sizes are a limitation, but detailed developmental analyses can reveal processes
involved in the emergence of novel behavior for the individual
(e.g., Lonsdorf et al. 2004; Thornton & McAuliffe 2006). As
with culture, developmental data are sorely needed to help identify intrinsic and extrinsic factors that favor novel behaviors.
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Abstract: We contend that Ramsey et al.’s deﬁnition of animal innovation
sensu process may be partially misleading when investigating mechanisms
underlying animal innovation. By excluding social learning from the
“process” of innovation, they may be reproducing a dichotomous
schema that does not accurately correspond to our knowledge of the
acquisition of novel behavioral variants. This gives us some reason to
doubt the functional speciﬁcation of the deﬁned process of innovation.

In their article, Ramsey et al. operationalize animal behavioral
innovation in a way that is both an improvement and an extension
of current methods for studying innovations. As an attempt to
explicitly deﬁne the process of innovation at an individual level,
as opposed to the population level, their deﬁnition could also
foster progress in the study of the actual mechanisms of innovation. However, the authors remain agnostic concerning the
mechanisms of behavioral innovation. We believe that in the
end, this agnosticism may have some undesired side effects.
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Indeed, when advancing their descriptive deﬁnition of innovation, Ramsey et al. distinguish between the learning of a new
behavior by an individual (what they call the “process” of innovation) and the transmission of the new behavior between conspeciﬁcs (the spread of the innovation “as a product”). This
dichotomous vision of innovation and transmission reﬂects the
distinction between, on the one hand, mechanisms generating
new variants and, on the other hand, mechanisms of faithful
transmission of these different variants. We fear that this view
may be unhelpful when trying to individuate processes of innovation (a purported goal of their deﬁnition) from other processes
such as social learning.
Let us take, for example, the behavior of British tits (Parus
spp.) opening milk bottles. As classical studies have shown,
the spread of this behavior was not a matter of general imitation
nor a process of exactly copying the behavior of other conspeciﬁcs (Hinde & Fisher 1972; Sherry & Galef 1984). Rather, those
birds that were initially thought to be imitative, partially stimulated by conspeciﬁcs, had to re-learn the steps leading up
to drinking milk from a previously closed bottle. However
broadly construed, social learning, in this case, did not automatically lead bluetits to open milk bottles. Instead, each bluetit had
to re-discover on its own how to reach the goal. By characterizing the classic example this way, we wish to convey the idea that
the mechanisms that preserve the innovative behavior (sensu
product) in the population may sometimes be as innovative
(sensu process) as the process by which the ﬁrst individual produced the ﬁrst instance of the behavior in that population. We
think that this is an important point that could be extended to
other paradigmatic cases of diffusion of animal innovations
(such as sweet potato washing or termite ﬁshing (Galef 1992).
The more general claim is that in the absence of a strong functional justiﬁcation of the unity of the process of innovation we
may expect it to be realized by very different mechanisms
across taxa. These mechanisms may not ﬁt with Ramsey
et al.’s deﬁnition. Similarly, some innovations (sensu product)
may often be the result of an accumulation of small modiﬁcations produced during relatively faithful transmission
between individuals. Consider the case of song learning in
certain species of birds: Young birds use the template of a
given song sung by their surrounding conspeciﬁcs to produce
what is, strictly speaking, a new song but one that nevertheless
resembles those already existing in the population. This does not
count as an innovation according to the deﬁnition proposed by
Ramsey et al. because that slightly novel variant is functionally
determined by its conspeciﬁcs and therefore would be classiﬁed
as a case of general “social learning.” Over time, however, the
successive transformations accomplished by several individuals
may change this given song in the population and therefore
produce a completely new and innovative song relative to the
ﬁrst population template (see Slater & Lachlan [2003] for a
review). Indeed, if one bird were to suddenly produce that
highly different song, it would, indeed, be classiﬁed as a full
innovation or “invention” from the perspective of Ramsey
et al. But in our example, the process of innovation is distributed so as to make it almost undetectable from the perspective of
their deﬁnition. If we are right, the understanding of the mechanisms that preserve innovations may be crucial to explaining
the creation as much as the diffusion of those same innovations
(see Podos et al. 2004). Innovations may thus arise as the
outcome of an interindividual process that could not be
explained without paying explicit attention to the different
mechanisms of social learning. This may well be the default
case in humans, a paradigmatic case of an innovative species.
In our species, even when the goal of a given behavior is precisely to perfectly reproduce the model, this process is characterized by the systematic introduction of novel idiosyncratic
variants that could eventually be the basis of well-known
Chinese-whispers-like phenomena (Barbrook et al. 1998;
Gergely et al. 2002; Sperber 2001).

Response/Ramsey et al.: Animal innovation deﬁned and operationalized
Thus, we think that keeping with a dichotomous view of
“innovative processes” and “preservative” or “social learning”
processes may be misleading and hinder the characterization of
mechanisms at the basis of much of animal innovation. Ramsey
et al., on the contrary, insist on the fact that innovation – or
“invention,” which they deﬁne as a paradigmatic case of innovation – does not require either environmental induction or social
learning. Thus their claim is that “the individual, process-based
deﬁnition of innovation excludes social learning as a source of
innovation” (target article, sect. 3.3, para. 3; emphasis added).
We believe that deﬁning innovations in opposition to social learning in a broad sense, excludes innovations that occur as the result
of individuals’ interactions in processes other than mysterious
“Eureka!” events. Our view is that innovations are not the
simple result of a well-deﬁned excluding class of processes.
Rather they are the complex outcome of different mechanisms
some of which undergo different functional pressures and sometimes concern several individuals. Since the phenomenon of
animal innovation cuts across different ecological domains (as
varied as song learning or foraging), as well as different animal
taxa, expectations of a uniﬁed process under the auspices of a
general evolutionary function may not be justiﬁed (Burghardt
2006). On the whole, we expect Ramsey et al.’s contribution to
have enormously positive outcomes. The operationalization that
they propose may foster more accurate estimations of the repertoire of innovations of different species. This in turn may facilitate functional investigations into innovation rates – something
tremendously useful in itself, but which will also attract further
interest in underlying mechanisms.
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process of innovation? In answering the ﬁrst question,
we proposed a novel way of deﬁning innovation based
on individual-level processes. Several of the commentaries
challenged the nature of this deﬁnition and the reasons
why we constructed it as we did. Because of this, we
spend considerable space here clarifying our deﬁnition
and defending it against the concerns raised in the commentaries. In answering the second question, we have
suggested evidence that may increase the probability
that a behavior is an innovation. The two main concerns
commentators had with this operationalization are
whether it would produce false positives/negatives and
whether the criteria it uses are objective. After discussing
our deﬁnition and its operationalization, we turn to some
broader conceptual issues, such as the nature of the
Baldwin effect and the relationship between this effect
and innovation.
Before we begin, we would like to thank the 31 commentators (representing ten countries) for the time and
effort they put into carefully reading and reﬂecting on
our target article. We regret that we lack the space to
respond to all of the important issues they raised, but
hope that we have done justice to their most important
points.
R1. On the deﬁnition of innovation
We begin our response with a treatment of the more
general critiques of the logic and structure of our deﬁnition of innovation.
R1.1. Is all learning innovation?
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Abstract: The commentaries have both drawn out the implications
of, and challenged, our deﬁnition and operationalization of
innovation. In this response, we reply to these concerns, discuss
the differences between our operationalization and the preexisting
operationalization if innovation, and make suggestions for the
advancement of the challenging and exciting ﬁeld of animal
innovation.

The target article is an attempt to answer two questions.
First, what is animal innovation? And second, can we
study innovation in the wild without observing the

Some of the commentators (e.g., Rendell, Hoppitt, &
Kendal [Rendell et al.], Sargeant & Mann) have
suggested that our deﬁnition of innovation might be so
broad that all learning (or all individual learning) ends
up falling under the rubric of innovation. We agree that
this would be a problem if it were the case, but fortunately
it is not. First of all, our deﬁnition explicitly excludes social
learning from the process of innovation. By doing this we
are not denying the possibility that social learning can
prompt innovation or that innovations can spread via
social learning. Instead, we are denying the identiﬁcation
of the process of social learning with the process of innovation. We are also not denying the importance of social
learning. Pace Logan & Pepper, we take social learning
to be central to the study of innovation, since social learning allows innovations to have effects beyond the individual (indeed, this is the reason we decided to examine the
concept of innovation). Viciana & Claidiere’s point that
the processes of social learning and innovation can be
intertwined is well taken. But the close connection
between social learning and innovation does not make
them the same process.
A further restriction in our deﬁnition is that innovation
must be learned but not environmentally induced. As we
discussed in the target article, the concept of environmental induction is a tricky one and is revisited in
section R1.4. The point we would like to make here is
that the restrictions we have placed on the concept of
innovation, that it is behavior that is novel, learned (both
in the sense of not innate and in the sense of modifying
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