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Innovation is a way by which animals adopt a new behaviour or apply a current behaviour to a novel
situation. Although exploring a new behaviour is itself risky for the animal, a growing body of research
indicates that it is fairly widespread across animal species. While there have been explorations of
when innovation is most likely and which individuals are most likely to innovate, less has been
explored about the psychological mechanisms underlying innovation. Here we consider some psy-
chological limits on innovation. We focus on five factors that my limit the invention of novel behav-
iours (neophobia, conservatism, conformity, functional fixedness and the endowment effect). The
feature common to each of these is that individuals tend to stick with existing behaviours, or the
existing uses of those behaviours, rather than exploring novel options. This in turn limits animals’
willingness to try less common behaviours unless they are forced through circumstances to explore
alternate strategies. Despite the similar functional outcomes, it is critical to understand the underlying
mechanisms present in different situations in order to make strong predictions about when innovation
is, or is not, expected to emerge. We then consider how transmission biases and social learning
mechanisms influence and limit the spread of inventions among individuals. Of course, these ‘limits’
are beneficial in other circumstances, and throughout this review we consider the trade-offs for these
psychological mechanisms.
� 2014 The Association for the Study of Animal Behaviour. Published by Elsevier Ltd. All rights reserved.
Like many excellent scientists, Bill Hamiltonwas smart, creative,
and loved what he did (Dawkins, 2000; Segerstråle, 2013). Addi-
tionally, he was noted for his willingness to think innovatively
about problems in evolutionary biology, a risky proposition that led
to ‘glorious’ results (Queller, 2001). As a result, while most scien-
tists advance their field in incremental ways, Hamilton’s in-
novations literally changed the foundations of evolutionary biology.
If, however, the rewards to innovation are so great, why is it not
more common in humans or other species?

While on the surface innovation seems to be an advantage, as it
offers the opportunity for individuals to be more productive,
exploit novel resources, or adapt to changing environments, there
are also limits to the benefits (Reader & Laland, 2003). After all, the
current solution has allowed individuals to survive up to this
point, and any change may be less beneficial rather than more.
While some change and flexibility can be good, especially if an
animal can build upon its already-learned skills (Seed & Boogert,
2013), too much, or too rapid, change can lead to negative
chology, Georgia State

nimal Behaviour. Published by Els
consequences (Berends, Goldring, Stein, & Cravens, 2010). For
instance, there are drawbacks to changing faster than one’s
environment, or making changes in response to what may be
fleeting ecological circumstances. Moreover, there may simply be
high costs to innovating; a new solution may be equally (or more)
likely to be detrimental than beneficial. For instance, a subordi-
nate who lacks good access to food may eat something poisonous
while trying out a novel food source. All of these possibilities
suggest that a certain level of hesitancy to adopting novel be-
haviours is warranted.

Research thus far indicates that individuals primarily innovate
if their existing behaviour pattern no longer provides a benefit or
when an individual has no other option. Therefore, the most likely
innovators are those for whom the benefits of increased resources
are the highest. For example, Laland and Reader (1999a) found
that among guppies, Poecilia reticulata, innovation was seen in
smaller individuals more than larger ones, and in females (for
whom fecundity is limited by body size and condition, such that
increased resources are directly tied to increased reproductive
output), but not males (for whom there is no such link). But
innovation may not occur even in situations inwhich it would be a
substantial benefit. Why, then, would individuals fail to innovate
evier Ltd. All rights reserved.
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in a circumstance like this, where the potential benefits outweigh
the potential risks? One barrier to innovation may be a number of
evolved behavioural propensities, or psychological mechanisms,
that influence behaviour in consistent ways. It is these psycho-
logical mechanisms that we consider below.

Here, we follow a global definition of innovation, including
processes from the moment of discovery through establishment
(Reader & Laland, 2003). We include in our considerations both
the discovery of a novel behaviour to solve a problem and the
application of an existing behaviour to a novel situation (van
Horik, Clayton, & Emery, 2012; Ramsey, Bastian, & van Schaik,
2007). Within this definition, we follow a framework from an-
thropology that identifies three key phases to innovation: inven-
tion, transmission and preservation (Erwin, 2004; Mesoudi &
O’Brien, 2008a, 2008b; Rose & Felton, 1955). The first of these,
invention, is the creation of a novel behaviour or technology. The
second phase is transmission, in which the invention spreads to
other individuals though social means (Hoppitt & Laland, 2013).
The third phase is preservation, in which a sufficiently large
number of individuals adopt the invention that the behavioural
variation is maintained in the social group (note that as a result of
chance and competing pressures, even beneficial inventions often
do not become widespread; Kummer & Goodall, 1985; Nishida,
Matsusaka, & McGrew, 2009; Reader & Laland, 2003). Because
our focus is on the psychological mechanisms that limit invention
and transmission, we also focus on larger-brained, group-living
species, including nonhuman primates (hereafter, primates), birds
and fish.

In this review, we consider five psychological mechanisms that
may inhibit both invention and transmission: (1) neophobia (a
hesitancy to approach a novel object, locale or food item;
Greenberg, 2003), (2) conservatism (the disinclination to explore/
adopt new possibilities or opportunities; Hrubesch, Preuschoft, &
van Schaik, 2009), (3) conformity (the tendency to do what your
peers do; Boyd & Richerson, 1985), (4) functional fixedness (the
disinclination to use familiar objects in novel ways; Hanus, Mendes,
Tennie, & Call, 2011) and (5) the endowment effect (the bias to-
wards preferring an existing option over a new one; Jones &
Brosnan, 2008; also see Appendix, Table A1). The feature com-
mon to each of these mechanisms is that individuals tend to stick
with familiar behaviours, and the existing uses of those behaviours,
rather than exploring novel options. We additionally consider how
certain transmission biases (Laland, 2004) and social learning
mechanisms (Whiten, McGuigan, Marshall-Pescini, & Hopper,
2009) may inhibit, rather than encourage, the transmission and
preservation of novel behaviours among animals. Although we
have chosen to focus on how these limit innovation, this is within a
framework of considering the trade-offs that exist for any of these
behaviours. Thus, throughout we also consider the benefits that
these psychological mechanisms may provide.

PSYCHOLOGICAL MECHANISMS THAT MAY LIMIT INNOVATION

Neophobia

Recent research has begun to demonstrate interindividual dif-
ferences but intraindividual consistency in animals’ innovative
ability (Laland & Reader, 1999b; Morand-Ferron, Cole, Rawles, &
Quinn, 2011; Thornton & Samson, 2012), indicating a link between
innovation and personality (Hopper et al., in press; Massen,
Antonides, Arnold, Bionda, & Koski, 2014). One classic example of
this link is that bold individuals (i.e. those who are less neophobic)
may be more likely to innovate than others because they are more
likely to explore novel objects or explore in novel situations,
something that may covary with rank (Boogert, Reader, & Laland,
2006; Greenberg, 2003). One prominent manifestation of intra-
species differences in neophobia occurs during foraging; animals
that are highly neophobic are less likely to innovate and exploit
new food resources. Food neophobia is common in omnivores,
which must be appropriately hesitant in trying novel foods (to
avoid negative consequences from poisonous or otherwise unpal-
atable foods). Although a certain level of caution may protect ani-
mals, it also reduces their ability to exploit novel food sources and
so animals must be flexible in their responses. For example,
although rhesus macaques, Macaca mulatta, show food neophobia
(Johnson, 2000), they are less neophobic towards more desirable
foods with a high sugar content (Johnson, 2007). One way that
socially living animals can circumvent individual neophobia, which
may increase their chances of survival, is through social influences,
such as acquiring information about novel foods from conspecifics
(Chiarati, Canestrari, Vera, & Baglione, 2012; Galef, 2001;
Gustafsson, Krief, & Saint Jalme, 2011).

Not only does neophobia influence an animal’s likelihood to
explore new foods, but individual differences in boldness may also
interact with the speed at which individuals can learn new skills
(Tebbich, Stankewitz, & Teschke, 2012). Indeed, in a recent study
with cavies, Cavia aperea, bolder, more active and more aggressive
animals were faster learners on a novel task, but less aggressive
animals paid more attention to stimuli changes and were therefore
better at the reversal learning task (Guenther, Brust, Dersen, &
Trillmich, 2014). If there is a negative correlation between neo-
phobia and learning speed, it seems likely that neophobia interacts
with innovation in two ways. First, less neophobic individuals may
be more likely to invent, as they are less inhibited in their explo-
ration of a novel object. On the other hand, these less neophobic
individuals may also be less likely to benefit from the transmission
of an invention (see below for more discussion of transmission), as
they are less likely to change an existing behavioural pattern.

Conservatism

Conservatism is the disinclination to explore or adopt novel
solutions to problems when a productive one is already known
(Hrubesch et al., 2009). Conservatism protects individuals against
the costs of a failed exploration, but also reduces the likelihood of
both invention and the transmission of inventions. Conservative
individuals may fail to explore alternate approaches to a problem
as long as the solution that they already know is providing some
benefit. For instance, in foraging tasks, it may be that individuals
do not innovate until they are unable to acquire food through
known mechanisms, for example, because the food is not avail-
able (e.g. a seasonal fruit) or because the food is being monop-
olized by another individual (Boesch, 2013). This explanation has
been posited to explain why lower-ranking individuals are likely
to innovate (Katzir, 1983; Reader & Laland, 2001; Sigg, 1980);
they are driven beyond their inherent conservatism because their
currently known solution is not providing any, or enough, benefit
(Hopper, Schapiro, Lambeth, & Brosnan, 2011). In two recent
experiments, captive chimpanzees were presented with novel
problem-solving tasks that could be solved in more than one
manner to obtain food rewards (Hrubesch et al., 2009; Marshall-
Pescini & Whiten, 2008). In both studies, after subjects learned
one solution, they failed to explore alternative solutions, and
were thus classed as ‘conservative’ (see also Dean, Kendal,
Schapiro, Thierry, & Laland, 2012).

More recent studies, however, have shown flexible, noncon-
servative learning by apes (Hopper et al., in press; Lehner,
Burkart, & van Schaik, 2011; Manrique, Völter, & Call, 2013;
Tonooka, Tomonaga, & Matsuzawa, 1997). For instance,
Manrique et al. (2013) presented chimpanzees, Pan troglodytes,
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with a tube containing a grape. In the first instance, a chim-
panzee could remove the grape either by inserting its finger into
a hole on the front of the tube and prising up the grape
(‘fingering’), or by pushing up a piston from the bottom of the
tube (‘lifting’). Both actions forced the grape up and out of the
tube. In this first presentation, all the chimpanzees’ responses
were classed as ‘fingering’. However, when the task was re-
presented with the hole relocated further up the tube,
rendering the ‘fingering’ technique unproductive, 67% of the
chimpanzees’ responses were recorded as ‘lifting’ (the profitable
technique of pushing up the piston to obtain the grape). Thus, the
chimpanzees were not stuck using the ‘fingering’ technique, but
were able to adapt to changes in their environment and adopt a
new successful strategy applying their knowledge about how to
interact with the apparatus. Corvids, too, can apply previously
learned knowledge about a foraging task to successfully solve the
puzzle when the complexity of the task increases (von Bayern,
Heathcote, Rutz, & Kacelnik, 2009).

We note, however, that when Manrique et al. (2013) presented
the chimpanzees with the second puzzle, 27% of their responses
were still classed as ‘fingering’, showing that they were not able to
switch completely away from their previously used, and previously
successful, method, even when it was no longer viable. Moreover,
the chimpanzees did not reject their original technique until it was
no longer useful, at which time they were ‘forced’ to innovate,
indicating that the threshold to overcome conservatism may be
rather high (see also Lehner et al., 2011). Thus, it appears that pri-
mates will preferentially use their personal information unless
there is some reason not to do so, such as when it is costly to collect
or use it, or when it is unreliable or outdated (Carter, Marshall,
Heinsohn, & Cowlishaw, 2013; Kendal, Coolen, van Bergen, &
Laland, 2005; Laland, 2004).

Conformity

Conformity, defined as ‘copying themajority’ (Boyd & Richerson,
1985), describes circumstances in which the likelihood of an indi-
vidual adopting a behaviour increases with the number of in-
dividuals displaying it (Laland, 2004; Whiten, Horner, & De Waal,
2005). Although few experimental studies have tested ‘copy the
majority’ conformity, experimental research has shown such con-
formity in some ape (Haun, Rekers, & Tomasello, 2012) and fish
(Pike & Laland, 2010) species. We note, however, that in the social
psychology literature, conformity refers to the act of going against
one’s personal knowledge in order to align with a peer or peers
(Haun & Tomasello, 2011; Van Leeuwen, Cronin, Schütte, Call, &
Haun, 2013). Typically, this also involves ‘copying the majority’
(cf. Asch, 1952, 1955) but it can also refer to ‘copying a minority’
(Moscovici, Lage, & Naffrechoux, 1969; reviewed in Maass & Clark,
1984). Although such conformity has traditionally been studied in
humans, evidence for such conformity also exists for animals (Galef
& Whiskin, 2008; Sherwin, Heyes, & Nicol, 2002; van de Waal,
Borgeaud, & Whiten, 2013). Here, we consider conformity as
copying the majority.

In nonhuman species, there is evidence that individuals will
conform to the group’s behaviour. For example, foraging decisions
in nine-spined stickleback, Pungitius pungitius, are influenced by
the number of other fish feeding at a given location (Pike & Laland,
2010). In addition, while immigrating female chimpanzees (P. t.
schweinfurthii) at Mahale Mountains National Park, Tanzania,
readily adopted the majority behaviours of their new group, novel
inventions by individuals within the group were unlikely to
become widely performed among the group, again indicating a
tendency to conformity (Nishida et al., 2009; see also Luncz &
Boesch, 2014). This may even be the case in situations in which
individuals have personally experienced the benefit of an alternate
behaviour (Hopper et al., 2011; but see Van Leeuwen et al., 2013). In
a study with captive chimpanzees, Hopper et al. (2011) reported
that individuals continued to exchange plastic tokens with a
researcher for low-value food items (pieces of carrot), despite
gaining personal experience that exchanging an alternative token
type would gain them much more desirable food rewards (grapes).
This was presumably because the token associated with the low-
value food was exchanged by the majority of their group, a
behaviour that was initiated by a dominant individual. If so, then
the chimpanzees’ behaviour of ‘copying the majority’might also be
described by other transmission biases, such as ‘copy successful
individuals’ or ‘copy good social learners’ (cf. Laland, 2004; see also
Horner, Proctor, Bonnie, Whiten, & de Waal, 2010).

This last study nicely highlights the interplay between confor-
mity and conservatism; even after a beneficial new behaviour is
discovered, it may be negatively influenced by conformity and thus
not be adopted. As with conservatism, there are benefits to con-
formity (Over & Carpenter, 2013; Tennie, Call, & Tomasello, 2009;
de Waal, 2001, 2013), but it may limit innovation in two ways.
First, invention may be stifled by the tendency to do what everyone
else does, rather than exploring and investigating new opportu-
nities. For instance, if a new food source becomes available, in-
dividuals may fail to explore it because no other group members
have done so. This has advantages, of course, as the new food
source may be dangerous, but without an inventor, new nichesmay
not be identified and individuals may miss out on opportunities for
gain. Second, conformitymay limit the transmission of inventions if
individuals are not inclined to alter their behaviour away from the
group norm. Thus, even if new behaviours emerge, they may be
unable to spread, despite being beneficial (Hopper et al., 2011;
Matsuzawa & Yamakoshi, 1996; Nishida et al., 2009; Sawyer &
Robbins, 2009).

Functional Fixedness

Individuals can innovate by either applying existing solutions to
new problems or creating new solutions for existing problems
(Kummer & Goodall, 1985). A failure to achieve the latter is
conservatism (discussed above), while a failure to achieve the
former is ‘functional fixedness’ (Hanus et al., 2011; Manrique et al.,
2013). Thus, while conservatism describes when an animal be-
comes ‘stuck’ on a particular strategy, functional fixedness de-
scribes the inability to develop or conceive of a new use for an
existing behaviour or tool (Gruber, Muller, Reynolds, Wrangham, &
Zuberbühler, 2011).

In the first paper to address this in detail, chimpanzees and
children attempted to get a peanut from the bottom of a narrow
tube, which could only be obtained by filling the tube with water so
that the peanut floated to the top. In this study, the children had to
discern that they needed to pour water from a watering can
(initially used with the children for its intended purpose, watering
plants) into the tube. The chimpanzees had to learn to obtainwater
from their water dispensers in their mouths without swallowing it,
carry it to the tube and spit the water into the tube. None of the
chimpanzees succeeded (Hanus et al., 2011). However, in another,
related, study, one chimpanzee was able to get the peanut after
having been provided with a new water source (i.e. not one that
they had previously been used for drinking; Tennie, Call, &
Tomasello, 2010). Thus, Hanus and colleagues hypothesized that
the chimpanzees may have been unable to apply use of their
drinking dispenser to solve the task (functional fixedness) but
would be successful in applying a new ‘tool’ (a novel water
dispenser) to solve the task. To test this, they presented some of the
chimpanzees with the task again, but with a novel water dispenser
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present. While this did result in a few successes, the success rate
was extremely low. As chimpanzees in other tests have been shown
to use a single tool in different ways (Hopper et al., 2007;
Yamamoto, Humle, & Tanaka, 2013), it is not clear whether the
limiting factor for the chimpanzees in this study was functional
fixedness or a failure to understand the task itself.

While the idea of functional fixedness has intuitive appeal, as
noted by Hanus et al. (2011), there have only been a few studies that
have attempted to directly test it in animals, and the majority have
involved great apes (Gruber et al., 2011). Therefore, more research
is required. Nevertheless, if functional fixedness is a widespread
bias, it may limit invention by dampening the exploration of novel
uses for existing objects. It could potentially affect transmission as
well, if individuals are disinclined to use a novel object for a new
purpose even after seeing the majority of the group benefit from
the different usage. Again, this highlights the potential interplay
between these limiting factors (in this case, functional fixedness
and conformity). If functional fixedness does turn out to be an
important limitation for animals, it will be important to distinguish
whether the inflexibility is due to the difficulty of applying a known
behaviour in a novel situation, or using an object with a known
purpose for a novel one. Studies to date have focused on tool use
and do not allow us to separate these possibilities.

The Endowment Effect

The endowment effect is the tendency for individuals to value
what they currently possess more than an alternate option, even if
that alternate option is one that they would prefer in a free choice
between the two (Kahneman, Knetsch, & Thaler, 1990, 1991). This
means that individuals’ preferences are altered by the mere
possession of an item. The endowment effect has thus far only been
tested in nonhuman primates (Brosnan et al., 2007; Brosnan, Jones,
Gardner, Lambeth, & Schapiro, 2012; Drayton, Brosnan, Carrigan, &
Stoinski, 2013; Flemming, Jones, Mayo, Stoinski, & Brosnan, 2012;
Kanngiesser, Santos, Hood, & Call, 2011; Lakshminaryanan, Keith
Chen, & Santos, 2008) using a procedure derived from human
studies of the effect (Knetsch, 1989). It is related to loss aversion, a
phenomenon in which people are more averse to losses than to
similarly sized gains (Johnson, Gachter, & Herrmann, 2006;
Kahneman et al., 1991), although in both cases what needs to be
explained is why individuals show this aversion towards a loss
when the potential gains outweigh the value of the object in
question (Jones & Brosnan, 2008). There is also evidence for loss
aversion in capuchin monkeys, Cebus apella (Chen,
Lakshminarayanan, & Santos, 2006), although procedural ques-
tions in that study urge caution in the interpretation of the results
(Silberberg et al., 2008).

In animals, the endowment effect is typically demonstrated by
establishing subjects’ preference between two foods in a dichoto-
mous choice paradigm and then, on separate trials, giving each
subject food and establishing whether or not it will trade for the
alternative option. Control conditions are used to rule out that
subjects simply like to trade (i.e. they are given an object and
offered the chance to trade for an identical object) and that they are
unwilling to give up an object, especially food, for any other object
(i.e. subjects are given a very low-value food and offered the op-
portunity to trade for a higher-value one; even subjects that show
an endowment effect should be willing to trade for a much better
item). Subjects are considered to have an endowment effect if they
keep both the food that they prefer and the one that they do not
prefer. In addition, animals have been tested in a within-subjects
design that demonstrates the relative prevalence of the endow-
ment effect within a species (e.g. Brosnan et al., 2007; Drayton et al.,
2013; Flemming et al., 2012).
From an evolutionary perspective, this bias is quite logical; if
individuals are living in a risky environment, in which exchanges
or transfers have a high probability of not being completed, then
the risk of losing both objects must be considered in calculating
the cost of the exchange (presumably this calculation is uncon-
scious in other species and, in many cases, in humans). If this risk
is sufficiently high, then it outweighs the potential benefit of the
more preferred object. Supporting this evolutionary argument, a
greater proportion of apes show endowment effects for foods,
which may be limited, than for objects (in these cases, toys),
possibly indicating a stronger bias to keep items that are more
relevant for survival (Brosnan et al., 2007; Drayton et al., 2013;
Flemming et al., 2012; Kanngiesser et al., 2011). Chimpanzees
also show an endowment effect for tools, but only when the tools
can be used to obtain foods that are immediately available; they
fail to show an endowment effect for the same tools when the
foods are present but are not immediately available (Brosnan
et al., 2012). This may indicate that the bias is not due to the
item per se, but what the item is worth.

As with the aforementioned mechanisms, particularly conser-
vatism and conformity, a preference to retain a known entity
rather than acquire a novel commodity or engage in a novel
behaviour will limit innovation. While conservatism is a failure to
explore because of the risks inherent in the exploration, the
endowment effect is a failure to explore because of the risks of
losing what an animal currently has. Although these may result in
similar outcomes, the underlying mechanisms differ. Conformity
involves engaging in the same behaviour as one’s conspecific
groupmates, which, again, differs from the mechanism for the
endowment effect, but results in a similar functional outcome. We
highlight these nuances because, despite the fact that the out-
comes of these different biases may be similar, in order to make
strong predictions about innovation (or the lack thereof) we need
to understand the specific reasons why individuals may or may
not innovate. Thus, understanding these underlying mechanisms
accurately is critical in advancing our understanding of innovation
in animals.

CONSIDERING THE SOCIAL ENVIRONMENT: LIMITATIONS TO
TRANSMISSION AND MAINTENANCE OF INVENTIONS

Social Learning Mechanisms

When an individual learns from the actions of another, whether
directly or indirectly, the method of this transmission can be
classed as one of a number of social learning mechanisms which, in
turn, can both inhibit and facilitate their spread and maintenance
(Young, 2009). In contrast to transmission biases that describe
‘when’ and ‘who’ an animal copies (see Transmission Biases and the
Spread of Innovations below), social learning mechanisms describe
‘what’ an animal copies. At the simplest level, the mere presence of
conspecifics may encourage animals to be less neophobic and more
exploratory, leading to greater innovation (Coleman & Mellgren,
1994) and the discovery of new behaviours or resources (Chiarati
et al., 2012; Dindo, Whiten, & de Waal, 2009; Hopper, Holmes,
Williams, & Brosnan, 2013). It is well documented, for example,
that animals will be more likely to begin eating novel foods if they
observe another individual eating that food (Stöwe et al., 2006;
Zajonc, 1965), especially if the other animal is a familiar individ-
ual (Figueroa, Solà-Oriol, Manteca, & Pérez, 2013; Swaney, Kendal,
Capon, Brown, & Laland, 2001). However, it has been proposed
that social facilitation and local enhancement (when an animal’s
attention is drawn to a novel locale by the presence of conspecifics)
are not sufficient for the transmission of complex behavioural in-
novations. In such a circumstance, no new behaviour is replicated,
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but instead, individuals discover the behaviour themselves (Boyd &
Richerson, 1996). Homogenous traditions may still emerge as a
result of environmental and behavioural constraints (Acerbi,
Jacquet, & Tennie, 2012).

Beyond such ‘simple’ mechanisms, animals may learn a
behaviour either by recreating the goal, or end-state, that they
observed a conspecific perform (emulation), or by replicating all
aspects of the behaviour faithfully, including both the end-state
and the actions to reach that end-state (imitation; Hopper,
2010). We note this distinction as it has been proposed that only
through imitating can individuals faithfully replicate behaviours
(Gergely & Csibra, 2006), which also encourages the accumulation
of skills leading to complex cumulative culture (Dean, Vale, Laland,
Flynn, & Kendal, 2013). This is because actions that are actually
essential may appear irrelevant (i.e. the necessity of turning a key
once it is in the ignition to start one’s car; one need not under-
stand the causal chain of these actions, but must simply imitate
them to successfully reach the end-state of starting the car).
Nevertheless, despite allowing for high-fidelity replication, imita-
tion is unlikely to, in and of itself, be sufficient for behaviours to be
maintained over time (Claidière & Sperber, 2010). Indeed, experi-
mental work with chimpanzees has shown that, while they may
be able to faithfully copy the behaviour of another (Whiten et al.,
2005; but see Tennie, Call, & Tomasello, 2012), over time in-
dividuals explore alternative techniques, and these subsequent
innovations lead to behavioural ‘corruptions’ (Hopper et al., 2007;
Tennie et al., 2009). Although such exploratory behaviour may
disrupt maintenance of behaviours over time, it is important
because if individuals ‘blindly’ imitate and replicate, there may be
fewer inventions because of decreased exploration.

Emulation may be more likely to encourage innovation by in-
dividuals. When animals emulate, they replicate the same goal or
end-state, but develop their own novel method to achieve that
goal (Wood, 1989); they are not preserving the invention precisely.
The efficacy of emulation for transmission and maintenance of
inventions, however, may depend on the information that needs
to be passed on. Although the transmission of innovations may be
limited if the inventor is no longer present (because of reduced
opportunities for social learning), learning by emulation does not
always require such direct observations. Because emulation de-
scribes the replication of end-states, if the invention pertains to a
physical object (e.g. an anvil for cracking nuts), then naïve group
members may be able to replicate the invention from its products,
without ever needing to observe a model (Caldwell, Schillinger,
Evans, & Hopper, 2012; Tomasello, 1999). Actions, gestures and
other behavioural traditions, however, certainly cannot be trans-
mitted via emulation as no product (end-state) remains from
which the observer could learn (Caldwell & Millen, 2009). For
example, in 2006 a 6-year-old female gorilla, Gorilla gorilla
beringei, living in Bwindi Impenetrable National Park, Uganda, was
recorded to invent a novel and effective technique for processing
prickly thistles prior to eating them (Sawyer & Robbins, 2009).
However, as this female emigrated from her group within 6
months of making this discovery, there were not sufficient op-
portunities for others in her group to learn this new technique
from observing her and no other gorillas developed the behaviour
(Sawyer & Robbins, 2009).

Transmission Biases and the Spread of Innovations

Thus far we have considered how an individual’s characteristics
may inhibit their ability to innovate or to adopt new behaviours
invented by others, but to understand these limitations, and also
the factors that limit the maintenance of novel behaviours within a
social group, we must also consider the interplay between an
individual and their social environment. There are numerous ways
in which the spread of inventions may be inhibited, but at the
simplest level there may not be sufficient opportunities for the
transfer of information. For example, the inventor may no longer be
available for others to observe (Sawyer & Robbins, 2009). Even if the
inventor is present, the social landscape may not be conducive for
an individual to acquire the new information because individuals
within the group are not equally connected (Leca, Gunst, Watanabe,
& Huffman, 2007; Pradhan, Tennie, & van Schaik, 2012; Rose &
Felton, 1955). For instance, if an inventor is very low ranking or
peripheral, others may not notice the invention (Biro et al., 2003;
Matsuzawa & Yamakoshi, 1996). Conversely, low-ranking or pe-
ripheral individuals may not be able to get close enough to high-
ranking individuals to learn about beneficial inventions made by
dominants (Dindo, Theirry, de Waal, & Whiten, 2010; Hopper et al.,
2013), or their low rank might inhibit their ability to exploit the
invention (Drea & Wallen, 1999).

In addition, observed information may conflict with an in-
dividual’s personal information (Mesoudi, 2010) or, in an uncertain
environment, observers may not be certain who or what to copy
(Carter et al., 2013; Kendal et al., 2005). Therefore, animals must be
selective about the social information they adopt, consideringwhen
to relyonsocial informationandwhich individuals theyshould copy.
Such decision making is described as transmission biases (Morgan,
Rendell, Ehn, Hoppitt, & Laland, 2011; Rendell et al., 2011) or social
learning strategies (Laland, 2004). As social learningmaynot always
be the optimal option (Giraldeau, Valone, & Templeton, 2002),
Laland (2004) argued that natural selection would have favoured
biases to enable animals to determine when to best exploit social
information. Thus, transmissionbiases shouldnotonlypredictwhen
inventions shouldarise, but alsowhetherandhowinventionswill be
transmitted and maintained within a group.

A social group of animals is not a homogenous unit, but is
made up of animals that are differentially related, which may
both facilitate or hinder innovation and transmission. For chim-
panzees, for example, it has been proposed that increased
physical proximity between certain individuals correlates with
the transmission of an innovation (Bonnie & de Waal, 2005), such
that individuals who affiliate less often will be less able to garner
new information from one another. Thus, being a group member
is not sufficient; an individual might also need to be closely
affiliated with the inventor. Typically, interindividual relation-
ships within social groups can be described by more than prox-
imity, and are influenced by age (Widdig, Nürnberg, Krawczak,
Streich, & Bercovitch, 2001), kinship (Tóth et al., 2009), and
even personality (Massen & Koski, 2014), all of which may in-
fluence information transmission. Kin relationships may be
particularly important as kin may have greater access to in-
novators than others, hence biasing the spread of innovations
(Leca et al., 2007). For example, in a field experiment in which a
group of wild vervet monkeys, Chlorocebus aethiops, was pre-
sented with grapes covered in sand, the monkeys developed
techniques for cleaning the grapes prior to eating them (van de
Waal, Krützen, Hula, Goudet, & Bshary, 2012). However, the
monkeys socially learned specific techniques from their mothers
(i.e. following the transmission bias ‘copy kin’; Laland, 2004),
which resulted in the different matrilines using distinct food-
processing techniques. The confinement of techniques within
matrilines may limit cultural transmission throughout the group
and, therefore, the broader spread of innovations (Tanaka, 1998;
van de Waal et al., 2012). In fact, for humans, it has been pro-
posed that females may actively propagate their behaviours to
kin (Avital & Jablonka, 1994). This would indicate that behav-
ioural transmission may be maintained by kin selection, perhaps
increasing similarity within kin groups as compared to the entire
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population (Henrich & Henrich, 2010). Given the ubiquity of kin
selection (e.g. Browning, Patrick, Rollins, Griffith, & Russell, 2012;
Silk, 2001; Strassmann, Page, Robinson, & Seeley, 2011; Widdig
et al., 2001), ‘copy kin’ biases are likely widespread in animals.
CONCLUSION

We end by reiterating that, while certain of these biases limit
innovation by reducing exploration and experimentation, all pro-
vide benefits as well. As with all dynamic systems, a balance is
required between innovation of the new and maintenance of the
old, both across and within individuals. These psychological
mechanisms represent a part of the balance that must be struck
between the number of innovators and social learners in a group
and the rate at which individuals innovate (Giraldeau, Caraco, &
Valone, 1994). Perhaps only when individuals are forced through
circumstances to explore alternative strategies will they do so
(Boesch, 2013; Kummer & Goodall, 2003; Laland & Reader, 1999a;
Lee, 2003; Lehner et al., 2011; Reader & MacDonald, 2003), and
whether the resulting inventions are maintained depends on an
interplay between the individual and their physical and social
environment.
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