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Behavioral flexibility in physical and social contexts in Asian
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Behavioral flexibility has been receiving attention in studies of cognition and behavior
in animals (reviewed in Lefebvre 2017; Lea et al. 2020; Strier 2017). In the studies of
comparative cognition, behavioral flexibility has been regarded as a reflection of
complex and sophisticated cognition (Lea et al. 2020). On the other hand, in behavioral
ecology, behavioral flexibility refers to an individual's flexible ability to change
behavior in response to external pressures (Kappeler et al. 2013; Strier 2017; Lea et
al. 2020). Thus, the broad applicability of the definition of behavioral flexibility enables
researchers to bridge different disciplines such as comparative cognition and
behavioral ecology.

Elephants have been attracted attention for their advanced cognitive abilities
and complex sociality (Bates and Byrne 2007; Plotnik and Jacobson 2022) and have
been believed to have a high degree of behavioral flexibility (Plotnik and Jacobson
2022). Therefore, elephants are a suitable research subject for studying behavioral
flexibility. However, there have been a limited number of studies on behavioral
flexibility in Asian elephants (Elephas maximus). One possible reason is that their
habitat is dense forests in which continuous observation is difficult. Because of this
inevitable limitation, it is important to conduct studies both in captive and wild
conditions, whose results compensate each other. Also, studying behavioral flexibility
in both the physical and social contexts is important because it can provide valuable
insights into how elephants solve problems in physically changing environments and
how social roles are adjusted in changing situations.

In this thesis, I conducted three independent studies and examined behavior
that requires flexibility in captivity and the wild. In chapter 2, I reported a novel
example of behavioral flexibility, spontaneously manipulating invisible air to achieve
their goals, found during the natural observation of captive Asian elephants (Mizuno
et al. 2016). While the use of sticks by animals, including primates and birds, to
retrieve inaccessible objects has been well-documented (for recent reviews, see Bentley
et al. 2010; Shumaker et al. 2011), there has been no report of the use of air which has
no physical substance. I found that two captive Asian elephants regularly blew to drive
food items within their reach. This behavior was spontaneously acquired by the
elephants, without any guidance by humans. A detailed analysis of this behavior

revealed that elephants blew to attract food when the distance between themselves and



the food was long. This result suggests that elephants use their breath to achieve their
goals. Animals that move objects with non-solid are more commonly seen in water than
on land (Schulz et al. 2021). The elephants, living on land, probably acquired the
flexibility to manipulate their breath. As such, these findings provided valuable
insights into how animals manipulate invisible and low-resistance pneumatics, as well
as their possession of behavioral flexibility in the physical context.

In chapters 3 and 4, I examined behavioral flexibility in collective movement
in different situations, such as group movement in a risky situation (crossing artificial
roads) and group departure after a rest at a water body. Collective movement is defined
as "a group of animals that decide to depart/move quite synchronously, move together
in the same direction ... and maintain cohesion..." (Petit and Bon 2010). Hockings
(2011), who examined the position of progressive group members during road crossing
in chimpanzees (Hockings et al. 2006; Hockings 2011), suggested that the collective
movement provides a nice opportunity to examine the degree of behavioral flexibility.
That is, individuals may cope with the degree of the risk not by relying on a regularized
spatial pattern but rather by altering its position. If there is only one fixed leader,
collective movement can be considered to be less flexible. Some research on African
savanna elephants (Loxodonta africana) highlights the protective role or leading role
of the oldest female (McComb et al., 2001; Foley et al. 2008; McComb et al. 2011;
Mutinda et al. 2011). In contrast, it is predicted that Asian elephants exhibit more
remarkable flexibility in their collective behavior than African savanna elephants. The
reason is that Asian elephants have a more fluid social system and weaker dominant
relationships than African savanna elephants. I examined whether the progression
order was stationary and whether an individual who engages in multiple initiative
behavior was fixed.

In chapter 3, I examined how a group handles risky circumstances (Mizuno et
al. 2017). Free-ranging wild Asian elephants in Mudumalai Wildlife Sanctuary and
National Park, southern India, must frequently cross busy roads. I assessed if
measures of road and traffic characteristics serve as indicators of risk and compared
behaviors of different age classes during road-crossing events. As a result, more
individuals displayed excitable behavior on wider roads. Additionally, adults were more
likely to cross the road first, which is considered the most dangerous position,
compared with non-adults. Non-adults tended to move ahead of others on the road,
suggesting that it is more important for non-adults to follow adults at the beginning of
a crossing than to follow along for the entire crossing. These findings may suggest that
less experienced group members derive benefits by following the decisions of
experienced ones under risky situations.

In chapter 4, I focused on the multiple initiative behaviors during the collective
movement of wild Asian elephants at water bodies where individuals visit to drink

water and take a bath or rest (Mizuno et al. 2023). Although many studies have



explored initiative behavior during collective movements (for a review, see Petit and
Bon 2010), most studies have focused on a single initiative behavior (Bourjade et al.
2015). Rather than focusing on a single initiative behavior, examining multiple types
of initiative behavior can provide deeper insights into the mechanisms of collective
behavior (Bourjade et al. 2015) and consequently behavioral flexibility. I conducted
behavioral observations of wild Asian elephants visiting a water body in Udawalawe
National Park, Sri Lanka. I found that adults were more likely to exhibit such behavior
than the expected frequencies. Regarding the role of the oldest, I found the oldest
individual took the initiative more often than by chance only in one of three types of
initiative behavior (the first long-walk). The number of cases in which the oldest female
performed all three types of initiative behavior consecutively was greater than
expected, but its occurrence was rare (4/23 cases). Although these results can be
interpreted as weak evidence of the oldest individual’s role in collective movements, it
is possible that the examined initiative behaviors may differ in their degree of
influence on collective movement. I also found that a single female, generally the oldest
female, consecutively engaged in three types of initiative behavior more frequently
than expected, although their occurrence did not constitute the majority of cases (6/23).
This low consecutiveness among Asian elephants may be related to their fission—fusion
dynamics and lack of core groups. Our results highlight the importance of analyzing
multiple initiative behaviors associated with collective movement.

Chapters 3 and 4 are the first studies to examine collective movement in Asian
elephants and showed that Asian elephants display fluid and adaptive social roles
when crossing roads and visiting water bodies. It can be said that Asian elephants,
whose leadership was not completely fixed, showed more flexibility in their collective
movements than African savanna elephants, where the daily movement of other group
members is influenced by the decisions of the oldest female in a group (Mutinda et al.
2011). These differences may be related to the fact that Asian elephants have a more
fluid social system compared to African savanna elephants (de Silva and Wittemyer
2012). Moreover, other social characteristics of Asian elephants, such as less strong
dominant relationships and less frequent social interactions (de Silva et al. 2017)
compared to African savanna elephants (Archie et al. 2006; Wittemyer and Getz 2007),
could be related to the inter-specific differences in the pattern of collective movements.

This thesis, which studied behavioral flexibility in both physical and social
contexts, provided a better understanding of how Asian elephants adapt to their
surroundings. High problem-solving skills allow them to successfully find and acquire
resources in their habitats. Individuals would be able to act flexibly in complex
societies and various situations. Thus, I provided new examples of behavioral
flexibility in Asian elephants and emphasized how this species can solve problems in
physically changing environments as well as how they can adjust their social roles in

different situations.
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