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Abstract
In situ female African bush elephants (Loxodonta africana) live in a fission-

fusion society comprised of “core groups” in which adult females associate with their
dependent offspring (Archie, Moss, & Alberts, 2006). Most of the animals in a core
group are related (Archie et al., 2006), but kinship is not the only contributor to elephant
sociality.

Pre-reproductive females (allomothers) often assist in the care of calves and
juveniles (Lee, 1987). The concept of inclusive fitness (Riedman, 1982) is the favored
hypothesis for the evolution of allomothering. Zoological settings, with varied social
groupings, provide the perfect opportunity to test this hypothesis (Schulte, 2000). During
the winter of 2017-2018, four female elephants at the Indianapolis Zoo were grouped
together temporarily (one hour per day) and given access to an outside yard. The group
included an adolescent (Zahara), her juvenile sister (Nyah), another female juvenile
(Kalina) and the (unrelated) dominant elephant at the facility (Sophi). Video recordings
of the animals moving freely in the yard were examined to document proximity, changes
in proximity, and behavioral observations. Zahara spent more time close to the calves
than did Sophi. Zahara and each of the juveniles made and broke contact equally often;
however, the juveniles were primarily responsible for maintaining proximity to Sophi.
Zahara, surprisingly, associated more with Kalina than with Nyah. Finally, Zahara
displayed far more agonistic behaviors towards Kalina than towards Nyah. These results
suggest that Zahara was an allomother to both juveniles, favoring Nyah over Zahara, but

also interacted with Kalina as a peer.
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The Social Relationships of Captive African Elephant (Loxodonta africana) Juveniles
The African elephant (Loxodonta africana) displays a complex and unique social
organization. In the wild (in situ), female elephants aggregate into “core groups” (or
“family units”: Moss, Croze, & Lee, 2011) usually comprised of related adult females
and their dependent offspring (Archie et al., 2006). After leaving their natal herd at
between 10-15 years of age, male elephants rarely interact with females outside of
breeding (Dublin, 1983). Over the course of hours or days, female core groups may come
together to form “bond groups” or they may split apart into individual pairings. This
social fluidity is characteristic of a fission-fusion society (Archie & Chiyo, 2011).
Strong, stable associations between individuals make up the heart of elephant
sociality. Females rest, feed and travel close to one another, and display numerous
affiliative behaviors towards other elephants in the group (Charif, Ramey, Langbauer,
Payne, Martin, & Brown, 2007; Dublin 1983; Lee 1987; Moss, 1988; Poole, Payne,
Langbauer, & Moss, 1988). The relationship between the mother elephant (cow) and her
offspring is the most common and enduring relationship (Archie & Chiyo, 2011). Core
groups can also include aunt-niece, sibling, first cousin and grandmother-granddaughter
pairings (Archie et al., 2006). The exact way in which female associations form is
unclear, but Archie and Chiyo (2011) proposed that young elephants develop
relationships with core group associates and maintain these relationships into maturity.
Kinship is an important aspect of elephant sociality and a significant predictor of
female social relationships. Archie and Chiyo (2011) found that pairings which spent
90% of their time together were most often first-order maternal relatives. This was the

case even when individual pairs were not in the presence of their core group, indicating
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that when family groups fission temporarily, maternal ties remain strong. Moreover,
associativity is positively correlated with relatedness. Alberts et al. (2005) found that the
oldest females in the core groups which comprised a bond group (the higher demographic
classification) were closely related. This finding acts as strong evidence for long-term
matrilineal impact and may represent the effects of historical matrilineal fissioning
(Archie & Chiyo, 2011). The exact method by which distant relatives “stay in contact” is
unknown, although auditory recognition has been implicated in the phenomenon and the
oldest female in a population may be able to differentiate between 100 individual calls
(Archie & Chiyo, 2011; McComb, Reby, Baker, Moss, & Sayialel, 2003).

While kinship is a notoriously strong predictor of female elephant social behavior,
interactions between non-kin are common. Unrelated females who live in a family
grouping are termed “female immigrants.” As many as 10% of Amboseli elephants (a
population from one of the longest field studies of the species) are female immigrants
(Archie et al., 2006). It is likely that a good amount of female immigration is due to
anthropogenic intervention. Namely, when an individual elephant’s core group is
destroyed by poaching activities, a female might seek out unrelated associateships in
order to retain the numerous adaptive benefits of sociality. The long-term impact of
poaching on core groups may also be behind the finding of weak kinship effects on
coordinated bond group movements (Charif et al., 2005). Non-anthropogenic female
immigration has also been recorded. This rare occurrence may be due to natural
demographic events like the birth of many male offspring (Archie et al., 2006).

Aside from the mothers, other females will often display caregiving behaviors

towards young animals in the core group (Lee, 1987). This is a common mammalian
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characteristic (Riedman, 1982). Generally, these “assistant mothers™ are nulliparous
females: however, older females have been known to display ‘“allomothering” behavior
(Dublin, 1983; Lee, 1987; Lee & Moss, 1999). When the mother is near, calves spend an
average of 45% of their time in close proximity to an allomother. When the mother is not
present that number increases to 52% (Moss et al., 2011). By maintaining proximity,
allomothering behavior provides protection, herding, assistance, and comfort of the calf.
Cases of allonursing have also been recorded: however, this behavior appears to be rare
(Schulte, 2000).

Allomothering behavior is believed to promote calf survivorship (Schulte, 2000;
Dublin, 1983), but the exact benefit for the allomother is harder to pin down. Several
hypotheses have been explored in order to discover the evolutionary motive behind the
seemingly maladaptive behavior of these females: (1) allomothers may receive better
access to high-quality resources through assisting the calves of more dominant females;
(2) allomothers may gain experience in handling young calves, thus developing maternal
behaviors and potentially increasing survivorship of their own offspring; (3) an increased
likelihood that the mother of the calf will “return the favor” when the allomother has her
own calf; and (4) inclusive fitness (Dublin, 1983; Riedman, 1982). Inclusive fitness refers
to the theory that an individual can increase its fitness indirectly by supporting the
survival and reproduction of other related individuals in a population (Hamilton, 1964).
Lee (1987) found that in situ allomothers are frequently siblings of the calves they are
attending to, thus supporting the hypothesized importance of inclusive fitness. Others
have additionally theorized that the contributions of allomothers may be correlated with

the degree of relatedness of the calf (Archie et al., 2006).
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Although elephants under human care in zoological facilities (ex situ) do not face
many of the selective pressures faced by in situ animals (including predation, parasitism,
and malnutrition), their range is significantly restricted, and their social groupings are
small and artificially imposed, Schulte (2000) suggested studying them to explore the
motives behind allomothering in African elephants. Despite the differences in context, in
situ and ex situ elephants perform many similar behaviors (Adams & Berg, 1980). In
addition, they also show strong dyadic relationships maintained in part through proximity
(Bonaparte-Saller & Mench, 2018). This makes the zoological setting a perfect
opportunity to investigate the effects of relatedness on individual behavior.

In order to address the connection between relatedness and allomothering
behavior, I collected observational data from an adolescent female African bush elephant
at the Indianapolis Zoo between November 2017 and December 2018. As a nulliparous
female, Zahara was a prime candidate to be an allomother (Lee, 1987). During
observation times, Zahara was housed with two juveniles (Kalina and Nyah) and an
unrelated dominant female (Sophi). Unpublished data collected by Dublin (1974-1976:
Dublin, 1983) indicate that recently weaned juveniles like Kalina and Nyah are at an age
in which significant allomothering is still common. This situation was particularly
favorable to further exploring relatedness and allomothering due to the fact that Nyah
was Zahara’s younger sister and raised with her, while Kalina was born to a different cow
(Kubwa) and raised separately in Kubwa’s group. Prior to the current observations,
Zahara and Nyah had spent relatively little time with Kalina. Kalina was not a member
of Zahara’s and Nyah’s “core group,” but the three elephants had spent some time

together (Years apart, and a few months together). Kalina and Nyah were both the result
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Examples of agonistic encounters

[Figure 2: Examples of agonist encounters. Agonistic encounters involving
Zahara, Kalina, Nyah, and Sophi were monitored. Pictured is an example of a
“Tusk, social” when one animal moves quickly to press its tusks into the body of
another. ]



