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Simple Summary: The translocation of elephants is a management tool developed in the 1980s during
the culling operations at the Kruger National Park, South Africa, to remove “surplus” elephants from
fenced properties. Elephants live in large social networks and form strong social bonds within their
family units. In particular, the mother–offspring bond is crucial to the learning and development
of social skills and social and environmental competence of the calves. The leadership role and
experience of the matriarch appear to be an important factor in providing the necessary knowledge
to optimise social and environmental skills and competence. The translocation of smaller groups
of elephants results in the social disruption of these networks. This paper looks at the social and
ecological aspects of such disruption and what it implies for elephants. A herd of Orphans and
a translocated herd consisting of two families were observed over several years. The Orphans
demonstrated marked effects of social disruption by splitting more frequently and for longer periods
than the family herd and experiencing accelerated reproduction. Social disruption may therefore
reduce learning opportunities with implications for elephant society as well as for conservation.

Abstract: African elephants (Loxodonta africana) exhibit a long developmental period during which
they acquire complex social and ecological knowledge through social networks. Central to this is
that matriarchs and older individuals play an important role as repositories of information gained
through experience. Anthropogenic interventions—including poaching, culling, translocation, and
hunting—can disrupt elephants’ social networks, with implications for individual fitness and po-
tential long-term population viability. Here, we draw on a unique long-running, individual-based
dataset to examine the impacts of translocation on a population of elephants in South Africa, taking
into consideration demographic rates, social dynamics, and ecological decision-making. Specifically,
we compared two translocated groups: a group of unrelated culling Orphans and a family herd.
We found that the Orphan group experienced accelerated reproductive rates when compared with
the family herd. The Orphan group also fissioned more frequently and for longer periods of time,
suggesting lower cohesiveness, and were less decisive in their large-scale movement decisions. These
results add to the growing body of literature on the downstream impacts of social disruption for
elephants. Whilst the translocation of culling Orphans is no longer practised in South Africa, we
encourage careful consideration of any elephant translocation and the resulting social disruption.

Keywords: African elephants; social disruption; orphans; calf mortality; reproduction; social competence;
leadership; cohesiveness; anthropogenic effects

1. Introduction

Sociality enables social learning (learning that is influenced by observation of, or
interaction with, another conspecific individual [1]), which is the basis of developing
social competence [2] to optimise social relationships [3], develop coping strategies [4],
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and acquire ecological competence [5], which in turn helps optimise foraging, landscape
use, health [6], and ultimately fitness. In some species, individuals with strong and
consistent social ties live longer [7,8] and enjoy higher reproductive success [9]. Intact social
environments are especially important for cognitively advanced mammals, which live in
complex societies and form lifelong bonds, including elephants [10], cetaceans [11], and
non-human primates [12].

Elephants have a long calf and adolescent development period [13], during which
they must accumulate environmental and social knowledge [14], acquire skills in commu-
nication [15], tool use [16], and food finding and preparation [17]. These skills are obtained
through social learning [1,18] amongst kin and via social networks [19], whereby growing
up without the leadership of mothers and matriarchs may have important consequences for
survival and reproduction and may negatively impact population dynamics, fitness [20],
and ultimately elephant conservation [21].

Here, we consider how social disruption impacts social and ecological decision-making
in a population of elephants in South Africa. We define social disruption as any breakage of
close social bonds between mothers and their offspring, closely related kin, or larger social
networks. Social disruption in elephants can occur through anthropogenic interventions
such as poaching [22,23], culling, hunting, and translocation [24]. Elephants, having
experienced such events, have also been shown to lack social competence [21], decision-
making skills [24], calf-rearing abilities, and environmental knowledge [25].

Particular events likely to impact an individual’s social ability are early-life trauma, the
loss of matriarchs—who act as repositories of social and environmental know-
ledge [18,26,27]—and inexperience [28], or loss of a mother or other older female rela-
tive [29]. Socially learned behaviour can be crucial to how animals interact with each other
and the environment, and loss thereof can allow the spread of maladaptive behaviour [30].
Loss of social competence through early negative experience has been described for chim-
panzees [31], and in other species, females who experienced more cumulative early adver-
sity have significantly shorter lifespans [32]. Additionally, adverse events at an early age
can have intergenerational effects [33,34], with a female’s early life environment impacting
many physiological and behavioural aspects of her offspring, such as disease, reproductive
rates and success, development, fitness, foraging strategies, stress response, personality,
and body size [33,35,36].

Asian elephants growing up without their mothers and families not only exhibit
abnormal behaviours, an impaired knowledge of food preparation, and an inability to
socially integrate but are also more likely to experience stunted growth, short pregnancies,
and low offspring birth weight [17]. In African elephants, the lack of older, experienced
matriarchs has been seen to induce higher mortality rates for the remaining members of
the herd [28].

The translocation of family groups and individual elephants has long been used as
a management tool in South Africa to prevent habitat over-utilisation without having to
cull [37]. Translocation can disrupt social networks [21], thereby severely impacting an
individual’s opportunities for learning. Further, societal breakdown caused by translocation
may induce aberrant behaviour akin to post-traumatic stress disorder in humans [29,38].

Owing to the near extinction of elephants across South Africa during the 19th and
20th centuries, most elephant populations in fenced reserves in South Africa originate from
translocated individuals, largely from the Kruger National Park (KNP) [39]. Early translo-
cations during the 1980s and early 1990s typically moved groups of young, often unrelated
elephants orphaned during KNP’s culling operations. Later, due to ethical concerns and ad-
vances in logistical capabilities, cow herds were translocated in their entirety. Translocated
groups of varying sizes and origins, some as small as four elephants [40], thus formed the
founding members of elephant populations in fenced reserves across the country. In South
Africa, the National Norms and Standards for the Management of Elephants (2018) [41] are
based on guiding principles, which, amongst others, state that disruption of social groups
as a result of management intervention should be avoided or minimised. However, little
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was known of the consequences of such management interventions, and to this day, the
unintended long-term negative consequences on the lives of the elephants [42] are rarely
considered in management decisions.

The Pongola Game Reserve (PGR) in KwaZulu-Natal provided the unique opportunity
to compare the impacts of different methods of translocation and consider the long-term
consequences of social disruption caused by translocation. The reserve is originally home
to three translocated herds: a group of culling orphans and their offspring (hereafter, the
“Orphans”) and two family groups, which merged (hereafter the “A&B herd”). Although
the Orphans are now adults with their own offspring, we hypothesised that they would
display more signs of social disruption when compared with the A&B herd due to the
additional disruption and social breakdown caused by their orphaning before translocation.
We, therefore, predicted the following:

1. The Orphans would be less competent in rearing their young than the A&B herd, demon-
strated by a younger average age of death and a higher calf mortality rate [26,43,44],
and we expected this to be reflected in rates of vigilance behaviour, with the Orphans
exhibiting less awareness of danger and the appropriate response;

2. Except for possibly two of the founding members, the Orphans are not thought to be
kin and are instead remnants of different herds pieced together for translocation from
KNP. We, therefore, expected the Orphans to be less cohesive as a unit, causing the
group to fission more frequently and exhibit less affiliative behaviour with herd mates
(and also because they were not exposed to such behaviours by their own mothers
and allomothers);

3. Previous research has linked early adversity with accelerated reproductive develop-
ment in human and non-human females [45–48]. We, therefore, expected the Orphans
to have shorter inter-birth intervals (IBI) than the A&B herd and to commence repro-
duction at a younger age (Garaï pers. obs.);

4. Despite the founding members of the Orphans all being similar in age, as noted in
other orphaned elephant groups [49], we expected one individual to assume the role
of matriarch. However, whilst matriarchs typically act as a vital repository of social
and ecological knowledge, we assumed that the Orphans’ matriarch would lack much
of this knowledge due to early-age orphaning and thus no access to older females
to learn from example. We expected this to play out as a less-definitive leadership
approach demonstrated through her position relative to her herd and the decisiveness
of herd movement decisions.

2. Methods and Material
2.1. History of the PGR Elephants

The Pongola Game Reserve (PGR) is a small (~10,000 hectares) [50] private reserve
situated in northern KwaZulu-Natal, South Africa (Figure 1). PGR is fenced at the south
and west and bounded by the Pongola River to the north and Lake Jozini to the east.
The lake straddles the international border between South Africa and Eswatini and is
surrounded by a matrix of private and provincial reserves.

A number of elephant groups and individuals were translocated to PGR between 1997
and 2001. Prior to these translocations, elephants had been absent from the region for many
decades. In 1997, two family groups, the A (n = 8) and B (n = 9) families, were translocated
from KNP to PGR. Although separately translocated, the two-family groups soon formed
a single herd, thereafter named the A&B herd. Three adult males were introduced from
KNP in 1998. A group (n = 5) of unrelated, subadult elephants (aged between 10–13 years),
orphaned in 1992 during the KNP culling operations, were originally translocated to a
nearby reserve but, guided by one of PGR’s bulls, moved into PGR in 2000, thereafter
known as the Orphans. The Orphans attempted to assimilate with the A&B herd but were
not accepted, so they were treated as their own group. Furthermore, three adult males
originally translocated from KNP also moved into PGR from a nearby reserve in 2001,
bringing the founding PGR elephant population to 28 individuals (Table 1).
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Figure 1. The geographical arrangement of reserves comprises the Pongolapoort ecosystem. GR = 
Game Reserve (private). NR = Nature Reserve (provincial). The bold dark red line indicates the in-
ternational border between South Africa and Eswatini (formerly Swaziland). Dubula is a private 
section west of the Pongola NR Western Shores. 
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13 June 1997 Translocated from KNP as an intact family group (B family). 
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● one juvenile male; 
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Figure 1. The geographical arrangement of reserves comprises the Pongolapoort ecosystem.
GR = Game Reserve (private). NR = Nature Reserve (provincial). The bold dark red line indicates the
international border between South Africa and Eswatini (formerly Swaziland). Dubula is a private
section west of the Pongola NR Western Shores.

Table 1. PGR’s founding elephant population. Age classifications: adult ≥ 15 years, subadult ≥ 10
and <15 years, juvenile ≥ 2 and <10 years, and calf < 2 years.

Date Origin Numbers

9 June 1997 Translocated from KNP as an intact family
group (A family).

Eight made up of:
• three adult females;
• two subadult females;
• two juvenile females;
• one male calf.

13 June 1997 Translocated from KNP as an intact family
group (B family).

Nine made up of:
• two adult females;
• four subadult females;
• one juvenile female;
• one juvenile male;
• one male calf.

July 1998 Translocated from KNP. Three adult males

March 2000
KNP culling orphans initially translocated to
a nearby reserve but subsequently moved
into PGR (the Orphans).

Five made up of:
• four subadult females;
• one subadult male.

August 2001 Initially translocated from KNP to a nearby
reserve, but subsequently moved into PGR. Three adult males

Although initially arriving on the PGR, the elephants have subsequently moved across
the Pongola River and around Lake Jozini into neighbouring private and provincial reserves
(Figure 1). The movement of elephants into other reserves was facilitated by the falling
water levels of Lake Jozini following several years of below-average rainfall and continued
agricultural offtake; elephants moved around boundary fences and through the river in the
shallow water. Such exploration and movement are natural for elephants, but we believe
it may have been further provoked by dry conditions and declining vegetation on the
PGR [51].



Animals 2023, 13, 483 5 of 22

Whilst in this paper we seek to understand the effects of translocation on female
elephant groups, it should be noted that the PGR elephant population has undergone
additional stressors which may add to atypical behaviours [52]. Management interventions
intended to minimise elephants’ population growth, limit elephant impacts on vegetation,
and guard human safety have included:

• Vasectomising seven subadult bulls in 2008;
• GnRH contraceptive treatment of the two oldest bulls (unable to undergo vasectomies)

from 2008 until their deaths in 2010 and 2013;
• Destruction of a dominant, mature A&B herd cow in 2011;
• GnRH treatment of five subadult bulls from 2016–2017 as a means of contraception
• Hunting of adult bulls in 2010 and 2013;
• Forced movement of the A&B herd from the Royal Jozini Private Game Reserve (RJ) to

the Pongola Nature Reserve Eastern Shores on 11 October 2016, during which time the
herd was split, and a subset of the A&B herd (n = 7) remained in RJ. This separation
persisted until the end of the study period.

2.2. Data Collection
Demographic and Behavioural Monitoring

The PGR elephant population was intensively monitored from February 2011 to
December 2018. Owing to the separation of the A&B herd on 11 October 2016 and the
additional social disruption caused, we chose to exclude data collected after this time and
solely focus on the impacts of translocation. All data were collected by Heike Zitzer or by
others under her supervision to ensure data were consistent and accurate. Monitoring took
place for 6–8 h most days. The elephants were monitored routinely from a vehicle, although
ad hoc observations made on foot or via camera traps were also included in the dataset.
All efforts were made to minimise the influence of the observer on elephant behaviour:
the same monitoring vehicle was used whenever possible and was positioned within
the elephants’ field of vision but at a minimum distance of 80 m, allowing the elephants’
acknowledgement without obstructing their intended movement paths or intruding into
their comfort zones.

Six adult males and the matriarch of the Orphans (Constant) were fitted with VHF
radio collars to facilitate locating the elephants each day. No member of the A&B herd was
collared for any meaningful length of time during the study period. Instead, the A&B herd
was located based on the elephant monitor’s deep knowledge of their habits and movement
patterns. All effort was made to monitor each herd and all individuals regularly and equally.
If one individual or herd was not observed for a period of time, this was because they were
inaccessible. Upon locating elephants, two sampling techniques were employed to monitor
their behaviour (a full ethogram is included in the Supplementary Materials):

Instantaneous 30 min scan samples [53] recorded the time, date, and location of
the elephant(s) being observed. The number of elephants was counted, and any focal
individuals were identified (based on unique ear tears and tusk shape). The habitat type
and dominant vegetation species were recorded. Finally, the behaviour displayed by the
majority of the group at the time of the scan sample was recorded as either feeding, resting,
moving, or other.

Continuous 15 min focal samples monitored a single focal elephant continuously for
15 min (or for as long as the individual was visible if less than 15 min). These were com-
pleted between subsequent 30 min scan samples. During this time, all behaviours exhibited
by the focal individual were recorded, along with the time that behaviours began and
ceased, and any interactions with other individuals were noted. Vigilance behaviours (head
held high, tail raised, ears lifted and held outward at an angle and looking specifically in
one direction) were recorded in order to determine each herd’s response to possible threats.
Affiliative behaviours (body contact, play, greetings, and genital inspections) were recorded
to examine the strength of relationships between individuals. This position of the focal
individual relative to the rest of the herd was also noted, as this is representative of their
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role within the group; matriarchs typically occupy positions either leading the herd from
the front, moving on the outer edge of the herd, or following the herd, though other females
may also occupy these positions and, in doing so, display leadership tendencies [54].

Any demographic events (new births or deaths) were recorded when they were
realised, but dates were usually accurate to a couple of weeks, given the frequency of
monitoring. Group size and composition at the end of the study period are shown in
Table 2.

Table 2. Elephant group size and composition at the end of the study period (December 2018). Age
classifications: adult ≥ 15 years, subadult ≥ 10 and <15 years, juvenile ≥ 2 and <10 years, and
calf < 2 years.

Group Age Classification Numbers

A&B herd

Adult females 17
Sub-adult females 5
Sub-adult males 4
Juveniles 21
Calves 12

Orphans

Adult females 5
Sub-adult females 0
Sub-adult males 5
Juveniles 11
Calves 1

Adult males Independent bulls 13

Total 94

2.3. Data Analyses

All behavioural data were converted to the proportion of total observation time
or count in order to adjust for differences in total observations of each group or focal
individual. Instantaneous scan samples provided information on space use and fission–
fusion dynamics of both groups, whilst continuous focal samples recorded the amount of
time spent exhibiting affiliative and vigilance behaviours. Given that affiliative behaviours
may be more common amongst a larger group and vigilance may be heightened in a
smaller group, we further standardised the proportion of time spent exhibiting vigilance
and affiliative behaviours by group size.

Demographic data were compared between the two groups. Infant mortality rate
(≤2 years old) and sex ratios at birth were calculated only for individuals born after arrival
at PGR. Females suspected of previously having a calf before arrival in PGR were excluded
from calculating the mean age of their first parturition. Inter-birth intervals (IBI) were
only calculated for multiparous females. It is possible that some births went unrecorded,
particularly stillbirths or deaths occurring soon after birth. However, the close monitoring
of PGR elephants means that pregnancies were often suspected before parturition, and
behavioural anomalies could be used as an indicator of stillbirth or calf death.

We statistically compared differences in mean behavioural and demographic rates
between the A&B herd and the Orphans. Most data were found to violate the assumption
of normality, and the transformation of the data was unsuccessful. Where this was the case,
non-parametric tests were used (detailed in the Results below).

3. Results
3.1. Calf-Rearing Ability
Age of Death and Infant Mortality

A lack of older, experienced females suggests that the Orphans should experience
higher infant mortality rates, pulling down the average age of death. Further, it was
expected that more infants would die in the circumstances suggesting a lack of experience
by their mothers (e.g., being hit by a train, predation, or drowning).
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Whilst the median age of death was lower for the Orphans (1 year old) than the A&B
herd (7 years old), this difference was not significant (Wilcoxon rank sum test: W = 84.5,
p = 0.1986) (Figure 2). Of all calves born to the Orphans, 21% died ≤2 years of age (n = 5 of
24), whilst in the A&B herd, only 9% of individuals died as infants (n = 7 of 78), although
these differences were not significantly different from expected values (Chi-squared test:
X2 = 1.4305, df = 1, p = 0.2317).
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Figure 2. Age of death of individuals in the A&B herd and Orphans. Boxplots show median, IQR,
and outliers. Numbers on the x-axis indicate the number of deaths recorded in each herd.

Of these infant mortalities, the Orphans lost more infants to the train (n = 2, accounting
for 40% of infant mortalities) than the A&B herd (n = 1, 14% of infant mortalities), but the A&B
herd additionally lost three infants to drowning (accounting for 43% of infant mortalities).

3.2. Vigilance Behaviour

Vigilance is important to identify and correctly respond to potential threats. Compari-
son of the proportion of time focal females spent displaying vigilance behaviour showed
that, when standardised by group size, individuals belonging to the Orphans displayed
significantly more vigilance behaviour than the A&B herd (Wilcoxon rank sum test: W = 6,
p < 0.01) (Figure 3).
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3.3. Cohesiveness
3.3.1. Fission–Fusion Dynamics

Given that most of the founding members of the Orphans are not thought to be closely
related (with the possible exception of two adult females), it was expected that the Orphans
would be less cohesive than the A&B herd. A less cohesive herd is expected to fission more
frequently, spending time as subunits of the entire herd [55] (205–223).

As expected, the Orphans spent proportionally less time as an entire herd and more
time fissioned than the A&B herd (Chi-squared test: X2 = 72.73, df = 1, p < 0.001), suggesting
that the Orphans are indeed less cohesive (Figure 4). Additionally, Orphan members spent
proportionally more time fused with the A&B herd (Chi-squared test: X2 = 140.51, df = 1,
p < 0.001), perhaps suggesting that the inexperienced Orphans were seeking the guidance
of older females in the A&B herd.
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observations in which all members of either the A&B or Orphans herd were present. “Fission”
indicates instances in which only a subsection of either the A&B herd or Orphans were observed.
“Fusion” refers to instances in which all or some members of both the A&B herd and Orphans were
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The duration of fission events was significantly longer for the Orphans (median 3086
min or nearly 3 days) than for the A&B herd (median 1633 min or just over a day) (Chi-
squared test: X2 = 37.73, df = 3, p < 0.001), but considering the distribution of the duration
of fission events (Figure 5a), the pattern is similar for both herds with frequent short-term
fissions most commonly lasting between 1 day and 1 week. However, the A&B herd never
fissioned for more than a month, whilst the Orphans did on several occasions. Seasonally,
fission events did not uniformly occur throughout the year (Figure 5b), with the A&B herd
fissioning most often in the wet season and the Orphans fissioning most often in autumn.
However, the seasonal differences were not significant (Chi-squared test: X2 = 2.04, df = 3,
p = 0.56).
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3.3.2. Affiliative Behaviour

The less cohesive Orphans were also expected to demonstrate less affiliative be-
haviours towards one another as social bonds were assumed to be weaker. However,
when standardised by group size, the Orphans spent significantly more time exhibiting
affiliative behaviours than the A&B herd (Wilcoxon rank sum test: W = 12, p < 0.05)
(Figure 6a). Further, the recipients of affiliative behaviours significantly differed between
the A&B herd and the Orphans (Chi-squared test: X2 = 17.25, df = 4, p < 0.01). The Orphans
directed a higher proportion of affiliative behaviour towards herd mates (other adult fe-
males, calves, and juveniles within their herd) than the A&B herd, who rather directed
affiliative behaviour more often towards males (Figure 6b).
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Figure 6. (a) Proportion of time spent exhibiting affiliative behaviours in the A&B herd and Orphans.
Boxplots show median, IQR, and outliers. Numbers on the x-axis indicate the number of individuals
included in the analysis for each herd. (b) The proportion of affiliative behaviour directed towards
other demographic groups. “Male” refers to independent adult bulls. “Subadult male” refers to
semi-independent sub-adult bulls.
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3.4. Accelerated Reproduction
3.4.1. Age at First Parturition

Socially disrupted humans and non-human mammals have been observed to experi-
ence accelerated reproductive rates, so we expected the Orphans to mature earlier and give
birth more frequently than the A&B herd. Comparison of the age of the first parturition,
however, showed no significant difference between the two herds (Welch’s two-sample
t-test: t = −0.31, df = 5.5, p = 0.77) (Figure 7).
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3.4.2. Inter-Birth Intervals

The Orphans did, however, exhibit significantly shorter inter-birth intervals than the
A&B herd (Wilcoxon rank sum test: W = 64.5, p-value < 0.05; Figure 8).

We considered a number of reasons for the differences in IBIs. Moss & Lee [56]
(187–204) found that higher infant mortality rates led to shorter IBIs in the Amboseli ele-
phant population. However, we see no significant difference in infant mortality rates
between the A&B herd and the Orphans (Figure 2). Physiologically, the energetic demand
of calf-rearing on mothers presents a potentially limiting factor in calf survival. Younger
mothers tend to be smaller, with fewer energy reserves than older females [28,57]. In
addition, due to greater birth weights and faster growth rates, male calves pose a larger
energetic demand on their mothers than female calves [57,58]. Whilst there was no signifi-
cant difference in the mean age of first parturition between the Orphans and the A&B herd
(Figure 7), there was a dramatic difference in calf sex ratios. Natural elephant sex ratios at
birth are expected to be 1:1 [56]. Whilst the A&B herd maintained a near 1:1 calf sex ratio
(51% male), the sex ratio of the Orphans was dramatically skewed, with all but one calf
being male (92%).
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3.4.3. Sex Ratios

The Orphans’ skewed sex ratio led us to compare with other reserves that are home to
socially disrupted elephant populations. Although the mean sex ratio across the reserves
did not significantly differ from the expected 1:1 ratio (one-sampled t-test: t = 0.92, p = 0.39),
it does appear that in a number of reserves, there is a trend towards more males being born
(Figure 9), and only two reserves had the expected 1:1 sex ratio.
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Figure 9. Sex ratios at birth for a number of socially disrupted elephant populations across South
Africa. Reserve names have been anonymised. Pongola is shown in red, and the two herds are
separately shown in pink. All other reserves are shown in grey. Note that the sex ratios of calves born
to the Orphans extend beyond the bounds of the plot. Reserve 5 consists of a group of ex-trained
elephants, and 7a and 7b are originally one group split by management within the same reserve.
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3.5. Decision Making
3.5.1. Leadership

With no multigenerational age structure and all adult females being of a similar age,
it was unclear which member of the Orphans would be the matriarch. Through close
observation over many years, Constant (female born approx. in 1987) seemingly fulfilled
the role of matriarch. However, given the non-natural age composition of the Orphans, it
was expected that Constant’s leadership would be less dominant than Antares’ (matriarch
of the A&B herd, born approx. in 1963). The spatial position of matriarchs in relation to
the rest of their respective herds was compared to assess this. Matriarchs typically occupy
positions either leading the herd from the front, moving on the outer edge of the herd, or
following the herd [54]. However, other females may also occupy these positions and, in
doing so, display leadership tendencies. Other females of the Orphans were expected to
occupy these locations more frequently than adult females in the A&B herd.

Contrary to expectations, however, focal females of the Orphans spent a similar
proportion of time in matriarchal positions to focal females in the A&B herd. Interestingly,
Constant (the Orphans’ matriarch) actually spent more time in matriarchal positions than
Antares (the A&B herd’s matriarch) (Figure 10).

Animals 2023, 13, 483 14 of 24 
 

 
Figure 10. (Left): The position of matriarchs Antares (A&B herd) and Constant (Orphans) in relation 
to the herd. (Right): The position of non-matriarch adult females in relation to the herd. “Matriar-
chal” positions include following, leading (matriarchs)/or moving at the front (non-matriarchs), or 
moving on the outer edge of the herd. “Non-matriarchal” positions include moving within the herd, 
following at the rear/trailing the herd, or not with the herd (see Supplementary Materials for full 
ethogram). Numbers within bars show the number of focal hours contributing to each category. 

3.5.2. Space Use 
The Orphans demonstrated different movement patterns to the A&B herd during the 

move into the Royal Jozini Private Game Reserve (RJ), Eswatini, in 2016 (Figure 1). The 
A&B herd demonstrated purposeful and directional movement first from PGR to the Pon-
gola Nature Reserve Western Shores (PNR-WS) and then onto RJ, all within the span of 3 
months (Figure 11). The A&B herd remained at RJ almost exclusively until the main part 
of the A&B herd was pushed to the Pongola Nature Reserve Eastern Shores (PNR-ES) on 
11 October 2016 (data excluded from this analysis). Note that there were no recordings of 
the A&B herd in April 2016 because the elephant monitor could not reach RJ. 

 
Figure 11. The movement of the A&B herd (Left) and Orphans (Right) during 2016. Bars indicate 
the proportion of observations in each reserve. For a map of the reserves, see Figure 1 and refer to 
the Methods section. Note that no observations were made of the A&B herd during April 2016. 

Figure 10. (Left): The position of matriarchs Antares (A&B herd) and Constant (Orphans) in relation
to the herd. (Right): The position of non-matriarch adult females in relation to the herd. “Matriarchal”
positions include following, leading (matriarchs)/or moving at the front (non-matriarchs), or moving
on the outer edge of the herd. “Non-matriarchal” positions include moving within the herd, following
at the rear/trailing the herd, or not with the herd (see Supplementary Materials for full ethogram).
Numbers within bars show the number of focal hours contributing to each category.

3.5.2. Space Use

The Orphans demonstrated different movement patterns to the A&B herd during
the move into the Royal Jozini Private Game Reserve (RJ), Eswatini, in 2016 (Figure 1).
The A&B herd demonstrated purposeful and directional movement first from PGR to the
Pongola Nature Reserve Western Shores (PNR-WS) and then onto RJ, all within the span of
3 months (Figure 11). The A&B herd remained at RJ almost exclusively until the main part
of the A&B herd was pushed to the Pongola Nature Reserve Eastern Shores (PNR-ES) on
11 October 2016 (data excluded from this analysis). Note that there were no recordings of
the A&B herd in April 2016 because the elephant monitor could not reach RJ.
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Figure 11. The movement of the A&B herd (Left) and Orphans (Right) during 2016. Bars indicate
the proportion of observations in each reserve. For a map of the reserves, see Figure 1 and refer to the
Methods section. Note that no observations were made of the A&B herd during April 2016.

By contrast, the Orphans only moved onto RJ in June 2016, and even then, they were
less committed, continuing to divide their time between RJ, PGR, PNR-WS, and Dubula
(Figure 1).

It should be noted that the scan data does not provide a perfect representation of herd
movements as it was somewhat limited by the ability of the monitor to access reserves and
locate herds. However, every effort was made to monitor all reserves in each month, and
so an absence of records in a given reserve in a given month is a strong suggestion that the
herd was not present.

4. Discussion

Highly social and cognitive animals, such as elephants, optimise fitness via social
learning between mothers and their offspring, closely related kin, or larger social net-
works. Disruption and breakdown of bonds and social networks through management
interventions, such as translocation, will have negative effects [1,2,10,19,24,59]. We had
the opportunity to observe two herds of translocated elephants—a family herd originally
consisting of two family units and an orphaned herd—to assess the long-term impacts on
social competence and, thus, their ability to optimise fitness.

4.1. Calf Rearing Ability

Social disruption has been found to have negative impacts on elephant mortality and
reproductive success [21,60]. Lack of early social attachment and care from the mother and
family could also affect calf development of normal emotional and social abilities [61], with
the effects being passed on to the next generation [62]. We expected that orphaning early in
life would result in the Orphans having a limited ability to correctly identify and respond
to danger, which would, in turn, lead to an earlier age of death of their offspring. Whilst
the average age of death did not significantly differ between the two herds, the Orphans
displayed significantly more vigilance and ignorance of danger than the A&B herd. This is
possibly an example in which the Orphans overcompensated, being unnecessarily alerted
by stimuli, as they had not learnt from a matriarch what events constituted real danger
and therefore made them more nervous. The incorrect direction of vigilance is further
supported by the fact that the Orphans lost more calves to the train than the A&B herd,
suggesting an inappropriate recognition of, or response to, the threat posed by the train.
Anecdotally, the A&B herd chose to cross the railway in only a few locations throughout the
reserve where visibility of the oncoming train was greatest, whilst the Orphans crossed the
railway more freely. Throughout the study, we observed that the A&B herd was more often
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seen on floodplains in close proximity to Lake Jozini, potentially explaining the higher
number of calves dying due to drowning.

Whilst the Orphans displayed more vigilance behaviour relative to group size, vigi-
lance behaviour was actually comparatively rare across the dataset. This could be explained
by social disruption, as we posit here, but it is also possible that the relative lack of threats
meant frequent vigilance was unnecessary; PGR has no large carnivores that may pre-
date young elephants (e.g., lions) and other potential threats were common occurrences
(e.g., vehicles and the train), and the elephants potentially habituated to these stimuli.

4.2. Cohesiveness

The association patterns of species exhibiting long-term relationships, including ele-
phants, are known as fission–fusion dynamics [63]. Fission–fusion dynamics are charac-
terised by the formation of temporary subunits and larger gatherings of multiple social
groups, known in elephants as clans, that vary in size, composition, cohesion and duration
within socio-ecological constraints.

Fission–fusion dynamics evolved due to intragroup competition for resources, ecologi-
cal constraints [27], social needs [64,65], and (mis)aligned individual goals and motives [66].
In elephants, closely related females form strong bonds and tend to remain together for life.
However, when socially disrupted and forced into groups of unrelated individuals (such as
the Orphans), inclusive fitness benefits associated with elephants’ natural herd structure are
negated, and one may expect that the individuals are less cohesive. Indeed, the Orphans
proportionally fissioned more often than the A&B herd (Figure 4) and for longer periods of
time (Figure 5a). Various subunits were formed during the observation times, which did
not always include the same individuals, showing similarities to higher-order tiers in intact
elephant herds [27].

Fission events are not only driven by sociality but also by ecological constraints. To
determine the role of ecology in the fission–fusion dynamics of the Pongola elephants,
we examined the seasonality of fissioning throughout the year. Ecologically, fissioning
should occur most often during the dry season, when resources (food and water) are scarce
and elephants fission to avoid competition with kin [27,67]. The dry season in PGR spans
from June to August. The A&B herd is larger than the Orphans (Table 2), which might
additionally mean competition amongst the A&B herd is comparatively more acute, and
fission events are, therefore, more heavily influenced by seasonality. However, this was not
the case. The Orphans fissioned more frequently during the autumn. The A&B herd, on the
other hand, fissioned more often during the wet season (November–January). Potentially,
the large size of the A&B herd meant that competition was a factor throughout the year
and not so closely tied to seasonality, but still, the result was unexpected. Alternatively, the
difficulty in keeping track of a large number of other elephants may have meant the A&B
herd frequently fissioned for short periods of time during routine daily movements, though
this does not explain the lack of fissioning during the dry season. Additionally, we must
remember that the A&B herd were originally formed of two separate groups translocated
from KNP and that one mature, dominant female was culled, events which may further
contribute to the observed fission–fusion dynamics.

Fusion events help to form and maintain social relationships and exchange knowledge
between herds. Upon first arriving at PGR, the Orphans (aged 10–13 years old at the
time) attempted to assimilate with the A&B herd. We believe they were seeking the
guidance of older females, which are known to act as repositories of social and ecological
information [5,26] and possibly the security of a larger herd. However, it is rare that
close-knit elephant herds admit non-related individuals [17,21,49], and this was the case
for the Orphans.

4.3. Affiliative Interactions

We expected the reduced cohesiveness of the Orphans to additionally play out in
the frequency of affiliative behaviours between herd mates, which is important for the
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formation and maintenance of relationships [68–71]. Contrary to expectations, however,
the Orphans spent more time exhibiting affiliative behaviour relative to group size than the
A&B herd. Further, the Orphans directed a greater proportion of their affiliative behaviours
towards herd mates (other adult females and juveniles) as opposed to independent males.
One explanation could be that the unrelated Orphans had to reaffirm their bonds and
friendly intentions more often to ensure cohesion [71]. Alternatively, affiliative behaviour
can also be a reaction to distress [72], and the early life experiences of the Orphans may
have ingrained a greater dependence on affiliative behaviours in response. The larger
proportion of affiliative behaviour expressed towards calves may, in particular, indicate
uncertainty on the part of the Orphans’ adult females in calf-rearing, having not witnessed
their own mothers and allomothers raising offspring.

The large proportion of affiliative behaviour directed from the A&B herd towards
independent adult males may be a result of the greater number of females in the A&B herd;
more females mean more individuals cycling through oestrous, during which time males
preferentially associate with female herds. In addition, many of the adult males were born
into the A&B herd and so may have engaged in affiliative behaviours to re-establish bonds
with their natal herd.

4.4. Accelerated Reproduction

On average, African elephants give birth every 3.5–4.5 years, depending on ecological
and climatic conditions [73–76]; however, orphaned elephants on other reserves have
displayed rapid population growth due to shorter IBIs [77]. As hypothesised, the Orphans
had significantly shorter IBIs than the A&B herd and, further, had shorter intervals than
those recorded in KNP, where the Orphans originated from (3.65–4.0 years) [78]. Several
factors could cause shorter IBIs. For instance, the death of a young calf would cause the
mother to begin oestrous cycling again, thus shortening the normal IBI. However, calf death
alone would not explain all shorter intervals, as the absolute infant mortality rate amongst
the Orphans was not significantly different from the A&B herd. Early cessation of lactation
and subsequent resumption of oestrus cycling may offer an alternative explanation, but an
early cessation of lactation for a living calf would only occur under severe environmental
conditions, which would likely also prevent conception and lengthen IBIs [56,79].

The age of first parturition did not significantly differ between the A&B herd and
the Orphans, and it is notable that individuals in both herds had a very young age of
first parturition at age seven. In the Orphans, Charlie (female, born in 2002) gave birth to
her first calf, Isipho (male, born in 2009), at seven years old, meaning she reached sexual
maturity and entered oestrous around age five. The same is true of Amethyst (female,
born in 2004), who gave birth to her first calf at age seven (unknown, born in 2011). In
non-disrupted wild elephant populations, the earliest known age of first parturition in the
Amboseli National Park was just under nine years old [80], and in the Addo National Park
population, the youngest recorded parturition was 10 years old [81]. An endocrinology
study on 43 African elephants in European zoos found that the average age of sexual
maturity was seven years, and the youngest known first parturition was eight years old
(Ramat Gan Zoo) [82]. The age of the mother seems to have consequences on the health,
survival, and reproduction of the offspring [83], whereby transgenerational effects are still
poorly understood [34].

We believe the most likely explanation for the demographic rates seen in both herds,
and particularly the Orphans, is that social disruption stimulates early maturation and
reproductive acceleration [45–48]. This follows the concept of predictive adaptive response
(PAR), by which conditions experienced in early life influence development. In humans,
adverse conditions experienced in early life have been found to reduce life expectancy and
decrease the age of sexual maturity [84]. Further, populations of small rodents rebound to
pre-collapse levels at an accelerated rate [85].

In elephants, populations in the Tarangire and Gorongosa National Parks experienced
accelerated rates of reproduction following heavy poaching [23,86], and individuals who
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lost their mother before the age of nine years in the Amboseli reached reproductive ma-
turity earlier, although only by a few months [80]. Additionally, anecdotal evidence from
recipients of other KNP culling orphans reported that these elephants reproduced rapidly,
with IBIs as short as two years or less.

4.5. Sex Ratios

We thought it also worth discussing the apparently skewed sex ratios of the Orphans
(and, to a lesser extent, the A&B herd) as a potential demographic impact of social disrup-
tion. The Orphans had a male:female sex ratio of 22:1. Comparison with other socially
disrupted populations across South Africa indicated that several other reserves also tend to
show a bias towards male calves, with the exception of ex-trained elephants (Reserve 5,
Figure 9) and a group which had been spilt by a fence by management to consist of 15
and 44 elephants, respectively, with the smaller group having only one male (Reserve 7a,b,
Figure 9).

There is abundant evidence suggesting adults manipulate the sex ratio of their off-
spring [87], with several hypotheses as to why this is the case (for further details, see [87,88]).
Most private smaller reserves in South Africa preferred not to introduce many males with
the founding herd, but over the years, the sex ratio has evened to reflect a more natural dis-
tribution. As most private reserves have reached their limit in the number of elephants the
fenced environment can sustain, there may be a resource or density factor (or a cost-benefit
effect) influencing the sex at conception [58].

Due to the small sample sizes across the included reserves, we can only speculate
at this stage, and it may be, given time and further births, that the sex ratios will move
towards the expected 1:1 ratio. However, this may be interesting to study further, especially
for elephants confined within fenced systems.

4.6. Decision-Making and the Role of Matriarchs

Coordination of behaviour within a group is beneficial to all involved but requires
a group decision [89]. In elephant society, decisions are predominantly made by the
matriarch [26,66,76], who is related to all individuals in her herd and thus has an inclusive
fitness interest in keeping the group safe and healthy [20]. The matriarch is often the oldest
female in a group, and other herd members benefit from her experience [5].

In socially disrupted groups of unrelated and similarly aged elephants, one female may
well take on the role of matriarch, although she will not have the same genetic motivation
as in a natural herd, allowing individuals to make alternative decisions, leading to the
splitting of the group [90], as was seen in the Orphans. Dominance hierarchies amongst
female elephants have been established [91]; however, rather than aggressive interaction
between females, dominance is established through an individual’s capacity to influence
the behaviour of others and is closely related to personality [66]. In the Orphans, Constant
(female, born in 1987) assumed the role of matriarch. We believe her protectiveness of the
herd and particularly of calves, along with her strong allomothering instincts, secured her
the role.

Observations of several other young KNP orphan groups noted that the oldest female
of the group often assumed the matriarch role, with the second-oldest female assisting
in group defence [49]. However, this was not always the case. In one instance, a group
of young orphans (2–4 years old) promoted the oldest male to the role of matriarch and
implicitly followed him. In another case, although a slightly older female was present, she
seemed incapable of assuming this role, and these elephants split into smaller groups. It
may be that personality, or genetic disposition, facilitates the acceptance of taking on this
demanding role. There is further evidence that variations in maternal care can serve as
the basis for genetic [92] and nongenomic [93–96] behavioural variation in transmission
across generations.

The role of the matriarch is demanding, and not any older female appears capable of
taking this on, resulting in the entire herd suffering. A study [97] documented the events
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following the death of a matriarch in an orphaned group. The next oldest female was
reluctant to take on the role of matriarch, and instead, the herd followed a male. Under his
leadership, a calf and a separate female were killed by another female, and a young male
caused significant damage to the infrastructure of the reserve. Subsequently, the group
displayed more erratic movements and fissioned often.

The A&B herd was initially composed of two family herds separately translocated
from KNP but soon formed a single herd under the leadership of a dominant adult female,
Buga (a female born in 1963). Buga was a particularly high-strung individual, potentially
as a result of her translocation, and was culled in 2011 after showing repeated aggressive
behaviour towards vehicles. Antares (a female born in 1963) took on the role of matriarch
in 2009, and the A&B herd grew under her leadership.

Both matriarchs (Antares and Constant, the A&B herd and Orphans, respectively)
spent a significant portion of time in typical positions ascribed to matriarchs in relation
to the rest of the herd (leading the herd from the front, moving on the outer edge of the
herd, or following the herd [54]), although Constant spent more time in these positions.
This may reflect the size of the two herds, with the A&B herd being significantly larger
than the Orphans (Table 2) and therefore being more difficult for Antares to coordinate.
Alternatively, due to the non-relatedness of the Orphans, perhaps Constant felt the need to
assert her role as matriarch more often.

In terms of ecological decision-making, we found differences in the directional move-
ment patterns of the A&B herd compared with the Orphans. This was clearly demonstrated
by the move of both herds to RJ in 2016. The A&B herd decisively moved from PGR to
PNR-WS and then to RJ, with very few back-and-forth movements. The Orphans, on the
other hand, were more cautious, initially making the transition later than the A&B herd and
then even moving back to PNR-WS and Dubula after first venturing into RJ. This indecision
may demonstrate the Orphans’ matriarch’s nervousness in large-scale movement decisions,
which would, in a natural herd, be guided by and supported by older females.

4.7. Effect of Translocation on the A&B Herd

The A&B herd originally consisted of two separate family groups translocated from
KNP that subsequently fused under one matriarch. Several unexpected behaviour patterns
indicated that the translocation of the A&B herd from a familiar social network within KNP
may have affected them. The A&B herd lost several calves to drowning, potentially as a
result of them spending more time in open grasslands near the lake’s edge or alternatively
due to a lack of understanding of the danger of water. Furthermore, they did not fission as
expected during the dry seasons [27,67], again suggesting a lack of knowledge. Of interest
was the relatively early age of first parturition, similar to the Orphans and zoo elephants,
but much earlier than undisturbed herds elsewhere (Amboseli and Addo National Parks).
The A&B herd also demonstrated atypical demographics and behaviours, indicating that
any translocation of elephants away from familiar surroundings and social networks, even
as intact family herds, can have long-term implications for behaviour, reproduction, and
possibly herd fitness.

Emerging evidence of animal culture across diverse taxa seems to indicate that social
learning and culture interact with processes important to management [98]. While the cul-
ture of elephants has not been a priority research topic to date, studies on other species show
the importance of including the cultural aspect in defining long-term behaviour [99–102].
As such, the translocation of small elephant family groups away from their natal social
network is likely to have long-term effects on the animals concerned, with consequences
for their conservation and management.

5. Conclusions

In social species such as elephants, ecological and social knowledge and skills are
transmitted from one generation to the next through learning. Socially disrupted ele-
phant groups have an altered learning environment that may result in the loss of social
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and ecological competence [2]. This could have serious implications on current and fu-
ture generations, affecting their fitness, with eventual implications for management and
conservation [97,101].

Our study compared the social and environmental competence of two elephant groups,
the A&B herd and the Orphans, both socially disrupted by management interventions
previously and currently employed in South Africa. This unique long-running, individual-
based behavioural dataset provides a glimpse into the impacts of social disruption through
translocation on elephants.

There were marked differences in the social and ecological competence of the A&B
herd and the Orphans. In line with theories that social disruption stimulates reproductive
acceleration [45–48], the Orphans experienced shorter IBIs than the A&B herd. However,
both groups experienced earlier-than-expected first parturition, in line with the theories of
early maturation due to social disruption [45–48]. Food for thought is the apparent male
bias in sex ratios at birth, with similar trends in some other reserves, though clearly, further
research with a much larger dataset is needed to draw any conclusions.

Whilst both groups exhibited fission–fusion dynamics, the Orphans fissioned more
often and for longer periods of time than the A&B herd. Interestingly and contrary to
expectations, the A&B herd infrequently fissioned during the dry season, suggesting that
fissioning was not ecologically driven but determined by other factors.

Overall, social disruption, including the loss of family structure and role models
and the loss of a larger established network, reduces opportunities to learn, resulting
in diminished social and ecological competence. This, in turn, has implications for the
management and conservation of the species. Severed societies may, in the long term, adapt
to new situations, but a huge amount of acquired knowledge will be lost.

Translocation is emerging to have more, and longer-term unintended consequences
than initially anticipated, depleting elephant populations of their optimised social abilities,
strategies, and possibly even culture. Although translocation is still viewed as a favourable
management tool for local population control, it should only be performed following careful
considerations of the long-term consequences, benefits and impairments to conservation,
and only by translocating large groups of several families in order to minimise the loss of
social networks and culture.

Supplementary Materials: The following supporting information can be downloaded at: https://www.
mdpi.com/article/10.3390/ani13030483/s1, Table S1: Ethograms of behaviours used for activity
budget data collection: 30 min scan data.

Author Contributions: Conceptualization, M.E.G.; methodology, H.R.Z.; formal analysis, V.L.B.; data
curation, V.L.B. and H.R.Z.; writing-original draft preparation, M.E.G., V.L.B. and H.R.Z.; writing-
review and editing M.E.G., V.L.B. and H.R.Z.; visualization, V.L.B. All authors have read and agreed
to the published version of the manuscript.

Funding: V.L.B was supported by a NERC Knowledge Exchange Fellowship (NE/VO18841/1). The
APC was funded by the University of Reading.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: The data presented in this study are available upon reasonable request
from the corresponding author. The data are not publicly due for privacy reasons.

Acknowledgments: We would like to thank the Pongola Game Reserve, the Pongola Nature Reserve,
and the Royal Jozini Private Game Reserve for the permission to access their reserves to monitor
the elephants and White Elephant Safaris to analyse the data. The Elephant Reintegration Trust is
thanked for its data pertaining to sex ratios on the other reserves.

Conflicts of Interest: The authors declare no conflict of interest.

https://www.mdpi.com/article/10.3390/ani13030483/s1
https://www.mdpi.com/article/10.3390/ani13030483/s1


Animals 2023, 13, 483 19 of 22

References
1. Heyes, C.M. Social learning in animals: Categories and Mechanisms. Biol. Rev. 1994, 69, 207–231. [CrossRef] [PubMed]
2. Taborsky, B.; Oliveira, R.F. Social competence: An evolutionary approach. Trends Ecol. Evol. 2012, 27, 679–688. [CrossRef]

[PubMed]
3. Kempes, M.M.; Gulickx, M.M.C.; van Daalen, H.J.C.; Louwerse, A.L.; Sterck, E.H.M. Social competence is reduced in socially

deprived Rhesus monkeys (Macaca mulatta). J. Comp. Psychol. 2008, 122, 62–67. [CrossRef] [PubMed]
4. Wechsler, B. Coping and coping strategies: A behavioural view. Appl. Anim. Behav. Sci. 1995, 43, 123–134. [CrossRef]
5. McComb, K.; Shannon, G.; Durant, S.M.; Sayialel, K.; Slotow, R.; Poole, J.; Moss, C. Leadership in elephants: The adaptive value

of age. Proc. R. Soc. B 2011, 278, 3270–3276. [CrossRef]
6. Snyder-Mackler, N.; Burger, J.R.; Gaydosh, L.; Belsky, D.W.; Noppert, G.A.; Campos, F.A.; Bartolomucci, A.; Claire Yang, C.;

Aiello, A.E.; O’Rand, A.; et al. Social determinants of health and survival in humans and other animals. Science 2020, 368, 843.
[CrossRef] [PubMed]

7. Holt-Lunstad, J.H.; Smith, T.M.; Layton, J.B. Social relationships and mortality risk: A meta-analytic review. PLoS Med. 2010,
7, e1000316. [CrossRef]

8. Silk, J.B.; Beehner, J.C.; Bergman, T.J.; Crockford, C.; Engh, A.L.; Moscovice, L.R.; Wittig, R.M.; Seyfarth, R.M. Strong and
consistent social bonds enhance longevity of female baboons. Curr. Biol. 2010, 20, 1359–1361. [CrossRef]

9. Silk, J.B.; Alberts, S.C.; Altmann, J. Social bonds of female baboons enhance infant survival. Science 2003, 302, 1231–1234.
[CrossRef]

10. Byrne, R.W.; Bates, L.A. Sociality, Evolution and Cognition. Curr. Biol. 2007, 17, R714–R723. [CrossRef]
11. Connor, R.C. Dolphin social intelligence: Complex alliance relationships in bottlenose dolphins and a consideration of selective

environments for extreme brain size evolution in mammals. Phil. Trans. R. Soc. B 2007, 362, 587–602. [CrossRef] [PubMed]
12. Cheney, D.; Seyfarth, R.; Smuts, B. Social Relationships and social cognition in non-human primates. Science 1986, 234, 1361–1366.

[CrossRef] [PubMed]
13. Lee, P.C.; Moss, C.J. Calf development and maternal rearing strategies. In The Amboseli Elephants: A Long-Term Perspective on a

Long-Lived Mammal; Moss, C.J., Croze, H., Lee, P.C., Eds.; University of Chicago Press: Chicago, IL, USA, 2011; pp. 224–245.
14. Pinter-Wollman, N.; Isbell, L.A.; Hart, L.A. The relationship between social behaviour and habitat familiarity in African elephants

(Loxodonta africana). Proc. R. Soc. B 2009, 276, 1009–1014. [CrossRef] [PubMed]
15. Hedwig, D.; Poole, J.; Granli, P. Does Social Complexity Drive Vocal Complexity? Insights from the Two African Elephant Species.

Animals 2021, 11, 3017. [CrossRef] [PubMed]
16. Hart, B.L.; Hart, L.A.; McCoy, M.; Sarath, C.R. Cognitive behaviour in Asian elephants: Use and modification of branches for fly

switching. Anim. Behav. 2001, 62, 839–847. [CrossRef]
17. Kurt, F.; Garaï, M.E. The Asian Elephant in Captivity; Foundation Books, Cambridge University Press: New Delhi, India, 2007.
18. Thornton, A.; Clutton-Brock, T. Social learning and the development of individual and group behaviour in mammal societies.

Phil. Trans. R. Soc. B 2011, 366, 978–987. [CrossRef] [PubMed]
19. Whitehead, H.; Lusseau, D. Animal social networks as substrate for cultural behavioural diversity. J. Theor. Biol. 2012, 294, 19–28.

[CrossRef]
20. Esposito, R.M. Effect of Matriarchs on Group Interactions, Kinship Fitness, and Differences in Chemosensory Behaviour of

African Elephants (Loxodonta africana). MSc Thesis, Georgia Southern University, Statesboro, GA, USA, 2008. Available online:
https://digitalcommons.georgiasouthern.edu/etd/716 (accessed on 18 March 2022).

21. Goldenberg, S.Z.; Wittemyer, G. Orphaned female elephant social bonds reflect lack of access to mature adults. Sci. Rep. 2017,
7, 14408. [CrossRef]

22. Gobush, K.; Kerr, B.; Wasser, S. Genetic relatedness and disrupted social structure in a poached population of African elephants.
Mol. Ecol. 2009, 18, 722–734. [CrossRef]

23. Foley, C.A.H.; Faust, L.J. Rapid population growth in an elephant Loxodonta africana population recovering from poaching in
Tarangire National Park, Tanzania. Oryx 2010, 44, 205–212. [CrossRef]

24. Shannon, G.; Slotow, R.; Durant, S.M.; Sayialel, K.N.; Poole, J.; Moss, C.; McComb, K. Effects of social disruption in elephants
persist decades after culling. Front. Zool. 2013, 10, 62. [CrossRef] [PubMed]

25. Foley, C.A.H.; Pettorelli, N.; Foley, L. Severe drought and calf survival in elephants. Biol. Lett. 2008, 4, 541–544. [CrossRef]
[PubMed]

26. McComb, K.; Moss, C.; Durant, S.M.; Baker, L.; Sayialel, S. Matriarchs as repositories of social knowledge in African elephants.
Science 2001, 292, 491–494. [CrossRef]

27. Wittemyer, G.; Douglas-Hamilton, I.; Getz, W.M. The socioecology of elephants: Analysis of the processes creating multitiered
social structures. Anim. Behav. 2005, 69, 1357–1371. [CrossRef]

28. Lee, P.C.; Bussière, L.F.; Webber, C.E.; Poole, J.H.; Moss, C.J. Enduring consequences of early experiences: 40 year effects on
survival and success among African elephants (Loxodonta africana). Biol. Lett. 2013, 9, 20130011. [CrossRef]

29. Bradshaw, G.A.; Schore, A.N.; Brown, J.L.; Poole, J.H.; Moss, C.J. Elephant Breakdown. Nature 2005, 433, 807. [CrossRef]
30. Tuomainen, U.; Candolin, U. Behavioural responses to human-induced environmental change. Biol. Rev. 2011, 86, 640–657.

[CrossRef]

http://doi.org/10.1111/j.1469-185X.1994.tb01506.x
http://www.ncbi.nlm.nih.gov/pubmed/8054445
http://doi.org/10.1016/j.tree.2012.09.003
http://www.ncbi.nlm.nih.gov/pubmed/23040461
http://doi.org/10.1037/0735-7036.122.1.62
http://www.ncbi.nlm.nih.gov/pubmed/18298282
http://doi.org/10.1016/0168-1591(95)00557-9
http://doi.org/10.1098/rspb.2011.0168
http://doi.org/10.1126/science.aax9553
http://www.ncbi.nlm.nih.gov/pubmed/32439765
http://doi.org/10.1371/journal.pmed.1000316
http://doi.org/10.1016/j.cub.2010.05.067
http://doi.org/10.1126/science.1088580
http://doi.org/10.1016/j.cub.2007.05.069
http://doi.org/10.1098/rstb.2006.1997
http://www.ncbi.nlm.nih.gov/pubmed/17296597
http://doi.org/10.1126/science.3538419
http://www.ncbi.nlm.nih.gov/pubmed/3538419
http://doi.org/10.1098/rspb.2008.1538
http://www.ncbi.nlm.nih.gov/pubmed/19129113
http://doi.org/10.3390/ani11113071
http://www.ncbi.nlm.nih.gov/pubmed/34827803
http://doi.org/10.1006/anbe.2001.1815
http://doi.org/10.1098/rstb.2010.0312
http://www.ncbi.nlm.nih.gov/pubmed/21357220
http://doi.org/10.1016/j.jtbi.2011.10.025
https://digitalcommons.georgiasouthern.edu/etd/716
http://doi.org/10.1038/s41598-017-14712-2
http://doi.org/10.1111/j.1365-294X.2008.04043.x
http://doi.org/10.1017/S0030605309990706
http://doi.org/10.1186/1742-9994-10-62
http://www.ncbi.nlm.nih.gov/pubmed/24152378
http://doi.org/10.1098/rsbl.2008.0370
http://www.ncbi.nlm.nih.gov/pubmed/18682358
http://doi.org/10.1126/science.1057895
http://doi.org/10.1016/j.anbehav.2004.08.018
http://doi.org/10.1098/rsbl.2013.0011
http://doi.org/10.1038/433807a
http://doi.org/10.1111/j.1469-185X.2010.00164.x


Animals 2023, 13, 483 20 of 22

31. Kalcher-Sommersguter, E.; Franz-Schaider, C.; Crailsheim, K. Social competence of adult Chimpanzees (Pan troglodytes) with
severe deprivation history: A relational approach. Int. J. Comp. Psychol. 2013, 26, 135–157. [CrossRef]

32. Tung, J.; Archie, E.A.; Altmann, J.; Alberts, S. Cumulative early life adversity predicts longevity in wild baboons. Nat. Commun.
2016, 7, 11181. [CrossRef]

33. Taborsky, B. Mothers determine offspring size in response to own juvenile growth conditions. Biol. Lett. 2006, 2, 225–228.
[CrossRef]

34. Zipple, M.N.; Archie, E.A.; Tung, J.; Altmann, J.; Alberts, S.C. Intergenerational effects of early adversity on survival in wild
baboons. eLife 2019, 8, e47433. [CrossRef] [PubMed]

35. Helle, H.; Koskela, W.; Mappes, T. Life in varying environments: Experimental evidence for delayed effects of juvenile environ-
ment on adult life history. J. Anim. Ecol. 2012, 81, 573–582. [CrossRef] [PubMed]

36. Burton, T.; Metcalfe, N.B. Can environmental conditions experienced in early life influence future generations? Proc. R. Soc. B
2014, 281, 20140311. [CrossRef] [PubMed]

37. Garaï, M.E.; Slotow, R.; Carr, R.; Reilly, B. Elephant reintroductions to small fences reserves in South Africa. Pachyderm 2004,
37, 28–36.

38. Bradshaw, G.A.; Schore, A.N. How elephants are opening doors: Developmental neuroethology, attachment and social context.
Ethology 2007, 113, 426–436. [CrossRef]

39. Pretorius, Y.; Garaï, M.E.; Bates, L.A. The status of African elephant Loxodonta africana populations in South Africa. Oryx 2019,
53, 757–763. [CrossRef]

40. EMOA, Elephant Management & Owners Association; (Vaalwater, South Africa). Unpublished database. 2001.
41. National Norms & Standards for the Management of Elephants. Government Gazette. 2018; 641, No. 42015. Available online:

https://www.environment.gov.za/sites/default/files/gazetted_notices/nemba_elephantsinsa_g30833gon251.pdf# (accessed on
28 September 2020).

42. Van der Water, A.; Garaï, M.E.; Henley, M.; Bates, L.; di Minin, E.; Slotow, R. Assessing the consequences of elephant management
interventions on animal well-being, human well-being and environmental health. In prep.

43. Parker, J.M.; Webb, C.T.; Daballen, D.; Goldenberg, S.G.; Lepieri, J.; Letitiya, D.; Lolchuragi, D.; Leadismo, C.; Douglas-Hamilton,
I.; Wittemyer, G. Poaching of African elephants indirectly decreases population growth through lowered orphan survival. Curr.
Biol. 2021, 31, 4156–4162. [CrossRef]

44. Goldenberg, S.Z.; Wittemyer, G. Orphaning and natal group dispersal are associated with social costs in female elephants. Anim.
Behav. 2018, 143, 1–8. [CrossRef]

45. Belsky, J.; Ruttle, P.L.; Boyce, T.; Armstrong, J.M.; Essex, M.J. Early adversity, elevated stress physiology, accelerated sexual
maturation and poor health in females. Dev. Psychol. 2015, 51, 816–822. [CrossRef]

46. Maestripieri, D. Effects of early experience on female behavioural and reproductive development in rhesus macaques. Proc. R.
Soc. B 2005, 272, 1243–1248. [CrossRef]

47. Cameron, N.M. Maternal programming of reproductive function and behaviour in female rats. Front. Evol. Neurosci. 2011, 3, 10.
[CrossRef]

48. Rickard, I.J.; Frankenhuis, W.E.; Nettle, D. Why are childhood family factors associated with timing of maturation? A role for
internal prediction. Perspect. Psychol. Sci. 2014, 9, 3–15. [CrossRef]

49. Garaï, M.E. The Development of Social Behaviour in Translocated Juvenile African Elephants Loxodonta africana (Blumenbach).
Ph.D Thesis, University of Pretoria, Pretoria, South Africa, 1997.

50. Van Os, R.; Vos, S. The impact of the African elephant (Loxodonta africana) on the vegetation of Pongola Game Reserve in South
Africa. In Animal Management; Van Hall Institute: Leeuwarden, The Netherlands, 2000.

51. Thornley, R.; Spencer, M.; Zitzer, H.R.; Parr, C.L. Woody vegetation damage by the African elephant during severe drought at
Pongola Game Reserve, South Africa. Afr. J. Ecol. 2020, 58, 658–673. [CrossRef]

52. Zitzer, H.R.; Boult, V.L. Vasectomies of male African elephants as a population management tool: A case study. Bothalia 2018,
48, a2313. [CrossRef]

53. Altmann, J. Observational study of behaviour: Sampling methods. Behaviour 1974, 49, 227–267. [CrossRef]
54. Mutinda, H.; Poole, J.H.; Moss, C.J. Decision making and leadership in using the ecosystem. In The Amboseli Elephants: A

Long-Term Perspective on a Long-Lived Mammal; Moss, C.J., Croze, H., Lee, P.C., Eds.; University of Chicago Press: Chicago, IL,
USA, 2011; pp. 246–259.

55. Moss, C.J.; Lee, P.C. Female social dynamics: Fidelity and flexibility. In The Amboseli Elephants: A Long-Term Perspective on a
Long-Lived Mammal; Moss, C.J., Croze, H., Lee, P.C., Eds.; University of Chicago Press: Chicago, IL, USA, 2011; pp. 205–223.

56. Moss, C.J.; Lee, P.C. Female reproductive strategies: Individual life histories. In The Amboseli Elephants: A Long-Term Perspective on
a Long-Lived Mammal; Moss, C.J., Croze, H., Lee, P.C., Eds.; University of Chicago Press: Chicago, IL, USA, 2011; pp. 187–204.

57. Boult, V.L.; Quaife, T.; Fishlock, V.; Moss, C.J.; Lee, P.C.; Sibly, R.M. Individual-based modelling of elephant population dynamics
using remote sensing to estimate food availability. Ecol. Model. 2018, 387, 187–195. [CrossRef]

58. Lee, P.C.; Moss, C.J. Early maternal investment in male and female African elephant calves. Behav. Ecol. Sociobiol. 1986, 18, 353–361.
[CrossRef]

59. Whiten, A. A second inheritance system: The extension of biology through culture. Interface Focus 2017, 7, 20160142. [CrossRef]

http://doi.org/10.46867/ijcp.2013.26.02.03
http://doi.org/10.1038/ncomms11181
http://doi.org/10.1098/rsbl.2005.0422
http://doi.org/10.7554/eLife.47433
http://www.ncbi.nlm.nih.gov/pubmed/31549964
http://doi.org/10.1111/j.1365-2656.2011.01937.x
http://www.ncbi.nlm.nih.gov/pubmed/22191455
http://doi.org/10.1098/rspb.2014.0311
http://www.ncbi.nlm.nih.gov/pubmed/24807254
http://doi.org/10.1111/j.1439-0310.2007.01333.x
http://doi.org/10.1017/S0030605317001454
https://www.environment.gov.za/sites/default/files/gazetted_notices/nemba_elephantsinsa_g30833gon251.pdf#
http://doi.org/10.1016/j.cub.2021.06.091
http://doi.org/10.1016/j.anbehav.2018.07.002
http://doi.org/10.1037/dev0000017
http://doi.org/10.1098/rspb.2005.3059
http://doi.org/10.3389/fnevo.2011.00010
http://doi.org/10.1177/1745691613513467
http://doi.org/10.1111/aje.12736
http://doi.org/10.4102/abc.v48i2.2313
http://doi.org/10.1163/156853974X00534
http://doi.org/10.1016/j.ecolmodel.2018.09.010
http://doi.org/10.1007/BF00299666
http://doi.org/10.1098/rsfs.2016.0142


Animals 2023, 13, 483 21 of 22

60. Goldenberg, S.Z.; Douglas-Hamilton, I.; Wittemyer, G. Inter-generational change in African elephant range use is associated with
poaching risk, primary productivity and adult mortality. Proc. R. Soc. B 2018, 285, 20180286. [CrossRef]

61. Ahem, T.H.; Young, L.Y. The impact of early life family structure on adult social attachment, alloparental behaviour, and the
neuropeptide systems regulating affiliative behaviours in the monogamous prairie vole (Microtus ochrogaster). Front. Behav.
Neurosci. 2009, 3, 1–19. [CrossRef]

62. Liu, D.; Diorio, J.; Day, J.C.; Francis, D.D.; Meaney, M.J. Maternal care, hippocampal synaptogenesis and cognitive development
in rats. Nat. Neurosci. 2000, 3, 799–806. [CrossRef]

63. Aureli, F.; Schaffner, C.M.; Boesch, C.; Bearder, S.K.; Call, J.; Chapman, C.A.; Connor, R.; Di Fiore, A.; Dunbar, R.I.M.; Henzi,
S.P.; et al. Fission-Fusion Dynamics: New Research Frameworks. Curr. Anthropol. 2008, 49, 627–654. [CrossRef]

64. Kappeler, P.M.; van Schaik, C.P. Evolution of Primate Social Systems. Int. J. Primat. 2002, 23, 707–740. [CrossRef]
65. Emlen, S.T. An evolutionary theory of the family. Proc. Natl. Acad. Sci. USA 1995, 92, 8092–8099. [CrossRef] [PubMed]
66. Lee, P.C.; Moss, C.J. Wild Female African Elephants (Loxodonta africana) Exhibit Personality Traits of Leadership and Social

Integration. J. Comp. Psychol. 2012, 126, 224–232. [CrossRef] [PubMed]
67. Fishlock, V.; Lee, P.C. Forest elephants: Fission-fusion and social arenas. Anim. Behav. 2013, 2, 357–363. [CrossRef]
68. Beckoff, M. Mammalian Dispersal and the Ontogeny of Individual Behavioural Phenotypes. Am. Nat. 1977, 111, 715–732.

[CrossRef]
69. Blumenstein, D.T.; Wey, T.W.; Tang, K. A test of the social cohesion hypothesis: Interactive female marmots remain at home. Proc.

R. Soc. B 2009, 276, 3007–3012. [CrossRef]
70. Mellor, D.J. Positive animal welfare states and encouraging environment-focused and animal-to-animal interactive behaviours. N.

Z. Vet. J. 2015, 63, 9–16. [CrossRef]
71. Smith, J.E.; Ortiz, C.A.; Buhbe, M.T.; van Vugt, M. Obstacles and opportunities for female leadership in mammalian societies: A

comparative perspective. Leadersh. Q. 2020, 31, 101267. [CrossRef]
72. Plotnik, J.M.; de Waal, F.B.M. Asian elephants (Elephas maximus) reassure others in distress. PeerJ 2014, 2, e278. [CrossRef]

[PubMed]
73. Buss, I.O.; Smith, N.S. Observations on reproduction and breeding behaviour of the African elephant. J. Wildl. Manag. 1966,

30, 375–388. [CrossRef]
74. Laws, R.M. Aspects of reproduction in the African elephant, Loxodonta africana. J. Reprod. Fertil. 1969, 6, 193–217.
75. Hanks, J. Reproduction of elephants, Loxodonta africana, in the Luangwa Valley, Zambia. J. Reprod. Fert. 1972, 30, 13–26. [CrossRef]
76. Moss, C.J. Elephant Memories; Elm Tree Books: London, UK, 1988; pp. 119–143.
77. Kuiper, T.R.; Druce, D.J.; Druce, H.C. Demography and social dynamics of an African elephant population 35 years after

reintroduction as juveniles. J. Appl. Ecol. 2018, 55, 2898–2907. [CrossRef]
78. Whyte, I.J. Conservation Management of Kruger National Park Elephant Population. Ph.D. Thesis, Faculty of Natural and

Agricultural Sciences, University of Pretoria, Pretoria, South Africa, 2001.
79. Lee, P.C.; Moss, C.J.; Njiraini, N.; Poole, J.H.; Sayialel, K.; Fishlock, V.L. Cohort consequences of drought and family disruption for

male and female African elephants. Behav. Ecol. 2021, 33, 408–418. [CrossRef]
80. Moss, C.H. The demography of an African elephant (Loxodonta africana ) population in Amboseli, Kenya. J. Zool. Lond. 2001,

255, 145–156. [CrossRef]
81. Whitehouse, A.M.; Hall-Martin, A. Elephants in Addo Elephant National Park, South Africa: Reconstruction of the population’s

history. Oryx 2000, 34, 46–55. [CrossRef]
82. Oerke, A.-K. Monitoring of sexual maturity of female elephants in EEP populations. EAZA News 2004, 47, 34–35. Available

online: https://www.yumpu.com/en/document/read/4892997/from-the-african-elephant-eep-european-association-of-zoos-
and- (accessed on 8 June 2022).

83. Reichert, S.; Berger, V.; Jackson, J.; Chapman, S.N.; Htut, W.; Mar, K.U.; Lummaa, V. Maternal age at birth shapes offspring
life-history trajectory across generations in long-lived Asian elephants. J. Anim. Ecol. 2019, 89, 996–1007. [CrossRef] [PubMed]

84. Nettle, D.; Frankenhuis, W.E.; Rickard, I.J. The evolution of predictive adaptive responses in human life history. Proc. R. Soc. B
2013, 280, 1343. [CrossRef] [PubMed]

85. Hein, S.; Jacob, J. Recovery of small rodent populations after population collapse. Wildl. Res. 2015, 42, 108–118. [CrossRef]
86. Poole, J.H.; Granli, P. The Gorongosa elephants through war and recovery: Tusklessness, population size, structure and

reproductive parameters. Pachyderm 2022. In print.
87. Clutton-Brock, T.H.; Iason, G.R. Sex variation in mammals. Q. Rev. Biol. 1986, 61, 339–374. [CrossRef]
88. Trivers, R.L.; Willard, D.E. Natural selection of parental ability to vary the rex ratio of offspring. Science 1973, 179, 90–91.

[CrossRef]
89. Conradt, L.; Roper, T.J. Group Decision-making in animals. Nature 2003, 421, 155–158. [CrossRef]
90. Kerth, G.; Ebert, C.; Schmidtke, C. Group decision making in fission–fusion societies: Evidence from two-field experiments in

Bechstein’s bats. Proc. R. Soc. B 2006, 273, 2785–2790. [CrossRef]
91. Archie, E.A.; Morrison, T.A.; Foley, C.A.H.; Moss, C.J.; Alberts, S.C. Dominance rank relationships among wild female African

elephants, Loxodonta Africana. Anim. Behav. 2006, 71, 117–127. [CrossRef]
92. Meaney, M.J. Maternal care, gene expression, and the transmission of individual differences in stress reactivity across generations.

Annu. Rev. Neurosci. 2001, 24, 1161–1192. [CrossRef]

http://doi.org/10.1098/rspb.2018.0286
http://doi.org/10.3389/neuro.08.017.2009
http://doi.org/10.1038/77702
http://doi.org/10.1086/586708
http://doi.org/10.1023/A:1015520830318
http://doi.org/10.1073/pnas.92.18.8092
http://www.ncbi.nlm.nih.gov/pubmed/7667250
http://doi.org/10.1037/a0026566
http://www.ncbi.nlm.nih.gov/pubmed/22905995
http://doi.org/10.1016/j.anbehav.2012.11.004
http://doi.org/10.1086/283201
http://doi.org/10.1098/rspb.2009.0703
http://doi.org/10.1080/00480169.2014.926800
http://doi.org/10.1016/j.leaqua.2018.09.005
http://doi.org/10.7717/peerj.278
http://www.ncbi.nlm.nih.gov/pubmed/24688856
http://doi.org/10.2307/3797826
http://doi.org/10.1530/jrf.0.0300013
http://doi.org/10.1111/1365-2664.13199
http://doi.org/10.1093/beheco/arab148
http://doi.org/10.1017/S0952836901001212
http://doi.org/10.1046/j.1365-3008.2000.00093.x
https://www.yumpu.com/en/document/read/4892997/from-the-african-elephant-eep-european-association-of-zoos-and-
https://www.yumpu.com/en/document/read/4892997/from-the-african-elephant-eep-european-association-of-zoos-and-
http://doi.org/10.1111/1365-2656.13049
http://www.ncbi.nlm.nih.gov/pubmed/31222736
http://doi.org/10.1098/rspb.2013.1343
http://www.ncbi.nlm.nih.gov/pubmed/23843395
http://doi.org/10.1071/WR14165
http://doi.org/10.1086/415033
http://doi.org/10.1126/science.179.4068.90
http://doi.org/10.1038/nature01294
http://doi.org/10.1098/rspb.2006.3647
http://doi.org/10.1016/j.anbehav.2005.03.023
http://doi.org/10.1146/annurev.neuro.24.1.1161


Animals 2023, 13, 483 22 of 22

93. Shea, N.; Pen, I.; Uller, T. Three epigenetic information channels and their different roles in evolution. J. Evol. Biol. 2011,
24, 1178–1187. [CrossRef]

94. Jensen, P. Transgenerational epigenetic effects on animal behaviour. Prog. Biophys. Mol. Biol. 2013, 113, 447–454. [CrossRef]
95. Jablonka, E.; Raz, G. Transgenerational epigenetic inheritance: Prevalence, mechanisms, and implications for the study of heredity

and evolution. Q. Rev. Biol. 2009, 84, 131–176. [CrossRef]
96. Ledón-Rettig, C.C.; Richards, C.L.; Martin, L.M. Epigenetics for behavioural ecologists. Behav. Ecol. 2013, 24, 311–324. [CrossRef]
97. Garaï, M.E.; (Elephant Reintegration Trust, Port Alfred, South Africa); Pretorius, Y.; (Mammal Research Institute, University

of Pretoria, Pretoria, South Africa). Assessment of Mabula Private Game Reserve’s Elephants. Unpublished Report for MPGR
management. 2011.

98. Brakes, P.; Dall, S.R.X.; Aplin, L.M.; Bearhop, S.; Carroll, E.L.; Ciucci, P.; Fishlock, V.; Ford, J.K.B.; Garland, E.C.; Keith, S.A.; et al.
Animal cultures matter for conservation. Science 2019, 363, 1032–1034. [CrossRef]

99. Schuppli, C.; van Schaik, C.P. Animal cultures: How we’ve only seen the tip of the iceberg. Evol. Hum. Sci. 2019, 1, e2. [CrossRef]
100. Whiten, A.; Caldwell, C.A.; Mesoudi, A. Cultural diffusion in humans and other animals. Curr. Opin. Psychol. 2016, 8, 15–21.

[CrossRef] [PubMed]
101. Whitehead, H. Conserving and managing animals that learn socially and share cultures. Learn. Behav. 2010, 38, 329–336.

[CrossRef] [PubMed]
102. Cantor, M.; Shoemaker, L.G.; Cabral, R.B.; Flores, C.O.; Varga, M.; Whitehead, H. Multilevel animal societies can emerge from

cultural transmission. Nat. Commun. 2015, 6, 8091. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1111/j.1420-9101.2011.02235.x
http://doi.org/10.1016/j.pbiomolbio.2013.01.001
http://doi.org/10.1086/598822
http://doi.org/10.1093/beheco/ars145
http://doi.org/10.1126/science.aaw3557
http://doi.org/10.1017/ehs.2019.1
http://doi.org/10.1016/j.copsyc.2015.09.002
http://www.ncbi.nlm.nih.gov/pubmed/29506791
http://doi.org/10.3758/LB.38.3.329
http://www.ncbi.nlm.nih.gov/pubmed/20628170
http://doi.org/10.1038/ncomms9091
http://www.ncbi.nlm.nih.gov/pubmed/26348688

	Introduction 
	Methods and Material 
	History of the PGR Elephants 
	Data Collection 
	Data Analyses 

	Results 
	Calf-Rearing Ability 
	Vigilance Behaviour 
	Cohesiveness 
	Fission–Fusion Dynamics 
	Affiliative Behaviour 

	Accelerated Reproduction 
	Age at First Parturition 
	Inter-Birth Intervals 
	Sex Ratios 

	Decision Making 
	Leadership 
	Space Use 


	Discussion 
	Calf Rearing Ability 
	Cohesiveness 
	Affiliative Interactions 
	Accelerated Reproduction 
	Sex Ratios 
	Decision-Making and the Role of Matriarchs 
	Effect of Translocation on the A&B Herd 

	Conclusions 
	References

