0 95\ GLOBAL JOURNAL OF
Zoo ogy & s

ISSN:  2640-7930 DOI: https://dx.doi.org/10.17352/gjz

submitpaper@p eertechz.com

o
=]
o
4
o
(7]
w
o
4
w
(5]
(7]
w
w
]

Received: 26 June, 2023
Accepted: 08 August, 2023
Published: 09 August, 2023

Research Article

Grouping behavior of African
forest elephants (Loxodonta
cyclotis): A significant habitat
exploitation strategy in Mount
Cameroon National Park,
Southwest region, Cameroon

Melle Ekane Maurice'*, Tadida Elvis Chembonui’, Kamah

*Corresponding author: Melle Ekane Maurice,
Department of Forestry and Wildlife, University of Buea,
P.0O. Box 63, Buea, Cameroon,

E-mail: melleekane@gmail.com

Keywords: Elephants; Destruction rate; Migration;
Group members; Habitat; Landscape

Copyright License: © 2023 Maurice ME, et al. This
is an open-access article distributed under the
terms of the Creative Commons Attribution License,
which permits unrestricted use, distribution, and
reproduction in any medium, provided the original
author and source are credited.

https://www.peertechzpublications.org

'.) Check for updates

Pascal Bumtu', Agbor James Ayamba', Esther Eyong
Mbi Arrabi?, Che Scholastica Nchang? Aganya Benedatte
Eyama? and Tashe Vanesa Nwah?

'Department of Forestry and Wildlife, University of Buea, P.O. Box 63, Buea, Cameroon
2Department of Environmental Science, University of Buea, P.O. Box 63, Buea, Cameroon

3Department of Veterinary Medicine, University of Buea, P.0. Box 63, Buea, Cameroon

Abstract

Wildlife grouping behavior is a significant survival strategy beneficial to all the group members. Migration to healthy food locations, defense from predators, mating,
and social organization are some of the products of a well-established and organized grouping behavior of wildlife species such as elephants. Hence, the main objective
of this study was to explore the grouping behavior of elephants on some ecological parameters in Mount Cameroon national park. Research data was collected within
a period of four months by monitoring and observing elephant groups and their activities within their feeding ecology. Data collection was done during the first 15 days
of each month and analyzed by Chi-square and correlation statistical models. In the study, elephant-group activity recorded a significance, X?=29.89 df = 8 p = 0.000, X?
=12.95df = 8 p < 0.05, and X?= 11.801 df = 4 p = 0.019 on photo-period, atmospheric conditions, and habitat types respectively. The elephant groups also recorded a
significant agreement, r = 0.061 p = 0.008, X2 = 17.35 df = 16 p < 0.05, and X? = 27.62 df = 12 p = 0.006 on landscape, crop-farm, and crop-farm size estimate respectively.
Additionally, elephant group activity recorded a significance, X? = 18.39 df =8 p =0.018,r = 0.107 p < 0.05, X2=9.12 df = 8 p < 0.05, and X? = 13.85 df = 8 p < 0.05 on farm
destruction rate, farm destruction distance from human homes, elephant trails, and the crop-raided villages respectively. Group formation of elephants in the park is
however reduced to smaller sizes probably due to the killing of elephants for human safety, a situation that could scare and cause some of the elephants to migrate to
distant areas.

considered a keystone species [3,4], aterm that is often extended
to ‘ecological engineers’ [5]. This implies that their removal
or significant increase in a system may have consequences for

Introduction

The African elephant is the largest extant terrestrial

mammal and is classified as a megaherbivore with a body size
in excess of 1 ton [1]. Their large body size makes the scale of
their impact on the ecosystem large and may result in changes
to vegetation and biodiversity [2]. Elephants can thus be

other components [6]. Many mammals including elephants,
chimpanzees, cetaceans, and humans have variable social
relationships involving high degrees of cooperative behavior
[7-10]. These species live in flexible social groups where

Citation: Maurice ME, Chembonui TE, Bumtu KP, Ayamba AJ, Mbi Arrabi EE, et al. (2023) Grouping behavior of African forest elephants (Loxodonta cyclotis): A
significant habitat exploitation strategy in Mount Cameroon National Park, Southwest region, Cameroon. Glob J Zool 8(1): 006-014.

DOI: https://dx.doi.org/10.17352/gjz.000027



P PeertechzPublications

the size of the group and the relatedness of group members
vary over time. This structure is referred to as fission-fusion
because group structure is dynamic and group interactions
are common. In some species, social structure within groups
is more rigid than would be predicted by resource availability
[11-13]. A single dominant individual, termed the leader, has
significant influence over group behavior [7,10,14,15].

Leading characteristics such as age and size have been
shown to influence dominance structures in socially complex
species [16]. These individuals can influence many aspects
of sociality including group movement, territory defense,
and recognition [14,17]. For example, the order of individual
animals in group movements has been studied in herbivores
[14,15], focusing on leader identity. Dumont, et al. [14] found
one animal dominated the first position in group movements
and influenced the actions of the other group members in a
group of grazing heifers, acting as the leader. In mammals that
exhibit a social structure where dominance hierarchies exist,
the position of the most dominant individual in the group can
be assessed in differing social situations [15]. The order of
individuals could vary based on social context, and the order
has the potential to influence group interactions. In species
where groups are sexually segregated and consist of related
individuals, the female leader is referred to as the matriarch
[7,18].

Group interactions are common in the fission-fusion
social structure of African elephants, yet what mediates which
groups are likely to fuse and when groups are likely to separate
has not been fully explored. Because agonistic interactions
in large, long-lived social mammals can incur heavy costs
[12,13,19] and resource value is variable, agonistic interactions
should be infrequent. Family groups from the same kinship
group are more likely to exhibit resource-sharing, and less
likely to behave agonistically towards each other [20,21].
Group interaction theory predicts that unrelated groups of
equal ability are more likely to escalate agonistic interactions,
whereas the subordinate group in interactions between
unrelated groups of unequal ability will display submissive
behavior [22]. Several alternative hypotheses are presented for
what determines competitive quality in elephant groups. Group
size may play an important role in determining the ability to
defend the resource from an approaching group or to supplant
an attendant group. I predicted that larger groups would be
more likely to behave agonistically, and smaller groups would
be more likely to behave in a submissive manner.

In highly social animals that spend their adult lives in
groups of conspecifics, selective pressure exists to differentiate
between group and non-group members, especially in situations
where resources are limited or territories are maintained
[9,12,23]. Interactions between groups vary from agonistic
to affiliative based on the specific combination of ecological
factors. Resource distribution influences group interactions
such that species that use widely distributed resources are
likely to display relatively few agonistic interactions in contrast
to species that rely on patchily distributed resources [22,24].
In long-lived species where winner and loser effects are
high (initial winners/losers tend to continue the same role),
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agonistic interactions are costly and therefore are rare [13,19].
In addition, affiliative group interactions may be beneficial, or
even necessary in animal societies [25]. Hence, group formation
is a trade-off between the costs of competing for resources and
the benefits of cooperation [19].

Elephants have the potential to significantly alter their
environment which can have far-reaching consequences,
for example, their contributions can range from plant seed
dispersal [26] to tree mortality [27], as well as increased
availability of forage for other species [28-30], the excavation
of waterholes in dry riverbeds [31], and the creation of refugia
for invertebrates under toppled tree trunks [32]. An increase in
elephant population size can amplify these impacts, especially
in closed systems where spatial and temporal variation in
impacts is reduced [2]. Therefore, any management decisions
must take all possible ecosystem impacts into account.

Group formation in wildlife such as elephants is important
in movement coordination, especially in new feeding areas
where elephants would have to cover long distances to their
new destinations. It is obvious that protected areas with
huge elephant populations would result in the formation of
huge groups. Elephant group formation and sizes in Mount
Cameroon national park are comparatively smaller, which
might be a result of poaching, and secondly, the montane
vegetation difficult landscape structure, causing the elephants
to alternatively migrate to distant areas with abundant
vegetation to support their feeding. The elephant habitat in
the national park is rich in vegetation but not easily accessible
to the elephant population that may not be able to ascend
most areas to feed due to their huge body sizes. Crop farms
might have faced raiding problems from the elephants due to
accessibility to the elephant population in the national park.

Materials and methods
Description of the study area

Mount Cameroon national park lies on the coast of the
Gulf of Guinea, between latitude 3°57’ - 4°27’ N and longitude
8°58’-9°24’E (Figure 1). Climatically, the area is dominated
by an equatorial climate of high rainfall and moderate tropical
temperature. Average monthly temperatures are like any other
part of the region, with the hottest month recording a monthly
temperature of 33°C (February-March) and the coldest months
recording as low as 23 °C (June—October) [33]. In the past, the
rainy season occurred from March, extending to October, and
the dry season from November to February each year. But due
to the present climatic changes, the rainy season extends up
to October and December. The biodiversity richness of Mount
Cameroon national park area has been threatened over the years
due to the rich volcanic soils which attract the development
of agro-businesses. The region hosts the second wettest place
on earth and has rich volcanic soil. Natural vegetation remains
largely unbroken on its western slopes from sea level to the
sub-alpine zone at the summit [34].

Mount Cameroon national park is home to a wide range of
wildlife species such as drill (Papio leucophaeus), chimpanzee
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Figure 1: Map of the study area in Mount Cameroon national park.

(Pan troglodytes), putty-nosed monkey (Cercopithecus nictitans),
mona monkey (Cercopithecus mona), red-eared monkey
(Cercopithecus erythrotis), red-cap mangabey (Cercocebus
torquatus), Preuss‘ guenon (Cercopithecus preussii) and crowned
guenon monkey (Cercopithecus pogonias). However, the
population of drills and chimps is fast dwindling due to hunting
pressure and habitat loss. The forest elephant (Loxodonta
africana) is one of the keystone species of the area. A survey
carried out in 2003 indicates a population of 176 elephants in
the national park [35].

Methods of data collection

The field research started with a pilot study to test the
methods to be used for the research. The exercise witnessed
adjustment of some variables on the eco-data sheet not feasible
for data collection [36]. Hence, the real data collection program
started in the month of February and ended in May. Three
villages severely crop-raided by the elephants were chosen
for research data collection and the crop farms which were
raided were maize, cassava, banana, oil palm, and plantain.
The elephants were monitored at a distance of about 100m
during feeding periods and data was recorded. Data recording
was also carried out on elephant trails, photo-period, habitat,
landscape, crop destruction distance from human homes,
human-elephant conflict villages, and the cropland destruction
rate. The four months data collection method witnessed a two-
week data collection program each month and was from 8:00
- 6:00 pm each day.

Data analysis

The research data was analyzed using SPSS version 25, and
all the variables and sub-variables were tested against others
by using exploratory and inferential statistics models such as

chi-square (X?) and correlation. Ecological parameters such
as photo-period, elephant trails, landscape, distance of crop
destruction by the elephants from human residential houses,
and the rate of cropland destruction were tested on the crop-
raided activity of the elephants in the sample area.

Results

Elephant group activity recorded a significance, X>=29.89
df = 8 p = 0.000, X>=12.95 df = 8 p < 0.05, and X>= 11.801 df =
4 p = 0.019 on photo-period (Figure 2), atmospheric conditions
(Figure 3), and habitats (Figure 4) respectively. Group formation
in the animal kingdom is very important, guaranteeing more
safety against predators. Location of distance food sources,
infant knowledge acquisition, movement coordination, and
fighting rival groups are all related to the social organization
and formation of a group. In wildlife, individuals outside
the groups are not quite safe, the reason, sub-adult males
or females leaves their maternal groups to join other groups
for survival, protection, and avoidance of inbreeding. Group
formation and management in African elephants is headed by
an adult female, unlike other wildlife species such as big cats,
bovids, and ungulates headed by an adult male. Feeding and
food location identification knowledge in elephants is done by
the group. Elephants are heavy feeders, with a consumption
capacity of 140 kg - 150 kg a day, they can cover long distances
for food location and only leaves when exhausted. In Mount
Cameroon national park, elephants were observed highest
in groups of three, while groups of five were the least. Small
elephant groups are mostly observed in areas with food
scarcity, especially during the dry season in the mosaic or
savanna ecosystem, elephants have to cover very long distances
for feeding. More so, migration behavior in elephants is food-
related, hence movement from one area to another could be
based on food search and protection.
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Figure 4: Elephant groups and habitat.

Group activity was highest during the morning and
afternoon periods of the day and low in the evening periods.
Groups of three elephants were observed with high activity
rates within all the weather conditions, sunny, cloudy, and
rainy respectively. Groups of two, four, and five elephants were
the least spotted, meaning the elephant population must have
suffered a reduction from poachers and some farmers for crop
protection. Though the cost of killing an elephant is punishable
by wildlife conservation law, farmers may kill them for their
protection on the farms.

Elephants in Mount Cameroon national park seem to shift
from rainforest habitat-feeding activity to crop-farm. The
major reason might be an encroachment of human activity into
the national park for cultivation, depleting the original habitat
of elephants and other wildlife species. The transformation
of elephant forest habitat to farmlands has created enormous
problems for the management of the elephant population in
the national park periphery. The study recorded the highest
elephant feeding on cropland and the least on rainforest
vegetation. Generally, the rainforest areas in Cameroon survive
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a huge population of elephants and other wildlife species,
however, mount Cameroon national park’s periphery provides
a more healthy feeding activity for elephants on cultivated
land. Elephants’ dependence on cultivated land might be due
to human encroachment, creating accessibility to crop feeding.

Furthermore, elephant group activity recorded a significant
agreement, r = 0.061 p = 0.008, X> = 17.35 df = 16 p < 0.05, and
X>=27.62 df = 12 p = 0.006 on landscape (Figure 5), crop-farm
(Figure 6), and crop-farm size estimate (Figure 7) respectively.
The flat landscape at the periphery of the national park located
at the foot of Mount Cameroon provides a comfortable dueling
eco-zone for these huge body mammals, and access to montane
forest vegetation might have been deliberately avoided due to
ascension difficulties. The rocky and mountain slopes provided
the least elephant group activity due to poor accessibility,
believed to be caused by the elephant morphological structure,
and the grassland vegetation that seems not to provide a
healthy feeding to the elephants.

Crop farms with maize, cassava, and banana received
the highest elephant group activity in the study, while oil

FREQUENCY
g

30
20
10
0 4

1ELEPHANT 2 ELEPHANTS 3 ELEPHANTS 4 ELEPHANTS 5 ELEPHANTS
ELEPHANT GROUPS

=@=FLAT ==@=MOUNTAIN SLOPE ROCKY HILL

Figure 5: Elephant groups and landscape.
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palms and plantains recorded the least. Elephant groups do
not strain to access crop farms, especially during the wet
seasons during the peak of cultivation crop raiding was also
more common. Commercial monoculture and peasant farming
activity dominate the foot of Mount Cameroon where most of
these elephants are found, providing a feeding leeway to the
elephants that are believed to use the forest only for night rest.
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Crop farms of 4 - 6 hectares, 7 - 9 hectares, and above
10 hectares recorded the highest elephant-crop-destruction
rate. Elephants seem to concentrate their feeding activity
more on larger crop farms, especially those with Maize (Zea
mays), banana (Musa acuminata), cassava (Manihot esculenta),
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period. The human population increase in the coastal region
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to be creating more conservation problems for national park

ELEPHANT GROUPS

W FRESH TRAILS ~ m OLD TRAILS VERY OLD TRAILS

FREQUENCY

management.

Additionally, elephant groups recorded a significance, X> = v @ l [ . v [ﬂmj i
18.39df =8 p=0.018,r = 0.107 p < 0.05, X>= 9.12df = 8 p < 0.05, o n 2 '3 4 “is
and X? = 13.85 df = 8 p < 0.05 on farm destruction rate (Figure ELEPHANT ELEPHANTS ELEPHANTS ELEPHANTS ELEPHANTS
8), farm destruction distance from human homes (Figure ELEPHANT GROUPS

9), the trails (Figure 10), and the affected villages (Figure 11)
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respectively. Elephant encroachment into farmland is common

in areas where villages are within the proximity of their forest

habitat and feeding ranges, a conflict generation situation. populations had often been a serious challenge to resettlement

options due to the high cost of building houses for every

household involved. On the west coast of Fako Division

where the conflict is more dominantly frequent, the villages

are populated and resettlement would be a remote option.

Secondly, Limbe city is not really far from this area and most

80 people preferably settle in some of the affected villages and

70 travel to the city of Limbe every day for their commercial

activities.

Resettlement of villages to distant locations free from
elephant attacks has been the most appropriate solution to
human-wildlife conflict. However, villages with huge human

A correlation recorded on elephant groups shows clearly
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oW ——ioH p—— hence the conflict. More so, the killing of elephants at the foot
of Mount Cameroon where the crop farms are concentrated
might be for crop protection and not the tusk-trade money.

In rainforest-protected areas with a high elephant
population, a herd can have a constitution of a hundred
elephants, especially when there is less or no involvement
in poaching activity. In this study, the biggest elephant
herd/group constituted 5 - 10 elephants (2%) and was

rarely observed compared to lower groups of 2 elephants
(27%), 3 elephants (45%), and 4 elephants (11%) (Figure 12)
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Discussion

Resource distribution and competition over resources are
considered the first order determinants of inter- and intra-
group dominance structure in group-living mammals [11].
Social organization is generally structured by these and other
ecological factors including predation risk [37]. In situations
where resources are widely dispersed and not easily defendable,
group dominance structure will be flexible and agonistic
interactions rare [24]. Though this relationship was initially
proposed for illustrating the effects of resource distribution on
primate groups, it has since been applied to other mammals
exhibiting similar social structures [10,38,39]. The social
structure in these mammals is such that group membership
is flexible, and groups exhibit frequent splitting and merging
often based along lines of relatedness [20]. Dynamic group
structures of this nature are referred to as fission fusion for
that reason.

Flexibility in group membership of fission-fusion systems
allows for the optimization of group characteristics such
as group size, daily movements, and seasonal range based
on resource availability and predation risk, which are also
non-static properties of the ecosystem. However, the ability
to optimize group characteristics based on socio-ecological
factors may be variable between groups and will have associated
fitness consequences. Group characteristics such as group
number, territory quality, home range size, and characteristics
of group leaders have been shown to influence direct or indirect
fitness in a number of fission-fusion species [17,38,39]. The
characteristics of leaders, especially age and size, dictate
dominance rank in socially complex species [16,13]. Leaders can

https://www.peertechzpublications.org/journals/global-journal-of-zoology a

influence many aspects of sociality including group movement,
territory defense, and recognition of other groups [14,17].

The reason why animals form herds cannot always be
stated easily, since the underlying mechanisms are diverse and
complex. Understanding the social behavior of animals and the
formation of groups has been a fundamental goal in the field of
sociobiology and behavioral ecology. The theoretical framework
is focused on the costs and benefits associated with living in
groups in terms of the fitness of each individual compared
to living solitarily. Living in groups evolved independently
multiple times in various taxa and can only occur if its benefits
outweigh the costs within an evolutionary timescale. Thus,
animals form groups whenever this increases their fitness
compared to living in solitary [14].

Since foraging may be energetically costly (searching,
hunting, handling, etc.) and may induce risk of predation,
animals in groups may have an advantage, since their combined
effort in locating and handling food will reduce the time needed
to forage sufficiently. Thus, animals in groups may have
shorter searching and handling times as well as an increased
chance of finding (or monopolizing) highly profitable food,
which makes foraging in groups beneficial for time minimizers
and energy maximizers alike [40,41]. Staying together in
groups often brings energetic advantages. Birds flying together
in a flock use aerodynamic effects to reduce energetic costs,
e.g. by positioning themselves in a V-shaped formation [42].
A similar effect can be observed when fish swim together in
fixed formations. Another benefit of group living occurs when
the climate is harsh and cold: By staying close together animals
experience better thermoregulation because their overall
surface-to-volume ratio is reduced. Consequently, maintaining
adequate body temperatures becomes less energetically costly
[40]. The collective force of a group mobbing predators can
reduce the risk of predation significantly. Flocks of ravens are
able to actively defend themselves against eagles and baboons
collectively mob lions, which is impossible for individuals
alone. This behavior may be based on reciprocal altruism,
meaning animals are more likely to help each other if their
conspecifics did so earlier [40]. Animals living in groups are
more likely to find mates than those living in solitary and are
also able to compare potential partners in order to optimize the
genetic quality of their offspring [40].

Social structure and organization, which include the
patterning of relationships and the system of interactions
between individuals, may affect foraging, reproductive
opportunities, antipredatory benefits, vulnerability to disease,
and information transfer [38,43-49], making them important
in the study of animal species. Social organization is thought
to evolve in response to resource-risk distributions, with
female social communities or groups being formed primarily in
response to predation, limited food resources (such that being
part of a group helps with access to food through between-
group competition), and/or infanticide avoidance [11,24,37,50-
52].

Depending on the spatial distribution, quantity, and quality
of resources, competition regimes vary [53], resulting in social
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structures with different extents of inter- and intragroup
competition and group sizes [11,22,24,37,50,54-59]. While
there are various advantages of group living, within-group
feeding competition is thought to be the primary cost of group
living, with an increase in group size necessitating an increase
in the group’s daily travel in order to meet food requirements
[22,50,54,58].

Asian and African savannah elephants form matriarchal
societies, with females and their dependent offspring living
together in groups, and adolescent males dispersing from
the groups and being largely solitary thereafter [7,8,60-
62]. However, based on previous studies, there seemed to be
differences in social structure within and between elephant
species, possibly stemming from different sampling methods
and ecology. Mother—-offspring units and “family groups” that
referred to one to a few closely related mother-offspring units
[63-65] were at the base of the hierarchical female organization
of African savannah elephants. In Amboseli, family groups
identified at the beginning of the study were later called core
groups, and associations of family or core groups were termed
bond groups [8,12].

Conclusion

The social organization of African elephants is a constitution
of herds or groups uniquely made up of family members:
adult females and males, sub-adult males, and females and
juveniles. Elephant groups or herds are very important to the
ecological survival of elephants, hence, feeding and location of
food areas, protection, and procreation are the responsibilities
of the herd/group members. Protected areas with large
elephant populations constitute herds with huge numbers of
elephants. In Mount Cameroon national park, the elephant
herds or groups are small since the highest number observed
was between 5 and 10 elephants. Though elephant poaching
in this national park is not common, the elephant population
seems to reduce probably due to migration to distant feeding
sites towards Ndian. However, human-elephant conflict
on cropland is severe at the buffer zone or periphery of the
national park resulting in human and elephant life loss.
Smaller elephant groups or herds were more frequently met on
cropland, destructively feeding on crops, a situation that has
made farmers to suffer lower annual yields. Elephant killing
in this area is believed to be for crop protection and not for the
commercial tusk trade which has caused elephant population
reduction in most national parks in Cameroon and beyond.
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