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Abstract

Habitat degradation and fragmentation, driven by deforestation and agricultural expansion, have resulted in the loss of suitable habitats for pangolins. Additionally, 
illegal hunting and trade, fueled by the demand for pangolin scales and meat, have further exacerbated population declines. The research focused on assessing the 
impacts of human interference on pangolins and their habitats, highlighting the need for effective conservation measures to mitigate these threats. However, the study 
utilized a combination of data collection methods, such as fi eld surveys and interviews, to investigate the extent and consequences of human interference in the pangolin 
environment in Deng Deng-Deng National Park. The presence of human activity in the pangolin ecosystem showed a signifi cance on forest vegetation type X2 = 18.806, 
df = 9, p < 0.05, forest vegetation canopy X2 = 10.528, df = 6, p < 0.05, and forest undergrowth vegetation X2 = 6.877, df = 6, p < 0.05, respectively. Empty bullet shells 52% 
and snares 29% recorded the highest signifi cance of human activity, while hunters’ hut 16% and hunting human trails, 3% recorded the least, respectively. Pangolins are 
highly valued for their scales and meat in certain cultures, leading to illegal wildlife trade. Forest vegetation visibility recorded a signifi cance on human signs, X2 = 3.162, 
df = 6, p < 0.05. The forest vegetation landscape and human signs in the pangolin environment showed a signifi cant association as well, X2 = 8.972, df = 6, p < 0.05. More 
so, human interference, such as poaching, trails, and infrastructure development in pangolin environments, fragments forest landscapes and disrupts pangolin movement. 
Additionally, forest canopy and landscape recorded a signifi cant X2 = 5.434 df = 4 p < 0.05. The heterogeneity of the forest landscape, which refers to the variety and spatial 
arrangement of different habitat types, infl uences the diversity and structure of the forest vegetation canopy. Furthermore, the atmospheric conditions revealed a positive 
association with human signs in the pangolin ecosystem, r = 0.108, p < 0.05. Also, feeding 67%, earth-surface scratches 16%, and droppings 15% recorded the highest 
pangolin signs, while pangolin footprints 1% and trails 1% recorded the least, respectively. Illegal hunting and trade were identifi ed as signifi cant factors contributing to the 
decline of pangolin populations. The unsustainable harvest of pangolins has led to population declines and imbalances within the park's ecosystem. The study highlights 
the detrimental impact of human interference on pangolin populations and their habitats within Deng Deng-Deng National Park. Also, fi ndings emphasize the urgent need 
for effective conservation measures to mitigate habitat degradation, address illegal hunting and trade, and engage local communities in pangolin conservation efforts. 
By implementing these measures, there is a greater chance of preserving the pangolin environment and ensuring the long-term survival of these unique and endangered 
creatures within the park.
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Introduction

Pangolins are placental mammals belonging to the order 
Pholidota and comprise eight species geographically restricted 
to the African and Asian continents [1]. Four species occur in 
Asia (Chinese pangolin, Indian pangolin, Philippines pangolin, 
and Sunda pangolin), and four other species range in Africa 
(giant pangolin, Temminck’s ground pangolin, black- bellied 
pangolin, and white-bellied pangolin). They are edentates 

with an elongate tongue and represent the only mammalian 
group with a body covered by scales. All pangolin species 
excavate burrows, to varying extents, and for shelter, except 
the black-bellied pangolin. All the species prey mainly on ants 
and termites [2-4] and occur within a diversity of habitats, 
ranging from primary to semi-degraded forests [5,6]. The 
international demand for pangolin scales and meat, driven by 
traditional medicine practices and culinary preferences, has 
led to a surge in poaching activities. The illegal wildlife trade 
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network has infi ltrated the Deng Deng National Park, resulting 
in the unsustainable harvest of pangolins and contributing 
to population declines. The wildlife trade is worth billions of 
dollars annually and affects mostly mammals [7]. Pangolins 
are the most traded mammals in the world, even during the 
fi rst peak of the COVID-19 pandemic [8], and this raised a 
worldwide concern over the taxonomic group.

Several tons of pangolins have been harvested from their 
natural habitats to feed legally and illegally an international 
trade since the turn of the 20th century, with unequal impacts 
following species and continents [9]. Because the Asian 
pangolins have been poached to near extinction during the 20th 
century, the route of traffi cking changed since the turn of the 
21st century and an escalating growth in the illegal international 
rade of African pangolins took place, now targeting mainly 
white-bellied and giant pangolins from Africa, for their scales 
in particular [10-13]. Recent estimates revealed that around 
900,000 African pangolins were illegally traded over the last 
two decades [9]. An assessment of the illegal trade chain 
estimated between 0.2 and 0.4 million, the number of pangolins 
annually harvested in Central Africa, with increasing trends 
over time [14]. This intercontinental trade has been confi rmed 
using the CITES database [10,14,15], surveys in the bushmeat 
and traditional medicine markets [12,16,17,], but also through 
DNA-profi ling of specimens seized in Asia in particular [11,13]. 
Some studies clearly established a connection between the Gulf 
of Guinea and Asia [12,16,17]. 

Endangered on the IUCN Red List of threatened species 
[18,19], the white-bellied and giant pangolins are respectively 
classifi ed as Endangered and Critically Endangered on the 
Red List for Benin [20]. They are threatened by local trade in 
bushmeat and traditional medicine markets [21], and more 
recently by international traffi cking [12,21]. The LEK-based 
survey suggested declining trends in occupancy area for both 
species. The white-bellied pangolin underwent a contraction 
of one-third of its occurrence range, and the giant pangolin 
experienced a quasi-total extirpation with 93% of its occurrence 
range lost over the last two decades [22]. Habitat degradation 
and overexploitation were the major drivers of population 
decline according to local hunters [22]. The two species are 
currently distributed in a human-dominated landscape within 
patchily distributed habitats [22], and this spatial confi guration 
certainly has an infl uence on the persistence of the populations 
of many mammals [23-26].

Anthropogenic interference in the pangolin environment 
in Deng deng-deng national park poses signifi cant threats to 
the survival of these remarkable creatures. This study seeks to 
shed light on the extent and consequences of anthropogenic 
activity, such as illegal hunting of pangolins, providing valuable 
information for the development of effective conservation 
measures. By understanding and addressing these challenges, 
it is possible to ensure the long-term viability of pangolin 
populations and preserve the ecological integrity of Deng 
Deng National Park. However, understanding anthropogenic 
interference pangolin environment is of utmost importance for 
the conservation and management of this endangered species. 

Materials and methods

Description of study area

The Deng-deng national park is located in the East Region 
of Cameroon, precisely in Lom-et-Djerem division (Figure 
1). The park covers an area of about 523 km2 and lies between 
latitude 13° 23 to 13° 34 East and longitude 05° 5 to 05° 25 North, 
in the North-Eastern part of the lower Guinean forest [27]. 
The national park area features a typical equatorial and humid 
climate [28] defi ned by the rainfall regime in this area. Seasonal 
pattern in the park area is characterized by distinct but unequal 
dry and wet season periods. Heavy wet season starts from 
August to November, a light wet season from April to June, a 
long dry season from December to March and a short dry season 
from July to mid-August. With a mean annual temperature of 
23 °C, annual minimum and maximum temperatures within 
the park area ranged from 15° C and 31° C [29]. More so, the 
national park is known for its rich biodiversity and serves as 
an important habitat for numerous plant and animal species. 
The park is part of the Congo Basin forest ecosystem, which is 
recognized as one of the world's most signifi cant biodiversity 
hotspots. It is home to a diverse range of fl ora and fauna, 
including many endemic and endangered species. It is primarily 
covered by tropical rainforest, characterized by tall trees, dense 
vegetation, and a variety of plant species. The forest canopy is 
often thick, allowing limited sunlight to penetrate the forest 
fl oor. The vegetation includes towering hardwood trees, lianas, 
epiphytes, and various understory plants. More so, it provides 
habitat for a number of mammal species, including elephants, 
chimpanzees, gorillas, monkeys (such as colobus monkeys and 
guenons), duikers, forest buffalo, pangolins, and many other 
wildlife species. The park is also home to a wide range of bird 
species, reptiles, amphibians, and insects.

Research data collection and analysis

Investigating the interference of human activity in the 
pangolin environment within Deng-Deng National Park, 
a comprehensive data collection method was employed. 
Field surveys were conducted to assess the current status of 
pangolin habitats and gather data on pangolin ecology. The 
research team gathered reliable and relevant information 
regarding human activity signifi cance, like illegal hunting, the 
presence of pangolin signs, and some ecological parameters, in 
order to assess the extent and consequences of these activities 
on pangolin welfare. Interviews with local communities, 
park rangers, and stakeholders were conducted to gather 
more information on human activities and their impact on 
pangolins. Interviews also provided insights into community 
perceptions, attitudes, and knowledge regarding pangolin 
conservation. More so, camera trapping was utilized as a non-
invasive method to monitor pangolin populations and detect 
illegal activities within the park. Motion-activated cameras 
were strategically placed in areas of suspected pangolin habitat 
and potential poaching hotspots. The cameras captured images 
of pangolins and other wildlife species, providing valuable data 
on their presence, behavior, and potential threats. Quantitative 
data collected through fi eld surveys, camera trapping, and 
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questionnaires were analyzed using appropriate statistical 
methods. Descriptive statistics, such as percentage frequencies, 
as well as inferential statistics, were calculated to summarize 
the data. 

Results

The presence of human activity in the pangolin ecosystem 
showed a signifi cance on forest vegetation type X2 = 18.806 df 
= 9 p < 0.05 (Figure 2), forest vegetation canopy X2 = 10.528 df 
= 6 p < 0.05 (Figure 3), and forest undergrowth vegetation X2 = 
6.877 df = 6 p < 0.05 (Figure 4), respectively. The infl uence of 
forest type and human presence in a pangolin environment can 
have signifi cant implications for both the pangolins and their 
habitat. Considering the infl uence of forest type and human 
presence is essential for effective conservation and management 
of pangolins and their habitats. It requires a comprehensive 
approach that addresses the specifi c characteristics and 
challenges associated with different forest types, while also 
considering the socio-economic factors that drive human 
activities in these environments. Also, Human presence in a 
pangolin environment can lead to disturbances that affect the 
integrity and fragmentation of the forest vegetation canopy. 
Activities such as logging, agriculture, or infrastructure 
development can result in the removal or disruption of trees, 
causing gaps or openings in the canopy. This fragmentation can 
have negative consequences for pangolins, as it can reduce the 

Figure 1: Map of Deng-deng National Park [27].
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Figure 2: The presence of human activity and forest vegetation type.

0

5

10

15

20

25

30

35

40

45

SNARE BULLET SHELL HUNTERS' HUT HUMAN TRAIL

FR
EQ

U
EN

CY

ANTHROPOGENIC INTERFERENCE

OPEN CANOPY CLOSED CANOPY THICK CANOPY
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availability of suitable habitat, alter microclimates, and disrupt 
the movement patterns of pangolins within their environment. 
Forest undergrowth vegetation can affect the preservation and 
visibility of human trails and footprints. In areas with thick 
undergrowth, human footprints may be quickly covered or 
obscured, making them less visible over time. On the other 
hand, in areas with sparse undergrowth or on well-established 
trails, human footprints may be more pronounced and easier 
to identify. The presence of dense undergrowth vegetation can 
impact human encounters with pangolins. Thick undergrowth 
can make it more challenging for humans to spot pangolins, 
potentially reducing the frequency of direct encounters. 
However, disturbances caused by humans moving through 
dense undergrowth can still disrupt pangolins' behavior and 
habitat use, even if they are not directly observed.

Different forest vegetation types provide varying levels of 
suitability for pangolins. Pangolins typically inhabit tropical 
and subtropical forests, including rainforests, deciduous 
forests, and mixed forests. The specifi c forest vegetation type 
infl uences factors such as food availability, shelter options, 
and microclimatic conditions. Human presence in different 
forest types impacts the availability and quality of habitat 
for pangolins, depending on the specifi c activities conducted 
and their effects on the forest ecosystem. The specifi c forest 
vegetation type can infl uence the types of human activities 
that occur in a pangolin environment. For example, certain 
forest vegetation types may be more attractive for poaching 
and agriculture due to the presence of a huge population of 
wildlife species or fertile soils. Conversely, protected areas or 
forests with conservation designations may have restrictions 
on human activities, limiting the intensity and extent of 
human presence. The compatibility between human activities 
and forest types determines the level of impact on pangolins 
and their habitat.

The forest vegetation canopy, which refers to the upper 
layer of tree branches and leaves that form a continuous cover, 
plays a crucial role in providing suitable habitat for pangolins. 
The canopy provides shade, protection, and resources such 
as food and shelter for pangolins. The presence of a dense 
and intact canopy is important for maintaining suitable 
conditions for pangolins to thrive. The relationship between 

the forest vegetation canopy and human presence is vital for 
effective conservation and management strategies in pangolin 
environments. Balancing human activities and the preservation 
of the canopy is crucial for maintaining the ecological integrity 
of the habitat and ensuring the long-term survival of pangolins.

Forest undergrowth refers to the vegetation and plant 
life that grows beneath the main canopy layer. The density 
and composition of the undergrowth can impact the visibility 
of human signs. Thick and dense undergrowth can obscure 
human trails, footprints, and other signs, making them less 
visible and harder to detect. Conversely, areas with sparse 
undergrowth can make human signs more apparent and 
easier to observe. However, the relationship between forest 
undergrowth vegetation and the presence of human activity 
provides insights into potential impacts on pangolins and 
their habitat. Balancing conservation efforts with sustainable 
land use practices is crucial to minimize negative impacts 
on pangolins while maintaining the integrity of the forest 
undergrowth and overall ecosystem.

Empty bullet shells 52% and snares 29% recorded the 
highest signs of human activity, while hunters’ hut 16% 
and hunting human trails 3% recorded the least (Figure 5), 
respectively. Pangolins are highly valued for their scales and 
meat in certain cultures, leading to illegal wildlife trade. The 
demand for pangolins and their derivatives drives poaching 
and traffi cking, which poses a signifi cant threat to pangolin 
populations. The presence of humans involved in illegal wildlife 
trade exacerbates the pressure on pangolins, contributing to 
population declines and pushing them closer to extinction. 
Efforts to combat illegal wildlife trade and raise awareness 
about the importance of pangolin conservation are crucial in 
mitigating this threat. In addition to the illegal wildlife trade, 
pangolins are also directly targeted by poachers and hunters for 
their meat or as a result of human-wildlife confl icts. Pangolins 
are often hunted for bushmeat consumption, traditional 
medicine, or as a source of income. The presence of humans 
engaged in poaching and hunting activities further endangers 
pangolin populations and disrupts their natural ecological 
balance.

Forest vegetation visibility recorded a signifi cance on 
human signs, X2 = 3.162, df = 6, p < 0.05 (Figure 6). 
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forest landscape on the forest vegetation canopy is crucial for 
effective forest management, conservation, and restoration 
efforts. By considering the landscape context, connectivity, 
and heterogeneity, it is possible to preserve and enhance the 
diversity, structure, and ecological functions of the forest 
vegetation canopy.

The atmospheric conditions revealed a positive association 
with human signs in the pangolin ecosystem, r = 0.108, p < 
0.05 (Figure 9). The relationship between the atmosphere 
and human signs in a pangolin environment is more direct 
and signifi cant compared to the relationship between the 
atmosphere and pangolin signs. Human signs, such as 
footprints, trails, settlements, and other forms of human 
activities, are infl uenced by atmospheric conditions in various 

Forest visibility refers to the extent to which the forest canopy 
and understory are clear and unobstructed. Forests with dense 
vegetation and a closed canopy have limited visibility, making 
it more challenging for humans to navigate through the forest 
and for human activities to be easily observed from outside. In 
contrast, forests with sparse vegetation or open canopies may 
have higher visibility, making human activities more visible 
to others. Forest visibility can infl uence human hunting and 
poaching activities in pangolin environments. Areas with low 
forest visibility may provide cover and concealment for illegal 
hunting and poaching, making it easier for individuals to 
engage in these activities undetected. Conversely, high forest 
visibility can act as a deterrent to illegal activities, as humans 
are more likely to be observed by others.

The forest vegetation landscape and human signs in pangolin 
environment showed a signifi cant association, X2 = 8.972, df = 
6, p < 0.05 (Figure 7). Human activity, like poaching, roads, 
and infrastructure development, in pangolin environments 
fragments forest landscapes and disrupts pangolin movement. 
These human signs create barriers that limit the connectivity 
between different forest patches, isolating pangolin populations 
and increasing the risk of genetic isolation and local extinction. 
Human settlements also lead to increased human-pangolin 
interactions, including hunting or capture for the illegal 
wildlife trade. Forest landscapes in pangolin environments can 
also be utilized for ecotourism initiatives, which can generate 
income for local communities and provide an incentive for 
the conservation of pangolins and their habitats. Responsible 
ecotourism practices raise awareness about the importance 
of pangolins and promote their conservation among visitors, 
contributing to the overall protection of forest landscapes.

Forest canopy and landscape recorded a signifi cant X2 = 
5.434 df = 4 p < 0.05 (Figure 8). The heterogeneity of the forest 
landscape, which refers to the variety and spatial arrangement 
of different habitat types, can infl uence the diversity and 
structure of the forest vegetation canopy. Landscapes with 
a mix of different forest types, such as deciduous and 
coniferous forests, or a variety of tree species, can support a 
more diverse canopy structure and composition. Landscape 
heterogeneity provides a range of environmental conditions 
and resources, promoting species richness and enhancing 
the complexity of the forest vegetation canopy. The role of 
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Figure 7: Forest vegetation landscape and human signs.
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ways. It's important to note that while atmospheric conditions 
infl uence human signs in a pangolin environment, the specifi c 
interactions between humans and pangolins are of greater 
signifi cance for pangolin conservation. The presence of human 
signs in pangolin habitats often indicates human activities and 
potential threats to pangolins, such as habitat degradation, 
hunting, or illegal trade. Understanding and addressing these 
interactions is crucial for the conservation and protection of 
pangolins and their habitats.

Feeding 67%, earth-surface scratches 16%, and droppings 
15% recorded the highest pangolin signs, while pangolin 
footprints 1% and trails 1% recorded the least (Figure 10) 
respectively. Signifi cant presence of pangolin signs offers 
insights into the activity patterns of these elusive creatures. 
For example, tracks indicate the timing and frequency of 
their movements, whether they are nocturnal or diurnal, and 
the routes they take while foraging or traveling. By studying 
activity patterns through pangolin signs, researchers can 
better understand their behavior, resource utilization, and 
potential interactions with other species in the environment. 
Pangolin signs, particularly feeding signs, provide important 
information about their feeding ecology. Pangolins leave 
distinct signs when they feed on ant or termite nests, such as 
disturbed soil, broken ant or termite mounds, or characteristic 
feeding holes. By examining these signs, researchers gain 
insights into the types of prey species consumed, feeding 
techniques, and the ecological roles of pangolins in controlling 
ant and termite populations. Studying and interpreting 
pangolin signs is crucial for understanding the ecological role 
of pangolins, their interactions with the environment, and 
their conservation needs. It helps inform habitat management, 
protected area planning, and conservation efforts aimed at 
preserving pangolin populations and their habitats.

The pangolin sign age-rating recorded active sign 47%, 
recent sign 40%, and old sign 13% (Figure 11), respectively. 
The age of pangolin signs, such as tracks or burrows, provides 
valuable information about the presence and activity of 
pangolins in their environment. However, determining the 
precise age of a pangolin sign is challenging, and it often 
requires careful observation and interpretation of various 
factors. Observing signs associated with the pangolin sign 
provides additional information about its age. For instance, if 
there are signs of plant growth or regrowth around the burrow 
or tracks, it suggests that the sign has been present for a longer 
period. Similarly, if there are signs of animal scat or other 

indications of recent feeding activity nearby, it may suggest 
a more recent occurrence. The freshness of the pangolin sign 
gives a rough estimate of its age. Fresh tracks or burrows that 
show no signs of weathering or disturbance are likely to be 
more recent. On the other hand, if the sign appears weathered, 
covered in debris, or shows signs of erosion, it suggests that it 
has been present for a longer period.

Discussion

Anthropogenic interference, such as poaching, 
deforestation, agricultural expansion, and logging, has led to 
signifi cant habitat degradation and fragmentation within the 
rainforest of Cameroon. The loss of forest cover and alteration of 
vegetation composition have directly impacted the availability 
of suitable habitats for pangolins. Pangolins are mammals that 
have been facing high extinction risk due to increasing levels 
of poaching of different species to feed local/regional wildlife 
markets, fueled by the exponential international demand 
for African species in particular [9,15]. The trade, mainly 
focused on Asian species in the late 20th century, has shifted 
to African pangolins in the 21st century since Asian pangolins 
severely declined during thethe pre-2000 period [9]. During 
the last decade (2010 – 2019), more than 400,000 individuals 
of African pangolins were involved in the illegal international 
trade [9]. The white-bellied (Phataginus tricuspis) and giant 
(Smutsia gigantea) pangolins were the most targeted species 
[9,11-13,17]. Beside the illegal international trade [9,12,17,21], 
African pangolins underwent an unprecedented degradation of 
their habitats, especially in Western Africa where > 80 % of 
forest cover vanished over the last century [30].

In Africa, wild meat (non-domesticated animals) is an 
important source of animal protein and income for local 
people [31-34]. Wild animals are openly sold in the bushmeat 
and traditional medicine markets [35,36] that represent a 
great threat to African’s wildlife [34,36] but also to human 
health [37]. Among specimens sold in these markets occur 
pangolin species and many other threatened species present 
on the IUCN Red List [35]. National and international trade 
can drive a species to extinction [7]. Local use in pangolins for 
consumption and traditional medicine, combined with inter-
regional and international trade in an unregulated context, 
certainly emphasizes the depletion of African pangolins. 
The latter may also suffer from fragmented and isolated 
populations by infrastructure development and agriculture 
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Figure 10: The presence of pangolin signs.
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Figure 11: The age of pangolin signs.
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that could rapidly lead to irreversible local extinctions [38,39]. 
Although the illegal pangolin trade is widely acknowledged to 
be the major threat to the conservation of pangolins globally 
and African pangolins in particular [9,10], these data are not 
suffi cient to mitigate the ongoing decline of all eight species. 
They are still ecologically and genetically data-poor species 
with a great gap of knowledge [12,40] that hampers effective 
conservation actions. The research fi ndings highlight the 
devastating impacts of illegal hunting caused by the wildlife 
trade on pangolins in the park. The demand for pangolin 
scales and meat in traditional medicine practices and culinary 
preferences has driven the unsustainable harvest of these 
animals. 

The lack of ecological knowledge is certainly related 
to the cryptic and elusive behaviour of pangolins [41,42], 
making it challenging the bio monitor the species [43-45]. 
The phylogeny and population genetics of African pangolins 
have been previously addressed [46,47], but these studies 
were based on limited data globally without precision of 
sampled forest habitats. Nevertheless, the study has important 
implications for the development of conservation strategies 
and management plans within Deng Deng National Park. The 
discussion highlights the need for integrated approaches that 
address both the direct threats to pangolins, such as hunting 
and trade, and the underlying drivers, including poverty, lack 
of awareness, and weak law enforcement. It emphasizes the 
importance of community engagement, sustainable livelihood 
initiatives, and education programs to foster local support for 
pangolin conservation. Additionally, the discussion explores 
the potential for protected area design, habitat restoration, 
and the implementation of stricter regulations to mitigate the 
interference of human activity. 

Conclusion

Anthropogenic interference in the pangolin environment 
within Deng Deng National Park poses signifi cant threats to 
the survival of these unique and endangered creatures. The 
study emphasized the need for immediate action to protect 
pangolins and their habitats by implementing conservation 
strategies, strengthening law enforcement, and engaging 
local communities. By addressing the underlying drivers and 
mitigating the threats of habitat degradation, illegal hunting, 
and trade, it is possible to ensure the long-term viability of 
pangolin populations and preserve the ecological integrity of 
Deng Deng National Park. By mitigating the threats posed by 
habitat degradation, illegal hunting, and trade, it is possible to 
protect these unique and endangered creatures and preserve 
the ecological integrity of the park. Continued research and 
collaborative efforts are crucial to further our understanding 
of the complex interactions between human activities, 
pangolins, and their habitats, guiding conservation actions 
and promoting sustainable coexistence. Continued research, 
monitoring, and collaboration among stakeholders are vital for 
achieving these conservation goals and promoting sustainable 
coexistence between humans and pangolins. Pangolins play 
a crucial role as insectivores, contributing to the ecological 
balance by controlling insect populations. The decline in 
pangolin populations disrupts this balance, leading to potential 

ecological cascades. Understanding and mitigating these 
ecological implications are essential for preserving the overall 
biodiversity and functioning of the forest ecosystem within the 
national park.
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