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Abstract

Increasing human activities around protected area pinpoint to looming degradation and altera-
tion of the component of such areas, especially where adequate measures are not taken to fores-
tall encroachment. The Oban division of the Cross River National Park is one of the oldest rainfo-
rests and has been identified as a biodiversity hotspot. However, communities settling around the
park have been involved in some economic activities for their livelihood. Resource utilization at
the edge of the park may alter the components of the park such as species diversity. Therefore this
study is geared towards assessing the impact of human encroachment and the concomitant impact
on the distribution of species within the park. The study adopted participatory research methods
which included Focus Group Discussion and participatory mapping as well as a plot based survey
which involved the laying of sample plots within two zones of the park designated as areas
bounded by cultivated land and areas bounded by fallow. Three 40 m x 40 m square plots are laid
along a 320 meter transect measured from the boundary of the park at each buffer zone. The plots
are separated by 100 m gap. From the result obtained, it is discovered that Musanga cercropoides
dominates the outer plots of the cultivated zones and fallow zones comprising 20.2 and 21.5 per-
cent respectively while Terminalia ivorensis dominates the middle and inner areas of the park.
Moreover the composition of species decreases inward to the inner part of the park. Diversity in-
dex decreases in the order of 2.566 < 2.348 < 2.163 at the cultivated zones and 2.443 < 2.376 < 2.366
at the fallow zones. It is concluded that human activities close to the park alters the species composi-
tion of the park. Hence, it's recommended that adequate alternatives livelihood and incentive be
provided to support zone communities to reduce their dependents on the edge of the park.
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1. Background to the Study

One of the conservation strategies adopted in many countries in the world is the Protected Area System (PAS).
Protected areas are areas of land and/or sea exclusively dedicated to the protection and maintenance of biologi-
cal diversity, natural and associated cultural resources which are managed through legal or other effective means
(IUCN in [1]) [2]. The Convention on Biological Diversity (1992) describes a protected area as a geographically
defined area, which is designated or regulated and managed to achieve specific conservation objective [3]. Pro-
tected areas include the parks, reserves, strict nature reserves, wilderness among others. Globally, PAS arises out
of the need to curtail the loss and degradation of biodiversity. IUCN has captured protected area categories and
designated those areas and species that require adequate attention [4]. The most serious problem behind PAS is
habitat loss around the edges of forest and other protected areas caused largely by the expansion of agriculture
[5] [6]. The pressure on biodiversity continues to increase decline, with substantial and ongoing losses of popu-
lations, species and habitats despite the adoption of PAS. Loss of biological diversity includes the loss of habi-
tats, the introduction of exotic species, over-harvesting of biodiversity resources, and homogenization of species
in agriculture.

Forest loss in Africa is particularly troubling because one-third of the continent’s population depends on for-
est resources resulting in deforestation which is estimated at about 3.4 million hectares per year [6]. In the last
decade, deforestation and biodiversity loss has become a common event throughout the world. This phenome-
non is much more frequent in rural areas of developing countries. Many forest trees are also used for fuel and
charcoal which constitute sources of heat energy for small scale processing enterprises such as bakery, palm oil
production and fish smoking. Others are used as browsing leaves for animals, household utensils and farm im-
plement handle. However, the high degree of utilization of these resources by the communities critically threat-
ens the livelihood and biodiversity across the country [6] [7].

Cross River National Park like most African National Protected Areas, was created in 1991 with the sole aim
of conserving the last remnant of the Cross River Tropical Rain Forest from extinction, while at the same time,
improving the livelihood of the forest communities [8] [9]. The Park has one of the oldest rainforests in Africa,
and has been identified as a biodiversity hotspot. Its concept involves the exclusion of people from wildlife areas
apart from visitors and employees concerned with its management [10]. The Park is rich and unique in its forest
resources of plants and animal species.

Although the Park conserves many of the world’s habitats and species, human encroachment is severely de-
grading and destroying the biodiversity of the area. This has often resulted in the elimination of species, loss of
forest lands and resources. Destruction of wildlife habitats has remained the leading threat to biodiversity. This
destruction, takes different forms such as degradation, fragmentation or outright loss, and is a function of the
growing human population and activities prompted mainly by such factors as poverty, demography, land tenure
systems, inadequate conservation status, development policies and economic incentives [10]. These factors
range in scale from immediate to global.

Forest encroachment is a term used to describe the “use and cultivation of forest land by local population
without proper legal entitlement over such land”. The major cause of this encroachment is the increasing popu-
lation of the people, “it is an obvious fact that population grows at geometrical rate while food production grows
at arithmetical rate according to Malthus Theory” [11]. Population has been a chief agent of environmental de-
gradation in most cities of the world.

Since the creation of the park, many communities and researchers on livelihood have faulted that protected
areas have deprived local people of resources which they have been depending on over the years for both cul-
tural and economic reasons [6] [7]. The reason behind this is the restrictions of the people from utilizing the for-
est products for their livelihood. This has often resulted in conflict and forceful entrance into the park. Some-
times the people carry out some activities at the buffer zone and encroach into the park from time to time. The
fact remains that the cumulative impact can result in loss of species.

Forest encroachment is one major challenge in Cross River National Park and other forest communities of
Cross River State, Nigeria. This encroachment takes various forms such as human settlement, farming, hunting,
fishing, collection of non-timber forest resources (NTFR), grazing, clearing and cutting down of trees and so on.
Illegal forest clearing, poaching, and failure to respect timber-harvesting regulations have depleted the natural
resources and caused serious environmental problems. These activities have also negatively affected the envi-
ronmental services which are important to poor rural households such as the provision of clean water, pest and
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disease control, pollination, and regulation of the climate, stream flow, and groundwater levels.

The common factor of all these elements is that they are human-driven. It is necessary to probe how human
activities have encroached on the park, hence are species composition and diversity the same everywhere around
the park? This research therefore seeks to examine the activities of encroachment and potential impacts on bio-
diversity vis-a-vis species distribution and diversity within the different areas of the Cross River National Park,
Oban Division, Nigeria.

2. Study Area

The Cross River National Park is located between latitude 5°05' and 6°29'N and Longitude 8°15' and 9°30'E, in
the Southeastern corners of Nigeria. It covers a total of about 4000 km?, most of which consist of the coastal

zones (Figure 1).
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Figure 1. The study area. Source: Adapted cross river state ministry of lands and survey map (2013).
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The climate is a tropical humid one [12]. Annual rainfall ranges between 2500 mm and 3000 mm. The rainy
season lasts from March to November, the temperature ranges from 25°C to 27°C in January, but in July, it rises
above 30°C. Relative humidity is about 75% to 95% in January, but towards the end of the year, it lowers gradu-
ally as a result of harmattan [12].

The vegetation of the area is evergreen tropical rainforest, and it is regarded as the last stronghold of tropical
rainforest in Nigeria [13]. The terrain is rough and elevation rises from the river valleys to cover 1000 m in the
mountainous areas. The soils are ferralitic and sandy, and steadily become shallower with increasing elevation.
The soil is highly vulnerable to leaching and erosion where stripped of plant cover.

The Park is noted for its high diversity of species but in spite of its great diversity and richness, the area is
prone to degradation through human activities ranging from hunting and poaching, agriculture, logging to un-
guided exploitation of Non-timber Forests Products (NTFPs). Typical tree species found there includes Belinia
confusa, Coula edulis, Hannoa klaineana, among others. There are about 1568 plant species, of which 77 are
endemic to Nigeria. There are at least 75 mammal species, including Africa buffalo, the endangered Afri- can
forest elephant, common chimpanzee, 42 species of snakes.

3. Methodology

This research adopts a mix of methods for data collection. The methods include sample plots, inventory, and se-
lected Participatory Rural Appraisal (PRA) tools such as Focused Group Discussion (FGD), transact walk, key
informants interviews and observation etc.

A transact walk was taken through the park with the assistance of key informant to identify the different ac-
tivities, changes in the area and observed pattern of features within the park. This enabled the researcher to ca-
tegorize the area surrounding the park into two, viz areas bounded by farmlands and areas bounded by fallow.

A transect of 320 m was measured from the beginning of the park and 40 x 40 m? sample plots were laid
across the transect at the beginning, in the middle and at the end from the buffer zone to the inner part of the
park. The plots were separated by a distance of 100 meters. The plots were laid with the assistance of four local
forest resource users in the study area and a taxonomist. A hand held compass was used in establishing the di-
agonals of 28 m from the center of the plots to join the edges forming 40 m?. Two areas were considered in lay-
ing the sample plots which included the areas bounded by farms (cultivated area) and the areas bounded by fal-
lows of 5 years and above (secondary regrowth). Three sample plots were laid in each area which gave a total of
six plots. Measurement of individual trees was carried out for all trees not below 5 cm in diameter. The trees
were counted and measured at 1.3 m above ground with a tape.

Key informant interviews were used to elicit information from the people on the types of activities going on
within the buffer zones of the park as well as the species that are mostly utilized. Moreover, a Focus Group
Discussion was held with the different resource user groups on the nature of their activities and then triangula-
tion was carried out to ascertain how their activities impinge on the Park.

Analysis was carried out using simple percentage and Shannon weiner diversity index

S
The index is givenas: H, =" p, log, P(i)
i=1

where:
H; = Value of Shannon Wiener diversity;
S = No. of species in the community (taken as sample plot);
P; = the properties of species;
loge = Natural logarithm of P(i).

4. Result

4.1. Activities of Resource Users and Their Impact on the Forest

Various forms of activities were identified from the FGD conducted to ascertain the ones that led to the en-
croachment and their impacts on the Park. Many support zone communities living close to the park encroach on
the Park for their livelihood; there are also negative impacts of these activities on the Park resources. Table 1
summarizes the types of activities, indicators of encroachment and the likely impact on the forest.
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Table 1. Activities of resource users and their impact on the park.

S/n Types of Activity

1. Farming
Hunting

2.
Collection of

3. Non-Timber Forest
Products (NTFPs)

Indicators

Creation of small plantation
Creation of Cocoa farm
Planting of food crops

Wire traps/nets
Digging and burning of holes
Collection of eggs from nest

Building and construction of temporal huts
and sheds made with raffia and bamboo
Living in Caves

Cutting of Capolopia

Breaking of Sapling

Debarking of trees

Cutting Randia

Collection of leaves and herbs

Impact on Forest

Change in Land use

Habitat fragmentation

Restriction of Animals and Birds movement
Habitat destruction

Migration of animal population

Soil erosion

Killing of birds and animals
Marks of gun shots on trees
Creation of fear in the wild
Migration of wildlife population
Noise

Habitat fragmentation

Restriction of animals and birds movement in the wild
Creation of fear

Competition of food

Habitat destruction

Food shortage

Soil erosion

Deforestation

Gatherina of fruits and nuts Migration of birds and animals

Source: Researcher’s field survey, 2013.

4.2. Species Frequency

4.2.1. Species Distribution in the Cultivated Areas of the Park

From the result presented on Table 2 to Table 4, in the cultivated area, the area around the buffer had 18 species
with 109 tree/shrub species within the plots (Table 2). The dominant species was Musanga cercropoides which
constituted 20.2 percent of the total trees in the area. This was followed by Bateria nitrigiana which occupied
10.1% of the total species in the plots. Tectona grandis and Hylonendron gabonensis were the least constituting
0.9% each. Moreover, Musanga cercropoides has the highest Girth (diameter at breast Height (DBH) of 26.3 cm
in average and a total Girth of 578.6 cm while Terminalia ivorensis followed with an average DBH of 20.5 cm
and a total DBH of 41 cm (Table 2).

At the middle part of 100 m away from the buffer, 12 species with a total of 47 tree/shrubs were found. The
dominant species being Terminalia ivorensis (17.0%) of the plots but Melicia excelcia has the highest Girth of
47.1 m. Terminalia ivorensis has the highest total DBH of 225.6 cm the least of the species Elaeis guinensis and
Hylonendron gabonensis occupy 2.1% each (Table 3).

The third plots at inner portion contain 10 species with a total of 51 trees. Terminalia ivorensis dominates
constituting 23.5% of the total species in the inner plots. Carcinia mannii occupy the 2™ position (13.7%) of the
total species, Klanneidoxia gabonensis was the least with (2.0%). Terminalia has the highest DBH of 386.4 cm,
however, Ceiba Petendra has the highest average DBH of 42.1 cm (Table 4).

4.2.2. Species Distribution in the Fallow/Secondary Regrowth

At the areas bounded by fallow, Musanga cercropoides dominates the outer plots and occupies 21.5% of the to-
tal species just as what was obtainable in the cultivated area (Table 5). This is followed by Anthocleista djalo-
nensis (12.3%) of the total species as against Bateria nitrigiana in the cultivated area. Tetrapleura tetraptera has
the highest average DBH of 33.8 cm. In the middle plot, Harugana madagascariensis and Upacea guinensis
dominates (14.3%) each. Melicia excelsia has the highest average DBH of 30.6 cm (Table 6). The inner plot
contains 12 species and 42 trees, the dominant specie is Terminalia ivorensis, followed by Brachystegia Eury-
coma (11.9%) (Table 7).

Comparing the Biodiversity indices across the park, the number of species generally decreases inwards. Figure 2
shows the increase in number of species at the cultivated zone, while Figure 3 indicates that of the fallow zone.
In both cases similar situation is obtained. However, the outer part on the edge of the park is dominated by
shrubs and colonizers such as Musanga cercropoides, while at the middle and inner part dominated by Termina-
lia ivorensis which is the primary species. In the two areas, Musanga cercropoides dominates the outer plot at
the buffer zone. Musanag cercroppoides is a colonizer and therefore shows sign of secondary regrowth.
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Table 2. Species distribution in the buffer area of the cultivated zones of the park.

Species Frequency Percentage Total Girth Average Girth
Alchornea cordifolia 2 1.8 16.8 8.4
Ancistrophylum secondiflorum 4 3.7 40.8 10.2
Anthocleista vogelli 8 73 52.8 6.6
Bateria nitrigiana 11 10.1 134.2 12.2
Carapa procera 2 1.8 36 18
Dyopspyros spp 3 2.8 36.9 12.3
Elaeis guinensis 9 8.3 189 21
Funtumia africana 3 2.8 57 19
Hylonendron gabonesis 1 0.9 10 10
Musanga cerciopoides 22 20.2 578.6 26.3
Pycanthus angolensis 2 1.8 22 11
Randia acuminata 8 7.3 71.2 8.9
Rauvolvia vomitoria 9 8.3 55.8 6.2
Spondias mombin 7 6.4 91 13
Tectona grandis 1 0.9 25 25
Terminalia ivorensis 2 1.8 41 20.5
Tetrapleura tetraptera 3 2.8 66 22
Theobroma cocao 12 11.0 2424 20.2

109 100.0

Source: Author’s Fieldwork, 2014.

Table 3. Species distribution within the middle part of the cultivated zone of the park.

Species Frequency Percentage Total Girth Average Girth
Musanga cerciopoides 3 6.4 48 16
Poga Oleosa 5 10.6 58.5 11.7
Carcinia manii 6 12.8 94.8 15.8
Terminalia Ivorensis 8 17.0 225.6 28.2
Pentaclethra macrophyla 3 6.4 55.2 18.4
Randia acuminata 4 8.5 64.4 16.1
Melicia excelsa 4 8.5 189.2 47.3
Pycanthus angolensis 2 4.3 42.6 21.3
Carapa procera 5 10.6 166 33.2
Hylonendron gabonesis 1 21 18.9 18.9
Elaies guinensis 1 21 18.9 18.9
Uapaca guinenesis 5 10.6 119.5 23.9

47 100.0

Source: Author’s Fieldwork, 2014.
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Table 4. Species distribution within the inner part of the cultivated zone of the park.

Species Frequency Percentage Total Girth Average Girth
Brachystegia eurycoma 4 7.8 104 26
Carcinia manii 7 13.7 83.3 11.9
Ceiba petendra 5 9.8 210.5 421
Klaneidoxia gabonensis 1 2.0 28 28
Melicia excelsa 3 5.9 1104 36.8
Poga Oleosa 4 7.8 78.4 19.6
Sacoglottis gabonensis 5 9.8 1155 23.1
Terminalia Ivorensis 12 235 386.4 322
Tetrapleura tetraptera 4 7.8 166 415
Uapaca guinenesis 6 11.8 217.8 36.3

51 100.0
Source: Author’s Fieldwork, 2014.
Table 5. Species distribution within the buffer of the fallow zone of the park.

Species Frequency Percentage Total Girth Average Girth
Ancistrophylum secondiflorum 5 7.7 31 6.2
Anthocleista djalonensis 8 12.3 59.2 7.4
Bateria nitrigiana 5 7.7 65 13
Carapa procera 4 6.2 96.8 24.2
Elaeis guinensis 5 7.7 134 26.8
Funtumia africana 1 15 32 32
Magnifera indica 2 31 62.8 314
Musanga cerciopoides 14 215 288.4 20.6
Pycanthus angolensis 2 3.1 19.2 9.6
Randia acuminata 4 6.2 33.6 8.4
Rauvolvia vomitoria 6 9.2 37.2 6.2
Spondias mombin 4 6.2 34.8 8.7
Tetrapleura tetraptera 3 4.6 101.4 33.8
Terminalia lvorensis 2 3.1 59.6 29.8

65 100.0
Source: Author’s Fieldwork, 2014.
Table 6. Species distribution within the middle area of the fallow zone of the park.

Species Frequency Percentage Total Girth Average Girth
Poga Oleosa 5 10.2 58 11.6
Carcinia manii 2 4.1 194 9.7
Terminalia lvorensis 6 12.2 178.8 29.8
Pentaclethra macrophyla 4 8.2 64 16
Naudea didenidii 4 8.2 68.8 17.2
Baphia nitida 1 2.0 12 12
Melicia excelsa 3 6.1 91.8 30.6
Pycanthus angolensis 4 8.2 60 15
Harugana madagascariensis 7 14.3 89.6 12.8
Carapa procera 4 8.2 104 26
Hylonendron gabonesis 2 4.1 43 215
Uapaca guinenesis 7 14.3 182 26

49 100.0

Source:

Author’s Fieldwork, 2014.
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Table 7. Species distribution within the inner area of the fallow zone of the park.

Species Frequency Percentage Total Girth Average Girth
Bailonella toxisperma 1 2.4 27 27
Brachystegia eurycoma 5 11.9 88 17.6
Sacoglottis gabonensis 2 4.8 48.8 244
Carapa procera 2 4.8 56.6 28.3
Irvingia gabonensis 3 7.1 1116 37.2
Lophira alata 4 9.5 80.4 20.1
Naudea didenidii 4 9.5 23.2 5.8
Pentaclethra macrophyla 4 9.5 40.8 10.2
Pterocarpus spp 3 7.1 54 18
Terminalia lvorensis 8 19.0 230.4 28.8
Tetrapleura tetraptera 2 4.8 52.8 26.4
Uapaca guinenesis 4 9.5 119.6 29.9

42 100.0
Source: Author’s Fieldwork, 2014.
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4.3. Species Diversity

Moreover, species diversity decreases from the outer part of the park inward the outer part has a diversity index
of 2.566, at the middle part diversity decreases to 2.348 while at the inner part diversity further decreases to
2.163 (Table 8).

At the fallow areas, diversity also decreases inward from 2.443 at the outer part to 2.376 in the middle part.
This further decreases to 2.366 (Table 8).

Diversity is higher at the outer part of the cultivated area than that of the secondary regrowth, whereas at mid-
dle and inner part diversity is higher at the secondary regrowth than that at the cultivated (Table 8).

4.4. Discussion of Findings

It is evident that the park area bounded by farms has undergone changes in species. For instance secondary co-
lonizer such as Musanga cerciopoides which dominates both the cultivated area being 20.2 percent of the total
species and 21.5 percent at the fallow zone, Bateria nitrigiana and other shrubs also dominate the outer zone of
the park. Thus a reduction on primary tree species can occur. This corroborates studies by LUCID group on land
change [14] [15] which shows that human activities affect land use which has changed to more cultivated area
and less bush, forests and grasslands. These changes have often affect areas with natural vegetation where in
some areas colonizers (mostly shrubs) colonize the area earlier occupied by natural vegetation. From the focus
group discussion, the primary forest serves as areas for extraction of Non-Timber Forest products (NTFPs)
while some undergo conversion from natural vegetation to cultivation of cocoa, the presence of Theobroma co-
coa in the outer plot which constitute 11.0 percent of the total trees species in the area point to the fact that en-
croachment has taken place at the area bordering the buffer zone of the park especially at the cultivated area.

Moreover, Species diversity decreases as one move inward into the park. This is also due to the presence of
shrubs at the outer part of the park. Land cover change through agricultural intensification and other diverse
human activities has negative effect on the forest. Populations have often adapted to less than ideal conditions
and represent an important genetic reservoir for long-term survival of species. From the FGD, it is observed that
the park are threatened by illegal logging, encroachment, bush burning, farming, poaching and other human ac-
tivities. The introduction of exotic species, over-harvesting of biodiversity resources, homogenization of species
in agriculture, high energy consumption such as fuel wood, illegal hunting, and the drive habitat loss and species
extinction worldwide [16]. The implication of the losses is the reduction in ecosystem services such as modera-
tion of climate [17]-[23].

Tree species existing at edges of the forest normally faced degradation and are decimated to lesser and iso-
lated species especially close to agro-ecosystems. Ecosystem alteration usually affect the survival of species,
those that cannot survive in the new condition pave way for exotic species. One of the problems associated with
species extinction is that of increase utilization of the species. Trees sequester carbon cutting down trees with
huge girth means increasing the concentration of carbon in the atmosphere. The trees on the outer part have
smaller girth which translates into reduction in biomass and increase emission of carbon, thus affecting climate
change. Egbe et al. (2014) [24] envisage that one of the adaptive mechanism is increasing the biomass of trees
through encouraging conservation [25] [26].

5. Conclusion

The values of biodiversity cannot be over-emphasized. The increasing human activities at the edge of the parks

Table 8. Species diversity within the different zones.

Species Diversity
Zones Cultivated Area Fallow Area
Outer Plot 2.57 2.44
Middle plot 2.35 2.38
Inner Plot 2.16 2.37

Source: Author’s Fieldwork, 2014.
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have impacted on the distribution of species. This may have a cumulative effect in the near future for plants and
animals at the primary forest. The increased colonization by shrubs and other alien species may continue to in-
trude into the inner part of the park. Cultivation close to the park continues to shift into the park altering species
diversity. Resource exploitation is an important cause of biodiversity loss. For example, the demand for fuel
wood and other forms of energy and natural resources consumption drive habitat conversion and changes to
ecosystems components. However, communities can take to conservation and on the other hand use resources
sustainably. It has been confirmed that indigenous and multiple-use protected areas can reduce the incidence of
undue species loss.

Recommendations

With the increased colonization of the outer part of the park by alien species, it is therefore recommended that:

1) The boundary of the park and that of the buffer zone should be clearly demarcated and protected,;

2) Biodiversity conservation should be integrated into the national and local economic planning, especially in
the agricultural transformation agenda of federal government;

3) Monitoring programmes should be instituted for biodiversity;

4) Incentives and alternative means of livelihood should be given to the communities at the edge of the park
that are still depending on the park for their livelihood to avoid impact on biodiversity.
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