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Anthropogenic activities have the potential to thwart efforts towards enhancing the full carbon (C) sink
potential of savannas in the context of mitigating the effects of global warming. The understanding of
the induced effects of human pressures on the carbon budget of forest-savanna ecosystems is
therefore a valuable tool to better evaluate and predict the current and future effects of human activities
on the potential of these forests to sequester carbon in the context of the fight against the global
warming. In line with this, the objective of this study was to compare the soil organic carbon stock
changes between three well protected forests and three neighbouring unprotected forests which are
prone to human pressures (except farming and settlements) in the natural forest-savanna of Northern
Ghana. Three study zones, namely Wungu, Serigu and Mognori were used for the study. For each forest
type 30 m x 30 m random plots and 1 m x 1 m random subplots were used to generate data for the
comparative analysis. A total of 160 random soil samples (0 to 50 cm depth), 96 random samples of
aboveground live biomass, and the same number of litter and root biomass samples were collected in
both forest types of each study zone to make composite samples for the determination of plant and soil
organic carbon contents. The results of the study showed that total plant C (C in live biomass + litter +
roots) was three times higher in the protected forest sites than the unprotected across the three study
zones. Soil organic carbon stores were significantly (P< 0.01 and P< 0.05) higher in the protected forest
sites than the unprotected. Across the three study zones, soil C store was in general twice greater in
the protected sites than the unprotected. The present study indicates the need for employing
ecologically and socio-economically sustainable management plans for savanna woodland resources
in the region, in collaboration with local communities, so as to sustain communities’ livelihoods,
besides preserving the full potential of this forest-savanna to sequester C in the context of the fight
against the global climate change.

Key words: Anthropogenic activities, climate change, forest-savanna.

INTRODUCTION

The current threats to the terrestrial carbon cycle from human-controlled land-use changes and greenhouse
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gas emissions are increasingly gaining concern (Clark,
2004). The global carbon cycle is being altered in
response to human interference; for instance land-use
changes in the tropics are estimated to contribute about
23% to human-induced CO, emissions (Houghton, 2003).
It is established that anthropogenic carbon dioxide ( CO,)
emission into the atmosphere plays a vital role in driving
the global climate change (Petit et al., 1999; Falkowski et
al., 2000), which in turn affects the productivity of
terrestrial ecosystems (Nemani, 2003). Apart from the
burning of fossil fuel, land-use conversion is considered
to be having a significant impact on global carbon
balance by profoundly altering land cover biota, and
biogeochemical cycles (Houghton et al., 1999). In the
biosphere, terrestrial ecosystems contain almost three
times more carbon than the atmosphere (Schimel, 1995),
and the amount of carbon stored is twice or three times
higher than in living vegetation (Post and Kwon, 2000).
Because of the significant capacity for carbon storage,
soil has been the focus of increasing efforts in assessing
the carbon sequestration associated with land-use
change and ecosystem succession (Post et al., 1982;
Degryze et al.,, 2004). The patterns and controls of soil
organic carbon (SOC) storage are critical for our
understanding of the biosphere, given the importance of
SOC for ecosystem processes and the feedback of this
pool to atmospheric composition and the rate of climate
change (Raich and Potter, 1995). Our capacity to predict
and ameliorate the consequences of climate and land
cover change depends, in part, on a clear description of
SOC distributions and the controls of SOC inputs and
outputs.

Studies have demonstrated that changes in land-use
are inevitably followed by changes in carbon stores
(Canadell, 2002). Besides, changes in land-use can
affect soil organic matter contents and fertility and also
atmospheric C0O, concentrations and global warming
(Ross et al., 1999). Hence, unlike the burning of fossil
fuel, the anthropogenic carbon emission could be
reversible through management of lands in favour of
sustainable long-term carbon stores. Indeed, terrestrial
carbon sequestration is proposed by scientists as an
effective mitigation option because it combines mitigation
with positive effects on environmental conservation and
soil fertility (Smith et al., 2007). Soil carbon sequestration
is the process of transferring carbon dioxide from the
atmosphere into the soil through crop residues and other
organic solids, and in a form that is not immediately
reemitted. This transfer or “sequestering” of carbon helps
off-set emissions from fossil fuel combustion and other
carbon-emitting activities while enhancing soil quality and
long-term productivity (Alan et al., 1996).

Soil organic matter is a major factor in ecosystem
functioning and determines whether soils act as sinks or
sources of carbon in the global carbon cycle. Under
natural conditions the content of organic matter in soil is
constant; the rate of decomposition is equal to the rate of

supply of organic matter from plants. The equilibrium is
disturbed when forests are exposed to human pressures
(Young, 1976). Changing patterns of land-use and land-
use management practices can have significant direct
and indirect effects on soil organic pools, due to changes
in plant species, primary productivity, litter quantity and
quality and soil structure. Deforestation in the tropics is
influencing the climate system by affecting greenhouse
gas fluxes. The current Intergovernmental Panel on
Climate Change (IPCC) estimate for the annual net
release of carbon from the land to the atmosphere due to
deforestation and related land use in the tropicsis 1 6 + 1
0 Pg (Melillo et al., 1993). Between 1960 and 1990,
Africa and Latin America each lost about 18 percent of
their tropical forest cover to deforestation (Food and
Agricultural Organization (FAO), 2001).

Tropical forests are globally important because of both
their ecological and economic significance. They produce
approximately 75% of the world’s wood products and
likely contain over half of the planet’s biodiversity, despite
occupying only 7% of the earth’s surface (Thomas and
Baltzer, 2002). In addition, much of the world’s population
lives in these regions. Approximately one-fifth of the
world’s population lives specifically within tropical regions
consisting of savanna type vegetation. This results in
large pressures being placed on savannas as a result of
human activities (Schuttemeyer et al., 2006). Savannas
occupy about 40% of Africa. They represent a substantial
terrestrial organic carbon pool, which could act as either
a net source or sink of atmospheric carbon dioxide in
future decades (Atjay et al., 1987).

Over the past century tropical forests have been
suffering from exceptional rates of change as they are
degraded or destroyed by human activities.
Approximately half of the tropical forest that was present
at the beginning of the twentieth century has already
disappeared, with peak deforestation in the 1980s and
1990s (Wright, 2005). The most important consequence
of deforestation is a substantial decrease (well over 50%)
in total organic carbon (above and below ground, living
and dead) in a deforested site (Vitousek et al., 1981).
Therefore, any change in C storage in plants or soils has
significant implications for atmospheric carbon dioxide
and climate change (Schuman et al., 2001). Con-
sequently, soils and SOC have received attention in
terms of the role they can play in mitigating the effects of
elevated atmospheric CO, and associated global
warming (Ross et al., 1999). Assessment of the carbon
sequestration potential in terrestrial ecosystems to
mitigating the global climate change requires development
of a comprehensive database that contains spatially
explicit information on carbon stores under various types
of land-use, vegetation, and climatic conditions, as well
as quantification of changes in carbon stores associated
with land-use conversion (Zhiyong et al., 2006). In
Ghana, as in many areas in Africa, the guinea savanna
woodland plays important roles in servicing the ecological
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environment and socio-economics of the region (Nsiah-
Gyabaah, 1996). However, the persistent exposure of
this forest ecosystem to human activities, such as bush
burning, overgrazing and logging, constitutes a serious
threat to its sustainability and communities' livelihoods
(Campbell et al., 2000; FAO, 1998). At the global scale,
these activities are a significant source of emitted carbon,
contributing to global warming (Ross et al., 1999). Hence,
human activities across the natural forest-savanna zones
of northern Ghana could highly be detrimental to the
carbon sequestration potential of these forests zones and
thus thwart efforts towards preserving the full carbon sink
potential of these forest ecosystems in the face of the
fight against the global climate change.

The problem associated with this situation is related to
the fact that there is little information about the impacts of
these anthropogenic activities on the carbon budget of
the forests being subjected to human pressures across
the savanna ecological zone of northern Ghana. There is
therefore a need for more research activities so as to
better evaluate and predict the current and future effects
of these human practices on the soil carbon
sequestration potential of the natural forest-savanna zone
of northern Ghana in the context of mitigating the effects
of the global warming. In view of this, the objective of this
study was to compare the soil organic carbon stocks
changes between three well protected forest sites and
three adjacent unprotected forests which are prone to
human activities in the natural forest-savanna of northern
Ghana.

MATERIALS AND METHODS
Description of the study area

The study was conducted in the savanna ecological zone in
northern Ghana (8° N, to lat. 11° N and longitudes 2° 57' W and 0°
34' E) (Figure 1). The climate in this area is characterized generally
as tropical continental or savanna, with a single rainy season, from
May to October, followed by a prolonged dry season (FAO, 1998).
Average ambient temperatures are high year round (about 28°C)
but the harmattan months of December and January are
characterized by minimum temperatures that may fall to 13°C at
night, while March and April may experience 40°C in the early
afternoon. The area is associated with a total annual rainfall of
about 1000 to 1300 mm/annum. The rainy season is 140 to 190
days in duration, while the estimated reference evaporation is about
2000 mm/annum, creating a great seasonal deficit every dry
season. The peak rainfall period is usually late August or early
September. About 60% of the rainfall occurs within the three
months (July to September).

Most of the geological formations in the area are overlain by a
regolith comprising in situ chemically weathered material and, to a
lesser extent, transported surface material. Typically, this weathered
layer consists (from top to bottom) of a residual soil zone (usually
sandy - clayey material possibly underlain by an indurated layer)
and a saprolite zone (completely to slightly decomposed rock with
decreasing clay content with depth) (Carrier et al., 2008). Based on
the FAO/UNESCO soil classification system, slightly acid soils with
sandy to loamy topsoils and increasing clay content in the subsoil
(Lixisols, Acrisols and Luvisols) occur in the savanna zone
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ecological zone of Ghana (Callo-Concha et al., 2012).

The vegetation cover typical of northern Ghana consists of mixed
formations of fire resistant trees and shrubs. Moving northwards,
within the savanna region, there is at first densely wooded and
vigorous grassland (Andropogon, spp.) with fire resistant shrubs,
often referred to as woodland savanna or Guinea savanna. Further
north, in an increasingly arid environment, grass savanna or sudan
savanna is formed, with trees and shrubs either absent or very
sparse (FAO, 1998). The total conserved of the northern Ghana
savanna area is about 15 million hectares. The reserved forest
which was established by the Forest Ordinance of 1910 (Francois,
1995) is made up of 11,590 km2 of production forests, 4,323 km?2 of
protection forests and about 1,980 km2 of game production
reserves. It is estimated that 20,000 hectares per annum of the
reserved area is lost to agriculture, or through bush fires and other
human activities, such as bush burning, overgrazing, logging and
mining (FAO, 1998). The persistent exposure of this forest
ecosystem to human activities constitutes a serious threat to its
sustainability and communities' livelihoods (Campbell et al., 2000;
FAO, 1998).

Site selection and plot demarcation

Three study zones (Wungu, Serigu, Mognori) were used for the
comparative study. Each zone was made up of two neighbouring
forest types, namely the protected (a forest reserve or sacred
grove) and unprotected types. The selection of the study zones was
effected based on the distinct ecologies which can be distinguished
within the interior savanna, and the level of protection and exposure
to human activities of the protected and unprotected forest sites,
respectively. The unprotected sites have continuously been
subjected to human activities (except farming and settlements)
whilst the forest reserves and sacred groves have been well
monitored and kept off from human disturbances. The effective
monitoring and protection of the forest reserves and sacred groves
represents an ideal opportunity to study the effects caused by forest
sites long-term exposure to human pressures in the savanna
ecological zone of northern Ghana. The study areas were named
as follows: WP (Wungu protected forest) and WU (Wungu
unprotected forest) for Wungu study site, SP (Serigu protected
forest) and SU (Serigu unprotected forest) for Serigu study site, MP
(Mognori protected forest) and MU (Mognori unprotected forest) for
Mognori study site.

Four 30 m x 30 m random plots were set in both the protected
and neighbouring unprotected forest sites of each study zone in late
August, 2013 (late peak rainy season) and used for the biomass
and soil sampling. Above and Below-ground herbaceous plant
biomass was harvested from within four 1 m x 1 m random subplots
of each 30 m x 30 m study plots across the three study zones. The
biomass sampling was carried out in late August at both sites in all
the three study zones, at the time when most grasses had reached
their maximum growth (peak biomass) after which senescence
starts (Sala and Austin, 1988). The above ground herbaceous plant
biomass was collected by clip harvesting all the living tissues of
grasses (leaves, stems, inflorescences, and fruits produced in a
single year) from the ground surface that occurred in each 1 m x 1
m random subplot of each study plot. Litter was collected from
within each 1 m x 1 m subplots of each study plot after the above
ground biomass was harvested. Root biomass was collected by soil
coring method to 20 cm diameter and 20 cm depth from all the four
1 m x 1 m subplots on each 30 m x 30 m plot demarcated for
biomass sampling. Soil samples were collected from within all the
four 1 m x 1 m random subplots of each 30 m x 30 m plot by soil
coring method using a -5 cm diameter soil core sampler to 50 cm
depth and separated into 10 cm layers (0 to 10, 10 to 20, 20 to 30,
30 to 40, 40 to 50 cm). Soil and biomass sampling were conducted
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ECOLOGICAL ZONES OF GHANA SHOWING STUDY AREAS
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Figure 1. Map of Ghana showing the location of study areas.

concomitantly in all the three study zones.

Harvests consisted of a total of 160 random soil samples (0 to 50
cm depth), 96 random samples of aboveground live biomass, and
the same number of litter and root biomass samples collected in
both forest types of each study zone to make composite samples
for the determination of organic carbon contents in plant and soil
materials.

Soil and plant samples preparation and laboratory analyses

Plant materials samples were rid of all debris, weighed to determine
the gross weight and air-dried in a ventilated room. Roots were
washed and separated from the soil efficiently (Motsara and Roy,
2008). 100 g of each component were subsequently sampled and
oven-dried at 70°C to a constant weight to determine the
percentage of water content so as to convert material from field
(green) weight to dry weight. All soil samples were spread on a
drying tray to remove roots and other debris and air-dried for 3 days
and ground with a wooden pestle and mortar to loosen the
aggregates. After grinding, the soil was screened through a 2 m
mesh and mixed thoroughly. The prepared samples were then
stored in labelled bags and taken to the laboratory for the
necessary chemical analyses. Organic C contents in plant and soil
were estimated by wet digestion method using potassium dichromate

(K,Cr,0,) as oxidant (Motsara and Roy, 2008). Briefly, 1 g of soil
and 1 g of plant samples were digested with 10 ml of 0.1667
M K,Cr,0, and 20 ml of concentrated H,SO, containing Ag,SO, for
30 mn, followed by titration of the solution with standardized 0.5 M
FeSO, solution.

Methods of calculation of plant soil organic carbon
Method of calculation of organic carbon in plant
Calculation of C store in above-ground live biomass: Carbon

store in above-ground live biomass (in grams per square meter)
was determined using the following formula:

CALB (g/mz) [

Dry weight of aboveground live biomass (%) X% carbon content]

100

Calculation of C Store in Litter: Carbon store in litter (in grams
per square meter) was determined as follows:

100

C Litter (g/mz) = [

Dry weight of litter biomass (%) X % carbon content]



Calculation of C store in roots: Carbon store in roots (in grams
per square meter) was determined as follows: Amount of C in a root
core of 20 cm diameter and 20 cm depth is C;(g) = % C in roots x
total mass of dry roots / 100 corresponding to an area of 3.14

x (5)? Cm? or 314 x 10~*m?
For an area of 1 m? C store in roots (g/m?) = C; x 10*m?/ 314.

Method of calculation of organic carbon in saoil

Soil organic carbon (SOC) store (in grams per square meter) was
estimated using the following formula:
Socstore(g/mz) = SOcdensity xSxd

Where SOCqensity iS the soil organic carbon density, S the total area
interested and d the soil depth (50 cm).

Socdensity(g/mz) =C x BD, hence SOCstore =C X BD x S % d

Where C is SOC average content (g/kg), BD is the bulk density of
soil (gcm™2) at a 50 cm depth.

Statistical analyses of data

The results were subjected to analysis of variances (ANOVA) using
the software programme SPSS, ver. 16.0 (SPSS Inc., Chicago, IL,
USA) to determine treatment effects (that is, protected versus
unprotected forests) for each study zone on collected data. The
least significant difference (LSD) test was employed to compare the
means for each study zone at 0.05 and 0.01 significance levels.

RESULTS AND DISCUSSION

Carbon store changes in above-ground and root
biomass

Carbon store in live biomass was lower in the unprotected
forest sites than the adjacent protected forests except for
Mognori where the variation between the two sites (MP
and MU) was minute (Table 1). Carbon store values were
three times and twice higher in the protected site than the
unprotected in Wungu and Serigu, respectively. The
observed difference between the two forest types was
only significant in Wungu (P < 0.05), in contrast to Serigu
where no significant difference (P > 0.05) was recorded
between the treatment and control sites (Table 2).
Carbon store in litter was higher in the protected sites
than the unprotected across the three study zones (Table
1). Difference between the two study sites was significant
in Serigu (P < 0.01) and Mognori (P < 0.05), while no
significant (P > 0.01) difference was observed in Wungu.
The variation in C store in litter between the two sites
across the three study zones was as follows: Twice
greater in WP, and thirteenfold and sixfold greater in SP
and MP, respectively (Table 1).

Carbon store in roots was four times higher in the
protected site than the unprotected in Wungu, and
approximately twice and three times greater in Serigu
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and Mognori, respectively (Table 1). The observed
difference between the two forest types was significant in
Wungu (P < 0.01) and Mognori (P < 0.05) as opposed to
Serigu where the difference was not significant (P > 0.05)
(Table 2). Total plant C (C in live biomass + litter + roots)
was three times higher in the protected forest than the
treatment site across the three study zones. However,
the variation between the two forest types was not
significant (P > 0.05) in Mognori, in contrast to Wungu
and Serigu where significant (P < 0.01 and P < 0.05)
differences were recorded. The pattern of variation in
carbon pools in the three components of plant biomass,
that is live biomass, litter, and roots biomass, between
the protected and unprotected forests was inconsistent
across the three study zones. In Wungu, root and live
biomass were the most variable, in Serigu, litter showed
the highest variability, and in Mognori, root biomass was
the most variable.

Carbon store changes in soil

Soil organic carbon stores were significantly (P < 0.01
and P < 0.05) higher in the protected forest sites than
those recorded in the unprotected forests across the
three study zones (Tables 1 and 2). Across the three
study areas, soil C store was in general twice greater in
the protected sites than the unprotected. The variation in
soil carbon store between the protected and unprotected
forests across the three study zones showed the
following rank order Serigu (9432 g Cm™2) > Mognori
(7133 g Cm™2%) > Wungu (4061 g Cm~2). Consequently,
Wungu study site recorded the least variation between
the two forest types.

DISCUSSION

It is established that more than three-quarters of the
ecosystem organic carbon in woodlands and savannas is
in the soil (Scholes and Hall, 1992), and that removal of
trees leads to an overall decline in SOC over a period of
years (Jones et al., 1990; Vitousek, 1981). It is further
indicated that savannas represent a substantial terrestrial
organic carbon pool, which could act as either a net
source or sink of atmospheric carbon dioxide in future
decades (Atjay et al., 1987). In view of these facts, the
degradation of the guinea savanna of northern Ghana
could adversely affect the carbon storage potential of this
forest ecosystem and consequently weaken efforts
towards preserving the full role of carbon sink played by
forests in the country, more so as the savanna ecological
zone of northern Ghana occupies 40% of the country and
plays important roles in servicing the ecological
environment of the region (Nsiah-Gyabaah, 1996). The
persistent exposure of this forest ecosystem to human
activities, such as commercial and artisanal logging, large
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Table 1. Total amounts of carbon (g/m?) stored in soil and plant pools as affected by forest

management type (Wungu).

Ecosystem components

Forest management system

Protected forest

Unprotected forest

Above-ground C

Live Biomass C

Dead Biomass (Litter) C

Total Above-ground Carbon C

Total roots C
0-20cm

Total Plant C

Soil organic C (0-50 cm)

Above-ground C

Live Biomass C

Dead Biomass (Litter) C

Total Above-ground Carbon C

Total Roots C
0-20cm

Total Plant C

Soil organic C (0-50 cm)

Above-ground C

Live Biomass C

Dead Biomass (Litter) C

Total Above-ground Carbon C

Total roots C
0-20cm

Total Plant C

Soil organic C (0-50 cm)

WP wu
247111 83+28
83+63 42+35
330464 125427
516+51 124+28
846152 249431
10348+191 6287375
SP SuU
140+28 65+6
141+15 11+4
281423 765
202458 115462
483+38 191436
16969+385 7537+395
MP MU
2349 256
2411 4+1
47+10 29+4
312449 106+29
359+30 135+17
153414413 8208+375

Within rows, means + S.D. (n = 4).

scale land conversion, fuel wood and charcoal production,
slash and burn agriculture, grazing, harvesting of non-
timber forest products, hunting and mining, constitutes a
serious threat to its sustainability and communities'
livelihoods (Campbell et al., 2000; FAO, 2000). Indeed, it
is estimated that 20,000 hectares per annum of the
reserved area is lost to agriculture, or through bush fires
and other human activities (FAO, 1998).

In this study, we assessed the extent to which these
human activities alter the SOC store and constitute a
threat to the carbon sequestration potential of the
forest-savanna of northern Ghana in the fight against the
global climate change. The study results showed that the
anthropogenic activities in the unprotected forests
resulted in significantly low (P < 0.01 and P < 0.05) C
stores in plant and soil as opposed to the adjacent
protected forest sites. Besides, the C stores in the soils of

the unprotected forest sites were below the world’s mean
of 10.6 kg C/sgm (Post et al.,, 1982) in contrast to C
values recorded in their corresponding neighbouring
protected forests. These findings are consistent with
those reported by several authors (Schlesinger, 1985;
Winjum et al., 1990; Veldkamp, 1994). The relatively low
values of C recorded across the unprotected forest sites
compared with the high values of C displayed by their
corresponding adjacent protected sites could be
attributable to low inputs of organic matter in the soils of
these unprotected forests as a result of the persistent
removal of biomass through burning, overgrazing,
logging, and other types of forest products extraction.
Besides reducing the carbon sinks potential of the
forest-savanna in the region, the effects of human
pressures on forests could also lead to soil erosion and
loss of soil fertility and productivity, as the abundance of



Table 2. Summary of the analysis of variance (ANOVA) outputs of organic carbon store in soil and plant between

protected and unprotected sites at each study zone.

Nang

Ecosystem component F- Value P - Value Outcome

Carbon store in live biomass

Wungu 8.302 0.028 P< 0.05 Significant
Serigu 5.107 0.064 P> 0.05 Not significant
Mognori 0.207 0.664 P > 0.05 Not significant
Carbon store in litter

Wungu 1.031 0.34 P > 0.05 Not significant
Serigu 95.090 0.000 P< 0.01 Significant
Mognori 9.122 0.023 P< 0.05 Significant
Carbon Store in root biomass

Wungu 185.225 0.000 P< 0.01 Significant
Serigu 3.439 0.11 P> 0.05 Not significant
Mognori 6.830 0.039 P< 0.05 Significant
Carbon store in total above ground biomass

Wungu 4.868 0.044 P< 0.05 Significant
Serigu 28.543 0.000 P< 0.01 Significant
Mognori 2.260 0.154 P> 0.05 Not significant
Total plant carbon store

Wungu 11.061 0.003 P< 0.01 Significant
Serigu 16.272 0.000 P< 0.01 Significant
Mognori 2.352 0.139 P > 0.05 Not significant
Soil organic carbon store

Wungu 391.695 0.000 P < 0.01 Significant
Serigu 62.825 0.000 P< 0.01 Significant
Mognori 9.842 0.020 P< 0.05 Significant

organic carbon in the soil affects and is affected by plant
production and its role as a key control of soil fertility has
been established (Tiessen et al.,, 1994). This situation
could take a heavy toll on communities’ livelihoods as the
savanna woodland of northern Ghana plays important
roles in servicing the socio-economics of the region
(Nsiah-Gyabaah, 1996). The results of the study are
therefore an indication of the fact that differences in
forest-savanna management practices affect soil organic
matter input, and that best forest management practices
in the forest-savanna zones of northern Ghana could be
utilized as a significant carbon sink in the context of
mitigating global climate change while maintaining
adequate productivity for servicing the socio-economic
development of the region (Zhiyong et al., 2006).

Atjay et al. (1987) buttressed this climate change
mitigation potential by pointing out that savannas could
act as a net sink of atmospheric carbon dioxide in future
decades. Indeed, the carbon sink potential offered by
forest ecosystems corroborates the reason why scientists
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propose terrestrial carbon sequestration as an effective
mitigation option because it combines mitigation with
positive effects on environmental conservation and soil
fertility (Metz et al., 2007). In the light of this, it is
generally believed that recent changes in climatic
conditions in Ghana and indeed in the West African
sub-region may be due to deforestation occurring in
Ghana and neighbouring countries (Francois, 1995).
Hence, the study findings substantiate the perspective
that proper forest management practices coupled with a
holistic approach of addressing social issues that
determine the interaction between people and forest
resources should be seriously considered by the key
stakeholders as the way forward for ensuring environ-
mental sustainability in the region. Mitigation actions in
line with this perspective should revolve around the main
causes of forest degradation in the savanna ecological
zone of northern Ghana, namely bushfires, farming,
logging, mining, and over-grazing (Francois, 1995; NSBC,
2002). Also related are issues of lack of effective
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enforcement of institutional and policy framework for
implementing  ecologically and socio-economically
sustainable management systems for savanna woodland
resources, in collaboration with local communities
(NSBC, 2002).

Hence this study indicates the need for putting up
effective monitoring and regulatory measures and
mechanisms to ensure a sustainable conservation and
management of the forest-savanna zones in northern
Ghana. It further provides information that has practical
application that could be used by the local advisory
Committee on Climate Change and the Forestry Advisory
Service as part of measures and efforts to enhance the
full carbon sink potential of the northern savanna
woodland in the face of the global climate change.
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The black crowned crane is one of the six crane species found in Africa with population declining and
considered as vulnerable species. Understanding the knowledge, attitude and practices of local people
is important in conservation of black crowned crane. A survey study was conducted in Jimma zone,
Chora Boter district in southwestern Ethiopia between February to November 2015 with the aim to
investigate knowledge, attitude and practices of the community on the conservation of black crowned
cranes. Data was collected through field observation, questionnaire survey (n=105) and focus group
discussions. Descriptive statistics such as frequency, percentages, Chi-square test and tabulation were
employed to analyze the quantitative data. Qualitative data were analyzed and interpreted thematically.
The result of the study revealed that the number of black crowned cranes in the area varies with
seasons. Maximum of 273 black crowned cranes were counted in the dry season and less number in the
wet season. Most of the respondents, 73% perceived that the population of black crowned crane around
Chalalaki wetlands is increasing. The majority of the respondents, 93.3% confirmed that the black
crowned crane is not a crop pest and only few, 6.7% claimed that they damage crops mainly maize. The
results showed that community knowledge, attitudes and perception on Black Crowned crane
conservation were significantly difference. The study also revealed that there is less human- crane
conflict but the local community is exploiting the Chalaleki wetland, which will threaten the black
crowned cranes. Therefore, to overcome the problem capacity building and awareness creations should
be conducted within short period of time. Moreover, action researches should be designed to promote
participatory conservation of black crowned cranes and wetland.

Key words: Black crowned crane, Chora Boter, population, vulnerable, wetland

INTRODUCTION

The role of people in any conservation action is very other hand, it is the cause of many threats to biodiversity.
important. On one hand, people play a key role in the For this reason identifying knowledge, attitudes and of
success of biodiversity conservation plans, but on the local people on wildlife conservation is a pre-requisite for



conservation action (Ebua et al., 2011). Understanding
local community Knowledge, Attitude and Practice (KAP)
towards conservation is an important element for wildlife
conservation. The success of wildlife conservation
depends on the attitudes of people towards conservation
(Katrina, 2000). Environmental education is very
important to change the attitude of the community
towards wildlife (Kahan and Ali, 2015).

Black crowned crane (Balearica pavonina) is a bird in
the crane family of Gruidae with black legs and its head is
graced with a golden crown (Figure 1).

The black crowned crane is one of the six crane
species in Africa (Harris and Mirande, 2013). Home
range of this species is from Senegal and Gambia on the
Atlantic coast to the upper Nile River basin in Sudan and
the Ethiopia highlands (Meine and Archibald, 1996;
Boere et al., 2006). In Ethiopia, black crowned cranes are
resident throughout the western parts of the country and
the rift valley lakes (Nowald et al., 2007). This bird
species uses open grasslands, shallow wetlands and
grasslands adjacent to water bodies for feeding, breeding
and resting (Williams et al., 2003; Diagana et al., 2006;
IUCN, 2012). The species experience local daily and
seasonal movements for searching of feeding and
breeding sites (Meine and Archibald, 1996).

The black crowned crane is categorized as vulnerable
species (IUCN, 2012). It's population is declining across
its home range and it is even disappearing in some
countries (Meine and Archibeld, 1996; Williams et al.,
2003; Boereet al., 2006; Beilfuss et al., 2007; Harris and
Mirande, 2013). It is predicted that the population decline
will continue in the future due to habitat loss and trapping
of cranes for domestication (IUCN, 2012). In the
countries where the species is present, wetland
degradation and lose is becoming a serious threat for the
survival of the species. Harris and Mirande (2013)
reported that the rapid human population growth,
intensive land use and different economic development
with poor environmental protection that threat the survival
of black crowned cranes in sub-Saharan Africa.

The existences of black crowned cranes in Ethiopia
were reported in Chimba, Yiganda, Gorgora and Fogera
wetlands (Williams et al., 2003; Nowald et al., 2007). In
2008, 400 black crowned cranes were recorded in
Chimba and Amba Giorgis wetlands around LakeTana
(Aynalem, 2008), 580 recorded in Chimba, 412 at
Shesher and Wallala wetlands (Aynalem et al., 2012). It
is also observed in Southern Nation Nationalities and
People State, around Boyo wetlands (Nowaldet al.,
2013). In 2012, a total of 1,368 black crowned cranes
were observed in Ethiopia (Archibeld, 2012). After a year,
the number is increased to 1,771, out of which about 94%
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were observed around Lake Tana (Nowald et al., 2013).
Black crowned cranes were also observed in Jimma
Zone (Nowaldet al., 2007; Mekonnen and Aticho, 2011;
Archibald, 2012). Despite the observations of black
crowned cranes in Jimma Zone, the community KAP is
not clearly understood on the species. Understanding the
status of cranes is fundamental to the success of cranes
conservation efforts (Meine and Archibeld, 1996).
Therefore, this study aimed to assess the knowledge,
attitude and practices of local communities towards black
crowned cranes conservation in Chora Boter district.

MATERIALS AND METHODS
Study area descriptions

The study took place in Chora Boter, district of Jimma Zone (Figure
2), which is located in Oromia National Regional State in
southwestern part of Ethiopia. Chora Boter is rich in wetlands,
swamps, grasslands, forests and various wildlife including birds.
Chora Boter is one of the 18 districts of Jimma zone with the total
area of 1478 km? (CSA, 2012). According to the 2007 Ethiopian
census, the total population of Chora Boter was around 90,695 out
of which 45,916 and 44,779 are males and females respectively.

Respondents sampling and methods of data collection

Respondents were purposively sampled from Chora Boter district,
Dire Mecha village due to the adjacent to Cheleleki wetlands where
the black crowned cranes reside the whole year. One hundred and
five (105) respondents were purposively selected from farmers,
development agents, teachers, students, local merchants and
religious leaders residing around the wetlands. Three focus group
discussions (FGDs) each consisting 8 participants from Dire Mecha
village were held in the month of October 2015 to assess the
current status of black crowned cranes: its habitat, breeding, threats
as well as its conflicts with humans in the area.

Field observation was carried out in both wet and dry seasons.
During field observation, equipments like GPS, Bushnell binocular
10*42, digital and video camera, and notebook were used for data
recording. Due to the limited number of crane individuals and their
preference for open habitats, complete counts (Dowding and
Greene, 2012) were conducted when the birds were active in the
early morning (6.30:10.00 am) and late afternoon from 4.30: 6.00
pm (Bibby et al., 2000; Sutherland, 2000). Multiple count method of
(Gregory et al.,, 2004) was also applied to analyze population
variation over time in the study area. All observations was counted
and recorded. Focus-group interview (Rabiee, 2004) was also
conducted to assess people knowledge, attitudes and perception of
local people towards black crowned cranes conservation in the
area.

Method of data analysis

Both quantitative and qualitative techniques were used for data
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Figure 1. Pair of black crowned cranes (By Dessalegn Obsi Gemeda, September 2015).

Figure 2. Map of the study area.

analysis. The quantitative data collected through the survey was
analyzed by using Statistical Package for Social Sciences (SPSS).
Descriptive statistics such as frequency and percentage were used
to measure respondent’s age and year of living in the study
area and the findings were presented using tables and figures.
Chi-square test was used to determine the relationship between
respondent’'s knowledge, attitude and perceptions on Black
crowned crane conservation.

RESULTS AND DISCUSSION

The demographic data of the respondents indicated
that66.7% were males and 33.3% females. The age of
the respondents varies from 15 to 75 with an average
age of 30.05 years and about 40.8% were between 20 to
30 years (Table 1). The majority of respondents, 96.2%



Table 1. Age of the respondents (N=105).
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Age 15 17 18 20 25 30 33 39 43 51 52 75 Total
Frequency 7 9 10 17 14 15 5 6 6 4 8 4 105
Percent 6.7 8.6 9.5 16.2 13.3 143 4.8 5.7 5.7 3.8 7.6 3.8 100.0

Table 2. Year of living in the study area.

Year of living 2 7 15 17 18 20 25 30 33 39 43 51 52 75 Total
Frequency 2 2 7 10 11 16 12 13 5 6 5 11 1 4 105
Percent 19 19 67 95 10.5 15.2 11.4 124 48 57 4.8 10.5 1 3.8 100

Table 3. Demographic information of the respondents.

Educational level and occupation Frequency Percent

Education llliterate 41 39.0
Primary 45 42.9
Secondary 13 124
Tertiary 6 5.7

Occupation Farmer 80 76.2
Teacher 5 4.8
Student 13 12.4
Development agent 3 2.9
Religious leader 2 1.9
Petty business 2 1.9

reported that they had lived in the study area for more
than fifteen years (Table 2). People who lived for a long
period of time or born there had better experiences than
people who lived for a couple of days or months. With the
exception of professionals persons like teachers (4.8%)
and development agents (2.9%), the majority of the
interviewed people (92.3%) were born in the area.
Because of long residency period of the respondents,
they have sufficient information on the status of black
crowned cranes.

Table 3 indicates the educational and occupation status
of the respondents. The overall level of education in the
study area is very low: 39% of the respondents have not
received formal education, 42.9% primary school, 12.4%
secondary school and 5.7% have tertiary education.
Similar to other parts of the country, the majority of the
population depends on agricultural activities. The
occupation structure of the respondent’'s was varied
which includes farmers (76.2%), students (12.4%),
teachers (4.8%), development agent (2.9%), religious
leaders (1.9%) and another 1.9% were petty business
men. Since most of the population depends on
agriculture, there is a high probability of conversions of

wetlands in to agricultural lands that will lead to crane
habitat loss. During the focus group discussions at village
level, the participants confirmed that conversion of
wetlands to agricultural lands affect the life black crowned
cranes and these activities seriously affect in the future if
wetland protection and conservation is not implemented
in the study area. This finding is consistent with the IUCN
assessment report of 2012.

The extent of community understanding towards black
crowned cranes varied from person to person based on
their level of education. Respondents who had a formal
education were more likely to explain the current status of
black crowned cranes. Table 4 showed that 82.8% of the
respondents perceived that black crowned cranes exist
everywhere while 17.2% perceived that this species exist
in few areas like Cheleleki wetland. A great number of
respondents 93.3% agreed that black crowned crane is
not a pest species and only 6.7% perceived as a pest
species that can damage maize at germination stage.
About 92.4% perceived that there is no conflict between
human and black crowned cranes. The results showed
that there is a great significant difference among the
community (p=0.001) concerning the existence of the
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Table 4. Community’s Knowledge and attitude on black crowned cranes in the area.

Community knowledge and attitude on black crowned cranes Frequency Percent P-value
Do you think that black crowned cranes exist in few areas?

No. o s O
Black crowned cranes is a pest species?

Y 7 6.7

N'Zs 98 93.3 0.001
Have you had a conflict with black crowned cranes?

Y 8 7.6

N'Zs 97 92.4 0.001

Figure 3. Black crowned cranes on feeding at Ckeleleki wetlands in Chora Boter district (By Dessalegn Obsi
Gemeda).

species in few areas as well as the issue of crop damage
and conflicts with human being (Table 4). During the
focus group discussions farmers also confirmed that
black crowned cranes mostly use wetlands for feeding
and there is lesser extent of damaging crops.
Thespecies forage together on wetland areas, where they
can easily get insects and other invertebrates (Figure 3).
Similar findings were reported by Williams et al., 2003;
Diagana, 2006 concerning habitat preferences of the
species.

Although, 82.8% of the respondents were familiar with
the existence of black crowned cranes in the area, a
great number, 83.8% of the respondents had no
information concerning the breeding seasons. More than
95% of the respondents had little knowledge on the
impacts of human beings on the species (Table 5).
Majority of the respondents, 88.6% stated that they did
not observe the eggs and only 11.4% had observed the
eggs of cranes. About 67.6% of the respondents did not
observe nests and only 32.4% had observed the nest of
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Table 5. Local people KAP on the breeding status of black crowned cranes.

Information on black crowned crane breeding

Frequency Percent P-value

Do you know the breeding seasons of black crowned cranes?

Yes
No

Do you think that people affect the breeding success?

Yes
No

17 16.2

Do you think that human beings destroy the breeding nest?

Yes
No

Did you observe the nest of black crowned cranes in your area?

Yes
No

Did you observe the eggs of black crowned cranes in your area?

Yes
No

88 83.8 0.001
120 945..82 0.001
131 93é.82 0.001
nE o
2 m o

Figure 4. Black crowned crane feeding adjacent to maize crops in Chora Boter district (By

Dessalegn Obsi Gemeda).

the species. The results indicated that there is a
significance difference among the community knowledge,
attitude and perception as far as the breeding season
and success of Black crowned crane (Table 5).
Concerning the practices of the community, 95.2 % of
the respondents replied that the local community has no

acts of disturbance on the breeding of cranes and 96.2%
responded that they do not destroy the breeding nests.
This implies that the local community does not have
practices that destroy the breeding nest. But their indirect
practice of expanding agricultural land into the wetland
has impact on the cranes’ breeding and hence on their
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Table 6. Community KAP about black crowned cranes status in the area.

Knowledge and experiences Frequency Percent P-value
Did you frequently observe Cranes on your agricultural fields?

Y 15 14.3

st 90 85.7 0.001
Do you think wetlands and black crowned cranes are interrelated?

Y 101 96.2

N(ce)S 4 3.8 0.001
Can you estimate the number of black crowned cranes in your area?

Y 43 41.0

N(ce)S 62 59.0 0.001
Were you involved in any conservation action in your region?

Y 58 55.2

N‘cs)S 47 44.8 0.001
Are you interested in environmental conservation?

Y 105 100

o o 0 0.001

status to live there (Figure 4).

Table 6 describes community knowledge and
experiences on black crowned cranes and environmental
conservation. The majority of the respondents, 96.2%
understood that there is a strong relationship between
wetlands and black crowned cranes and most of the time
the cranes stay over wetlands. Because of this fact, only
14.3% of the respondents observed cranes on the
agricultural fields. The respondents were also asked
concerning an estimated number of black crowned
cranes in the study area and about 59% of the
respondents had no idea because of variation of species
from month to month and season to seasons and only
41% estimated the relative number of black crowned
cranes in the area. The results of community knowledge
and experiences shows that no much significance
difference (p= 0.06) on population estimation of Black
crowned cranes in the area. This mainly due to
population variations of the species varies from month to
month and season to seasons.

Although, 39% of the respondents had no formal
education, the governments of Ethiopia provide some
training for the farmers, especially on soil and water
conservation with less emphasis on biodiversity
conservation  specifically wetlands. The overall
respondents showed that about 55.2% have been
involved in environmental educations through district
agricultural bureau and village development agents. The
communities are open minded to take any capacity
building specially on the environmental aspects because
of the fact that they are observing some impacts of

climate change on their livelihoods. All respondents
(100%) showed their interest to participate on any
environmental conservation training.

Figure 5 showed that the respondents estimated the
number of black crowned cranes in the area: 100 to 200
(21.9%), less than 100 (8.6%), 200 to 300 (6.7%), above
300 individuals (3.8%).The results of the complete
census of 2015 in the study area shows that 273 black
crowned cranes were observed in dry season (April), and
105 in June and 73 individuals in the month of October
2015. The respondents also confirmed that there is high
number of black crowned cranes in the dry season. The
majority of the respondents, 83% perceived that the
population of black crowned cranes is high during the dry
season. This is mainly due to the fact that temporary
wetlands are dry in other areas and most of the cranes
come to Chalalaki wetlands for feeding.

Concerning the population status, 73% of the
respondents indicated that the population is increasing,
18% decreasing, 5% have no idea at all and 4% stable
(Figure 6).

Conclusions

Human beings play an important role in wildlife
conservations. Understanding the local community KAP
has a pivotal role in the conservation planning and
implementation of black crowned cranes. The results of
the study showed that the local community in the study
area has less knowledge and understanding about the
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Figure 5. Population estimation of black crowned cranes by the community.
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Figure 6. Perceptions of local communities’ towards black

crowned cranes population.

distribution and breeding status of black crowned cranes.
Human-crane conflict is low and the society has a
positive attitude towards black crowned cranes in the
area. However, there is a conflict with few respondents
due to crop damaged by cranes. The local communities
are converting wetlands to agricultural fields for the sake
of economic activities and this practice is threatening the
breeding and nesting sites of the black crowned cranes.
Although, 273 black crowned cranes were counted, more
than half of the respondents were not able to estimate the
population. Therefore, capacity building on wetland
conservation and awareness creations is very important
to change the knowledge, attitudes and practices of the

wider community towards black crowned cranes and
wetland conservation.
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