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Abstract. The indiscriminate burning of vegetation is a common practice in the Guinea savanna of
Ghana. Burning begins at the onset of the dry season (November) and lasts until the end (April). This
study investigated the effects of time of burning on tree diversity and density in the Mole National Park,
Ghana. A total of 36 (10 m x 10 m) quadrats were randomly demarcated in three treatments of early and
late dry season burning and non-burning study plots. Samples were taken in March, a few weeks after the
late burning period. Twenty seven different species belonging to fourteen families were recorded in all
the treatments. Most of the species identified belonged to the families Combretaceae, Fabaceae and
Leguminoceae. Vitellaria paradoxa, Terminalia avicennioides, Combretum adenogonium and Combretum
molle were the most common and abundant in all treatments. Late burning plots recorded the lowest
diversity amongst the three treatments. Non-burning plots had higher tree density than burnt plots. Early
burning treatment recorded more diverse individual species but had the lowest density. Higher tree
densities would enhance carbon sequestration. However, ecosystem resilience is also dependent on the
diversity of biotic communities among other factors. Sustainable land use practices including protections
of trees on farms and prescribed early dry season burns could be an option to contribute to the mitigation
of climate change in the region. Late dry season fires are a threat to tree species populations and should
be discouraged.
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Introduction

Savannas are known to support a large number of plant species with usually only one
or a few kinds of grass and some common tree species (Scholes & Walker, 1993;
Burgess, 1995). Anthropogenic disturbance including the use of fire is an important
driver of vegetation types and diversity in the savanna (Sheuyange et al, 2005; Andersen
et al, 2012). To a large extent, however, most savanna species have adapted different
mechanisms to survive persistent fires, which include developing fire-resistant barks,
roots that grow deeply into the ground and growing dormant buds. Thus, African
savannas have been influenced by fire and have adapted to it over long periods of time.
(Trollope, 1984; Beringer et al., 2007; Van Wilgen, 2009).

Fire is used by most rural dwellers in savannas to stimulate the growth of fresh
forage for animals, for the tapping of honey and the hunting of animals. Fire is also used
with the aim of minimising labour cost on land preparation and to increase agricultural
production and productivity. It is used frequently and extensively by groups as well as
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individuals for hunting, compared to the other methods of hunting. Vast areas are burnt
through these activities, thus affecting the main sources of livelihood for local people
(Eriksen, 2007; Adongo et al., 2012).The savanna ecological zones (Guinea, Sudan and
Coastal Savanna) of Ghana, cover about two-thirds of the country (Bagamsah, 2005;
Armah et al., 2011). They are characterised by scattered trees and shrubs usually
interspersed with arable crops and referred to as ‘agroforestry parklands’ (Callo-Concha
et al., 2013; Sinare and Gordon, 2015). A bulk of annual crops such as cereals, legumes,
yam, as well as livestock are produced here, mainly for household consumption and for
the local market and these are often the very drivers for the annual practice of bush
burning in these ecoregions.

The Northern Region of Ghana contains about 50% of all the savanna areas in the
country and has recorded higher occurrences of fires (40-80%) in the last 40 years,
compared to all the other regions of Ghana (Korem 2005; Amanor, 2002; Kugbe et al.,
2012). The frequent and uncontrolled fires may influence plant diversity and densities in
the already sparsely populated tree ecosystems (Andersen and Williams, 2012).
Consequently, this could exacerbate the impact of land degradation on ecosystems,
which are already characterised by prolonged drought spells such as the Guinea and
Sudan Savanna zones of Ghana. Some studies (Thonicke et al., 2000; Andersen et al.,
2012) have shown that ecosystem degradation reduces carbon sequestration and thus
may turn carbon sinks to sources thereby exacerbating the impacts of climate change in
the region. Although fires rarely kill large trees, many other life forms are significantly
affected. Saplings and some grass species may die as a result (Trollope, 1984).

However, fires are purported to break dormancy of some plant species source which
results into enhancing the recruitment of many other species with different traits that
might be adaptive in fire-prone environments (Auld and Bradstock, 1996). Fire is also
reported to be effective in the elimination of competing plants and improving habitats
(Denslow, 2002). However, fire has differential impacts on landscapes within savannas
due to differences in factors such as ground water content, topography and plant type
(Sheuyange and Weladji, 2005). Thus late season fires may be detrimental to some plant
species and may cause the extinction of some plants. Slash and burn has been reported
to affect the recovery and succession of species. Although fires are purported to be an
indispensable tool for managing savanna ecosystems, including grassland and rangeland
vegetation quality and monitoring, the influence of fire on plant species density and
diversity still need to be studied further. This is because the regime of burning or non-
burning has influence on tree populations and diversity, which is a major determinant of
the health of terrestrial ecosystems (Brookman-Amissah et al., 1980; Kutiel, 1997).

The time of ignition of fire during the long period of drought in the savanna may
have serious ecological implications on all life forms, particularly on plant species. The
explicit role of the time and frequency of burning or non-burning in savanna ecosystem
management is very significant in this regard. However, very few studies have been
conducted on how the time of burning influences species composition in the savannas of
Ghana. Some studies have shown that the frequency at which the vegetation is burnt
determines the species that dominates a plant community but not the time of burning
(Brookman-Amissah et al., 1980; Sackey and Hale, 2008). Sheunyang et al. (2005),
argued that fires decreased shrub species richness, but positively influenced tree species
richness. The study further showed that different plant species responded to fire
differently. Thus, different fire regimes may favour the growth of different plant species
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or gradually cause in the extinction of some plants (Myers et al., 2004; Penman, Binns
and Kavanagh, 2007). The season of burning might affect different species differently.
This study, therefore, was conducted to investigate the effect of the time of burning
on abundance and species diversity of trees. The assumption was that the time of
burning in the dry season influences the composition of tree species in the Guinea
savanna ecosystem of the Northern region of Ghana. We hypothesized that the time and
frequency of burning does affect species composition. The paper also discusses the
implication of tree species abundance and diversity for climate change mitigation.

Materials and methods

Study area

The study was conducted on study plots in the Mole National Park (Latitude 9°12' - 10°06'
N; Longitude 1°25' - 2°17 "W with an elevation of 150m). The Park is 484.4 sq km and located
in the West Gonja District of Northern Region of Ghana. It contains a wide variety of
ungulates (Waterbucks, Hippos, Bushbuck Duikers, Warthogs, Elephants) birds and tree
species. The park has a total of 32 fringe communities.
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Figure 1. Location of the study: Mole National Park, Northern region, Ghana
(Created by Hadgu Hishe, 2015)

The climate is semi-arid and sub-humid with a unimodal rainfall distribution. The
rainy season begins in May and ends in October with a mean monthly rainfall ranging
from 900 mm to 1000 mm during the peak between July and September (Boubacar et
al., 2005).
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The vegetation is Guinea savanna characterized by drought resistant woody species
such as Vitellaria spp, Combretum spp, Burkea spp, and Isoberlinia spp. The Guinea
savanna occupies about 60 % total land area of the Northern Savanna zone.

The soils are laterite concrete formations of granite, votaian shale and sandstones.
They are comparatively low in organic matter, with low moisture content as a result of
their high drainage characteristics than soils in southern Ghana (Mikkelsen and
Langohr, 1998; Owusu-Bennoah et al., 1991).

The region experiences long periods of drought from November to April with little or
no rainfall. Maximum temperatures typically 40 °C occur towards the end of the dry
season and minimum temperatures in December and January, with a mean annual
temperature of 27 °C. The Harmattan winds, which occur during the months of
December to early February, have a considerable effect on the temperatures in the
region, which may vary between 14 °C at night and 40 °C during the day (Siaw, 2001).
These dry conditions and the strong Harmattan winds facilitate vegetation burning.

Data collection and analysis

Information on vegetation burning as obtained from the Faculty of Renewable
Natural Resources, University for Development Studies and the Management of the
Mole National Park indicated that smaller portions in the Park are demarcated for early
burning, late burning and non-burning for study purposes for the Natural Resource
Management students at the University for Development Studies and the Kwame
Nkrumah University of Science and Technology in Ghana.

Burning is prescribed in the Park for both late and early dry season burn, firstly, to
prevent the vegetation from transitioning into thickets or closed woodland which may
not be favorable for the variety of animals that inhabit the Park and also to stimulate
more grass growth for the animals so that animals in the Park do not stray into the fringe
communities.

Tree sampling was carried out in plots exposed to early burning (EB), late burning
(LB) - and non-burning (NB). The plots were demarcated in 1994 in areas that were
already subjected to prescribed early burning and late and non-burning. An area within
the Mole Park was excluded from burning for study purposes. This was made possible
because the area is bounded by roads, which serve as fire breaks. The early season burns
are carried out between November and December, depending on the time the rains end,
whereas the late dry season burning is carried out towards the end of February up to the
ending of March. The map below indicates areas that are burnt early and late within the
park. The non-burning area is not indicated on the map below, because it is a relatively
small portion of land located behind the Park headquarters meant for study purpose,
otherwise the whole park experiences some form of burning within the year.

Sampling of tree species was conducted to examine the impact of early season
(November-January) late season (February-April) and non-burning regimes on tree
diversity and densities. A total of 36 quadrats were laid in the three (200 m by 200 m)
plots. Three (10 m x10 m) quadrats were located randomly within 4 (50 m by 50 m)
subplots in each plot, about 50 m away from the plot boundaries to reduce edge effects.
Trees of diameter at breast height >3 cm and height > 0.5 m tall were identified by their
scientific names in each quadrat. This was done with the assistance of Warden, who has
been working in the park for over 30 years. The numbers of species identified in quadrat
was also recorded.
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Figure 2. Fire management plan, Mole National Park
(Source: Mole National Park Management, 2017)

A Geographical Positioning System was used to obtain the coordinates of location of
treatment plots. EB (9°16'15.30"N, 1°51'02.90"W), LB (9°17'02.36"N, 1°49'08.11"W),
NB (9°'15 40.20"N, 1°51'10.18"W). Sampling was done between 27" and 28" March
2015 and 29 and 1 April 2017, a few weeks after the late season burning.

The data collected on tree census in late burning, early burning, and non-burnt plots
were extrapolated to a hectare as a measure of density per treatment. This was carried
out to determine the influence of fire on tree population. Data was statistically analysed
using GraphPad Instat 3 which tested for normality using Kolmogorov Smirnov and
analysed the significance using Kruskal-Wallis. The means, standard deviation and
frequencies of species were calculated in Microsoft Excel to compare the presence,
abundance and composition of species in the treatments.

Results

The result of species frequency and tree density estimates are shown in Table 1
below. The data did not pass a normality test. A non-parametric statistics test (Kruskal
Wallis) was used to compare the mean between treatments. A post hoc was not
performed, p=0.99.

Twenty seven different species, belonging to 14 families were identified in all the three
treatments. Seven species were found common all the treatments (EB, LB and NB).
Generally, species that recorded relatively higher (pooled) frequencies belong to
Combretaceae, Leguminoceae Sapotaceae Celastraceae, Meliaceae and Rubiaceae
whilest those occurring in low frequencies belonged to Anacardiaceae, Olacaceae,
Ebenaceae, Moraceae, Bixaceae, Phyllanthaceae, and Asparagaceae (Table 2).
Combretaceae had a higher occurrence of individual species (Terminalia avicennioides
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Guill. & Perr, Combretum molle R.Br. ex G.Don, Combretum adenogonium Steud. Ex A.
Rich) and were more common to all treatments (Fig. 3) than species of the other families.

Seven species, including Diospyros mespiliformis Hochst. ex A. DC were found to
be common in early season burning and non-burning treatments. Anogeissus leiocarpa
(DC.) Guill. & Perr. was found in non-burning and late burning treatments.
Pterocarpus erinaceus Poir., Combretum nigrican Lepr. ex Guill. & Perr, Trichilia
rubescens Oliv. were found common in early burning and late burning treatments.

Some species were exclusive to the different burning treatments. These species were,
however, relatively low in frequencies (Table 2). Ditarium microcarpum Guill. & Perr
Detarium microcarpa and Isoberlinia doka Craib & Stapf. and Pteleopsis suberosa
Engl. & Diels were present in early burning treatment only. Chochlospermum
angolense, Daniellia Oliveri and Ficus glumosas Delile, and Anacardium occidentale
were in late season burning treatment only. Dracaena species and Pseudocedrela
kotschyi (Schweinf.) were identified in non-burning treatments only. Vitellaria
paradoxa C. F. Gaertn was present in all treatments, with the highest frequency in non-
burning treatment. All other species identified in non-burning treatment plots were also
present in early burning and late burning plots (Fig. 3).

LB

Anacardium
occidentale,
Chochlospermum
angolense,
Daniellia oliveri,

Ficus glumosa

Dracena species
Paeudocedreln kotschyi LVD

Figure 3 Species identified in early burning, late burning and non-burning treatments
(Field data, 2017)

A total of 19 species were identified in early burning treatment. Two species,
Terminalia avicennioides and Combretum adenogonium were found in relatively high
frequencies (Table 1). The remaining 17 species including Pteleopsis suberosa,
Isoberlina doka, Combretum molle, Maytenus senegalensis, Burkea africana, Nauclea
latifolia, Lannea acida, Detarium Microcarpa, Ximenia americana, Diospyros
mespiliformis were found in relatively low frequencies. The least occurring species were
more even in frequency than the dominant species (Table 1).
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Table 1. Influence of fire on species population in treatments

Species EB LB NB Pooled Eamil
Freq | MeantSD | Freq | MeantSD | Freq| MeantSD | Freq y
Afrormosia ;
laxiflora 10 2.43+0.91 15 | 2.30+1.25 | 20 2.84+£1.67 45 | Leguminoseae
Anarcadium i
occidentale 0 0.000 1 0.29+0.08 0 0 1 | Anacardiaceae
Anogeissus
leicarpa 0 0.000 2 0.39+0.17 | 78 12.05+6.50 80 | Combretaceae
Burkea africana 5 0.69+ 0.46 0 0 1 0.29+0.083 6 Fabaceae
Cochlospermum
angolense 0 0.000 6 0.68+0.5 0 0 6 Combretaceae
Combretum
adenogonium 41 3.47+3.73 33 494+2.75 | 16 1.23£1.33 90 | Combretaceae
Com'lrfet”m 13 | 1.40+1.18 | 11 |239+0912| 5 | 1.16+0.48 | 29 | Combretaceae
Combretum
nigricans 1 0.31+0.09 0 0 0 0 1 Combretaceae
Crossopteryx .
febrifuga 3 0.65+0.27 0 0 0 0 3 Rubiaceae
Daniellia oliveri 0 0.000 4 0.78+0.33 0 0 4 Fabaceae
Detarium )
Microcarpum 0.65+0.27 0 0 0 0 3 | Leguminoseae
Diospyros
mespiliformis 1 0.30+0.09 0 0 3 0.45+0.25 4 Ebenaceae
Dracena palm 0 0.000 0 0 1 0.28+0.08 1 Asparagaceae
Ficus glumosa 0 0.000 6 1.24+0.5 0 0 6 Moraceae
Hymggi";:rd'a 0 0.000 9 | 2304075 | 1 | 0.28+0.08 | 10 |Phyllanthaceae
Isoberlinia doka 10 1.14+0.91 0 0 0 0 10 | Leguminosae
Lannea acida 3 0.65+0.27 0 0 5 0.99+0.42 8 | Anacardiaceae
Maytenus_ 8 1.56+0.72 0 0 9 1.294+0.75 16 | Celastraceae
senegalensis
Nauclea latifolia 4 0.51+0.36 15 2.63+1.25 1 0.294+0.08 20 Rubiaceae
Piliostigma 1 | 030£0.09 | 2 | 039£0.17 | 6 | 0.80+0.50 9 Fabaceae
thonningii
Pseudocedrela | 0.000 3 | 045:025 | 13 | 3.18£1.08 | 16 | Meliaceae
kotschyi
Pteleopsis 10 2.43+0.0.91 0 0 0 0 10 |Combretaceae
suberosa
Pterocarpus
erinaceus 0 0.000 2 0.39+0.167 | O 0 2 Fabaceae
Terminalia 5.567+£7.41
avicennioides 55 2.72+£5.0 239 [14.59+19.92| 89 6 388 | Combretaceae
Trichilia .
rubescens 1 0.30+0.09 10 0.84+0.83 0 0 11 Meliaceae
Vitellaria
paradoxa 17 1.86+1.55 11 | 0.99+0.92 | 349 |19.916+29.083] 377 | Sapotaceae
Ximenia
americana 1 0.302+0.91 0 0 1 10.2887+0.083 2 Olacaceae
Total number of
species 187 0 369 0 598 0
Density (hectare) | 1,558 3,075 4,983
p-value p=0.99

Kruskal-Wallis Statistic 1.929

(Field data, 2017)
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A total of 15 species were identified in the late burning treatment. Of the four
common dominant species, (Terminalia avicennioides, Combretum adenogonium,
Afrormosia laxiflora and Nauclea latifolia), Terminalia avicennioides was found to be
the most dominant. The least occurring species were Piliostigma thonningii and
Pterocarpus erinaceus (Table 1).

Non-burning treatment recorded a total of 17 different species, Out of which
Vitellaria paradoxa was found to be the most dominant (Table 1). Terminalia
avicennioides, Combretum adenogonium and Isoberlinia doka also recorded relatively
high frequencies. Lannea acida, Anogeissus leiocarpa and Burkea africana, Afrormosia
laxiflora were amongst the least occurring species.

Species with relatively low frequencies were more even in occurrence than the
dominant species in all the treatments (Table 1). Terminalia avicennioides was present
in all treatments. However, it had the highest frequency in the late season treatment
whilst Vitellaria paradoxa recorded highest frequency in the non-burning treatment.

Discussion
Species richness and abundance

The characteristics of trees in this ecological zone are defined by the response to
regeneration after fire, thus most are fire and drought resistant (Renes, 1991; Russell-
Smith et al., 2012; Sinare and Gordon, 2015). However, some of the species identified
may be absent or present in an uncontrolled fire disturbed savanna which may vary with
the extent of disturbance and land use type (Denslow, 2002; Chimsah et al., 2013).

With the exception of Anacardium occidentale which was rare in occurrence in late
burning treatment, all other species are native to the Guinea savanna (Sinare and
Gordon, 2015; Cardoso et al., 2016). Anacardium occidentale was most probably
brought in by animals or some other agents of dispersal from fringe villages that grow
them on their farms.

The most dominant and widespread species identified in all three treatments
belonged to the Combretaceae, Leguminoceae and Fabaceae which confirms other
studies that most Sudano-Guinean savanna woodland species typically fall within these
families (Aubréville, 1949). They thrive under harsh weather conditions and areas
where fires are recurrent. Although the species Parkia biglobosa, was known to be a
predominant species associated with the Leguminoceae in the Guinea savanna
woodland as purported by Aubréville (1949), the species was not recorded in any of the
treatments in this study and confirms the IUCN listing of the tree as a vulnerable
species. Isoberlinia doka, Anogeissus leiocarpa and Combretum nigrican which were
also predominant Combretaceae species that previously defined the Guinea savanna
woodland recorded in a very low occurrence, thus may be threatened by the frequency
and season of fire (Legris and Blanco, 1979). Most of the species identified in the early
season and the late season burning treatments were present in the non-burning treatment
(Fig. 3). This shows non-burning treatment as a replica of both the late and early season
burning treatments. The species found solely in the non-burning treatment were
Dracaena and Pseudocedrela Kotschyi.

Those species found exclusive to burning treatment are hardy and can withstand the
frequency of burns, thus confirming findings from other studies that fire breaks seed
dormancy of some savanna species ensuring natural regeneration after fire (Trollope,
1984; Higgins et al, 2000).
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Practicing non-burning may suppress the growth of some savanna species, which
require fire to germinate. Also, the high leaf litter observed during sampling in the non-
burnt treatment may not be a desirable condition for the growth of light tolerant species,
thus the lowering prevalence of such species.

The higher species richness and evenness was observed in the early season burning
treatment, which had the lowest tree density (Table 1). This could be attributed to the
fact that there was not much dryness at the time of burning. Hence the fire did not
destroy sensitive seeds and saplings, but rather enhanced the germination of the seeds
by breaking their dormancy, increasing the diversity in early burnt areas of the park
(Gijsbers et al., 1994). This also means that early burning favours the growth of
different species in the savanna, compared to late burning, as observed in this study.
Thus early season burning could be prescribed to promote diversity where particular
species need moderate fire for regeneration.

Late burning had a relatively adverse effect on diversity, probably because late
season fires are usually so hot that plant species may not be able to survive the intensity.
Late season burns, as observed, do not not only Kills grasses but tree species as well,
depending on the intensity and duration of fire (Trollope, 1984; Cardoso et al., 2016).

The higher tree population in the non-burning treatment confirms that savannas are
not climax vegetation; when disturbance is minimised, they can gradually transform into
a woodland or forest (Bond and Midgley, 2001; Bassett et al 2003). This condition will
allow seeds buried in the soil to germinate and grow, and if there is no disturbance,
where initially grass was abundant, eventually tree species will dominate. The relatively
low tree density identified in the burning treatment compared to the non-burning
indicates that higher burning frequency in general, has a negative influence on tree
density as it was also revealed in study conducted in the savanna of Ghana and Cote
d’lvoire (Brookman-Amissah et al., 1980 Basset et al., 2003).

The most common species identified regenerate from seed, but also through
resprouting and this may not need a longer time lapse for regeneration after fire (Lovett
and Hag, 2000; Sackey and Hale, 2008). Most Combretaceae species and Leguminoceae
are tolerant to fires, drought and also to fire exclusion, with a higher probability of
regeneration from resprouting after fire and other disturbances (Gijsbers et al., 1994;
Higgins et al., 2000; Sackey and Hale, 2008). This explains their higher presence in all the
treatments. Most of the species in this family are normally dehiscent or indehiscent and
need fire to enhance germination which reflected in the very low presence in non-burning
treatment, which presupposes that these species are also tolerant to late season fires.
Vitellaria paradoxa, on the other hand, does regenerate easily by seed and also by
resprouting as revealed by these others (Lovett and Hag, 2000), hence the higher number
of species recorded in the non-burning treatment (Table 1).

Although fire plays a role in the structure and function of savanna ecosystems, a report
on the Park management (Mole Park Management Report, 2005) indicated that some
species are associated with types of soil in the park which, implies that the species
identified in the various treatments may not solely be influenced by fire but also by the
soil type (Van Wilgen, 2000; Dzwonko et al., 2015).

Implications of burning and tree populations and diversity for climate change mitigation

All vegetation absorbs carbon dioxide; however trees do absorb carbon on a larger
scale than other forms (Scholes and Walker, 1993; Resh et al., 2002). Trees thus play an
imperative role in climate change mitigation. A few studies purported that most savanna
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trees are of the C3 photosynthetic pathway and therefore has a considerably greater
atmospheric carbon exchanges than savanna grasses, which are mainly of the C4
photosynthetic pathway (Downton and Tregunna, 1968; Lloyd et al., 2008). Therefore,
tree populations and species diversity may be used as a valuable proxy for healthy and
resilient savannas, to mitigating the impacts of climate change through stocking and
sinking carbon. The United Nations Framework Convention on Climate Change
(UNFCCC) envisages mitigation through creating or enhancing carbon sinks and
reducing anthropogenic emissions sources of CO,. Thus, sustainable land use practices
including traditional agroforestry practices such as the maintenance of agroforestry
parkland in the Guinean-Sudano savanna would enhance mitigation (Bassett at al., 2003).

Frequent anthropogenic fires in the savannas, according to Murphy and Bowman
(2012) are contributing to the loss of vegetative carbon to the atmosphere accounting for
about 44% of the global emission (Van Der Werf et al., 2010). Thus, more fires in the
savanna may exacerbate the impact of climate change by releasing carbon into the
atmosphere and destroying carbon sinks (trees and grasses). Increasing wind, and
rainfall, coupled with the high transpiration during the dry season according to Hulme,
(2005) and Sheuyange, (2005) are a favourable condition for dry season burns, where
the grass serve a fuel for burning. With this trend, it is apparent that large wildfires can
be expected to increase in frequency, intensity and severity (Bassett et al., 2003; Hulme,
2005). Studies in tropical savannas in Australia have confirmed an apparent in change in
fire conditions (hot temperatures and high fuel load), which will result in extensive fires
(Cary, 2002; Catchpole, 2002).

The higher tree density as observed in the non-burning treatment could enhance
carbon sequestration as most savanna trees with smaller leaf sizes are drought tolerant and
have high carbon intake even in the dry season. Also, Langevelde et al. (2003) indicated
that soil moisture availability is one of the main factors that regulate the growth of trees
and grasses in the savanna. However, during the Harmattan (windy dry season in north of
Ghana), as a result of the high evapotranspiration, coupled with high evaporative cooling,
all the grass species wither, thus the process of carbon sequestration is halted (Simpson,
2013). More trees guarantee an all year round carbon intake when extrapolated to a larger
scale (Lugo and Brown, 1992). Growing more tree through afforestation, reforestation
and good forest management practices and also non-burning should be encouraged. Early
season burns, on the other hand, could enhance diversity of some tree species and should
also be encouraged (Fig. 3). Higher tree diversity contributes to building resilient
terrestrial ecosystems, which is very important with the changing climates (EImqvist et
al., 2003). A characteristic of the resilient ecosystems is their ability to withstand and
adapt to extreme weather conditions. The diversity of species implies a stable and
sustainable ecological function: different tree species may have different levels of
sequestering carbon and providing other ecosystem services better than others (Resh et
al., 2002; Mandal et al., 2016). The study confirms previous studies (Myers et al., 2004;
Fernandes et al., 2013) which found that prescribed early season burning plays a in
savanna ecosystems by improving on vegetation diversity. However, annual late season
burning that occur even under a good management system will consequently result in
reduction of species density and diversity.

In the north of Ghana, the Hamattan conditions could enhance intensive and extensive
fires, thereby the lost of more species during late season burns (Brookman-Amissah et
al., 1980; Kasei et al, 2014). The heavy rains (900 mm to 1000 mm) but short rainy
season (between June and October) are conditions conducive to the growth of grass
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species, thus to the accumulation of more fuel load for burning during the dry season
(Trollope and Trollope, 2002; Bassett et al., 2003; Kugbe et al., 2012). The continuous
indiscrimate dry season burning and particularly, late dry season burning, will to a large
extent affect the health and resilience of the Guinea savanna if not regulated. This could
hamper mitigation efforts against rising global temperatures.

Conclusion

The study revealed that seasonal burning had a negative effect on tree density,
relative to non-burning within treatments. Non-burning however promotes tree
population density, rather than diversity. The annual burning had a negative effect on
tree density, relative to non-burning within treatments. Species richness and evenness
were higher in burning treatments than in non-burning. Burning promoted the growth of
Terminalia Avicennioides and other Combretum species whereas non-burning was a
desirable condition for Vitellaria paradoxa (Sapotaceae). Thus, non-burning would
increase the populations of species which are not fire-dependent for recruitment. The
protection of Vitellaria Paradoxa from fire and other disturbances would easily increase
populations which would have greater benefits for communities in the north of Ghana
because of the role it plays in rural livelihoods.

A balance between tree density and diversity will be most desirable; therefore the
frequency and time burning play a very important role in sustaining ecosystems for
climate change mitigation. Non-burning should be encouraged in fire-degraded
ecosystems to restore species and habitats and also enhance carbon sequestration.

This study could serve as a baseline for scaling-up of studies on burning, species
diversity and density and also for further studies on unmanaged areas with unplanned
fire regimes in the Savanna and Forest Transition zones of Ghana. There is the need to
monitor the annual fires in the study site (Mole Park) to see what the Park is gaining or
losing in terms of animal species diversity and populations through the fires. The
findings calls for the strengthening of community sensitization and collaborative
stakeholder engagement on the impact of burning and non-burning on species including
economic species like Vitellaria paradoxa.

Traditional tree-based land use practices, such as agroforestry should be encouraged
to minimise the conversion of savanna woodlands into grasslands. This is because grass
species wither and die as a result of the Hammattan conditions, their efficacy of all year
sequestration of carbon is reduced.

Prescribed early dry season burns should be the best option against indiscriminate
burning as practiced in unprotected and community managed woodlands; this can be
achieved through advocacy by district assemblies and other relevant stakeholders.
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