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Abstract: Wildfire frequency is a major factor in herbaceous plant species
composition and vigour in grasslands. This study focused on the effects of
wild fire frequency on grass species composition of the Busanga Flood
Plains, situated in the Kafue National Park and Kasonso Busanga Game
Management Area. Geographical Information System and Remote sensing
techniques were used to purposively identify two sites, burnt and unburnt that
were next to each other to prevent the negative influence of environmental
factors. A Global Positioning System set was used to navigate to the sites. At
each site, three (3) transects of 100m long placed at 50m interval and parallel
to each other were established. Five (5) quadrats 1m² were laid along each
transect at 20m interval giving a total of 30 quadrats. A total of 31 different
species were identified. The highest number was recorded in the burnt site
(27) while the unburnt site had the lowest (17). The Shannon Weiner Index
value was high at 3.46 and Simpson Index was 0.062. There were 13
common species recorded in both sites. The burnt site had high density values
for Eragrostis inamoena and Sedges followed by Ischaemum fasciculatum
and Heteropogon contortus. There were also higher percentage values 75.5
percent of grass species in increaser II category and less 50 percent, in the
unburnt site. It was concluded that wildfire frequency may have had an
influence in the herbaceous plant species composition of the Busanga Flood
Plains. It was recommended that Park management effort should

include adoption of the best fire management practices which
should be based on a contemporary and comprehensive fire
Management Plan. Such a plan should focus on regulating fire
frequencies which may have a negative influence on species
composition and also to reduce the density of certain species of
low grazing value such as E.inamoena.

Keywords: Increaser, Decreaser, Composition, Herbaceous Plants, Burnt,
Unburnt.

1.0 INTRODUCTION
Wildfires occur in areas of land with accumulation of fuel particularly grassland vegetation. The causes can be natural such
as from lightning or volcanic activity or anthropogenic such as those from equipment exhaust systems, abandoned campfires,
cigarette butts, and arson. Such fires may destroy forested and grassland areas. Small-scale, periodic wildland fires can actually
improve the health, resilience, and productivity of an ecosystem, particularly grassland ecosystems such as the Busanga plains.
When these fires do not occur often enough, however, flammable vegetation can build up, leading to a large-scale fire that
harms plant and animal species. Education and regular patrols of campgrounds help to prevent or control many of the fires
caused by people. Where fire management plans exist the setting of intentionally and controlled best practices can prevent
accumulation of moribund grassy material which act as fuel for hot late fires.
Application of appropriate fire regimes is therefore, an important tool in maintaining particularly grassland ecological
systems that support a wide range of biodiversity including rare and endangered animal and plant species (Myers et al., 2004).
The higher the variety of herbaceous plant species composition and structure, the higher the resilience which provide good
habitat for different species of wild animals that play an important role both economically and ecologically (Ludwig and Bastin,
2008).
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The study by Zolho (2005) revealed that wildfires
helped to maintain species richness and spatial distribution
of plant species in vegetation communities by breaking
their seed dormancy and supporting regeneration, which
could improve food and habitat quality of grassland
ecosystems. The influence of wildfire on plant species
composition and structure has been used from time
immemorial, as a mechanism to achieve desired objectives

in savanna ecosystems management. Results from the
study by Pausas (2004) in particular, showed that wildfire
can be used to maintain species composition and structure
of an ecosystem. Another study by Leeuwen et al., (2010)
also provided empirical evidence that, wild fire frequency
increased or decreased grass species in grassland
ecosystems.

Langevelde et al., (2003) reported that, in North America,
unplanned fires were considered to be the major driving factor
for poor range land condition of grassland ecosystems. The
range condition of grasslands in parts of North America was
reported to have deteriorated due to unspecific fire return
intervals (Langevelde et al., 2003). In Australia, similar
findings were reported by Andersen et al., (2005) that
rangeland species biodiversity declined as a result of
uncontrolled fires. Many studies across Africa and beyond
have also shown that vegetation communities are shaped and
changed from their original status by the frequency of
wildfires (Bond and Mildgley, 2003; Shackleton and Scholes,
2000). Cauldwell and Zieger (2000) also showed that changes
in vegetation types in the landscape of southern African
savannahs were caused by negative effects of the frequency of
wildfires. For over 25 million years, the frequency of
wildfires has negatively influenced the evolution of fire
tolerant and fire dependent plant species in ecosystems of
protected areas (Ibrahim et al., 2011; Ward, 2005; Andersen
et al., 2005). These findings were amplified by the study
conducted by Ryan (2011) who stated that, the change of
species composition of grasslands from its original status in
Brazil was facilitated by wildfire frequency. Further evidence,
from a study by Shavidenko and Goldammer, (2001) in
Russia indicated that, wildfire frequency reduced 60 % plant
species diversity. Similar results by Steven et al., (2000)
showed that repeated fires caused biodiversity decline of both
fauna and flora of grassland ecosystems in Serengeti National
Park, Tanzania.

At local level, recent studies by Hollingsworth et al.,
(2015) estimated that, a total of 18.8 million hectares,
representing 25% of the total landscape of Zambia was burnt
annually and the open flooded grasslands of Busanga flood
plain is equally affected by wildfire frequency. In 2010 for
instance, Zambia Wildlife Authority anecdotal reports
indicated that, open grassland of the Busanga Flood Plains
was deteriorating due to frequent wildfires.
This study was carried out to determine the effects of
wildfire on herbaceous plants species composition in the
Busanga Flood Plains to generate baseline data for fire
management and monitoring programmes of the grassland.

2. MATERIALS AND METHODS
2.1 Study Area Location and Description

This study was conducted in the Busanga Plains,
situated in Kafue National Park and Kasonso Busanga
Game Management Area. It is geographically located at
coordinates (13o 24’ S, 31o 33’ E) (Figure 1).
The area gets flooded in the wet season (December –
March) by several small tributaries that run from high grounds
and drain into Lufupa River, a major tributary of the Kafue
River.
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Figure 1. Location of the study area (Source, DNPW 2015)

(a) The Shannon – Weiner index (H’)
The Shannon – Weiner index of diversity which
is based on the proportional abundance of species
in a community was used. The index was used
because individuals were randomly sampled from
a larger population and the assumption was made
that all species were represented in the sample.
This prevented the error which occurs when all
species in the sampled community have not been
included. The value of the Shannon-weiner index
which is shown in the formula below, usually falls
between 1.5 and 3.5 and rarely exceeds 4.5.

2.2 Research Design and Data Collection Methods
Two sites were purposively selected for the study
based on the previous years’ inventory to record
herbaceous species inhabitant on the two sites. Of the
two sites, one was burnt and the other was not burnt.
The two sites were next to each other which discounted
the influence of soil type and fertility, moisture, altitude
and other environmental factors on the quality of data
obtained as also acknowledged by Zolho (2005) and
(Tsvigu, 2013).
Using systematic sampling technique three (3)
transects of 100 m long were placed parallel to each
other at 50 m intervals. They were established on each
site six weeks after a fire. A long each 100m long
transect, five (5) quadrants of 1 m² were laid on each
transect every 20 m. A total of fifteen (15) quadrants
were sampled at each site giving a grand total of 30
quadrats for the two sites.

H’ = -⅀Pi ln Pi
Where;
Pi =proportional abundance of the ith species =

In each quadrant, grass species and sedges were
identified based on van Oudtshoorn, (2014) and Vernon
(1983) counted and recorded. Species that could not be
identified in the field were taken to Ngoma herbarium
in KNP - South for identification.

.

(b) Simpson’s index (D)

The Simpson’s index (D) which is also an
index method of diversity was used and was based
on the number of samples of random pairs of

2.2.1 Species diversity
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individuals that were to be selected from a
community to provide at least 50 per cent chance
of obtaining a pair with both individuals of the
same species. It is often referred to as a dominance
measure because it is heavily weighted toward the
most abundant species in the sample instead of
reflecting species richness. A community with
only one species would have a D value of 1.0. The
value increases as each individual represents an
additional species and was calculated based on the
following formula;

Density
ii)

=
Frequency was used to determine the
number of sampling units (quadrat,
transect and point), in which a given
species occurred. No counting of
individuals was involved. The frequency
was based on presence or absence and the
formula used was as follows:

Percent (%) Frequency=

D =⅀
2.2.3
Grazing value
The grass species were recorded on a data form and
classified as; (i) Decreasers, (ii) Increaser as earlier
described by Oudtshoorn (2013).

Where;
ni = number of individuals in the ith species
N= total number of individuals.
2.2.2 Density and Frequency
i)
Density in this study represented the
numerical strength of the species in the
community. As plants grow at varying
distances with respect to each other, so the
number of plants in a unit area gives an
idea of density. The formular used was as
follows:

3. RESULTS
3.1 Species diversity
Results obtained showed variations in species
diversity between burnt and unburnt sites. The burnt
site recorded high value of species diversity (H’= 3.46)
than unburnt site (H’= 3.23). Simpson index showed
lower value of (0.06) than the unburnt site (0.086)
(Table 1).

Table 1. Shannon Weiner and Simpson Indices of Diversity
Shannon Weiner
Simpson Index
Name of the Site
H'
( D)
Burnt site

3.46

0.062

Unburnt site

3.23

0.086

Sedge, Perotis patens) were found in both sites
while two (2) species (Sporobolus africanus and
Eragrostis superba) were only found in the burnt
site.

3.1.1 Species abundance

A combined total of 31species were recorded,
out of which 27 species (87%) were recorded in
burnt site and 17 (13%) in unburnt site (Table 2).
There were 13 species recorded in both sites. The
results also revealed that, 14 grass species were
absent from unburnt sites while only 4 were absent
from burnt site. Out of 14 species that were absent
in unburnt site, four (4) species (Setaria
sphacecelata, Anthephora putescens, Sorghum
bicolor and Digitaria diagonalis) had high grazing
value (palatability). Similarly, three (3) species
(Acroceras macrum, Leersia hexandra and
Cenchrus ciliaris) with high grazing value were
only present in burnt site. Echinochloa colona and
Cynodon dactylon were the only species of high
grazing value recorded in both sites. There were
seven (7) species recorded with low grazing of
which five (5) species (Eragrostis inamoena,
Microchloa caffra, Sporobolus pyramidalis,

3.2 Density, Frequency and Grazing Value
3.2.1 Density and Frequency
The comparison of density analysis of 10 common
grass species between two sites was done and the
results showed that E, inamoena, sedges, I.
fasciculatum, and H. contortus had high values of
density/ha in burnt site than in unburnt site. In contrast,
C. immense, P. patens and M. caffra presented high
values of density/ha in unburnt site. However, B.
erusciformis and S. pyramidalis presented equal values
of density/ha in both sites. Although sedges and E
inamoena recorded high values of density in both sites,
burnt sites recorded higher values of density than
unburnt site (Figure 2).
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(a)

(b)
Figure 2. Relative density values of common herbaceous species

25

Chansa Chomba & Lackson Ngandu; IAR J Agri Res Life Sci; Vol-3, Iss-2 (Mar-Apr -2022): 21-29

Table 2. Abundance of individuals and grazing values between burnt and unburnt sites
Abundance of individuals
No. Species
Burnt
Unburnt
Grazing Value
1
Acroceras macrum
0
9
High grazing value
2
Anthephora putescens
1
0
High grazing value
3
Brachiaria eruciformis
9
0
Average grazing value
4
Cenchrus ciliaris
0
23
High grazing value
5
Cynodon dactylon
17
13
High grazing value
6
Cyperus immensus
5
8
Average grazing value
7
Digitaria diagonalis
14
0
Average grazing value
8
Digitaria monodactyla
27
21
Average grazing value
9
Echinochloa colona
7
49
High grazing value
10
Eragrostis inamoena
70
17
Low grazing value
11
Eragrostis lehmamania
13
22
Average grazing value
12
Eragrostis superba
7
0
Low grazing value
13
Heteropogon contortus
12
35
Average grazing value
14
Dyspareunia hita
49
0
Average grazing value
15
Hyperthelia dissoluta
8
0
Average grazing value
16
Ischaemum fasciculatum
26
55
Average grazing value
17
Leersia hexandra
0
76
High grazing value
18
Microchloa caffra
23
29
Low grazing value
19
Panicum coloratum
4
0
High grazing value
20
Paspalum scrobiculatum
27
0
Average grazing value
21
Pennsetum macrourum
0
45
Average grazing value
22
Perotis patens
22
21
Low grazing value
23
Sedge
58
45
Low grazing value
24
Setaria sphacelata ssp
13
0
High grazing value
25
Sorghum bicolor
22
0
High grazing value
26
Sporoblus africanus
21
0
Low grazing value
27
Sporobolus ioclados
18
4
Average grazing value
28
Sporobolus pyramidalis
13
11
Low grazing value
29
Themeda triandra
6
0
High grazing value
30
Tristachya leuccothrix
39
0
Average grazing value
31
Tristachya spp
38
0
Average grazing value
Total
552
472
Note: HGV – High grazing value,

AGV – Average grazing value.

LGV – Low grazing value.

I (20.08%) in unburnt sites than in burnt site
(Table 2). The sedges classified as unknown had
high values in unburnt site (13.26) than burnt site
(03.10). Additionally, burnt site recorded no grass
species in increaser III category while in unburnt
site they recorded 04.16% (Table 3).

3.2.2 Grazing Value

With regard to ecological values, results
showed high percentage values of grass species in
increaser category II (75.5%) in burnt site than in
unburnt site (50%). The results further indicated
high percentage values of grass species in
decreaser category (12.50%) followed by increaser

Table 3: Percentages of ecological status of grass species in both sites of the study area
Ecological status
Burnt site
Unburnt site
Unknown ( sedges)
03.10%
13.26%
Decreaser
07.13%
12.50%
Increaser I
14.28%
20.08%
Increaser II
75.50%
50.00%
Increaser III
00.00%
04.16%
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recorded in both sites in this study, may represent
fire tolerant species in the Busanga flood plains.
This argument is supported by Tsvigu, (2013) who
recorded minor variations of grass species density
between burnt and unburnt sites implying that fire
may have had little or no role in their survival. In
contrast, the absences of 14 grass species in
unburnt site may have been influenced by wildfire
frequency. A study by Ivanauska, et al., (2003)
revealed that wildfire supports fire tolerant species
and discourages fire sensitive species due to their
physical and chemical characteristics. Similarly,
the absence of four (4) species from burnt sites as
observed in this study might have been as a result
of wildfire frequency as earlier elucidated by
Tsvigu, (2013) that grass species with hydrophyte
properties are very sensitive to fire . We linked the
absence of L. hexandra, A. macrum, C. ciliaris and
P macrourum in burnt site during this study in
Busanga flood plains to repeated wildfires. The
absence of hydrophyte grass species in burnt site
could act as good indicator of wildfire frequency
in fire frequency prone areas in open grass land
ecosystems of Busanga flood plains.
The results of this study and other similar
studies suggest that assessing ecological status of
plant species is one of the simple ways of
evaluating the status of an ecosystem. Teaque and
Danckverts, (1989) and Oudtshoom (2014),
showed that grasslands with high percentage
values of grass species in ecological status of
decreaser and increaser I categories is rated to
have good habitat for herbivores as compared to
habitats with high percentage values of increaser II
and III categories. In this study, therefore, wildfire
may have had an influence on habitat condition by
influencing the ecological status and species
composition of herbaceous plant species. Teaque
and Danckverts (1989) also stated that any
ecosystem with high percentage of grass species in
increaser category II and III would be in a
deteriorating range condition and requires careful
management.

4. DISCUSSION
4.1 Herbaceous species

The computed Shannon diversity index (H’)
showed variation in species diversity between the
two sites. The high index value of burnt site (H’=
3.46) indicated high species composition in burnt
site compared with unburnt site which had low
index value (H’= 2.99) suggesting a direct
influence of fire. Using, Simpson Index (D), the
burnt site showed lower value of (0.062) than
unburnt site (0.08) also attributing the difference to
wildfire frequency as earlier reported by Ryan and
William (2011) who recorded similar observations
from his study on the effects of fire frequency in
dry Miombo woodland in Gorongosa National
Park in Mozambique.
From the study by Ryan and William, (2011),
it was revealed that certain plant species do not
survive in regular fire prone areas due to their
sensitivity to heat from fires. Similar observations
made by Chirwa et al., (2015) demonstrated that
some plant species respond differently to wildfire
frequency as a result of their physical
characteristics. The absence of 14 grass species
from unburnt site shown in this study could
therefore, be as a result of the effect of wildfire
frequency in Busanga flood plains.
It was suggested therefore, that wildfire
frequency recorded in this study may have had
great influence on the changing of an ecosystem as
was also reported by Razavi, (2012) who recorded
an increase of species density with increase in fire
frequency. Brain and Kastendick (2009) also
highlighted similar observations and indicated that
wildfires frequency can have potential influence to
increase density of fire tolerant plant species
(Figure 2).
However, from this study, the results show no
significant variation values of relative density of
common grass species. The
presence of 13 grass
species recorded in both sites indicate that wildfire
frequency had little or no effect on their presence on
either side of the site and this is evidenced by no
significant variations in density values (Figure 2). This
implies that wildfire frequency may have had no

4.2 CONCLUSION
This study suggests a strong influence of fire
on herbaceous species composition of both fire
sensitive and fire intolerant species. Declining
frequency
of
decreasers
would
signify
deteriorating range condition.

influence on particularly fire tolerant species
which may increase in density with increase in fire
frequency. Brain and Kastendick (2009) made a
similar conclusion that fire tolerant species may
not be significantly affected by wildfire, but this
requires more studies. The 13 common grass
species (e.g., E. inamoena, I. fasciculatum. M.
caffra, H. contortus, E. lehmaniana and sedges)

The findings recorded in this study are of great
value to park management staff and other
stakeholders in adopting fire management
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6.

practices suitable for open grassland of Busanga
flood plains. The variation of species diversity
between burnt (27) and unburnt (17) could be as
result of wildfire frequency in the study area. The
absence of hydrophyte grass species such as L.
hexandra, P. macrourum, C. ciliaris and A.
macrum in burnt site could have been influenced
by wildfire due to their sensitivity to wildfire and
were taken to be key indicators to wildfire
frequency in Busanga flood plains.

7.

On the other hand, the absence of 14 grass
species from unburnt site shown in this study
could be as result of the effect of wildfire. This
underscores the important role fire plays in their
survival. Such species are referred to as fire
dependent grass species. The 13 common grass
species which include E. inamoena, I.
fasciculatum, M. caffra, H. contortus, E.
lehmaniana and sedges recorded in both sites in
this study are fire tolerant species.

8.

9.
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