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Abstract— Different variants of C. edulis have been introduced to Southern Africa by Somali and Ethiopian immigrants over the last few
decades. Sites occupied by C. edulis in the Eastern Highlands of Zimbabwe tend to be species poor, with C. edulis dominating the flora.
An investigation was carried out to establish the population structure of C. edulis within Vumba forest of Zimbabwe and its impact on
native species. Results showed that, sites occupied by C. edulis were less diverse in terms of species composition with a total of 6 cooccurring species, while adjacent sites without C. edulis had a total of 15 species. Independent T test results showed that in both Shannon
diversity index and Equitability test, the t Stat values of 60.56 and 63.82, respectively, were greater than the t Critical value of 2.78. Hence
there is a significant difference in species diversity and evenness between C. edulis occupied sites and adjacent unoccupied sites. Diameter
class distribution of C. edulis showed an inverse J-distribution across sites occupied by the species under different regimes of disturbance.
Co-occurring species showed an irregular bell-shaped distribution with complete absence of individuals in classes 0-8 cm, 21-24 cm and
29-35 cm, suggesting that the species are in poor regeneration capacity. It was concluded that C. edulis has a high regeneration potential
while populations of competing native species are in apparent unstable condition. The predominance of C. edulis in sections furthest away
from disturbance suggests an encroachment of the species beyond disturbed sites.
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I. INTRODUCTION
Catha edulis (Vahl) Forssk. ex Endl. is an evergreen woody plant species belonging to family Celastraceae [1]. The plant is
known by different common names in several countries: ‘chat’ in Ethiopia, ‘qat’ in Yemen, ‘mirra’ in Kenya , Bushmen’s tea or
‘Khat’ or ‘Muzvaravashava’ in Zimbabwe [2]. Its area of natural occurrence extends from Ethiopia and Eritrea, through Somalia
to Kenya, Tanzania, Malawi southwards to Zimbabwe, South Africa and Madagascar. The centre of origin for C. edulis has for long
been thought to be the south-western highlands of Ethiopia [3]. Recent studies however, point to Kenya as another possible area of
origin [4].
Zimbabwe is recorded as one of C. edulis’ natural areas of distribution and its spatial distribution in the country appears to be
expanding [2]. Where it is fully established, few other species occur. Different variants of C. edulis appear to have been transported
and planted in Southern Africa by Somali and Ethiopian immigrants over the past decades [5]. These new variants of C. edulis
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introduced into southern Africa appear to be spreading more aggressively than the native ones. These occupy forest margins in the
Eastern Highlands of Zimbabwe. This is a major concern, as the highlands are part of the Eastern Afromontane biodiversity hotspot’s
ecosystem that provides fresh water and numerous other ecosystem services to the region [6].
An investigation of the population structure of C. edulis is urgent as it can be used to predict its future trends and also be used
for making plans for management. Additionally, the impact of C. edulis on the species composition of the highlands needs to be
assessed. Population structure here refers to age and size structure as partly explained by [7]. It indicates how size structure is
expressed within a population and how it is likely to contribute to the continued success of the species. Through this, crucial life
cycle stages of the species can be identified and targeted for the management of the species [8]. Species composition is a combination
of species diversity and species evenness [9]. Greater species richness and productivity makes an ecosystem more resilient [9].
The specific objectives of the present study were to establish the population structure of C. edulis within Vumba forest of
Zimbabwe and its impact on native species.
II. MATERIALS AND METHODS
II.1.Study area
The study was conducted in Vumba forest on the Eastern Highlands of Zimbabwe along the border with Mozambique [10] (Fig
1). The forest is approximately 246 km2 and its highest altitude is 1911 metres above sea level [11]. Vumba receives an average
annual precipitation of 1800mm, with the majority of it occurring from November to August [6].

Fig. 1. Map of the study area Vumba (right), and its placement within Zimbabwe (left). Maps were adopted from [12].
During the cool season, the mean daily maximum temperature is 18°C and the mean daily minimum temperature is 7°C
(www.vumba.climatemps.com). Mean daily maximum temperature for the warm season is 23°C and the mean daily minimum
temperature is 12°C (www.vumba.climatemps.com). Soils are deep and well weathered [6]. Vegetation includes Afromontane
evergreen forests, montane grassland, high rainfall miombo woodland and secondary scrub savanna [11]. Most of the forests have
been disturbed to varying degrees due to development of roads and power-lines which have left the forests exposed to invasive
species such as Vernonanthura polyanthus (Spreng.) Vega & Dematteis, Lantana camara L., Solanum mauritiunam Scop. and
Cestrum aurantiacum Lindl. [6]. There are also commercial plantations of exotic species like the wattle and other eucalyptus trees
[6]. The GPS coordinates of the invaded study plots 1, 2 and 3 are 19.064640° S, 32.720713° E; 19.078418° S, 32.750628°
E;19.071590° S, 32.744625° E respectively.
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II.2.Sampling design
Three sites occupied by C. edulis were randomly selected alongside three adjacent sites unoccupied by the species as controls.
The occupied sites were close to areas disturbed by construction of electricity power lines in the 1960s or gaps created by dead
trees. The three control sites were demarcated within 100m from the C. edulis occupied sites, and had no obvious signs of
disturbance. The occupied sites represented approximately 20% of the area occupied by C. edulis within the study area.
The study was conducted in October and November 2020. Three transect lines, 210m to 220m, were laid approximately 60m
apart, running from the source of disturbance to the furthest point where C. edulis could still be observed. Sample plots measuring
20x10m were systematically laid at 65m intervals, similar to the setup of [13] and [14]. Twenty seven plots were laid in the C.
edulis occupied sites and another 27 within the adjacent control sites. The plots in C. edulis occupied sites were further categorised
into three sections, namely i) section near disturbance, ii) middle section from disturbance and iii) furthest section from disturbance.
II.3.Data collection
Within each plot, the identity of each woody species was established in situ, and the stem circumferences measured. Those
which could not be identified in the field were collected and identified at the National Herbarium in Harare. Stem circumference at
1.3m was measured using a tape measure [15]. Circumferences for multi-stemmed plants were measured for each stem and the
values summed up [15]. Diameter at breast height (dbh) was calculated using the following formula: circumference/pi.
II.4.Data analysis
Shannon-Weiner diversity index and equitability test were used to determine any differences in species composition and
evenness within C. edulis occupied sites and adjacent control sites [16]. Data from the three C. edulis occupied sites and the adjacent
sites were analysed separately and then averaged. Populations in both C. edulis occupied sites and the control sites were tested for
normality using Shapiro-Wilk test in SPSS 2007. Independent T-test was used to check whether there was any significant difference
in species diversity and evenness between C. edulis occupied sites and the adjacent control sites. One Way ANOVA was used to
check for any significant difference in means of the 3 sections (i) section near disturbance,(ii) middle section from disturbance and
(iii) furthest section from disturbance. Independent T-tests and One Way ANOVA were conducted in Microsoft Excel 2007.
III. RESULTS
III.1.

Woody species composition

Woody species recorded
A list of woody plant species recorded in the study sites is shown in Table 1. Catha edulis occupied sites had a total of six
species namely, Acacia abyssinica, C.edulis, Bersama abyssinica, Harungana madagascariensis, Trema orientalis and Heteropyxis
dehniae, while control sites had a total of 15 species belonging to 13 families. The results also show that three species, namely A.
abyssinica, B. abyssinica and H. dehniae occurred in both C. edulis occupied sites and control sites.
TABLE I.

WOODY SPECIES RECORDED WITHIN C. EDULIS OCCUPIED AND ADJACENT CONTROL SITES. X REPRESENTS THE SPECIES
RECORDED IN EACH SITE TYPE.
Species

Family

Sites occupied
by Catha
edulis

Acacia abyssinica Hochst. Ex Beth.

Fabaceae

Albizia gummifera (J.F. Gmel) C. A. Sm.

Fabaceae

X

Allophylus abyssinucus (Hochst.) Radlk.

Sapindaceae

X

Bersama abyssinica Fresen.

Melianthaceae

Bridelia mincrantha (Hochst.) Baill

Phyllanthaceae

X

Calodendrum capense (L.F.) Thunb

Rutaceae

X
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Species

Family

Sites occupied
by Catha
edulis

Sites not
occupied by
Catha edulis

Catha edulis

Celastraceae

X

Celtis africana Burm. f.

Ulmaceae

X

Ekerbegia capensis Sparrm.

Meliaceae

X

Faurea rubiflora Marner.

Proteaceae

X

Harungana madagascariensis Lam. Ex Poir

Clusiaceae

X

Heteropyxis dehniae Suess

Heteropyxidaceae

X

Macaranga capensis (Baill.) Benth. Ex Sim.

Euphorbiaceae

X

Newtonia buchananii (Baker) G.C.C. Gilbert
& Boutique

Fabaceae

X

Prunus Africana (Hook.f.) Kalkman.

Rosaceae

X

Rauvolfia caffra Sond.

Apocynaceae

X

Trema orientalis

Ulmaceae

Trilepisium madagascariense DC.

Moraceae

X

X
X

Shapiro-Wilk test results for normality of plant population in C. edulis occupied sites and control sites.
The Shapiro-Wilk test values for the populations in C. edulis occupied sites and control sites were 0.22 and 0.21 respectively.
Since the values are greater than the alpha value of 0.05, the populations are normally distributed therefore the parametric tests were
used to check whether there was any significant difference in species diversity and evenness between C. edulis occupied sites and
the adjacent control sites. They were also used to check for any significant difference in means of the 3 sections (i) section near
disturbance, (ii) middle section from disturbance and (iii) furthest section from disturbance.
Shannon diversity index and results of the Equitability test.
The mean equitability value for C. edulis occupied sites was 0.11 which is close to 0, while that of control sites was 0.45 which
is closer to 1. The Shannon diversity index for C. edulis occupied sites (0.73) was lower than that of the control sites (2.65). T test
results also show that in both Shannon diversity index and Equitability test, t Stat values of 60.56 and 63.82, respectively, are greater
than the t Critical value of 2.78. The P values of 4.45x10-7 and 3.6x10-7 for the Shannon diversity index and Equitability test,
respectively, are also lower than the Alpha value of 0.05. Hence there is a significant difference in species diversity and evenness
between C. edulis occupied sites and adjacent control sites.
III.2.
Diameter class distribution of C. edulis stems in sections near disturbance, mid-way from disturbance and
furthest from disturbance
Diameter class distribution of the average number of C. edulis stems recorded in plots near disturbance, mid-way from
disturbance and furthest from disturbance in C. edulis occupied sites is illustrated in Fig 2. The diameter class distribution of the
species shows an inverse J distribution in all three sections.
Average number of C. edulis stems per site expressed as percentage in the three diameter classes recorded in plots near
disturbance, in mid-way from disturbance and furthest from disturbance in C. edulis occupied sites are shown in Table 2. A mean
of 502 stems were measured in the diameter class 0-8cm. The highest percentage (46.4%) was recorded in plots furthest from
disturbance, while the lowest percentage (20.1%) was recorded in plots within the disturbance. A mean of 125 stems were measured
in the diameter class 8cm<16cm, with the highest percentage (57.6%) being recorded in plots within the disturbance, and the lowest
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(18.4%) within plots furthest away from disturbance. A mean of 18 stems were measured in the 16cm<24cm diameter class, but no
recordings were made within plots furthest away from disturbance. 83.3% of these were recorded within disturbed plots.
100
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Fig. 2. Diameter class distribution of the mean number of C. edulis stems recorded in plots near disturbance, mid-way from
disturbance and furthest from disturbance in C. edulis occupied sites.

TABLE II.

AVERAGE NUMBER OF C. EDULIS STEMS PER SITE EXPRESSED AS PERCENTAGE IN THE THREE DIAMETER CLASSES

RECORDED WITHIN THE DISTURBED PLOTS, MID-WAY FROM DISTURBANCE AND FURTHEST AWAY FROM DISTURBANCE IN C. EDULIS
OCCUPIED SITES.

Section mid-way
from disturbance

Section furthest
away from
disturbance

Diameter class
(cm)

Section within
the disturbance

0≥8

(233) 46.40%

(168) 33.50%

(101) 20.10%

8≤16

(23) 18.40%

(30) 24%

(72) 57.60%

16≤24

(0) 0%

(3) 16.70%

(15) 83.30%

One way ANOVA and independent T- test summary results for the mean of C. edulis stems in the three diameter classes recorded
within disturbed plots (ND), mid-way from disturbance(MD) and furthest away from disturbance (FD) in C. edulis.
One Way Anova test shows that the P values (6.8x10-7, 1.2x10-6, and 6.6x10-5) for the three diameters classes of the 3 sections
are smaller than the alpha value (0.05). This indicates that there is a significant difference in at least two of the mean numbers of C.
edulis stems in the sections. T- test results indicate significant differences among all the 3 paired sections: (1) within disturbance
and furthest away from the disturbance (2); mid-way from disturbance and near the disturbance (3) mid-way from disturbance and
furthest away from disturbance since the P values (3.7x10-5, 1.7x10-4, 1.4x10-3, 0.031, 2.31x10-4, 8.36x10-5, 0.035, 0.01, 0.005) are
less than alpha value (0.05).
III.3.
Diameter class distribution of woody species stems (excluding C. edulis) recorded in C. edulis occupied sites
and in control sites and C. edulis stems in C. edulis occupied sites
Diameter class distributions of (1) average number of stems (excluding C. edulis) recorded in C. edulis occupied sites, (2)
average number of stems recorded in control sites and (3) average number of C. edulis stems recorded in C. edulis occupied sites
are illustrated in Fig 3. The diameter class distributions shown for stems recorded in the control sites and C. edulis stems recorded
in C. edulis occupied sites indicate an inverse J distribution, while that for stems recorded in C. edulis occupied sites (excluding C.
edulis) indicates an irregular bell-shaped distribution with complete absence of individuals in classes 0-8cm, 21-24cm and 29-35cm.

Vol.30 No. 1 December 2021

ISSN: 2509-0119

295

Population Structure of Catha Edulis (Vahl) Forssk. Ex Endl. And Its Impact on Woody Species Composition in Vumba, Zimbabwe

Chart Title
300
Average number of
stems in C. edulis
occupied sites
(excluding C. edulis)

250
200
150
100

Average number of
stems in the Control
sites (no C. edulis)

50
0
4

8 12 16 20 24 28 32 36 40

Fig. 3. Diameter class distribution of (i) average number of native stems (excluding C. edulis) recorded in C. edulis occupied sites,
(ii) average number of native stems recorded in control sites (not occupied by C. edulis), and ( iii) average number of C.
edulis stems recorded in C. edulis occupied sites.
IV. DISCUSSION
Results of Shannon diversity index and equitability test showed significant differences in species diversity and evenness between
C. edulis occupied plots and adjacent control plots; with the C. edulis occupied sites having significantly low species diversity and
evenness. Similar trends were observed by [17] and [18]. C. edulis produces high numbers of seeds. This provides it with
competitive advantage in occupying new habitats [19]; [20]; [21].
Sections furthest away from disturbance had a significantly higher number of C. edulis individuals which were also significantly
younger compared to those nearer the disturbed sites. C. edulis individuals near disturbed sites got established first hence were
older. When conditions are conducive, C. edulis being a tall species, the relatively small seeds [3], disperse further away from the
parent plants [22]. This reduces infra-specific competition and extends the species distribution [23]. Tall trees provide seeds with a
higher starting point and open space to allow the seeds to be blown farther away with minimum disturbance from other plants. C.
edulis seedlings and shrubs are hence, more densely stocked compared to adult plants [24]. The seedlings as a consequence
constitute a higher population compared to the predominantly adult plants.
Three of the six species found in C. edulis occupied sites, T. orientalis, H. madagascariensis and C. edulis are all recorded as
pioneer species [25].Establishment and growth of the other two species, however, appears to be suppressed by C. edulis. T. orientalis
[26] and H. madagascariensis [27] are small to medium sized trees, usually growing up to 10 m and 10 m – 15 m in height,
respectively. C. edulis on the other hand, can grow up to 25 m [28]. The dense formation of C. edulis individuals allows the species
to form closed canopies. This allows the species to shade seedlings of competing species, thus depriving them of light [24]. A
number of species have the tendency of using this strategy as suggested by [18] on Impatiens glandulifera which shades off seedlings
of other species as it is the tallest annual in areas it invades. This then retards germination and establishment of species beneath its
canopy, and in turn, reduces species diversity and evenness [18].
The inverse J-distribution of C. edulis suggests that the species has a good regeneration potential [29]. Woody plant species
display this type of distribution when number of individuals within the species or population is higher in lower diameter classes and
gradually decreases towards the higher classes. In such a pattern, there are many seedlings that can be recruited into successive
growth stages, thus enhancing sustainability of the species [30]. Native plant species within sites occupied by C. edulis display an
irregular bell-shaped distribution. When species display an irregular population distribution pattern, it implies that their regeneration
capacity is not keeping pace with mortality above a fixed diameter limit [30]. This suggests that such species are in poor regeneration
capacity [29] and potentially threatened. Control sites also indicated healthy regeneration capacity of the native species.
Population stem diameter distribution structure is based on the assumption that populations with many small stems are selfreplacing when compared to those with larger stems. On the other hand, populations with relatively few, small stems are in decline
[31]. This assumption has been questioned in studies that reported declining populations with size structures that display the classic
reverse J shape [32], while increasing or stable populations also showed size structures which did not adjust to the negative
exponential curve [33]. This was explained through differences in growth rates among size classes. This method has been used
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however in several studies by [34], [29], [30] and [35]. While it is not recommended as the sole basis for management decisions, it
does give an insight on species population status [31].
V. CONCLUSION
The study established that Catha edulis has a high regeneration potential while populations of competing native species are in
apparent unstable condition. The predominance of C. edulis also in sections furthest away from disturbance suggests an
encroachment of the species beyond disturbed sites. This is most worrisome for the continued stability of populations of native
species. Further studies are proposed to elucidate mechanisms that enhance the aggressive growth pattern and suppression of
competing species by C. edulis in the study area.
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