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Abstract

The successful management of natural resources requires access to adequate information on social, economic, ecological, and cultural changes in
order to mitigate their impacts through conservation interventions. In most cases, such information is provided in the form of simple diversity
indices, which may not predict the complex nature of species functioning in ecosystems. In this study, we used rank abundance, analysis of
similarities (ANOSIM), similarity percentages (SIMPER), and taxonomic-diversity and distinctness indices to show the status of tree and shrub
species in Kasagala forest reserve in central Uganda. Four 100 x 100 m plots were established in four vegetation strata of the strict nature reserve
of the forest, and diameter at breast height (DBH) of trees and shrubs =5 cm measured. There was no significant difference in species abundance
in the four vegetation strata (Kruskal Wallis H = 2.614, p = 0.453; ANOSIM: R = -0.334, p = 0.995). The taxonomic diversity and distinctness of the
four vegetation types ranged between 2.414 and 2.786 while the taxonomic distinctness values ranged between 2.897 and 2.978. The taxonomic
diversity of the forest is generally even, suggesting a homogeneous community. We suggest that the managers of the forest constitute a
continuous monitoring program aimed at controlling the impact of anthropogenic factors, one of the main influences for such low taxonomic
distinctness values observed for this forest.
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Introduction

Forest ecosystems provide numerous ecological services and economic benefits to many national
economies in the world [1, 2]. Currently, there is growing concern about the depletion of the world’s
forests [3-6]. However, conservation for ecological services such as climate amelioration, pollution
control, and buffer zone protection is seldom perceived in terms of economic benefits [7-9]. For many
people and economic planning authorities, forest ecosystems should meet immediate needs of mankind
such as employment, food, and shelter. Therefore, conservation for ecological services is usually placed
in the second pecking order of action. It is not surprising that industrial development leads to large-scale
clearance of forested or wooded areas [6]. In most cases, ecosystem conservation value is not
computed. Where it is done and all conservation services are properly costed, the importance of forest
ecosystems is often more immense than alternative land use options such as industrialization [8-11].

Successful natural resource management and conservation are usually hindered by lack of or inadequate
information to guide decision-making [8, 12]. Since changes in vegetation usually manifest themselves in
social, economic, ecological, and cultural impacts [13], there is a need to monitor vegetation and land-
use changes in order to mitigate their impacts through conservation interventions. In most cases where
information on vegetation structure is provided, simple diversity indices are used to characterize the
biodiversity of ecosystems. However, biodiversity is much more complex and is not just the abundance
of species in an area, since not all species contribute equally to the functioning of ecosystems [14, 15].
Therefore, simple estimates of species diversity such as abundance, richness, and evenness remain only
crude estimations of community structure [16]. The effect of environmental perturbations to an
ecosystem can be better understood only if a suitable estimate is made that utilizes the effect of such
perturbations to assess related individuals in the ecosystem.

Clarke and Warwick [17] pioneered a method of measuring taxonomic distinctness and taxonomic
diversity that is sensitive to community perturbation and is therefore appropriate to detect differences
among communities. Taxonomic diversity is the average (weighted) path length between every pair of
individual organisms, with individuals in the same genus being closer than individuals in the same family
[17]. On the other hand, taxonomic distinctness has been defined as the average (weighted) path length
between every pair of individuals, ignoring the paths between individuals of the same species [17].
Therefore, while taxonomic diversity deals with the relatedness of individuals in the same genus, family,
or order, taxonomic distinctness quantifies the relationship of individuals in a sample [15], thereby
utilizing community structure as a whole. These two measures of diversity are therefore able to measure
the diversity of an ecosystem, taking into consideration the disappearance of related and unrelated
organisms and thus making conservation and management decision-making more tenable.

Whereas taxonomic diversity and distinctness indices have been widely used in marine studies, they are
gaining popularity in the measurement of the conservation value of vegetation communities [18, 19]. In
Uganda, where the country’s woodland are facing severe pressure from exploitation for charcoal,
timber, and poles, these indices can be very useful in assessing the present conservation status of such
woodlands. Kasagala forest in Uganda is a typical example of an important vegetation pocket that is
facing severe wood extraction for the provision of charcoal and firewood due to its proximity to
Uganda’s major urban centers. This situation is exacerbated by the steep growth in human populations
and a corresponding demand for agricultural land, which has reduced the buffer zone area of the forest.
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Previously set aside to provide ecosystem services and offer catchment protection to Lake Kyoga, an
inland water body that is gradually drying up due to loss of surrounding vegetation cover [20], this forest
is of immense ecological value. Moreover, with a record of high stocks of Combretum trees and the
serious threat posed by forest clearance (Figure 1b), this woodland is specifically vulnerable, since
Combretum firewood and charcoal are highly preferred by the urban markets of Uganda [21]. Moreover,
encroachers are quick to turn parts of the forest into agricultural land, so that only those areas with
more difficult terrain retain a reasonable number of larger-stemmed tree individuals (Fig. 1). In view of
the above, a study was carried out to investigate the taxonomic diversity and distinctness of the tree
species in the forest so as to make conservation and policy recommendations regarding the future
management of the forest.

Fig. 1. Kasagala forest reserve — Clockwise
from top: (A). Typical savanna vegetation of
the reserve, (B). Anthropogenic activities
are apparent here — research team
inspecting a freshly cleared part of the
nature reserve. A few large-stemmed tree
individuals are only left at top of Kasagala
hill such as these Euclea latidens Stapf (C)
and Nuxia floribunda Benth (D).

Fig. 2. Location of Kasagala woodland forest
reserve in Uganda.
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Methods

We established four permanent sample plots (PSPs) in the strict nature reserve of Kasagala woodland
forest in central Uganda, using a sampling intensity of 0.08% (adapted from Alder and Synnot [22]). The

woodland is located between 0° 55’ and 1° 33’ N and 32° 00" and 32° 35’ E and lies at altitude of 1,100 m

above sea level [23]. It was gazetted in 1932 for biodiversity conservation and watershed protection [20].
The forest has been described by Langdale-Brown et al. [24] as dominated by Combretum — Terminalia —
Loudetia savanna. It is not particularly biodiverse, although it contains a regional endemic species,
Vernonia iodacalyx O.Hoffm. and a particularly high diversity of butterflies (76 species) as compared to
other Ugandan woodlands [23].

Establishment and design of permanent sample plots

We utilized the current zoning system in Kasagala woodland forest as a basis for setting up the PSPs. The
forest is zoned into a production zone and strict nature reserve (Figure 2). We established the PSPs in the
strict nature reserve due to its relative protection and the minimum likelihood of human disturbance.
The PSPs were located in four vegetation strata that are representative of the vegetation of the strict
nature reserve (Figure 2).

Plot demarcation and marking

We established a 1-ha (100 x 100 m) PSP in each of the strata using a magnetic northeast directional
alignment. To avoid destruction by grazing animals, we constructed clearly marked concrete 1 x 1 m L—
shaped cairns reinforced with metal studs at each of the four corner points of each plot. In addition, we
constructed concrete cairns at all the 50m mid-point locations of every 100 m stretch of the plot
boundaries. We geo-referenced all corner points of the plots with the aid of a Garmin 12 x Global
Positioning System (GPS) for ease of re-locating them in future.

We divided each plot into four quadrats of 50 x 50 m and enumerated all trees and shrubs that
measured > 5 cm DBH. We identified all the trees and shrubs in each quadrat to species level with the
help of a field taxonomist and relevant field identification guides like Eggeling [25], Beentje [26], Blundell
[27] and Mabberley [28].

Data processing and analysis

We tested for similarities in tree species richness/abundance between the different vegetation strata by
performing an analysis of similarities (ANOSIM) based on Bray-Curtis distances. We also performed a
Similarity Percentages (SIMPER) analysis to determine the percent contribution of each species to the
similarities in species abundance. A Kruskal-Wallis test was applied to show the differences in mean
number of species in each vegetation type.

In measuring ecosystem structure, taxonomic diversity ( A ) and taxonomic distinctness ( A* ) indices
utilize relatedness (species, genus, family, order, etc.) among the measurement units in the population
[17]. We utilized three levels of taxonomic information (species, genus, and family) to determine the
taxonomic diversity ( A ) and taxonomic distinctness ( A* ) for each of the vegetation strata by
bootstrapping from 200 random replicates of the total tree counts at 95% confidence interval. All
analyses were performed in the Paleontological Statistics (PAST) software version 1.89 [29].
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Results

The species abundance ranged from 33 to 41 tree/shrub species per plot (mean = 29). Ficus was the
most highly speciose family (9 species) while Acacia and Albizia each had 4 and 3 species, respectively.
Combretum, Euclea, Grewia, Maytenus, Oncoba, Rhus and Vitex were represented by two species each,
while the rest of the genera had one species each. Combretum was highly abundant in plot 3 but much
less in the other vegetation strata (see Appendix 1).

Table 1. Descriptive statistics of the vegetation strata in Kasagala forest, Uganda.

Vegetation Elev. Stem  No. of Taxonomic diversity Taxonomic distinctness
strata (m. asl.) count species Calculated Low High Calculated Low High

Dry
Mystroxylon -
Hymenocardia
woodland

Dry Euphorbia
- Combretum
thicket
woodland
Seasonally
flooded grass
and herb
savanna

Dry sparsely
wooded 1070 455 33 2.51 2.68 275 2.97 295 297
savanna

1145 1459 37 241 270 273 2.97 296 297

1073 501 41 2.79 2.68 275 2.98 295 297

1060 330 35 2.66 2.67 276 2.90 296 297

Of the 69 species encountered, 13 occurred in all the vegetation strata, while 13 occurred in three strata
(Appendix 1). SIMPER analysis showed that less than half (n = 31) of the species occurred in only one
plot. Most species had low abundances (Fig. 3a-d). Ten species of highest abundance (14% of the total
number of species) contained over 72% of all trees and shrubs encountered. For 14.5% of the species,
only one individual tree was encountered, whereas 55% of the species had 10 or fewer individuals. There
was no significant difference in species richness in the four vegetation strata (Kruskal Wallis: H = 2.614,
H. =2.923, p = 0.453; ANOSIM: R =-0.334, p = 0.995). The species rank/abundance curves showed that
the species distributions were unevenly distributed (Fig. 3a-d). Plots 1 and 4 had the most uneven
species distribution of the four sample plots (Fig. 3a & d). Mystroxylon aethiopicum (Thunb.) Loes
accounted for 39% while Hymenocardia acida Tul. and Combretum collinum Fresen each accounted for
10% of the abundance in plot 1. Similarly, Rhus natalensis Bernh. Ex Krauss, the most dominant species
in plot 4, accounted for over 34% of the abundance in this vegetation stratum. Plots 2 and 3 had more
than one dominant species.

The taxonomic diversity ( A ) and distinctness ( A* ) of the four vegetation types was generally even,
suggesting a homogeneous community. The values of taxonomic diversity ranged between 2.414 and
2.786 (95% bootstrapped Cl values ranged between 2.680 and 2.758), while the taxonomic distinctness

Tropical Conservation Science | ISSN 1940-0829 | Tropicalconservationscience.org
323



Mongabay.com Open Access Journal - Tropical Conservation Science Vol.3 (3):319-333, 2010

values ranged between 2.897 and 2.978 (95% bootstrapped Cl values ranged between 2.953 and 2.974)
(Table 1). Plot 2 had the highest taxonomic diversity and distinctness ( A= 2.786, A*= 2. 978 ). The lowest
taxonomic diversity (A=2.414) was observed in plot 1 while plot 3 had the lowest taxonomic distinctness
(A*=2.897). Generally, the values of taxonomic diversity were lower, while those for taxonomic
distinctness were higher than would have been expected to occur by random chance except in plots 2
and 3. The taxonomic diversity value for plot 2 was higher than the 95% confidence interval. The
taxonomic distinctness value for plot 3 was lower than would have been expected by chance. Plot 3 was
a seasonally flooded grass and herb savanna and seems to have been highly impacted by anthropogenic
pressures. This plot had the least number of woody plants>5 cm DBH.
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Fig. 3a-d. Rank abundance curves for five most abundant species in the four vegetation strata: (a)
Plot 1: Dry Mystroxylon — Hymenocardia woodland (b) Plot 2: Dry Euphorbia — Combretum thicket
woodland (c) Plot 3: Seasonally flooded grass and herb savanna, and (d) Plot 4: Dry sparsely
wooded savanna.
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Discussion

Species abundance

Although Kasagala woodland forest has been described as a dry Combretum woodland [24], we found
that the most abundant tree species are M. aethiopicum and R. natalensis, suggesting a change in
species dominance. In this study, the rank abundance curves (Fig. 3a-d) suggest an uneven species
distribution in all the vegetation strata. The highly ranked species are more abundant than the low-
ranking species. Changes in species dominance have important consequences on local-level and spatial
processes including mechanism of species coexistence [30]. Species abundance measures also show
species integrity and effect of habitat degradation on biodiversity [31]. Ranking species abundance is a
useful method of representing dominant as well as under-represented species. According to Hildebrand
and others [30], factors that increase or decrease the dominance in a community alter the distribution of
traits in the community, which also determines the community resistance or resilience to disturbance.

The numerical dominance of M. aethiopicum in plot 1 and R. natalensis in plot 4 suggest that these
species either possess high regeneration rates or face less anthropogenic selection compared to other
species in the woodland forest. Kasagala woodland forest was previously described as a Combretum-
dominated forest [24]. However, Combretum species in Uganda’s woodlands are currently facing serious
extraction pressure as the favored species for charcoal production and firewood [32]. While we cannot
exclusively infer that this is the main factor shaping the species-dominance relationship presently in
Kasagala forest reserve, changes in dominance found in the present study indicate that the dominant
species of this woodland forest reserve have changed over time. The spatial distribution and community
composition in the four vegetation strata suggest a combination of forces shaping this vegetation
community (cf. Fig. 1c). As such, this woodland forest may not be described as Combretum-dominated
woodland as other tree/shrub species like M. aethiopicum and R. natalensis have become more
abundant [33].

Taxonomic diversity and distinctness

Taxonomic diversity and distinctness have been widely employed in marine ecology to show the integrity
of communities and habitat conservation status [31, 34-38]. Taxonomic diversity and distinctness indices
are appropriate for indicating the effect of anthropogenic disturbances and degradation of biotic
communities [39, 40]. Although the effects of anthropogenic influences on species richness were not
examined, heavy grazing and browsing and rampant charcoal burning in the forest were observed,
especially in the low-lying areas of plot 3.

The taxonomic distinctness values for this woodland depict a homogenous woodland that has been
degraded by human activities. Taxonomic diversity ( A ) and distinctness ( A* ) values fall outside the 95%
confidence interval, implying this woodland forest is homogeneous. However, the seasonally flooded
grass and herb savanna faces disturbances and perturbations to its species stability as evidenced by its
low taxonomic distinctness. As noted by Warwick [34], perturbed communities tend to have reduced
taxonomic distinctness, being composed on average of more closely related species than unperturbed
communities, which tend to have more taxonomically distant species thus resulting in greater taxonomic
distinctness. We conclude that the low taxonomic distinctness value for plot 3 is a result of
anthropogenic influences. Although anthropogenic activity was not part of this investigation, we
observed high presence of cattle and goats grazing in the woodland forest, as well as charcoal
production and firewood harvesting in this lowland vegetation type. This is a common phenomenon in
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Uganda’s woodland forests that supply fuel wood and building poles [41]. Continued and uncontrolled
removal of tree species such as Combretum for firewood and charcoal will alter the composition and
structure of the woodland forest and adversely affect its biodiversity and ecosystem functions.

Table 2. Ranking of 20 most abundant species in Kasagala woodland forest

Species Rank Abundance Proportion
Mystroxylon aethiopicum 1 580 21.1
Combretum collinum 2 275 10.0
Rhus natalensis 3 256 9.3
Hymenocardia acida 4 190 6.9
Strychnos innocua 5 139 5.1
Vitex fischeri 6 132 4.8
Vepris nobilis 7 129 4.7
Euphorbia candelabrum 8 98 3.6
Annona senegalensis 9 95 3.5
Combretum molle 10 88 3.2
Lannea kerstingii 11 86 3.1
Antiaris toxicaria 12 80 2.9
Euclea latidens 13 46 1.7
Ziziphus abyssinica 14 42 1.5
Grewia holstii 15 40 1.5
Vangueria apiculata 16 36 13
Cussonia arborea 17 35 1.3
Vitex doniana 18 25 0.9
Albizia zygia 19 23 0.8
Piliostigma thonningii 20 23 0.8

Implications for conservation

Woodlands are important for the provision of goods and services that promote development and
livelihood opportunities. Some of these goods include firewood, timber, poles, charcoal, and other minor
produce. On the other hand, the services include watershed protection, soil erosion control, and shade.
Although the value of these goods and services is vast, wise management and conservation decisions
require the availability of empirical data on the need for such conservation. However, as noted by
Namaalwa [42], these data are scarce for Ugandan woodlands. Due to the paucity of empirical data and
the need to generate information that can be used for conservation and policy decisions, Kasagala forest
was identified as a candidate woodland for this study. While several woodlands around Lake Kyoga were
gazetted in the 1930s to provide catchment protection to the lake system, Kasagala forest is seriously
threatened by the exploitation of its woodland resources for charcoal, firewood, and poles (Figure 3b).
The findings of this study are therefore important in suggesting policy and conservation
recommendations for this and similar woodland forests in Uganda that are in dire need of conservation.
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This study has revealed that this forest is not especially species diverse. The pattern of tree abundance
showed that the highest tree stem density in this forest can only be found in the high-altitude parts of
the forest (plot 1) (Table 1, Appendix 1). Indeed, M. aethiopicum, the most abundant tree species in the
forest, is dominant in the high-altitude part of the forest and only occurs in fewer numbers in the
adjoining lowland areas (Fig. 3a, Appendix 1). This implies that while management and conservation
efforts are required for the whole forest ecosystem, the main areas of concern are the lowland areas
where tree extraction may be more apparent due to ease of access by grazers and encroachers. Indeed,
as shown in Fig. 1b, creation of a strict nature reserve has not afforded the forest the protection that
would be expected. Given such a scenario then, management and conservation of the different
vegetation strata of the forest require a community conservation approach that includes serious
awareness and sensitization to the people around the forest. This may be the most tenable approach;
these woodlands are located in the most poverty-stricken parts of the country, where over 50% of the
population can be described as poor and living on less than one dollar per day [43]. Although this system
of community participation in the management of forest resources is presently practiced in Uganda’s
tropical high forests, it has not been used for woodland resources as is the case in Tanzania’s Miombo
woodlands [44].

While Kasagala forest has historically been known for its stocks of Combretum trees, leading to its
description as a Combretum-dominated woodland by Langdale-Brown and others [24], evidence from
this study shows that Combretum species make up only 13% of the total stems counted (Table 2).
Combretum is most dominant only in plot 3 — the seasonally flooded grass and herb savanna. As noted by
Kalumiana and Kisakye [32], Combretum species are heavily harvested in Uganda’s woodlands on
account of the high-quality charcoal they produce. Unless this harvesting is checked, this can develop
into a typical “tragedy of the commons” as people strive to obtain means of livelihood through
extraction of the most commercially valuable species. Such selective extraction ultimately impacts on
ecosystem structure and functioning including species interactions and resilience. Although enrichment
planting is a common practice for replenishing depleted stocks of common tree species in natural high
forests, this is not yet the case for savanna woodland species for which silvicultural techniques are not
yet refined or even established in Uganda. This is, however, a possible solution for the restoration of
degraded woodlands such as Kasagala forest.
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Appendix 1. Tree/shrub species inventoried from Kasagala woodland forest

Species Family Abundance
Number of stems

Plot1 Plot2 Plot3 Plot4
Acacia hockii De Wild. Fabaceae 4 2 8 3
Acacia polyacantha Willd. Fabaceae 0 0 0 1
Acacia senegal (L.) Willd. Fabaceae 0 0 1 0
Acacia sieberiana DC. Fabaceae 0 0 2 4
Albizia coriaria Oliver Fabaceae 1 15 2 3
Albizia gummifera (J. F. Gmel.) C. A.  Fabaceae 2 0 0 2
Sm.
Albizia zygia (DC.) J.F.Macbr. Fabaceae 6 12 3
Allophylus africanus P. Beauv. Sapindaceae 7 11
Annona senegalensis Pers. Annonaceae 31 33 22
Antiaris toxicaria Lesch. Moraceae 41 34 5
Bridelia scleroneura Mlll. Arg. Euphorbiaceae 3 1
Carissa edulis (Forssk.) Vahl Apocynaceae 0 0
Combretum collinum Fresen. Combretaceae 150 11 64 50
Combretumn molle R. Br. ex G. Don Combretaceae 36 19 33
Cussonia arborea Hochst. ex A. Rich.  Araliaceae 16
Dombeya burgessiae Gerrard ex Sterculiaceae 0 2
Harv.
Ekebergia senegalensis A. Juss. Meliaceae 1 0 0
Erythrina abyssinica Lam. ex DC. Fabaceae 0 0 0
Euclea latidens Stapf Ebenaceae 21 18 7 0
Euclea racemosa L. Ebenaceae 0 1 0 0
Euphorbia candelabrum Tremaux ex  Euphorbiaceae 64 13 0 21
Kotschy
Ficus glumosa Delile Moraceae 14 0 1 0
Ficus ingens (Miq.) Miq. Moraceae 0 0 0 1
Ficus lutea Vahl Moraceae 0 0 1 0
Ficus natalensis Hochst. Moraceae 0 0 1 0
Ficus ottoniifolia (Miq.) Miq. Moraceae 0 0 0 6
Ficus ovata Vahl Moraceae 0 0 2 0
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Flueggea virosa (Roxb. ex Willd.)
Voigt

Gardenia ternifolia Schumach. &
Thonn.

Grewia holstii Burret
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Lannea kerstingii Engl. & K. Krause
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Webster

Maytenus senegalensis (Lam.) Exell
Maytenus undata (Thunb.) Blakelock
Milicia excelsa (Welw.) C.C. Berg
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Loes.

Nuxia floribunda Benth.

Ochna afzelii R.Br. ex Oliv.
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Stereospermum kunthianum Cham. Bignoniaceae 3 11 1 7
Strychnos innocua Delile Loganiaceae 134 1 3 1
Tamarindus indica L. Fabaceae 7 0 0
Trichilia emetica VVahl Meliaceae 0 2 0 0
Trichilia martineaui Aubrév. & Pellegr. Meliaceae 1 1 0 0
Trichilia prieuriana A. Juss. Meliaceae 5 0 0 0
Vangueria apiculata K.Schum. Rubiaceae 22 12 0 2
Vepris nobilis (Delile) W. Mziray Rutaceae 44 27 4 54
Vitex doniana Sweet Verbenaceae 2 0 0 23
Vitex fischeri Gurke Verbenaceae 39 82 11 0
Ximenia americana L. Olacaceae 0 0 0 1
Zanthoxylum chalybeum Engl. Rutaceae 0 1 0 0
Ziziphus abyssinica Hochst. ex A. Rhamnaceae 0 26 11 5
Rich.

Total 1459 501 330 455
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