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ABSTRACT

A study on the influence of vegetation type on taxonomic diversity and functional traits of
grasses and forbs was carried out in Chishakwe Safari, Zimbabwe. Data were collected in
February to March 2023. The stratified random sampling was employed. The study area was
stratified according to vegetation types that dominated the landscape. Six strata were
established namely: Combretum_apiculatum- Colophospermum_mopane,
Combretum_apiculatum- mixed Grewia, Colophospermum_mopane- Diospyros_quiloensis,

Grewia open shrub land, Acacia schweinfurthil and Dichrostachys cinerea. For grasses and



forbs, a line transect of 100m by 2m was randomly placed in each strata to determine
abundance and the functional traits. For trees and shrubs, a line transect of 100m by 4m was
also placed in each strata where grasses and forbs transect was positioned. Results from
multi-variate analysis in SPSS showed significant differences in tree height, shrub height,
DBH, shrub canopy diameter and tree canopy cover. The findings of this study indicated that
there was an even distribution of resources hence no differences in vegetation’s study
variables. This study also exhibited low Shannon diversity indices of both grasses and forbs
in all vegetation types. There were no significant differences in height of forbs and leaf
thickness of grasses. There were significant differences in the height, pinnacle height,
internode length and leaf area of grasses as well as in pinnacle height, internode length, leaf
thickness and basal cover of forbs. Results from this study suggests that vegetation type have
an influence on the taxonomic diversity and functional traits of both grasses and forbs. It is
therefore recommended that ecologists and conservationists should recognize the specific
vegetation types that support high diversity and unique functional traits, and prioritize the

protection of these habitats to maintain overall ecosystem health and resilience.
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CHAPTER 1: INTRODUCTION

1.1 Background to the Study
The Lowveld area of Zimbabwe is renowned for its abundant biodiversity and distinct types

of vegetation (Mashapa, 2018). These various vegetation types, such as grasslands,
woodlands, and savannas, play a vital role in supporting a wide array of plant species,
particularly grasses and forbs. The diversity of grasses and forbs, both taxonomically and in
terms of their functional characteristics, serves as significant indicators of the health and
resilience of the ecosystem. Grasses encompass a diverse collection of monocotyledonous
plants from the Poales order and Poaceae family, comprising more than 12,000 species
(Watson and Dallwitz, 1988). Forbs, on the other hand, are herbaceous plants (non-woody)

that typically possess broad leaves and attractive flowers.

Taxonomic diversity pertains to the quantity and proportional representation of species within
a community. According to Hautier et al., 2009, the primary factors constraining plant growth
in temperate semi-natural grasslands in humid climates are nutrients and light. The
availability of light diminishes in the lower layers of vegetation due to its unidirectional
provision. The conditions experienced by individual plants can vary across many different

factors. These factors depend on the diversity of the overall plant community.

Functional traits are the physical, biological, or behavioral characteristics of a plant species
that affect how it grows, reproduces, or survives (Pérez-Harguindeguy et al., 2013).
Examples of plant functional traits include things plant height, internode length, leaf size, leaf
thickness, pinnacle height, and seed mass. These functional traits are the result of long-term
evolutionary adaptations that have allowed the plants to thrive in their environment (Moles et
al., 2009). They are often used as indicators of how an ecosystem is functioning (Liu et al.,
2015). This is because functional traits can directly influence how energy and materials move
through the ecosystem, as well as regulate various ecological processes within that system
(Jiang et al., 2007). Numerous researches have indicated that plant functional traits can

establish a link between species and ecosystems (Liu et al., 2015).

Levine and HilleRisLambers (2009) suggested that variations in functional traits among plant
species are believed to promote niche differentiation, thereby facilitating the coexistence of
species. Chaplin et al., (1987) argue that diverse vegetation stands expose plants to a range of

environmental factors, as well as temporal and spatial fluctuations in resource availability.



Several studies have provided evidence of positive relationships between diversity and
productivity, particularly in grasslands (Grace et al., 2016). Leps et al., (2006) stated that
different species within different regions, or even populations of the same species located in

different regions, show diverse functional traits due to limitations in species distribution.

The variability in the expression of functional traits plays a significant role as it enables
plants to adapt to environmental fluctuations. Functional traits data provides important
information for understanding the ecological characteristics of a specific location and how
plant diversity changes in response to shifts in the environment (Dainese et al., 2015). The
diversity of plant functional traits, like height, leaf size, or seed weight, reflects the variation
between different plant species in how they respond to environmental changes. This variation
in functional trait diversity has been shown to be a key factor that drives changes in the
overall functional diversity of plant communities over time (Pakeman, 2011). There is
evidence suggesting that ecological communities with high functional diversity tend to be
more resilient and better equipped to withstand the impacts of environmental change (Pillar et
al., 2013).

To date, no research has been conducted to investigate how vegetation type affects the
taxonomic diversity and functional traits of herbaceous plants in the Save Valley
Conservancy (SVC), a highly biodiverse region. Consequently, this study was undertaken in
Chishakwe Safari, an area located in the northern section of the SVC, with the aim of
examining how various vegetation types influence the taxonomic diversity and functional

traits of grasses and forbs.

1.2 Problem Statement
Limited knowledge exists regarding the influence of environmental variation on the

expression of traits among different species within plant communities. Given the influential
role of trees in forests and their effects on diverse ecological factors, it is reasonable to expect
that the identity and composition of tree species impact the biodiversity of understory

vegetation, encompassing its diversity and composition (Barbier et al., 2008).

1.3 Justification of the Study
Plants hold significant importance to humans for various reasons, encompassing aesthetics,

biology, and economics. People derive pleasure from the captivating beauty of plant species,
with their vibrant colors, both in natural habitats, cultivated areas, and gardens worldwide.
The biodiversity of plants is invaluable, as it plays a crucial role in maintaining ecosystem

balance, safeguarding watersheds, preventing erosion, regulating climate, and providing



habitat for animals. Herbaceous plants provide important habitats and food sources for
various wildlife species. They offer shelter, nesting sites, and food in the form of leaves,
flowers, seeds, and nectar, supporting the survival and reproduction of numerous organisms.
According to Mc Gill et al., (2006), quantifying the expression of functional traits and
understanding their variations among and within species is seen as a promising approach to
enhance our comprehension of community assembly and ecological processes. The outcomes
of this study will contribute to the existing knowledge regarding the ecological dynamics of
the Lowveld region and can offer insights for conservation and management initiatives in
similar rapidly dilapidating ecosystems. Moreover, this study has the potential to enhance
understanding of the intricate nature of herbaceous species. Plant data is crucial for
conservationists and environmentalists involved in preserving and protecting plant species
and their habitats. It aids in identifying rare and endangered plants, assessing the status and

trends of plant populations, and formulating conservation strategies and management plans.

1.4 Aim of the Study
This study aims to investigate the influence of different vegetation types on taxonomic

diversity and functional traits of grasses and forbs across multiple ecosystems.

1.5 Research Objectives
1. To assess the taxonomic diversity of grasses and forbs in different vegetation type

2. To compare the functional traits of grasses and forbs in different vegetation types
3. To examine the potential relationship between vegetation types, plant diversity and

functional traits of grasses and forbs

1.6 Research Questions
1. How do taxonomic diversity of grasses and forbs vary across different vegetation

types?
2. Do functional traits of grasses and forbs differ between various vegetation types?
3. What is the relationship that exists between vegetation types, plant diversity and

functional traits of grasses and forbs?



CHAPTER 2: LITERATURE REVIEW

2.1 Influence of Vegetation Type on Taxonomic Diversity of Herbaceous Species
Distinct microhabitats are created by different vegetation types, leading to variations in soil

conditions, moisture availability, and light penetration. These factors can significantly impact
the establishment and growth of various plant species, ultimately shaping the taxonomic
diversity within plant communities. In forest ecosystems, where trees hold a dominant
position and influence various ecological gradients, the identity and composition of tree
species are likely to affect the biodiversity of understory vegetation, including its diversity

and composition (Barbier et al., 2008).

Traditionally, the structure and composition of plant communities have been shown to be
strongly influenced by interactions between plants, such as competition, parasitism,
mutualism, and commensalism. However, the importance of positive interactions, known as
facilitation, in shaping community dynamics has also been well established (Mc Intine and
Fajardo, 2014). For instance, in Alpine meadows, facilitation plays a crucial role in
increasing the richness and diversity of the plant community by helping to reduce stressful
conditions (Cavieres et al., 2016). Facilitation also affects the functional diversity of plant
communities (Butterfield and Callaway, 2013), particularly by mitigating stressful
environmental conditions. As a result, facilitation can allow associated plant species to utilize
a wider range of ecological niches (Bulleri et al., 2016). For example, in an Alpine site in
Australia, researchers found that the nurse shrub Epacris gunni supported a greater number of
plant species that were taller and had larger leaves compared to open areas without the nurse
shrub (Ballantyrne and Pickering, 2015).

Solofondranohatra et al., (2018) conducted a research in the central highlands of Madagascar,
grass functional traits were compared between the forest and savannah ecosystems. The study
found that the grass species found in Tapia woodlands had higher species richness and greater
diversity in their evolutionary relationships compared to the grass species found in grasslands
or forests. This higher diversity of grass species in the Tapia woodlands was attributed to the
environmental variation within the woodland, which was supported by the heterogeneity or
unevenness in the tree cover. The presence of varied tree cover allowed for the coexistence of
a greater number of different grass species (Silvertown, 2004) compared to more uniform

grassland or forest habitats.



Barbier et al., in 2008 studied how temperate and boreal forests impact the diversity of the
understory vegetation, and the mechanisms involved. The study found that coniferous
(needle-leaved) forests generally have less diverse vascular plant communities in the
understory, compared to broadleaved forests. These findings were attributed to the influence
of overstory composition and structure, which affected resource availability (such as light,
water, and soil nutrients) and other factors such as the physical characteristics of the litter

layer on the vegetation (Barbier et al., 2008).

Numerous studies have investigated how vegetation type influences the taxonomic diversity
of grasses and forbs. The factors driving species diversity and their relative significance vary
at different spatial scales (Siefert et al., 2012). High plant species richness, which refers to
the total number of plant species in a given sample plot, serves as an indicator of biodiversity
and is associated with well-functioning ecosystems (Soliveres et al., 2016). As species
richness increases, there is often a reduction in light availability due to the development of a

taller and denser canopy, resulting in a higher leaf area index (Lorentzen et al., 2008).

At a global level, semi-natural grasslands demonstrate the highest species richness within
small spatial scales (Wilson et al., 2012). However, in the Palaearctic region over the past
century, species-rich semi-natural grasslands have undergone a significant decline in both
their geographical extent and diversity. This decline can primarily be attributed to the
conversion of habitats into arable and urban lands, as well as degradation resulting from

changes in land use, such as intensification and abandonment (Dengler et al., 2020b).

In a study conducted by Carvalho et al., (2020) on peatlands, the significance of using
multiple measures of plant diversity was emphasized as crucial for understanding the
response of plant communities to changing environmental conditions. The study involved a
comparative analysis of woody and herbaceous fen peatlands in East Anglia, United
Kingdom, under different management practices (mowing and grazing). The findings
indicated that annual grazing led to reduced functional and phylogenetic diversities, although
it did not have a significant impact on taxonomic diversity. On the other hand, annual

mowing was associated with increased phylogenetic and taxonomic diversities.

Polyakova et al., (2016) mentioned that different taxonomic groups, such as vascular plants,
bryophytes, and lichens, can be affected differently by both abiotic and anthropogenic
factors. Palaearctic semi-natural grasslands are well-known for hosting an exceptionally high
plant diversity (Michalcova et al., 2014).



Urban areas are often believed to exhibit higher taxonomic diversity (Grimm et al., 2008) but
lower phylogenetic diversity (Knapp et al., 2017) or functional diversity compared to

adjacent natural areas.

For forests that are actively managed by humans, which make up a large part of temperate
forests and an increasing amount of boreal forests, the choice of which tree species to grow is
a critical decision for foresters. According to Palik and Engstrom (1999), this is because the
trees play a dominant role in forests and influence various environmental conditions.
Therefore, the specific tree species selected, and how they are mixed together, are likely to

have an impact on the overall biodiversity of plant life in the forest.

The composition and structure of plant communities are influenced by a combination of
different processes and factors that operate at varying spatial scales. Environmental factors
act as filters that determine which plant species from the broader regional pool of available
species are able to successfully establish and continue to exist within a particular local site or
habitat.

2.2 Influence of Vegetation Type on Functional Traits of Herbaceous Species
The connections between plant characteristics and the environment, specifically the specific

plant attributes consistently associated with particular environmental conditions, are a result
of the filtering impact caused by disturbances in climate and living conditions (Lebrija-Trejos
et al., 2010). These filters determine which components of a species pool come together to

form local communities.

The functional traits of plants directly or indirectly impact plant fitness by affecting survival,
growth, and reproduction (Violle et al., 2007). The range of trait values within a species
emerges from the trade-offs among various functional requirements (Frank et al., 2011).
Suding et al., (2003) emphasized that trait values reflect the strategies employed by species in
response to their living and non-living environment. Variations in these strategies among
species can enable the complementary utilization of resources, thereby facilitating the

coexistence of multiple plant species in a limited geographical area (Silvertown, 2004).

Cayssials and Rodriguez (2013) conducted a comparative analysis to investigate the
functional traits of grasses in open grassland and shaded forest habitats in Uruguay. The
study revealed that the divergence of grass species between grasslands and forests was
accompanied by changes in leaf traits. Species in grasslands favoured narrow and filiform

blades with a higher length-to-width ratio, while species in forests favoured wider and oval



blades. These observations suggested that leaf blade responses in forests were likely aimed at

maximizing light capture, whereas in grasslands, they may be linked to water and heat loss.

Plant functional traits data plays a crucial role in understanding the ecology of a particular
site and how plant diversity responds to changes in environmental conditions (Dainese et al.,
2015). The diversity of plant functional traits such as leaf shape, root structure, growth habits
captures the variability in how different plant species respond and adapt to environmental
changes. This variability in trait diversity is recognized as a key factor that drives changes in

the overall functional diversity of the plant community over time (Pakeman, 2011).

Plant functional traits, such as leaf shape, root structure, and growth habits, provide insights
into how plants directly adapt their physiology and biology in response to changes in
environmental conditions. This creates a direct link between the plants and the prevailing
climatic factors. According to Meng et al., (2009), this information about plant functional
traits can be used to predict future shifts in the distribution of vegetation due to climate
change. Variations in trait values occur among plant species living in both similar and
contrasting environments. This is because these functional traits arise from evolutionary and
ecological adaptations that allow plants to thrive in different settings (Reich et al., 2003).
Plant species with functional traits that are well-suited to a particular environment are more
likely to become dominant and successful within that plant community (Shipley, 2010). The
variation observed in functional traits among the coexisting plant species at a given site is
influenced by environmental drivers operating at multiple spatial scales. Understanding these
multi-scale environmental filters is crucial for predicting how plant communities will respond

to future changes in their abiotic conditions.

Schob et al., (2012) demonstrated that the direct facilitation by the Alpine cushion species
Arenaria tetraquetra resulted in changes in the functional diversity of associated
communities. This was particularly evident through the expansion of trait ranges for lateral
spread, specific leaf area (SLA), and leaf dry matter content (LDMC) due to the relaxation of

environmental filtering.

In order to accommodate the multiple changes in the living and non-living aspects of their
environment as community diversity increases, plants need to respond with coordinated
adjustments in various traits to achieve a balance among different functions. These
adjustments can ultimately impact the division of niches among coexisting plant species.
Valladares and Niinemets (2008) suggest that smaller plants growing in the shade of taller



neighbours in the canopy may modify their morphological traits to either avoid or tolerate
low light availability. This can be achieved through the development of longer and thinner

leaves or an increase in stem length.

Grasses exhibit adaptations in their functional traits that allow them to thrive in the specific
environmental conditions of different vegetation types. Along environmental gradients, the
functional traits of plant species show variations in response to the influence of
environmental filters. These environmental filters selectively determine which species from
the regional species pool are able to persist at a particular site (De Bello et al., 2006; Diaz et
al., 2007). The filters directly select for certain functional traits and filter out species that lack

the traits suitable for the site's conditions.

According to Douma et al., (2012), the environmental filters retain only those species that
possess specific combinations of functional traits that enable them to adapt and acclimate to
the unique conditions present at a given location. This filtering process shapes the plant
community composition by favouring the species best equipped to cope with the local

environmental pressures.

Plant functional traits serve as an important link between the environmental conditions of a
given ecosystem and the performance and success of the plant species within it. This
connection provides a foundation for understanding how the specific traits of individual
plants contribute to overall ecosystem processes and functions (McGill et al., 2006). Notably,
plant traits have been found to exhibit consistent relationships with non-climatic
environmental variables across a wide range of taxonomic groups. This indicates that there

are broad functional relationships between plant traits and the abiotic environment.

Analysing plant functional trait data plays a crucial role in evaluating the ecology of a
particular site and examining how plant diversity responds to changing environmental
conditions (Dainese et al., 2015). The variation observed in plant traits enables researchers to
make predictions about community structure and describe the factors that influence the

geographic ranges and distributions of different plant species (Read et al., 2014).

2.3 Implications for Ecosystem Functioning
Biodiversity plays a crucial role in driving ecosystem functions, which are responsible for

various processes that directly or indirectly influence the flow of energy and materials within
ecosystems (Diaz et al., 2015). The connection between species and ecosystem services is

mediated by specific traits known as effect traits, which have an impact on ecosystem



processes (Violle et al., 2007). Species possess multiple effect traits that can independently or
collectively contribute to ecosystem services (Gamfeldt et al., 2008). Ecosystem services
serve as the link between ecosystems, their biodiversity, their functioning, and human
society, encompassing a wide range of benefits such as food production, climate regulation,
water quality regulation, pollination, and aesthetic and recreational values (Millennium

Ecosystem Assessment, 2005).

The relationship between biodiversity components and ecosystem function varies, with
positive, negative, or no relationship observed. As an example, in the primary Pinus kesiya
forest in Yunnan, southwest China, Li et al., (2018) identified a positive association between

species richness and aboveground biomass.

The role of species diversity in ecosystem dynamics, processes, and functioning is often
explained by two prominent ecological hypotheses: niche complementarity and selection
effect hypotheses (Mensah et al., 2016). The selection effect hypothesis proposes that in a
diverse species assemblage, the presence of dominant species or traits, resulting from
competitive interactions, can influence ecosystem functioning (Fox, 2005). On the other
hand, the niche complementarity effect hypothesis suggests that increasing diversity
facilitates a broader array of functional traits, allowing species to more efficiently utilize
resources, thereby enhancing ecosystem functioning and reducing competition (Cadotte,
2017).

The use of functional traits presents promising opportunities to explore how community
composition and diversity contribute to defining ecosystem functioning and the delivery of
ecosystem services (Hanish et al., 2020). According to Olden et al., (2004), an increase in
functional diversity similarity indicates a simplification of ecosystem resilience in natural

environments.

Biodiversity plays a critical role in driving ecosystem functions that underpin the provision of
ecosystem services (MEA, 2005). By influencing ecosystem processes that directly or
indirectly impact energy and material flows, biodiversity influences the delivery of these
services (Diaz et al., 2015). Species traits reflect how species influence ecological processes

within a given community, including important functions like pollination and seed dispersal



(Luck et al., 2013). These traits are instrumental in determining ecosystem functioning as

well as the provision of services to humans.

The provision of crucial ecosystem services in agroecosystems would be adversely impacted
by a decrease in plant diversity (Guerra et al., 2022). Anthropogenic activities are rapidly
altering ecological communities worldwide, and this change in biodiversity is not random.
The functional traits of organisms, which drive their growth, survival, and reproduction, play
a pivotal role in determining which species thrive and which decline under global change
(Funk et al., 2017). This has significant implications, as traits not only influence the
performance of individual plants but also shape various ecosystem properties such as biomass
production and the services these properties provide for human well-being (Violle et al.,
2007). Previous studies have demonstrated associations between plant traits and species-level
variations in photosynthetic rate, growth, and reproductive output across the plant kingdom
(Reich, 2014). Within natural communities, plants interact with individuals from other
species, making the identity, abundance, and diversity of traits all relevant factors for

ecosystem-level properties.

With biodiversity undergoing an alarming decline, there is an urgent scientific challenge to
comprehend and anticipate the ramifications of biodiversity loss on multiple ecosystem
functions (Leps et al., 2018). The temporal stability of ecosystem functioning holds great
significance for both intrinsic and human purposes. Stability is maintained by populations,
communities, and ecosystems that possess the ability to buffer the effects of environmental
variations, thus preserving crucial ecosystem functions such as productivity, carbon
sequestration, and pollination. The concept that greater biodiversity enhances the stability of
natural communities and ecosystems (Isbell et al., 2015) has sparked an ongoing debate
regarding the relationship between species diversity and stability (Leps, 2013).
Simultaneously, there is a growing recognition that the functioning of ecosystems depends
not solely on species diversity but on the functional traits of species, leading to the emergence
of a dominant paradigm (Cernansky, 2017).

Trait-based approaches, in conjunction with traditional taxonomic approaches, have been
developed to unravel the mechanisms of species coexistence (Kraft et al., 2015) and predict
ecosystem functions and services at specific time points (de Bello et al., 2010). Communities
dominated by slow-growing and conservative species exhibit greater stability over time and

are more resilient to extreme events (Karlowsky et al., 2018). The response of species to



environmental fluctuations, including disturbances, and biotic interactions depends on their
response traits (Garnier et al., 2016). This differentiation between response and effect traits
enables predictions about community structure, the description of factors influencing species'
geographical ranges, and an understanding of why processes such as nutrient cycling and
plant productivity vary among different systems (Read et al., 2014). It is important to note
that species with similar responses to environmental changes may not necessarily have the

same effects on ecosystem properties (Reich et al., 2003).

For instance, certain plant traits associated with drought tolerance, such as succulence (Diaz
et al., 2004), or the capacity of isopods to retain water (Dias et al., 2013), are linked to the
increased fitness of species in arid conditions (Veldhuis et al., 2019). Similarly, species
possessing traits related to higher intrinsic relative growth rates recover more rapidly from
environmental disturbances (Oliver et al., 2015), but their abundance may vary more over
time (Majekova et al., 2014). Certain functional traits also have the potential to impact other
trophic levels and multiple ecosystem functions (Garnier et al., 2016). For example,
secondary compounds present in leaves not only provide defence against herbivory but can
also slow down the decomposition of litter (Chomel et al., 2016), while floral traits affect

pollination processes (Lavorel et al., 2013).

A growing body of research indicates that functional diversity, as opposed to species
diversity, plays a crucial role in enhancing various ecosystem functions. Studies have shown
that higher functional diversity can increase overall ecosystem productivity (Hooper et al.,
2005), improve the resilience of the system to disturbances or biological invasions (Bellwood
et al., 2004), and regulate the cycling of matter and nutrients (Villéger et al., 2008).
Consequently, it is widely believed that functional diversity has the potential to act as a
critical link between the variations observed in individual plant traits (morphological,
physiological, and phenological) and the larger-scale ecosystem processes and patterns that
emerge (Petchey et al., 2009).

On the other side, individual plant traits can also have a direct impact on ecosystem processes
by influencing abiotic environmental factors. These plant traits include modifications that
affect the availability and utilization of soil resources like water and nutrients, changes to the
trophic structure within a community, and influences on the frequency, severity, and extent of
disturbances (Castro, 2008). For example, a plant community rich in nitrogen-fixing legume

species can increase the overall availability of nitrogen in the soil, thereby accelerating the



nitrogen cycle. Plant traits can also impact resource availability by influencing the quality of
the litter they produce, which in turn affects the rate of nutrient turnover in the litter and soil

organic matter.

Plant functional traits have been shown to play a significant role in predicting how plants
may respond to environmental changes and climate variability (Jamil et al., 2012). For
example, shifts in factors like temperature, precipitation, and resource availability can impact
plant traits such as seed size, leaf thickness, seed shape, and seed mass. Specifically, reduced
water availability resulting from environmental changes can lead to a decrease in a plant's
specific leaf area (the ratio of leaf area to dry mass). This can subsequently impair the plant's
ability to acquire nutrients, ultimately reducing its primary production. These changes in
individual plant traits can then have cascading effects on overall ecosystem functioning
(\Valladares et al., 2015).

Trait diversity encompasses the range of interspecific variations resulting from species-
specific responses to environmental changes, and it is recognized as a crucial factor
influencing changes in the functional diversity of plant communities (Pakeman, 2011).
Studies indicate that ecological communities characterized by high functional diversity tend
to exhibit greater resilience and enhanced buffering capacity against the uncertainties
associated with environmental change (Pillar et al., 2013). Furthermore, alterations in the
distribution and variability of plant functional traits have been identified as influential drivers

of ecosystem processes (de Bello et al., 2010).

Previous research has emphasized the importance of taxonomic diversity, or the number of
different species, in relation to ecosystems productivity (Tilman et al., 2014). Studies have
found a positive correlation between plant species richness and primary production,
(Marquand et al., 2009). The proposed mechanisms behind this relationship include greater
species richness leading to higher plant nitrogen pools and more efficient nutrient utilization
by the resident plant community (Fargione et al., 2007). Additionally, complementarity
effects among different plant species may enhance carbon uptake and translocation rates,
resulting in increased biomass production per unit of nutrient in the plant tissue (De Deyn et
al., 2012). Regardless of the specific mechanisms involved, it is clear that high plant
diversity, whether measured through functional, phylogenetic, or taxonomic diversity, is
crucial for the proper functioning of ecosystems. This includes the provision of important

ecosystem services such as biomass production and nutrient cycling.



Plant functional traits are considered essential for predicting significant ecosystem and
community characteristics across resource gradients within and among biogeographic regions
(Violle et al., 2014). Trait-based approaches enable comparisons of vegetation responses
across biogeographic regions that possess different species pools (Bernhardt-Romermann et
al., 2011).



CHAPTER 3: MATERIALS AND METHODS

3.1 Description of the Study Area

The study was conducted within Chishakwe Safari, a game reserve covering 57,600 hectares
of land situated in Bikita, Masvingo Province, Zimbabwe. Chishakwe Safari is positioned
between 7794000S, 396000E and 7731000S, 432000E, located in the northern part of the
renowned Save Valley Conservancy situated in the south-eastern Lowveld of Zimbabwe
(Figure 3.1). The reserve is situated at an elevation of 1,106 meters above sea level and
experiences a single rainy season from October to March. The northern part of Save Valley
Conservancy, consists of deciduous woodland savannah characterized by low and variable
rainfall (474-540mm per year) and soils of poor quality (Pole, 2006). The SVC falls within
the natural agro-ecological region 1V, known as one of the driest regions in Zimbabwe
(Lindsey et al., 2009). Chishakwe Safari sees its highest temperatures in September and
lowest temperatures in July, with an average temperature of 30°C. The climate in Chishakwe
Safari is typical of an African savannah, characterized by hot and dry winters and wet

summers.

Study Area Map
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Figure 1: Chishakwe Safari and the sampled locations

3.2 Research Design
Data were collected during late February and early March of 2023. The study was conducted

using a stratified random design. The strata were the six different vegetation types that
dominated the landscape. These vegetation types were Combretum-apiculatum_
Colophospermum-mopane, Combretum-apiculatum_mixed-Grewia, Colophospermum-
mopane_Diospyros-quiloensis, Grewia open shrub land, Acacia schweinfurthil and

Dichrostachys cinerea.

3.2.1 Sampling Design for Trees and Shrubs
Randomly established transects measuring 100 meters in length and 4 meters in width were

employed to collect data across vegetation types. The identification and documentation of
trees and shrubs encountered within transects were carried out. Trees were identified using
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the field guide to trees of Southern Africa by Van Wyk (2000). For each tree species present
within the plot, measurements of height, diameter at breast height (DBH), and canopy cover
were recorded. Shrubs were assessed for height, as well as the extent of long and short
canopy cover.

3.2.2 Sampling Design for Grasses and Forbs
Data were collected by establishing transects measuring 100 meters in length and 2 meters in

width, randomly distributed across each vegetation type. These transects were further divided
into 10 small plots, each covering an area of 20m? (10 meters by 2 meters). Within each plot,
quadrats measuring 1 meter by 1 meter were placed. The identified plant species were
classified as either grasses or forbs. The grasses and forbs present in each quadrat were
documented. Any unidentified species were marked and later identified using the reference
book "Grasses of Southern Africa™ by Oudtshoorn (2012). Forb species identification was
conducted using the book "Field guide to wild flowers of Southern Africa" by J.C Manning
(1999). The identification process involved assigning botanical names to the species.
Functional traits of the grasses and forbs were assessed, including plant height, internode

length, pinnacle height, leaf thickness, leaf area, aerial cover, and basal cover.

3.3 Data Analyses
Data was analysed using the multi-variate analysis in Statistical Package in Social Sciences

(SPSS) version 2020. The confidence level was 95%. The Shannon Wiener index was used to
calculate diversity of plant species. The Shannon Index of diversity (H’) which is an

information-based statistical metric that assumes all species are represented in the sample

H' = X pi(Inpi)

being analysed was calculated using the formula: - where pi is the

proportional abundance of a species and In is the natural logarithm (Morris et al., 2014).



CHAPTER 4: RESULTS

4.1 Comparison of Species Status in Different Vegetation Types
A total of 310 individual woody plants were assessed from the 6 sampling locations, 36%

(n=15) of these were trees and 64% (n=22) were shrubs. We recorded 33 woody plant

species, 19 grass species and 25 forb species in the six study strata.

For trees, significant differences were recorded on most study variables namely species
composition (Fig 2), canopy cover (Fig 3), diameter at breast height (DBH) (Fig 4) and
height (Fig 5) across different vegetation types. All vegetation types’ showed very low tree
species diversity. Dichrostachys cinerea showed H’= 0.5. Acacia schweinfurthil showed H’=
0.4. Grewia open shrub land showed H’= 0.5. Combretum-apiculatum_mixed Grewia
recorded H’= 0.5. Colophospermum-mopane_Diospyros-quiloensis showed H’= 0.4.
Combretum_apiculatum_Colophospermum-mopane showed H’= 0.5. Highest species
richness (n=6) was recorded in Combretum-apiculatum_mixed Grewia and Grewia open
shrub land whereas lowest species richness (n=3) was recorded in Acacia schweinfurthil

vegetation type (Fig 1).

For shrub species, significant differences were recorded on all study variables namely species
composition (Fig 6), canopy diameter (Fig 7) and height (Fig 9). All vegetation types showed
very low shrub species diversity. Dichrostachys cinerea showed H’= 0.7. Acacia
shweinfurthil showed H’= 0.6. Grewia open shrub land showed H’=0.8. Combretum-
apiculatum_mixed Grewia recorded H’= 0.3. Colophospermum-mopane_Diospyros-
quiloensis recorded H’= 0.5. Combretum-apiculatum_Colophospermum-mopane recorded
H’=0.8. Highest species richness (n=12) was recorded in Combretum-
apiculatum_Colophospermum-mopane and Dichrostachys cinerea whilst lowest species
richness (n=6) was recorded in Colophospermum-mopane_Diospyros-quiloensis and

Combretum-apiculatum_mixed Grewia (Fig 6).

All vegetation types recorded very low grass species diversity. Dichrostachys cinerea
recorded H’=0.6. Acacia shweinfurthil recorded H’= 0.4. Grewia open shrub land recorded
H’= 0.4. Combretum-apiculatum_mixed Grewia recorded H’= 0.5. Combretum-
apiculatum_Colophospermum mopane recorded H’= 0.8. Colophospermum _mopane-

Diospyros_quiloensis showed H’= 0.5.



All vegetation types also showed very low forb species diversity. Dichrostachys cinerea

recorded H’= 0.5. Acacia schweinfurthil recorded H’= 0.5. Grewia open shrub land recorded

H’=0.9. Combretum-apiculatum_mixed Grewia recorded H’= 0.4. Combretum-

apiculatum_Colophospermum-mopane recorded H’= 0.8. Colophospermum-

mopane_Diospyros-quiloensis showed H’= 0.5.
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Figure 2: Tree species composition across different vegetation types
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4.2 Influence of Vegetation Type on Study Variables

4.2.1 Height

Grasses in Acacia schweinfurthil vegetation type were notably taller than those in Grewia
open shrub land (Fig 4.2.1a). Results showed marginal significant differences in height
between transects under tree canopies and in open vegetation types (Fig 9).

There were no differences in height of forbs across different vegetation types. However, forb
species (Crinum walteri, Kalanchoe lanceolata) in the Dichrostachys cinerea vegetation type
were notably taller than those in other vegetation types (Fig 10).
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Figure 10: Height of different forbs across different vegetation types

4.2.2 Pinnacle Height

Pinnacle height for grasses showed differences (Fig 11), with Aristida stipitata in the
Combretum_apiculatum- Colophospermum_mopane vegetation type having the tallest
pinnacle.

Pinnacle height of forbs showed differences across different vegetation types (Fig 12).
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Figure 11: Pinnacle height of grasses in different vegetation types
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Figure 12: Pinnacle height of forbs across different vegetation types

4.2.3 Internode Length
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For grasses, internode length showed differences in different vegetation types (Fig 4.2.3a).
Grasses in the Acacia schweinfurthil vegetation type had longer internode length than those

in the Grewia open shrub land (Fig 13).

Internode length of forb species showed differences in different vegetation types (Fig 14).
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Figure 13: Internode length of grasses in different vegetation types
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4.2.4 Leaf Area
There were differences in leaf area of both grasses (Fig 15) and forbs (Fig 16) in different

vegetation types.
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Figure 15: Leaf area of grasses in different vegetation types
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Figure 16: Leaf area of forbs in different vegetation types

4.2.5 Leaf Thickness
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There were no differences in leaf thickness of grass species. However, individual grasses
(Crinum walteri and Kalanchoe lanceolata) in the Grewia open shrub land exhibited higher

leaf thickness than others (Fig 17).

There were significant differences in leaf thickness of forbs (Fig 18).
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Figure 17: Leaf thickness of grasses in different vegetation types

33

Grass Species

.Amhmsl{a B Eragrastismindnsis
anemisifule W Eragrostis racemosa

Wvisarha dinda  CEsagrogtsrigir

0 it adscensionis ] Fragroslis

W istida stpitats B&agnsls bichophora

[lBalola nigra H Hermannia modesta

Commaling Hermbstaediia
Ibengharsnsw lndgmm

l Crinum valler [:] ngﬂmmgn N

DDrchanUHum conlortus
annulalum W alsnchos lanceotela

B0igtana dagonals [ aonot nepeliola

W 0gtana ernih Pagonartia

B Oigtana manadacty/a squanmsa

DEnneaDagun lSesamma&s
cenchioldes pUILrEsCans

lEmempognn ﬂSpumboJus fimbriatua
macrostachy Triumfetta

O Eraoraslis m’ﬂ'&nenm‘sl fomboides

lE(agmshs Wvemania fastigiata
[ehmannian



40007
3000
£
<
0
L
°
£
&£
EEOOD‘
%
L
&4
10,00
00 T T
Acacia schwainfurtil — Colmopdio-  Com-api cobmopane  Com-api mixed
Quilpansis graa
Vegetation Type

Figure 18: Leaf thickness of forbs in different vegetation types

4.2.6 Aerial Cover
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For grasses, aerial cover was higher in Dichrostachys cinerea than in other vegetation types

(Fig 19), and lower in Colophospermum_mopane-Diospyros_quiloensis.

For forbs, aerial cover showed significant differences in different vegetation types (Fig 20).
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Figure 19: Aerial cover of grasses in different vegetation types
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Figure 20: Aerial cover of different forb species in different vegetation types

4.2.7 Basal Cover

For grasses, basal cover was higher in the Dichrostachys cinerea vegetation type and lower in

the Colophospermum_mopane-Diospyros_quiloensis (Fig 21).

For forbs, basal cover showed significant differences in vegetation types (Fig 22).
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Figure 21: Basal cover of grasses in different vegetation types
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CHAPTER 5: DISCUSSION

5.1 Species Diversity
The findings of the study were in line with the prediction, that vegetation type is likely to

influence the taxonomic diversity and functional traits of grasses and forbs. The findings
demonstrated that these vegetation types received an uneven distribution of resources such as
nutrients, sunlight and water, hence differences in composition, structure and diversity of
woody plants (trees and shrubs). The low Shannon tree diversity indices show that certain
tree species can surpass others in their ability to compete for essential resources such as light,
water, and nutrients. According to Ruger et al., (2011) all plant species tend to exhibit faster

growth rates in areas where light availability is the greatest.

All vegetation types showed very low shrub species diversity suggesting that the distribution
and clustering of juvenile shrubs in relation to adult plants may be driven by a nurse-protégé
dynamic (Callaway, 1995). In this nurse-protégé model, the adult plants (trees) act as nurse
plants that create a favourable environment for the growth and establishment of the juvenile
protégé plants (shrubs) (Callaway, 1995). This facilitation likely occurs through the nurse
plants providing things like shade, shelter, and potentially even nitrogen fixation, which helps

the protégé juveniles to germinate and thrive successfully.

The same interactions also explain the low diversities recorded for grasses. As stated above,
different vegetation types create different microclimates (Stoutjesdijk and Barkman, 2015)
that accommodate the growth of different species. This can be due to differences in soil
nutrient concentrations and competitive interactions. Similar findings were recorded in the
central highlands of Madagascar where Tapia woodland grass species showed higher species
richness and phylogenetic diversity compared to grassland due to heterogeneity in tree cover
(Solofondranohatra et al., 2018).

All vegetation types also showed very low forb species diversity. The similarity in forb
species diversity within these vegetation types can be attributed to the surrounding
environmental conditions. Specific environmental factors like extreme temperatures,
restricted water availability, soils lacking in nutrients, or high salinity can create difficult

circumstances for numerous forb species.

5.2 Growth Parameters
Grasses in Acacia schweinfurthil vegetation type were much taller than those in Grewia open

shrub land. Acacia schweinfurthil is close to the river, and therefore there is adequate water to



facilitate the growth of grasses. Cao et al., (2012) explained that the maximum height of
grasses is determined by roots. The findings of this study showed significant differences in
grasses under tree canopies and open vegetation types because tree canopies have the ability
to change the microclimate beneath them by lessening temperature fluctuations, increasing
humidity and decreasing wind speed (Gilbert, 2000). These modified environmental
conditions can favour the growth of certain species that are adapted to such microclimates,

resulting in taller grasses compared to open areas.

The characteristics of grasses and forbs, such as height, pinnacle height, internode length, leaf
area, leaf thickness, aerial cover, and basal cover, are influenced by the type of vegetation
they grow in. This is because different plant species have inherent genetic traits and growth
patterns that give them advantages in certain vegetation types. For instance, the grass species

Aristida stipitata may outcompete other grasses in the same environment.

The length of internodes in grasses and forbs is related to the availability of light. In dense
vegetation with limited light, like Acacia schweinfurthii, these plants tend to have longer
internodes as they compete to access sunlight. Conversely, in more open vegetation types like
Grewia open shrub land, grasses and forbs exhibit shorter internodes since light is more
readily available. Similar to this finding, von Oheimb and Hérdtle, (2009) reported that
canopy openness increases the proportion of light demanding species and species richness

and diversity as well.

Similarly, the leaf area of grasses and forbs varies across different vegetation types, likely
due to their adaptations to factors such as sunlight, moisture, and nutrient levels.
Additionally, forbs in habitats with high herbivory pressure may develop thicker leaves as a
defense mechanism. Taboada et al., (2011) demonstrated that heavy grazing and the
associated trampling effect can have several detrimental impacts on the environment.
Specifically, they found that heavy grazing increases soil temperature and compaction, while
also decreasing water infiltration and overall water availability. These environmental changes
ultimately led to a decline in plant community composition, above-ground biomass, leaf area,

and light interception.

The aerial and basal cover of grasses and forbs is influenced by their competitive interactions
with other plant species. Open vegetation types like Dichrostachys cinerea provide
conditions that favour grass growth, while the closed canopy of Colophospermum_mopane-

Diospyros_quiloensis restricts light and reduces grass cover. Other studies confirmed our



result indicating that canopy closure, was the important factors influencing understory

vegetation composition.



CHAPTER 6: CONCLUSIONS AND RECOMMENDATIONS

6.1 Conclusions
This study provides evidence that taxonomic diversity and functional traits of both grasses

and forbs change with different vegetation types. It also provides evidence that grasses and
forbs adopt different ecological strategies in response to different vegetation types.
Vegetation types with specific structural and environmental characteristics select for
particular functional traits and strategies. It was observed that, in more open vegetation types,
grasses and forbs had traits that enable efficient resource acquisition and rapid growth (higher
leaf area), while in denser vegetation types, they exhibited traits for shade tolerance or greater
resource conservation (reduced leaf area). These observed patterns likely arise from
variations in environmental conditions, resource availability, and competitive interactions

associated with the distinct vegetation types.

This study provides a reference baseline for monitoring changes in grasses and forbs structure
which is of vital importance to the ecology of Chishakwe Safari. While the vegetation type
present can be an important factor in shaping the characteristics of semi-arid environments,
other factors like herbivory may play a more significant role in structuring the functional
traits and diversity of grasses and forb

6.2 Recommendations
It is recommended that ecologists and conservationists should recognize the specific

vegetation types that support high diversity and unique functional traits, and prioritize the
protection of these habitats to maintain overall ecosystem health and resilience. Further
research is recommended to enhance our understanding of the relationship between
vegetation type, taxonomic diversity, and functional traits. This can include investigating
additional vegetation types, extending the study area, or exploring other factors that influence

grass and forb communities.
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