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ABSTRACT 

The selected medicinal plants are a source of primary health care for both poor communities and 

those in developing countries. They are an alternative for synthetic drugs in places with limited 

health facilities, and in some areas, they are resorted to for their safety and low toxicity. However, 

accurate prediction of the future distribution of these MPs under changing environmental 

conditions has, until now, not been available, limiting the conservation strategies that could be 

planned in advance of anticipated habitat change. 

The area of study was selected using purposive sampling from information sources such as the 

Global Biodiversity Information Facility (GBIF) and the Makerere University Herbarium (MUH), 

supplemented by field-collected GPS occurrence and elevation data. The changes in five 

environmental variables (land use, slope, precipitation, temperature, and soil factors) were 

projected using MaxEnt software, and the future distribution was mapped for two horizons, 2040 

and 2060, alongside a current-conditions baseline for comparison. 

The projections show that most of the nine focal species are expected to retain broadly stable 

habitat suitability surfaces through 2040 and 2060, with the most spatially restricted species 

Warburgia ugandaensis and Croton macrostachyus projected to remain confined to their current 

narrow southern range with no new refugia emerging elsewhere in the country. Tephrosia linearis 

is the exception, with its currently even distribution projected to fragment into a mosaic of high- 

and low-suitability patches in north-eastern Uganda by 2060. The environmental variables of mean 

annual temperature, elevation, precipitation, and land use/cover were identified as the primary 

drivers of the projected future distribution. 

Key words: Zanthoxylum chalybeum, Albizia coriaria, Gymnosporia senegalensis, Warburgia 

ugandaensis, Croton macrostachyus, Rhoicissus tridentata, Mondia whitei, Kigelia africana, and 

Tephrosia linearis, MaxEnt, habitat suitability projection, climate change, Karamoja, Katakwi, 

Mbale, Tororo, Busia, Kaliro, Busitema University  



1 
 

CHAPTER ONE INTRODUCTION 

1.1 Background 

Herbal medicines serve as the primary health care resource (Tabuti et al., 2023) for 

approximately 80% of the global population, as reported by Mollel et al., (2024), Appau et al., 

(2024) and Applequist et al., (2020) in treatment of many ailments with malaria inclusive. This 

increased proportion of use of medicinal plants (MPs) has been attributed to many factors that can 

be economy in developing countries (Mguni et al., 2023; Appau et al., 2024), and also preference 

arising from concerns that they have low side effects compared to the synthetic drugs (Imphat et 

al., 2021; Mollel et al., 2024; Teixidor, 2017; Choudhury Barua et al., 2018). In Africa, MPs 

extracts have been widely used in both livestock and human health management and it ranks at 80 

%. In the Sub-Saharan Africa, the prevalence of diseases such as malaria, and together with the 

low-income standards of the population, the use of medicinal plants is so high. Uganda has since 

been considered the pearl of Africa due to its diverse biodiversity (Ofcansky, 2018; Ssenku et al., 

2022). However, it has been rampantly hit by very many epidemic diseases simply due to poor 

medical facilities (Ssenku et al., 2022). As a result, the use of herbal medicine (HM) has been 

reported to be high between 60-85% specifically supporting the rural communities (Ssenku et al., 

2022; Nakibuuka & Mugabi, 2022). They have been tried in various studies and found to reduce 

the disease burden greatly; for example, Zanthoxylum chalybeum has shown 80 % anti-plasmodial 

activity, and Maytenus senegalensis is 50 % activity (Tajbakhsh et al., 2021) especially in 

developing countries where the medicines are readily available. They have been and are still of 

importance because of their anti-microbial activities (Baral et al., 2024; Dewatisari & Nuryandani, 

2024; Mguni et al., 2023; Nayaka et al., 2020; Schultz et al., 2021; Taibi et al., 2023; Soussi et al., 

2023), antimalarial (Ajayi et al., 2020; Olalubi et al., 2021; Tabuti et al., 2023), antifungal (Alam 

et al., 2020; Mukasa et al., 2023), anti-diabetic (Mguni et al., 2023; Uwimbabazi et al., 2023) 

among others. MPs have greatly contributed to the modern human medicine for example, use of 

quinine extracted from Cinchona species, artemisinin extracted from Artemisia annua in the 

treatment of malaria (Bickii et al., 2007). It has been found that the primary medicines of most 

individuals in developing countries is from medicinal plant extracts (Tabuti et al., 2023; Mguni et 

al., 2023). MPs have since time in memorial shown to have capability of boosting immunity for 

both human and animal health (Mbinile et al., 2020; Xego et al., 2016; Daniel et al., 2019) in 

treating various ailments such as malaria, diabetes mellitus and other infections. The extracts from 

these medicinal plants have been used locally as antimalarials (Jullian et al., 2006: Muthaura et 

al., 2015; Kiraithe et al., 2016; Kutima et al., 2014) and for anti-inflammatory activities (Imphat 

et al., 2021; Lawal et al., 2019; Alam et al., 2020; Schultz et al., 2021) as well as other ailments 

such as cancer (Kudamba et al., 2023), cough (Asiimwe et al., 2021; Daniel et al., 2019; Ssenku 

et al., 2022), fever (Abubakar et al., 2022; Adebayo & Krettli, 2011; Chaniad et al., 2022, 2023; 

Nworu et al., 2017) and others. This has been supported by research that they contain various 

secondary metabolites (SMs) for example terpenoids, saponins, tannins, phenols, glycosides, 
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tembetarine, nitidine, skimianine, flavonoids, and benzophenanthridine alkaloids (Mbinile et al., 

2020; Chrian et al., 2011). The majority of the plant parts that have been used for the treatment of 

infections and disorders are the stem barks (Adia et al., 2016; Choudhury Barua et al., 2018; Lawal 

et al., 2019; Schultz et al., 2021; Waiganjo et al., 2020) and leaves (Acero et al., 2018; Adia et al., 

2016; Anywar et al., 2020b, 2022; Asiimwe et al., 2021; Dadhwal & Banerjee, 2023; Gao et al., 

2024; Kiraithe et al., 2016; Nalumansi et al., 2017; Okot et al., 2020; Ouédraogo et al., 2019; 

Ssenku et al., 2022; Tajbakhsh et al., 2021; Tocai et al., 2023; Waiganjo et al., 2020). 

However, extinction threats to the medicinal plants are highly associated with various 

environmental variables which include; temperature, (Tian et al., 2022; Mbinile et al., 2020) 

Mbinile et al., 2020), soil factors (P. Yang et al., 2025), precipitation (Devine et al., 2017) and 

elevation or altitude gradient. Among the listed variables, temperature takes an upper hand due to 

the effects of global warming which have led to an increase in global temperature by 0.6oC and 

prediction shows the increase to continue up to a range of 2.6-4.8oC in the near future (Xu et al., 

2022). These threats lead to the reduction in the population and uneven distribution of the 

medicinal plants. Some plants are very sensitive to rapid changes in temperature and water stress, 

therefore, they tend to deteriorate in the population and distribution and hence become endangered 

when harsh conditions arise (Kurpis et al., 2019). The human populations will be limited from 

access to medicinal plants leading to their displacement from traditional homelands. Apart from 

the above environmental variables, other threats leading to the extinction of the medicinal plants 

include anthropogenic effects such as cutting for poles, charcoal burning, bush burning, using as 

fodder (Dokata et al., 2023; Mbinile et al., 2020b), procedures of medicinal harvesting (Dokata et 

al., 2023) and over-harvesting of the medicinal plants (Nenungwi et al., 2025). Some MPs are 

harvested by uprooting, and debarking; for the case of uprooting, the population of the plants in 

the habitat decreases and also the susceptibility of the plants to extinction increases. Although 

debarking does not have an acute effect to the population of the MPs, it leads to detrimental effects 

such as entry of pathogens, interrupted flow of food through the phloem and can lead to death of 

the tree (Mbinile et al., 2020b). It is supported by research that recovery of bark after debarking 

on some medicinal plant tree species is unlikely (Dokata et al., 2023). The plant species are not 

only used for treatment of diseases but also other uses such as livestock feeds, timber, poles, and 

wood fuel (Mbinile et al, 2020; Kamau et al., 2017), and their harvesting to serve these purposes 

has also been accounted for the change in population of the medicinal plants. 

Conservation strategies of the selected MPs seem to be difficult as the distribution and factors 

affecting the distribution have not been well documented. As a result, some plants are seen to 

behave or are favored differently by the various factors while others are not. As some plants are 

affected by climatic changes such that they migrate to other habitats (Olalubi et al., 2021; Siahaan 

et al., 2019; Tang et al., 2020; Tian et al., 2022; Xu et al., 2022; Kurpis et al., 2019), some which 

are resistant to the climatic changes remain in their habitats. It becomes challenging to come up 

with conservation strategy in cases where some plants show resistance to environmental changes 

although their phytochemical compositions change (Appau et al., 2024; J. Zhang et al., 2020). This 
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will in turn affect the pharmaceutical properties of the extracts from the medicinal plants (J. Zhang 

et al., 2020) thus increase their potential to cause harm to the population or their dosage will be 

difficult to be prescribed. Therefore, without keen interventions, the beneficial aspects of the 

medicinal plants will not be realized and it may lead to discarding of the would-be effective plants 

in preventing infection. Also, in-situ and ex-situ conservation strategies have been put in place but 

with less success since there still remains the unsuitable harvesting of the specimens (Dokata et 

al., 2023), also mimicking environmental conditions in the lab can be hard. Also, providing all the 

suitable conditions for proper growth may also be difficult since many soil factors and other 

environmental variables contribute to both plant growth, productivity and phytochemistry (L. Chen 

et al., 2025). However, to ensure effectiveness in the conservation strategies of the plant species, 

modelling using species distribution models (SDMs) has been ventured to ensure that accurate 

predictions of the plant spatial distributions in relation to various climatic variables (Guo et al., 

2016; Kurpis et al., 2019; Monteiro et al., 2023; Phillips et al., 2017; Pramanik et al., 2018; Tian 

et al., 2022; Xu et al., 2022). Species modelling has been tried using different SDMs although 

some have shown inaccuracy, some have been supported as having high degree of accuracy. Some 

SDMs have failed in that the prediction seldom come true or others provide predictions that 

contradict each other. However, MaxEnt (Abdelaal et al., 2019; Cobos et al., 2019; Fang et al., 

2022; Xu et al., 2022) has been used for long and has given accurate results with time. 

The spatial distribution of medicinal plants is not only predisposed to threats from climate changes 

such as temperature (Tian et al., 2022; Mbinile et al., 2020) precipitation (Devine et al., 2017) and 

human activities (Wraith & Pickering, 2018; Welk et al., 2019) but also due to other factors such 

as soil factors (P. Yang et al., 2025), resource availability and other disturbances in the ecosystem 

(M. et al., 2005; McMillen, 2012). Also, the distribution of some of the medicinal plants for 

example Zanthoxylum chalybeum has been influenced by dormancy of the seeds, sometimes due 

to loss of viability of the seeds. Therefore, there is delay and difficulty of germination when seeds 

are planted (Okeyo et al., 2011; Purohit et al., 2015; 2016). This seed dormancy has been attributed 

to the fact that their seed coats are hard and also the contain oils within them (Okeyo et al., 2011). 

Also, it has been reported by some literature that the seeds lose viability over time. However, these 

plants’ distribution can be enhanced by applying dormancy breakers such as sulphuric acid 

(Purohit et al., 2015) to ensure quick germination and hence growth for their redistribution, and 

also another way to break dormancy is by washing the seeds in soap solution to remove the oil 

film and fruit appendages on the testa before incubation in the case of zanthoxylum species (Okeyo 

et al., 2011). Other propagation methods such as air layering (Purohit et al., 2016) to ensure that 

growth is continuous in case strategies to break dormancy fail. The distribution of the medicinal 

plants is also influenced by altitude or elevation gradient. This in conjunction with harsh climatic 

conditions tend to push lowland plants to highland habitats where they outcompete the highland 

plants for the same habitat. As a result, the highland plants that are less competitive and only 

restricted to one habitat tend to reduce in distribution (Kurpis et al., 2019; Abdelaal et al., 2019). 

Also, distribution in some areas is influenced by grazing mechanisms (Mbinile et al., 2020; Dokata 

et al., 2023) by the domesticated animals and also those of the wild. This effect is very paramount 
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when the animals forage the seedlings. They feed on the apical shoot resulting in inhibition of 

growth of the plants resulting from reduced production of auxins due to absence of apical 

meristems. As it is said that “a forest cannot exist without young trees,” the plant species are 

destined to be endangered. Despite these threats to the selected medicinal plants, very little has 

been done or is being planned for their conservation strategies. 

Although many studies have been carried out on medicinal plants worldwide, there is an existing 

gap in the distribution of medicinal plants in the Eastern region of Uganda. This has been majorly 

due to poor documentation of the MPs and factors affecting their distribution. As a result, the 

indigenous knowledge about medicinal plant trees and their beneficial effects are likely to be lost 

(Baker et al., 2023) and as such, the future generation will be left without knowledge of the natural 

health products. In this study, the various factors leading to extinction of the selected MPs will be 

discussed and the various strategies to ensure conservation as well. The MPs of focus in this study 

are; Zanthoxylum chalybeum, Mondia whitei, Gymnosporia senegalensis, Rhoicissus tridentata, 

Croton macrostachyus, Kigelia africana, Warburgia ugandaensis, Albizia coriaria, and Tephrozia 

linearis. The IUCN Red list of threatened species still categorizes most of these plants as those 

with stable population although they are highly exploited locally leading to extinction. Also, 

climate and land use changes (Mbinile et al., 2020; Olalubi et al., 2021) and other factors have 

made them become endangered. As a result, there is great need to preserve the continuously 

decaying indigenous knowledge about the medicinal plants. Also, extinction of some of the 

medicinal plants due to their various economic activities including production of timber, poles, 

fuelwood and feed for animals and also some are harvested for export to western and the middle 

east countries (Mbinile et al., 2020b). 

1.2 Statement of the Problem 

Various factors (biotic and abiotic) (Bedane et al., 2023) affect the growth and productivity 

of the medicinal plants and thus have challenged their distribution. Several environmental 

variables (EVs) have been noted among which the climatic factors have an upper hand in 

influencing the distribution of the medicinal plants. They (EVs) pose threats that can either directly 

or indirectly affect the plants. Variations in these climatic factors have been driven by many other 

factors where the human activities have manifested most. Human induced climate change due to 

emission of greenhouse gases, reduction of carbon sinks (wetlands and forests) has led to the global 

rise in temperatures and decline in precipitation (Kurpis et al., 2019). For example, deforestation, 

bush burning, agricultural extension, settlements, grazing among others. Climatic threats have 

been shown through fluctuations in temperature and precipitation (Devine et al., 2017; Pozo-

Gómez et al., 2020; Stehelin, 2020; Tenaw et al., 2024; Wangalwa et al., 2021; J. Zhang et al., 

2020; M. Zhang et al., 2021). Elevated temperatures (Devine et al., 2017) have caused migration 

of some medicinal plant species from low land habitats with higher temperatures to higher 

gradients with moderately low temperatures. This has increased competition for space and 

nutrients in the highland habitats hence making the less competitive ones extinct (Pompe et al., 

2010; Abdelaal et al., 2019). Other factors affecting the distribution of the selected medicinal 
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plants have arisen from the use of the medicinal plants for other purposes such as construction of 

houses, cattle sheds, charcoal, firewood (Mbinile et al., 2020a, 2020b; Mguni et al., 2023; Mollel 

et al., 2024). While others are due to the nature of the harvesting style used or procedure of 

harvesting the plant medicines (Mbinile et al., 2020a), the rate of harvesting (Kurpis et al., 2019). 

Also, agricultural extension due to introduction of other cultivars which could be invasive species 

(Manzoor et al., 2020; Shackleton et al., 2017; Witt et al., 2020) that outcompete the native species. 

Achieving feasible and sustainable management strategies for managing the spatial distribution of 

medicinal plants poses a considerable challenge. Despite efforts for ex-situ conservation (Koch et 

al., 2021; Ouédraogo et al., 2019; Rosche et al., 2022; Stehelin, 2020; Wangalwa et al., 2021) of 

the endangered species, very little has yielded because some of the plants have shown alterations 

in their growth, distribution and phytochemical composition of the plants. Also, the soil microbial 

activity of the microbes in the rhizosphere soils greatly affects the plant root growth and hence 

distribution (L. Chen et al., 2025; Moiloa, 2016). The microbial activity has been reported to vary 

basing on the different soil factors and other environmental factors hence making ex-situ 

conservation an impossible strategy. These microbes affect the kind of nutrients and rate of 

absorption of nutrients responsible for the growth and productivity of the plants. In situ 

conservation practices are the most appropriate since the plants remain in their natural habitat, 

however, this is only achievable if the plants have a random spatial distribution (Olalubi et al., 

2021). On the other hand, it has proven to be unachievable because the plants still face the 

challenges in place, hence affecting their distribution (Mollel et al., 2024). 

Therefore, the need to carry out an accurate study of the current distribution of the medicinal plants 

and how the different environmental variables influence it. Also, there should be accurate 

predictions for potential habitats and their suitability for the various medicinal plants in 

relationship to the predicted change in the environmental variables. Therefore, in this study, we 

will document the distribution of the selected medicinal plants in relation to the environmental 

variables. We will proceed to predict the future distribution of the medicinal plants basing on how 

the different environmental variables are predicted to change and suggest possible conservation 

strategies. 

1.3 Aim of study 

To investigate the spatial distribution of the selected medicinal plants in relation to environmental 

factors 

1.3.1 Specific objectives 

To map the current distribution of selected medicinal plants in Eastern Uganda. 

To investigate effect of the different environmental variables on the distribution of the selected 

medicinal plants. 
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To examine the relationship between the presence data of the selected medicinal plants and 

distribution. 

To predict the potential habitat suitability for future distribution of the selected medicinal plants 

with change in the environmental variables in Eastern Uganda. 

1.4 Research questions 

1. how is the distribution of the selected medicinal plants affected by the changes in environmental 

variables? 

2. how has climate change and change in other environmental variables affected the productivity, 

growth and distribution of the selected medicinal plants? 

3. how will continuous fluctuation in environmental variables affect the distribution of the selected 

medicinal plants? 

4. what percentage of suitable habitats will be available in the future? 

5. which conservation strategies have been put in place to address the challenge? 

1.5 Hypothesis 

1.5.1 Null hypothesis: 

There is no relationship between the distribution of the selected medicinal plants in their habitats 

and the different environmental variables. 

1.5.2 Alternative hypothesis: 

There is a difference in the distribution of the selected medicinal plants in their different habitats 

in relationship with the environmental variables. 

1.6 Justification of the study 

Climatic factors (temperature and precipitation) among the five environmental variables 

have been reported to greatly affect the distribution of the medicinal plants (Devine et al., 2017; 

Mbinile et al., 2020; Xu et al., 2022). Fluctuations in these variables (precipitation and 

temperature) can result into alterations in the distribution of the medicinal plants within their 

habitats. It has been reported by some SDMs that some medicinal plants will migrate to new 

habitats that would be favorable (Xu et al., 2022). While those that are habitat specific, become 

wiped out hence their extinction (Pompe et al., 2010). Fluctuations in these environmental 

variables has been influenced by human activities leading to changes in climate for example, 

deforestation, urbanization, agricultural extension among others. The harvesting style which 

includes debarking and uprooting as well as the rate or frequency of harvesting pose a threat to the 

distribution of the selected medicinal plants in their habitats (Mbinile et al., 2020b; Baghersad et 
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al., 2024; Daniel et al., 2019; Mollel et al., 2024; Ouédraogo et al., 2019; Stas et al., 2017; 

Wangalwa et al., 2021; Xego et al., 2016). Most of the plants are harvested by debarking and this 

accounts for the damage caused to the medicinal plant species hence affecting their wellbeing and 

growth to survive other environmental aspects since regeneration of bark has shown failure. While 

the rate of harvesting driven by the high market demand for the medicinal plant products (Brzić et 

al., 2023; Green et al., 2022; Haddad, LA, et al., 2015; J. Zhang et al., 2020; M. Zhang et al., 2021), 

or legality of the harvesting process. Also, there exists other anthropogenic threats facing the 

medicinal plants such as cultivation of invasive species which out compete the native species 

(Manzoor et al., 2020; Medley, 2010; Shackleton et al., 2017; Siegert et al., 2014; Witt et al., 2020) 

and other commercial plant trees to which more benefits are attached as compared to the medicinal 

plants. 

Also, most individuals today have abandoned the indigenous trees most especially the medicinal 

plant trees and have resorted to planting commercial trees. They tend to clear the local trees and 

replace them with commercial ones in the search for money. As a result, there is an increased risk 

of disease. There has been less documentation of the medicinal plants about their ethnobotanical 

uses, harvesting methods, effects of the various environmental variables on their distribution 

(Mollel et al., 2024). This has limited the prediction of the future distribution and the potential 

habitats as well as appropriate conservation strategies of the selected medicinal plants. This has 

been shown by the fact that the medicinal plants are affected differently by environmental 

variables. 

One of the objectives of this study is to predict the future potential habitats of the selected 

medicinal plants and their distribution in relation to environmental variables and thus come up 

with strategies to conserve the endangered species in their natural habitats. And this study will 

encompass assessment of the possible strategies to curb the unprecedented distribution of the 

medicinal plants. 

1.7 Significance of the study 

This study will focus on studying the spatial distribution of selected medicinal plants: 

Zanthoxylum chalybeum, Maytenus senegalensis, Croton macrostachyus, Mondia whitei, Kigelia 

africana, Tephrosia linearis, Albizia coriaria and Warburgia ugandaensis in relation to 

environmental variables. It will involve identifying the distribution patterns in relation to the 

environmental variables of temperature, precipitation, land use or cover, soil factors and elevation 

gradient. The study will encompass establishment of the relationship between human activities and 

the variation of these variables. This will enable proper identification of conservation strategies 

for the conservation of the medicinal plants. Also, the population will be sensitized on the best 

harvesting practices in cases where harvesting practices have made the species become 

endangered. 

It will also go ahead to predict the potential habitats and their suitability for the future distribution 

of the selected medicinal plants. The prediction will be done using MaxEnt software and spatial 
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distribution models will be developed. The results from this will be used by different organizations 

and other pharmaceuticals to ensure sustained harvesting of the plant medicines. 

Finally, it will highlight on the possible diseases that are likely to affect the human population if 

the medicinal plants are displaced far away from their habitats.  
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CHAPTER TWO LITERATURE REVIEW 

2.1 Historical background of use of medicinal plants 

In Africa, traditional medicine encompasses a diverse range of practices, including 

herbalism and spiritualism, where some diseases are believed to be “African” since they can only 

be traditionally treated locally or by herbalists (Green et al., 2022). Indigenous knowledge on the 

management of “African” diseases using medicinal plants was handed down orally from 

generation to generation by tribal societies of tropical Africa (Rodríguez-Calderón et al., 2019). 

As a result of the rapid westernization of these societies, there is a pressing need to record this 

local knowledge before it is lost forever (Gumisiriza et al., 2021; Rodríguez-Calderón et al., 2019). 

In these societies, the elders usually select some individuals whom they think will be very good at 

performing their work and thus introduce them to the various plants used to treat various ailments 

(Choudhury Barua et al., 2018; Rodríguez-Calderón et al., 2019). Some of the medicinal plant 

trees have been used in the treatment of some diseases in both humans and animals (Mbinile et al., 

2020a, 2020b). 

Currently, there is heightened application of plant medicines as health care (Appau et al., 2024; 

Mollel et al., 2024). For example, more than two thirds of the world's 36.9 million people living 

with HIV/AIDS reside in Sub-Saharan Africa and mostly use Z. Chalybeum and W. Ugandaensis 

for management of the ailment (HIV/AIDS) (Anywar et al., 2020a). Medicinal plants have also 

been used in the management of Opportunistic infections (OIs) associated with HIV/AIDS. These 

have been reported to be the major cause of mortality and morbidity among HIV/AIDS patients in 

poor countries. There is widespread use of medicinal plant species to manage the HIV infection 

(Nakibuuka & Mugabi, 2022; Anywar et al.,2020a, 2020b, 2021) and it's associated OI in Uganda 

(Anywar et al., 2020a), even by patients already on antiretroviral drugs (ARV). However, much 

of this information remains undocumented (Mollel et al., 2024) and unverified. Despite concerns 

about toxicity, potentially harmful effects and herb-drug interactions, the use of herbal medicines 

remains widely practiced by people living with HIV/AIDS (PLHIV) in Uganda (Anywar et al., 

2020a; 2020b; 2021; Nakibuuka & Mugabi, 2022). 

The global consumption of herbal medicine is increasing steadily. This has been due to the less 

side effects in the drugs as compared with the western medicines (Appau et al., 2024; Mollel et 

al., 2024). Also, due to low costs of the medicinal plant extracts, and easy access to consumers 

(Mollel et al., 2024; Appau et al., 2024). This has in turn posed an extinction risk to medicinal 

plants. Uganda is among the top ten countries with a high threat of herbal medicine extinction 

(Ofcansky, 2018) due to the rampant harvesting rate and also illegal export of the medicinal plants. 

Also, other human activities such as deforestation, grazing cattle, agriculture, and settlement 

endanger the plant species. Also, Traditional Medicinal Knowledge (TMK) erosion since most 

people have adopted the use of western medicines. Also, inadequate documentation (Mollel et al., 

2024) of the available medicinal plants concerning the diseases they treat and how to be consumed 

sustainably, plus many more unclear hindrances. Also, the efficacy testing (Alam et al., 2020) of 



10 
 

the medicines have been tried using clinical analysis, and in-vitro or ex-vivo trials to ensure rightful 

dosage is taken up (Appau et al., 2024; Nguta et al., 2011). Recently, many plants have been 

reported in various papers as having the capacity to treat common diseases such as cancer, malaria, 

diarrhoea, asthma among others with the selected medicinal plants dominating most of the papers. 

Medicinal plants have formed an integral part of many health care systems in Uganda (Asiimwe 

et al., 2021). They have been used in treatment of malaria parasite infections, bacterial infections 

(Schultz et al., 2020), management of DM, especially in developing countries, such as Uganda 

(Gang et al., 2023). In Uganda, DM prevalence rate has more than doubled in the last decade. 

Although management options for DM are various including conventional medicine, physical 

exercise and diet, use of traditional medicine has increasingly gained attention though there is little 

information about the medicinal plants used for managing DM in Uganda (Uwimbabazi et al., 

2023). According to several ethnobotanical surveys conducted in Uganda, various medicinal plants 

are used in DM management. Meanwhile, ethnopharmacological studies have confirmed the anti-

diabetic efficacy (Mguni et al., 2023; Uwimbabazi et al., 2023) of various plants and plant-derived 

formulations from Uganda. However, this information remains highly fragmented without a single 

repository for plants used in the management and treatment of DM in Uganda, hindering further 

investigations (Gang et al., 2023) 

Traditional medicine has shown importance in preventing deaths from snake bites across the 

African continent. Traditional medicine practitioners (TMPs) have been treating snakebites in 

Uganda for long despite the fact that few studies have been conducted to document such vital and 

rich indigenous traditional knowledge before it is lost (Okot et al., 2020). 

Also, they (MPs) have been of importance during the antenatal stage in pregnancy to manage 

different ailments in Africa. In Uganda, both medicinal and food plants are used to handle common 

pregnancy related conditions (Nalumansi et al., 2017). Also, the plants have been used to address 

injuries from burns, bruises and other damages encountered on the skin. Some of these medicinal 

plant extracts are fast in wound healing and hence prevent entry of other pathogens into the body. 

For example, the leaf of M. Senegalensis is placed on open wounds. Plant medicines have been 

used in addressing effects of some allergies, skin rushes and fungal infections of the skin, some 

are used for deworming, to combat tooth decay (Choudhury Barua et al., 2018; Kutima et al., 2014) 

itching of the eye, among others. Also, some herbalists have surfaced on drugs that can be used to 

cause abortions, give man power and others such as looking for marriage partners and other 

infections related to spiritual aspects. 

2.2 Distribution of selected medicinal plants 

Uganda has since time in memorial been considered the Pearl of Africa due to its richness 

in species biodiversity. The ecosystem of Uganda is very rich and it’s made up of a variety of 

organisms; plants and animals. The plant ecosystem in Uganda is made up of various plant species 

(medicinal and non-medicinal plants). Information from GBIF shows greater diversity of plant 

species lies in the western and southwestern Uganda. It is highly diverse with montane climate 
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which compares to that of the Himalayas region (Pramanik et al., 2018). However, of recent this 

diversity has been affected by many factors; that is, climatic factors, soil factors, elevation gradient, 

land use and anthropogenic threats. (M. Zhang et al., 2022). Therefore, it tends to reduce in the 

various areas (Ofcansky, 2018). The climatic factors; temperature and precipitation (Devine et al., 

2017) influence the distribution greatly and have been recorded to vary along with altitude/gradient 

(Ujawska et al., 2018) hence affecting their spatial distribution. Their fluctuations are majorly 

brought about by human activities. The spatial variations in plant diversity is also affected by 

elevation or gradient along the slope due to the fact that the amount or intensity of light being 

received by the plants varies (Tenaw et al., 2024). Also, topographic variability, species 

competition for nutrients, soil chemistry and texture play a role in the distribution of plants. The 

spatial distribution of the plant species is directly indicative of the environment in which the 

species is present (Ujawska et al., 2018). The uniqueness of the plant species is exhibited in 

different gradient changes due to topography. 

Also, distribution of the medicinal plants has been shown to be influenced by the type of soil, soil 

microorganisms, nutrients and other soil factors. Most especially, soil microorganisms that have 

shown to participate in the metabolism of matter between plant roots and the soil environment 

hence affecting growth and distribution. These microbial communities also influence the 

distribution of the medicinal plants through improving their resistance to various plant stresses. 

Also, these organisms form symbiotic relationships with the medicinal plants impacting their 

physiology (Li et al., 2023). They do not only influence the distribution of the medicinal plants but 

also influences the bioactive components in the plants (L. Chen et al., 2025). 

2.3 Threats to the distribution of the selected medicinal plants 

Recently many medicinal plants are threatened from both local and global extinction 

(Mbinile et al., 2020a, 2020b). Reports in the recent years have it that very many plants have gone 

extinct in the past hundreds of years (Humphreys et al., 2019; Knapp et al., 2020). This extinction 

is due to both use of the medicinal plants, procedures involving use of their extraction for use and 

the impacts of various human activities on the habitats of the plants such as deforestation, 

agriculture, infrastructural developments, and other land uses have led to destruction of plant 

habitats for the MPs ((Tapia-Armijos et al., 2015; Tenaw et al., 2024). Climatic factors whose 

change has greatly been induced by the various human activities have led to the rise in global 

temperatures hence loss of habitats by some medicinal plants (Kurpis et al., 2019). Also, soil 

microorganisms, competition among others been altered by various human activities resulting in 

altered habitats for the MPs. Also, some MPs exist in small isolated populations that are at a risk 

of extinction (Id et al., 2023). More threats are arising from introduction of invasive species 

((Siegert et al., 2014; Medley, 2010; Manzoor et al., 2020) and also increased herbivory (McGraw 

& Furedi, 2005; Augustine & DeCalesta, 2003; Furedi & McGraw, 2004). 

There has been increased recommendation for use of MPs for treatment of various ailments and 

this has led to the uncontrolled and unsustainable harvesting (J.E. et al., 2011; McElhaney et al., 
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2011; Kuhle et al., 2011; Ebeling et al., 2011; W. Chen et al., 2020). This has therefore posed a 

great challenge to the distribution of the medicinal plants. In addition to that, also the harvesting 

methods such as uprooting, debarking endangers some species (Mollel et al., 2024). Also, the 

propagation by seeds has shown to be inefficient because some medicinal plant seeds easily lose 

viability, others have thick oils within them inhibiting germination or when they undergo certain 

stages of dormancy (Mbinile et al., 2020b, 2020a). Threats have also been attributed to commercial 

issues; some countries do trade highly in the medicinal (Souther & Mcgraw, 2014). This left most 

of the highly valued plant species endangered (Robertson & Pollaro, 2023). Also, distribution of 

the medicinal plants is non-uniform because some are slow growing and if harvested it may take 

long to be replaced (regeneration) most especially when the methods used for harvesting are very 

crude for example debarking and uprooting (Wraith & Pickering, 2018; IUCN, 2020, 2022; Le 

Breton et al., 2019; Keith et al., 2015; Betts et al., 2020). Also, regeneration time for the different 

plants takes a lot of time after harvesting, therefore leaving some of the plants endangered. 

2.3.1 Environmental variables 

Many habitats have the different environmental variables manifesting in place and any 

alterations in these will render them unable to support survival of the medicinal plants (Koch et 

al., 2021; Welk et al., 2019). As a result, some medicinal plants are deemed to become extinct due 

to lack of proper habitats or some are out competed in their habitats. Some plant species will have 

to migrate from their habitats to new ones, as a result, may lead to expansion of their habitats 

(Monteiro et al., 2023). Some plant species will have to elevate to higher altitudes with favorable 

environmental variables thus will lead to an increase in competitive pressure (Shackleton et al., 

2017; Harper et al., 2007; Pramanik et al., 2018). Climate change may result in some changes in 

certain plant species undergoing changes in some phenotypic characteristics so as to adapt to the 

existing condition. As a result, beneficial associations of these plants with other organisms such 

as insect pollinators will be affected resulting in poor productivity. Also, climate changes most 

especially warmer environments can lead to emergence of damaging insects and also some fungal 

pathogens that have a detrimental effect on the survival of plant species. 

The distribution of the medicinal plants is highly affected by both temperature and drought stress. 

Some plants are very sensitive to rapid changes in temperature and water stress, therefore tend to 

dominate the moderate conditions and when extremes arise, they tend to deteriorate in the 

population and distribution. Some species are resistant and are able to survive such harsh 

conditions and tend to remain evenly distributed within their habitat. This reduced distribution and 

also biomass results in increased unsustainable levels of harvesting thus leading to extinction of 

some plant species and also a great impact to the economy will arise due to less that will be 

exported. Intense temperatures and droughts can impair the growth and reproductive success of 

the selected medicinal plants most especially those that are less adapted to the conditions. The 

changes in temperature and drought stress have not shown consistent results when testing for the 

concentrations of the active metabolites. Depending on the plant species, the concentration of the 

active metabolites might increase with increase in drought but reduce when an increase in 
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temperature occurs or vice versa. Elevated temperatures majorly tend to lower the phytochemical 

composition of the plants as well as content of other compounds such as oils. 

Drought stress that is not severe to kill plants will result in the elevation of the concentration of 

bioactive compounds. This has been manifested through reduction in the biomass of the plants or 

actual increase in the concentration of the bioactive compounds. Drought stress has shown to 

increase the concentration of the bioactive compounds in various plant species with standing 

evidence given on phenolic compounds, essential oils and terpenes, alkaloids and glucosinolates 

(Applequist et al., 2020). Therefore, the possibility that the increase in drought will increase the 

phytochemical composition of the medicinal plants is high in selected regions. Increase in 

temperature has shown to counteract the effect of drought stress in the concentration or 

phytochemistry of the MPs. However, temperature has shown inconsistency in a way that it can 

either decrease or increase the phytochemical composition of the MPs. 

Also, climate changes resulting from land use changes such as farming, mining and physical 

developments that alter richness in biodiversity of the areas. As a result, the plant species tend to 

be randomly distributed. Also, these land use activities alter the soil physiochemical properties 

such as pH, soil texture, moisture among others also affect the distribution of the plants (Appau et 

al., 2024). Other activities such as bush burning, deforestation can lead to destruction of the 

medicinal plants hence leading to their distribution. 

Given the fact that most medicinal plants are slow-growing and habitat selective (Applequist et 

al., 2020), they will also be affected by changes in climate. Spatial distribution models by MaxEnt 

of recent have shown that some species will end up losing the existing habitats and later gain some 

other habitats (Pramanik et al., 2018; Sciences, 2022; S. Yang & Mountrakis, 2017). This will 

leave the human population disadvantaged by limited access for the medicinal plants and hence 

increased disease pressure. High altitude growing plant species face higher risk of extinction since 

most of the pressure pushes low land species to occupy highlands with seemingly favorable 

environmental conditions. The migration of the plant species is more likely to occur towards higher 

altitudes than towards low lands simply due to the steeper spatial gradient of temperature change 

(Applequist et al., 2020). Reports have it that changes in the environmental variables will endanger 

the plants due to pathogens for example mycotoxins. 

2.4 Decreased availability and extinction of medicinal plants 

The decrease in the availability and hence extinction of MPs across the globe is attributed 

to many factors that include the anthropogenic (Tapia-Armijos et al., 2015; Mbinile et al., 2020a, 

2020b) and the non-anthropogenic effects. Also, human medicine is greatly linked to medicinal 

plants since most of the medicinal supplements are obtained from them (Mguni et al., 2023). The 

global rate of extinction of medicinal plants of recent is very high due to the increased use of the 

medicinal plants. This has been so because the medicinal plants are readily available, widely 

accepted by many cultures and some perceive it to be safe and having a high efficacy (Ssenku et 

al., 2022; Mguni et al., 2023). Therefore, the increased demand for herbal medicines in the 
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developed and the developing countries as well other factors such as climatic changes are 

contributing to their extinction (Tapia-Armijos et al., 2015; Mbinile et al., 2020a, 2020b; Ssenku 

et al., 2022). 

In Uganda, the use of herbal medicine has been estimated to be at >50% (Ssenku et al., 2022) with 

high consumption rate being associated with rural areas (Mukasa et al., 2023). This high 

consumption rate is accounted for by the fact that some rural areas have limited access to health 

facilities (Ssenku et al., 2022; Mguni et al., 2023). Sometimes the medical supplies are inadequate 

or costly, also there are few available medical practitioners who are poorly motivated (Mukasa et 

al., 2023; Mguni et al., 2023). Also, due to the wide acceptance that herbal medicines have minimal 

side effects compared to conventional drugs, their consumption has gone high (Mukasa et al., 

2023; Mguni et al., 2023). Most of the field studies have reported that most of the methods for 

collecting the herbal medicines are destructive (Ssenku et al., 2022; Dokata et al., 2023). For 

example, uprooting and debarking endanger their survival or regeneration (Mollel et al., 2024). 

This has been brought about by the increasing proliferation of unregulated herbal medicine trade 

in urban centers (Mukasa et al., 2023; Ssenku et al., 2022; Mollel et al., 2024). The indiscriminate 

collection and overharvesting of medicinal plant species for commercial purposes threatens the 

conservation of plant diversity (Abuto et al., 2018). 

Recently, Uganda is among the countries that are facing the greatest risk of future extinction of 

medicinal plants. Unfortunately, this coincided with Uganda’s efforts towards upscaling herbal 

medicine use and its prospective integration into the main health care system. For example, 

Butaleja, a remote district in eastern Uganda with relatively poor infrastructure and service 

delivery has few pharmacies, licensed private drug shops, and affordable private clinics and this 

leaves the locals only able to use medicinal plants for disease treatment and health promotion. 

2.5 Changes in plant quality and phytochemistry 

In situations that arise when some plants can resist the changing of their habitats due to 

change in climatic conditions, the distribution of the plant species may not be affected but it may 

alter the composition of the medicinal plant. This may result in a change in the pharmacological 

properties of the medicinal plants hence the goal for utilization of the medicinal plants which is to 

derive health benefits is not realized (Applequist et al., 2020). If the composition of the medicinal 

plants changes in a detrimental way, the populations consuming the drugs will suffer and this will 

be rampant in less wealthy populations that are unable to perform chemical testing for the identity 

of the changes. Also, some plants may be abandoned due to decrease in their potency leading to 

misinterpretation by consumers as lacking efficacy. The plant phytochemistry has shown to be 

affected by majorly three factors; temperature, water stress and carbon dioxide concentration 

which counteract each other’s effect. For example, in conditions where water stress causes an 

increase in phytochemical composition, increased temperature and carbon dioxide concentration 

have shown to decrease it. Therefore, this phytochemical composition has not shown to be easily 

predictable as the plants are affected differently by the variables. Also, as a result of the increased 
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emission scenario, there will be increased accumulation of the greenhouse gases. This will both 

lead to rise in temperature and also carbon dioxide concentration resulting in phytochemical 

composition change. 

2.6 Models for spatial distribution 

The spatial distribution of the selected medicinal plants can be modeled using various 

species distribution models (SDMs) (Bedane et al., 2023) such as the Maximum Entropy (MaxEnt) 

distribution, Bioclim, GAM, GLM and GARP among which, MaxEnt model shows optimum 

performance in terms of overall software utility and has been widely used since its development. 

The other variables are very efficient in modelling the distribution of the plant species with respect 

to only few environmental variables (Bedane et al., 2023). MaxEnt supersedes them (Cobos et al., 

2019) due to its need for only environmental information and species occurrence data, and it will 

predict distribution of the medicinal plants for the changes in various environmental variables. 

Also, it can generate complex feedback to the used data and also its inherent features prevent 

model overfitting (Pramanik et al., 2018). It has been used to predict the potential distribution areas 

of rare and endangered medicinal and economic plants across the globe and also assess their 

extinction risk. It can also be used to predict the potential planting areas of various plant species 

under different climatic scenarios (Wu et al., 2019), predict suitability of given environments 

(Pramanik et al., 2018) and also describe the environmental necessities (Pramanik et al., 2018). 

The data of selected medicinal plant species’ natural distribution points and filtered climate factors 

are then imported into MaxEnt software. Q and P features are selected in the element-type part 

while the sub sample is chosen in the replicated run-type part. The modeling is then repeated 

several times and its RM value recorded. A test set made up of 30% of the distribution data is 

chosen while the 70% is left to serve as the training set. The maximum iteration is set at particular 

number of times to ensure sufficient time for the model to achieve convenience. After modeling 

with MaxEnt v3.4.1, the jackknife method is then used to test the weight with basis on the percent 

contribution of the selected climate factors (Pramanik et al., 2018). The receiver operating 

characteristic (ROC) curve is then plotted and the accuracy of the results evaluated using the area 

under curve (AUC) as the basis since it is not influenced by over fitting, and training over fitting 

data does not necessarily improve the fitting of independent test data (Warren & Seifert, 2011). 

The AUC values are then interpreted using the criteria such that < 0.6 means failure, 0.6-0.7 

indicates poor prediction accuracy, 0.7-0.8 indicates fair prediction accuracy, 0.8-0.9 implies good 

prediction accuracy and 0.9-1.0 indicates excellent prediction accuracy (Pramanik et al., 2018). 

2.7 Predicting potential habitats for the plants 

Basing on the modelling results, Arcgis10.2 is used to visualize the prediction map of 

potential distribution regions in 1970-2000, 2050s and 2090s and the area of suitable distribution 

regions can be calculated. The accuracy of the distribution predictions can be tested for accuracy 

basing on the “sensitivity-specificity difference minimizer” and “sensitivity-specificity sum 

maximizer” criteria. During this study, the maximum training sensitivity plus specificity threshold 



16 
 

generated by MaxEnt are selected as the threshold to determine whether a region is suitable for the 

selected medicinal plants or not. Basing on research, the threshold given by MaxEnt is 0.1227 and 

is used to classify the potential distribution regions using criteria below. For values less than 

0.1227, the region is classified as unsuitable, between 0.1227 to 0.4151 as a lowly suitable region, 

between 0.4151 to 0.7076 as a moderately suitable region and finally greater than 0.7076 is 

classified as highly suitable region 

2.8 Conservation strategies 

Plant biodiversity serves a great purpose and therefore need for proper quantification and 

documentation in relation to abiotic variables of the environment. Also, there needs to be accurate 

species modelling to predict potential habitats, their suitability and the distribution of the plants 

within them. Also, phytochemical composition studies are necessary to ensure no changes occur 

when ex-situ conservation is opted for. Several techniques are being used to assess the 

conservation status of species and prioritize conservation planning. Some of the techniques used 

are propagation through air layering, planting of seeds and use of lateral roots through application 

of rootex. For there to be apt conservation of the plant species, need to delve into discovery and 

comprehension of the linkages between plant species and environmental relationships is so 

significant (Tang et al., 2020). Also, there is need to understand the distribution patterns and 

diversity along altitudinal gradient. Conservation seems hard simply because some methods seem 

ineffective; for example, some seeds lose viability within a short time, others have hard seed coats 

while others have oil within the seed coats thus impeding germination. In some situations, the 

plants can sprout but with altered phytochemistry and thus inefficiency of the medicinal 

components. However, accurate study of soil factors, environmental factors and anthropogenic 

threats will enable proper conservation of the medicinal plants without altering their 

phytochemistry. This is mostly important for species that are native to particular environments and 

soils such that when mimicking their new environment for preservation and conservation will be 

appropriate. Also, for proper conservation of the MPs, there should be accurate study on the 

diversity of the phytochemical components of the plants (Abuto et al., 2018). 
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CHAPTER THREE MATERIALS AND METHODS 

3.1 Description of the study area 

The data was collected from several districts in Eastern and North Eastern Uganda. The regions 

respectively receive an annual rainfall of 1000 to 1600mm and less than 700mm per annum and 

their temperature respectively varies between 22 to 23oC and 24 to over 30oC. the regions cover 

an area of about 39,478.8km2 and 27,528km2 respectively. Most of its area is covered by grass 

land vegetation and having simple shrubs and small trees scattered within. The entire land is 

relatively flat and fertile for agriculture and having the major vegetation types as grassland, 

followed by wood vegetation, then bush lands and finally bushed grasslands. The area is greatly 

utilized by grazing ungulates such as herds of cattle of the local people. 

3.2 Sampling design 

A preliminary survey was conducted from 18th to 23rd December 2025 to trace the identity of the 

land use types present at areas for data collection. With the help of a topographic map of the study 

area, data from the global biodiversity information facility (GBIF), Makerere herbarium, published 

literature and also local knowledge of the site about occurrence and distribution of the selected 

medicinal in the different localities, we employed purposive sampling technique using data from 

GBIF, MUH and other published articles. Snow ball sampling was also used to reach other areas 

that preceding interviewees would inform about. The identified areas were sampled for the data 

needed. Survey routes (the pathways); that permitted or enabled access to different survey sites 

were used to observe the distribution of the selected medicinal plants in the area. An assessment 

of the environmental variables (temperature, precipitation, soil factors and others) was conducted, 

number of selected medicinal plants and also recording of coordinates of sampling plots where the 

selected medicinal plants were present or absent to attain distribution data. A hand-held global 

position system (GPS) was used to locate the coordinates of the sites for the plants’ presence or 

absence data and also a self-made data collection sheet will be used to record the environmental 

variables. The collected data points were used to make predictions in MaxEnt software for 2040s 

and 2060s 

3.3 Species distribution and data point 

The data on the natural distribution points of the selected medicinal plants was collected in 

December, 2025 and January 2026 by visiting the Global Biodiversity Information Facility 

(GBIF), Makerere University Herbarium (MUH), published literature and also local knowledge of 

the site about occurrence and distribution of the selected MPs in the different localities. The total 

number of the distribution points obtained were recorded. ArcGIS was used to screen redundant 

data so as to avoid geographic autocorrelation of the distribution correlations and this will finally 

ensure acquisition of the natural distribution points of the selected medicinal plants. 
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3.4 Environmental variables 

In this research five environmental variables of temperature related to the 19 global 

climatic factors with a geographic resolution of (current, 2040s and 2060s) was obtained in June 

2026 by visiting the World Climate Data Website (www.worldclim.org). According to Pramanik 

et al (2018) Two circulation models (BCC-CSM2-MR and MRI-ESM2-0 IN CMIP6) were 

selected and in which three shared socioeconomic paths (sustainable path; SSP126, middle path; 

SSP245, and fossil fuel-based development path; SSP585) were chosen to increase the reliability 

of climate data. On the basis of the distribution areas of the selected medicinal plants, Rv3.6.2 

software will be employed to cut the climate data and convert it to the “.asc” format. The data of 

the 19 climatic parameters at each location will be extracted using the “Extract Multi Values to 

Points” feature of the Arcgis 10.2 program. The Pearson correlation coefficient matrix between 

the corresponding climate factors at each point will be calculated using the R v3.6.2 to determine 

their significant correlation with the threshold. The data on effective natural distribution will be 

screened and the 19 climate factors between 1970 and 2000 will be imported into MaxEnt3.4.1 for 

a four-time operation. The results will be analyzed by comparing the percent contribution and the 

Jackknife values; climate factors with a contribution rate of less than 0.5 will be deleted. The 

relatively most important one of the two significant correlation factors will be retained and this 

will result in 5 climate factors from 19 climate for modeling. 

3.5 Data collection 

There will be conduction of an assessment of the environmental variables (temperature, 

precipitation, soil factors, elevation gradient and land use), number of selected medicinal plants 

and also recording of coordinates of sampling points where the selected MPs will be present or 

absent to attain distribution data. A hand-held global position system (GPS) will be used to locate 

the coordinates of the sites for the plants’ presence or absence data and also a self-made data 

collection sheet will be used to record the environmental variables. The mean annual climatic data 

of the study area will be obtained from the weather centers. 

3.6 Data analysis 

The spatial distribution data of the selected medicinal plants will be analyzed using Arc 

GIS (Arc Map version 10.6) to produce a distribution map. The selected medicinal plants’ GPS 

coordinates will be recorded during data collection and the patterns across the entire study area 

will be compiled and thereafter will be converted to shapefile (.SHP) format. The kernel density 

tool within the ArcMap version 10.6 with a search radius of 1km2 area will be used to calculate 

the density and extent of distribution of the selected medicinal plants across the entire landscape. 

This tool creates a continuous surface with a specified radius distance in which only georeferenced 

coordinates points of the species falling within the neighborhood of the search radius will be 

considered in calculating density. The kernel tool will calculate density units using the linear unit 

of the projection of the output spatial reference. 

http://www.worldclim.org/
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3.7 Model building 

When carrying out species distribution models (SDMs) of rare samples, there can arise an 

imperfect match between the environmental variables and the occurrence data hence causing 

difficulties in model evaluation and thus model overfitting (Xu et al., 2022). However, MaxEnt 

has proven to be the most reliable SDM as compared to others in case of small sample simulations 

for example some studies have shown 15 as the minimum number of occurrence points for 

ecological niche modelling. 

The Keum package in Rv3.6.1 was used to provide the judgement standard of the optimal model. 

Specifically, combinations of element types were considered and regularization multipliers (RM) 

were set at an interval to form parameter combinations. The parameter combinations were 

evaluated and modelled. The optimum model for modeling was selected using a criterion like; (1) 

significance and omission rate (E < 0.05); and (2) model complexity AICc (delta <=2) (Cobos et 

al., 2019). As a result, two element types will be shifted out and RM will be noted. 

The data of selected medicinal plant species’ natural distribution points and filtered climate factors 

was imported into MaxEnt software. Q and P features were selected in the element-type part while 

the sub sample in the in the replicated run-type part. The modeling was repeated times and its RM 

recorded. A test set made up of 30% of the distribution data will be chosen while the 70% will be 

left to serve as the training set. The maximum iteration was set at to ensure sufficient time for the 

model to achieve convenience. After modeling with MaxEnt v3.4.1, the jackknife method was 

used to test the weight with basis on the percent contribution of the selected climate factors. The 

receiver operating characteristic (ROC) curve will be plotted and the accuracy of the results will 

be evaluated using the area under curve (AUC) as the basis since it is not influenced by over fitting, 

and training over fitting data does not necessarily improve the fitting of independent test data 

(Warren & Seifert, 2011). 
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CHAPTER FOUR PREDICTED FUTURE HABITAT SUITABILITY RESULTS 

4.1 Overview of the modelling approach 

This chapter presents the results of the species distribution modelling component of the study, in 

which Maximum Entropy (MaxEnt) modelling was used to generate current and future habitat 

suitability projections for nine medicinal plant species across Eastern Uganda. The underlying 

occurrence dataset 487 combined field and secondary records and the field-based habitat and 

elevation associations that motivate the modelling exercise are documented in full in the 

companion volume of this study, Current Distribution and Habitat Associations of Selected 

Medicinal Plant Species in Eastern Uganda, and are referenced here only where necessary to 

interpret the model outputs. 

MaxEnt modelling was applied to each target species using the compiled occurrence records as 

input, combined with five environmental predictor layers: mean annual temperature (BIO1), 

annual precipitation (BIO12), precipitation seasonality (BIO15), topographic elevation (DEM), 

and land use/cover (LULC) derived from the ESA Climate Change Initiative Land Cover dataset. 

The ENMeval package in R was used to optimise feature class combinations and regularisation 

multiplier (RM) values, with model selection based on the Akaike Information Criterion corrected 

for small sample sizes (AICc). This approach to species distribution model configuration follows 

established protocols for low-sample-size scenarios (Warren & Seifert, 2011; Muscarella et al., 

2014). 

Model performance was evaluated using the Area Under the Receiver Operating Characteristic 

Curve (AUC), with AUC values ≥ 0.70 considered acceptable, ≥ 0.80 considered good, and ≥ 0.90 

considered excellent model discrimination. Jackknife variable importance tests were conducted to 

identify the environmental variables contributing most significantly to each species’ modelled 

distribution (Phillips et al., 2006). Two projection horizons were generated for each species 2040 

and 2060 in addition to a current-conditions baseline, allowing direct comparison of present-day 

and future suitability surfaces under a common five-class suitability scale (very low, low, 

moderate, high, very high). 

4.2 Current habitat suitability baseline 

Current MaxEnt suitability surfaces were generated for all nine focal species and are mapped in 

Figures 4.1–4.9 below. This current-conditions baseline serves two purposes in this chapter: first, 

it is a check on model plausibility, since a credible baseline surface should broadly agree with the 

field and secondary occurrence patterns documented in the companion volume; second, and more 

importantly for the predictive aims of this study, it is the fixed reference point against which the 

2040 and 2060 projections in section 4.3 are measured, so that genuine projected change can be 

distinguished from features that were already present under current conditions. 
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Two broad spatial groupings emerge from the current-conditions baseline. The first comprises 

species whose currently suitable habitat (moderate to very high suitability) is tightly confined to 

the southern and south-western margins of the study region principally the Albertine Rift 

landscapes around Lake Edward/Lake Albert and the Lake Victoria shoreline in the south-east 

while the entire northern, central, and eastern extent of the country is classified as very low 

suitability. Warburgia ugandensis and Croton macrostachyus both display this restricted pattern, 

consistent with the very small number of field and secondary occurrence records available for 

these species and with their documented association with highland and lakeshore forest margins. 

The second grouping consists of species with broad current suitability across central and southern 

Uganda. Kigelia africana, Rhoicissus tridentata, Albizia coriaria, and Gymnosporia senegalensis 

(previously treated in this study as Maytenus senegalensis) all show moderate-to-high suitability 

across large parts of central, eastern, and southern Uganda, with only the far northern Karamoja 

sub-region remaining consistently unsuitable. Zanthoxylum chalybeum shows a distinct suitability 

core centred on the Lake Kyoga basin and the Mbale–Teso corridor in East-central Uganda, 

matching the bimodal elevation pattern documented for this species in the companion volume. 

Mondia whitei shows the inverse pattern, with high suitability concentrated in the north-west (West 

Nile margin and Albertine lowlands) and low suitability across most of eastern Uganda. Tephrosia 

linearis currently shows a comparatively even, moderate suitability across most of the country, 

with locally elevated suitability restricted to the extreme south-western and south-eastern corners. 

Across all nine species, elevation, mean annual temperature, and land use/cover were consistently 

identified among the top predictors a result that independently corroborates the field-based habitat 

and elevation associations reported in the companion volume, despite the two analyses drawing on 

largely separate lines of evidence (raw occurrence tabulation versus a fitted statistical model). 

4.3 Projected future habitat suitability (2040 and 2060) 

Future habitat suitability was projected for two-time horizons, 2040 and 2060, using the fitted 

MaxEnt models under projected changes in temperature, precipitation, and precipitation 

seasonality (Figures 4.1–4.9). Rather than a single uniform trajectory, the projections reveal three 

distinct patterns of change across the nine species, described in turn below. 

The first and most common pattern, shown by Warburgia ugandensis, Croton macrostachyus, 

Kigelia africana, Albizia coriaria, Rhoicissus tridentata, Zanthoxylum chalybeum, Gymnosporia 

senegalensis, and Mondia whitei, is broad spatial stability: the overall geographic footprint of 

suitable and unsuitable habitat in 2040 and 2060 closely mirrors the current distribution, with only 

modest local intensification (a small increase in the extent of the “very high” suitability class 

within already-suitable areas) rather than large-scale range shift. For the two most spatially 

restricted species, Warburgia ugandensis and Croton macrostachyus, this stability is of particular 

concern: their suitable habitat neither expands nor relocates elsewhere in the country by 2060, 

meaning these species have no projected refugia beyond their current narrow southern range a 

pattern consistent with elevated extinction risk under continued habitat loss or disturbance within 
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that limited range. In other words, for these two species the projection changes the nature of the 

conservation problem rather than its urgency: the risk is not a coming wave of climate-driven 

habitat loss so much as the permanent absence of any climatic escape route from a range that is 

already small. 

The second and most striking pattern is shown by Tephrosia linearis, which departs markedly from 

its currently even, moderate distribution. By 2040 the eastern half of the country shows a modest 

loss of suitability, and by 2060 this develops into a pronounced and spatially fragmented mosaic 

in north-eastern Uganda (the Karamoja–Teso corridor), combining large patches of very high 

suitability directly adjacent to patches of very low suitability. This fine-grained heterogeneity, 

rather than a smooth directional shift, suggests that Tephrosia linearis is disproportionately 

sensitive to the projected climatic changes and that its future distribution carries greater uncertainty 

than that of the other focal species. This finding, made possible only by comparing the current, 

2040, and 2060 suitability surfaces directly, was not evident from the field and elevation data alone 

and represents a genuinely novel result of the spatial modelling component of this study one with 

direct bearing on conservation prioritisation, since Tephrosia linearis would not have been flagged 

as a species of particular concern on the basis of its current field-occurrence profile alone. 

The third pattern, implicit in the comparison between the first two, is that projected vulnerability 

under this modelling framework is not simply proportional to current rarity. Warburgia ugandensis 

is rare today and remains rare and static in the projections; Tephrosia linearis is moderately 

common today but is the one species whose spatial configuration is projected to change 

substantially. This distinction matters for how the projections in this chapter should be used: a 

species’ current occurrence count, on its own, is an unreliable guide to which species most need 

forward-looking climate-adaptation attention. 

4.3.1 Spatial patterns of current, 2040, and 2060 habitat suitability 

Figures 4.1–4.9 present the MaxEnt-modelled habitat suitability surfaces for each of the nine focal 

species under current climatic conditions and under the 2040 and 2060 projections, using a 

common five-class suitability scale of very low, low, moderate, high, and very high. These maps 

form the spatial basis for the current-baseline and projected-future suitability findings discussed 

in sections 4.2 and 4.3 above, and each map should be read as a single time-series triptych current, 

2040, 2060 for one species, rather than as three unrelated panels. 
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Figure 4.1: MaxEnt habitat suitability for Warburgia ugandensis under current, 2040 and 2060 

conditions. 
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Figure 4.2: MaxEnt habitat suitability for Zanthoxylum chalybeum under current, 2040 and 2060 

conditions. 

 

Figure 4.3: MaxEnt habitat suitability for Tephrosia linearis under current, 2040 and 2060 

conditions. 
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Figure 4.4: MaxEnt habitat suitability for Kigelia africana under current, 2040 and 2060 

conditions. 
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Figure 4.5: MaxEnt habitat suitability for Rhoicissus tridentata under current, 2040 and 2060 

conditions. 

 

Figure 4.6: MaxEnt habitat suitability for Mondia whitei under current, 2040 and 2060 conditions. 
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Figure 4.7: MaxEnt habitat suitability for Gymnosporia senegalensis under current, 2040 and 

2060 conditions. 
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Figure 4.8: MaxEnt habitat suitability for Croton macrostachyus under current, 2040 and 2060 

conditions. 

 

Figure 4.9: MaxEnt habitat suitability for Albizia coriaria under current, 2040 and 2060 

conditions. 

4.4 Summary of predicted future distribution findings 

The MaxEnt current-to-2060 comparisons reported in this chapter show that seven of the nine 

species Kigelia africana, Rhoicissus tridentata, Albizia coriaria, Zanthoxylum chalybeum, 

Gymnosporia senegalensis, Mondia whitei, Warburgia ugandensis, and Croton macrostachyus 

(eight are named here because Warburgia ugandensis and Croton macrostachyus together make 

up two of the nine “stable” species alongside the other five) showed broadly stable suitability 

surfaces through 2040 and 2060. This stability is reassuring for the widely distributed generalists 

among them (Kigelia africana, Albizia coriaria, Rhoicissus tridentata), whose already-large 

suitable range is projected to persist largely unchanged. It is a source of continued concern rather 

than reassurance for Warburgia ugandensis and Croton macrostachyus, whose current suitable 

habitat is already confined to narrow southern refugia with no projected expansion elsewhere in 

the country under either the 2040 or 2060 horizon. 

Tephrosia linearis is the only species projected to undergo substantial spatial reconfiguration, 

developing a fragmented mosaic of very-high and very-low suitability in north-eastern Uganda by 

2060. Narrowly distributed, low-elevation species with fixed southern refugia Warburgia 
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ugandensis and Croton macrostachyus remain the species of greatest long-term conservation 

concern on the basis of these projections, since their suitable habitat does not expand elsewhere in 

the country even under the 2060 projection, while Tephrosia linearis represents a distinct and 

separately important concern: a currently moderate-abundance species whose future spatial 

configuration is genuinely uncertain.  
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CHAPTER FIVE DISCUSSION, CONCLUSIONS, AND RECOMMENDATIONS 

5.1 Discussion 

This chapter discusses the predictive-modelling findings presented in Chapter Four in the context 

of existing literature on climate change impacts on plant biodiversity, species distribution 

modelling, and conservation planning. The discussion addresses the study’s fourth specific 

objective predicting the potential habitat suitability for future distribution of the selected medicinal 

plants under projected changes in environmental variables building on the current-distribution 

baseline established in the companion volume of this study. 

5.1.1 Elevation as a proxy for climatic vulnerability 

The strong interspecific differentiation in elevational niche breadth documented from the field 

dataset most especially the very narrow elevation standard deviation of Maytenus senegalensis 

(27.6 m) compared to the broad ranges of Kigelia africana (392.7 m) and Zanthoxylum chalybeum 

(406.7 m) has direct and quantifiable implications for climate change vulnerability assessment. 

Species with narrow, low-elevation niches are less able to buffer against temperature increases 

through upslope movement and are therefore theoretically at higher risk of range contraction and 

local extinction as warming proceeds (Thomas et al., 2004; Colwell et al., 2008; Raxworthy et al., 

2008). The MaxEnt projections in Chapter Four allow this theoretical expectation to be tested 

directly against modelled outcomes, rather than left as an inference from elevation data alone. 

Global temperatures have already risen by approximately 0.6°C and are projected to increase 

further by mid-century (Xu et al., 2022), with disproportionately large warming predicted for 

interior East Africa relative to coastal zones. The current-to-2060 MaxEnt comparisons presented 

in Chapter Four show that this warming does not translate into a uniform habitat-loss signal across 

the nine focal species. Instead, seven species including Warburgia ugandensis and Croton 

macrostachyus, the two species with the narrowest, lowest-elevation current ranges show projected 

suitability surfaces that remain geographically static through 2040 and 2060, neither expanding 

into new territory nor shifting toward higher elevations. For these species the concern is therefore 

less one of large-scale habitat loss and more one of persistent, fixed spatial restriction: their entire 

projected suitable range in 2060 is no larger than, and occupies the same footprint as, their current 

range, leaving no climatic refugium elsewhere in the study area should their existing southern 

strongholds be degraded by land conversion or overharvesting. This is an important refinement of 

the simple “narrow niche equals high vulnerability” heuristic: the modelling shows that for narrow-

niche species in this dataset, the projected risk manifests as an absence of future escape routes 

rather than as a shrinking of the current range itself. 

The finding that Kigelia africana retains a stable, wide suitability surface through to 2060 reflects 

its thermal generalism and broad habitat tolerance, consistent with the elevation and land-use 

breadth documented from the field data in the companion volume. A similar stability characterises 

Rhoicissus tridentata, Albizia coriaria, Zanthoxylum chalybeum, Gymnosporia senegalensis, and 
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Mondia whitei. The clear exception is Tephrosia linearis, whose currently even, moderate 

distribution is projected to fragment into a mosaic of very-high and very-low suitability across 

north-eastern Uganda by 2060 (Figure 4.3). Because this species is not currently a conservation 

priority based on field abundance alone, this spatial-modelling result highlights the practical value 

of projecting habitat suitability forward in time, rather than relying on current distribution patterns 

as a sole proxy for future vulnerability a species can be common today and still be a priority for 

forward-looking monitoring. 

The implications of these projections extend beyond the ecological domain. If Maytenus 

senegalensis used widely for its antimalarial, anti-inflammatory, and antifungal properties loses 

significant habitat by the 2050s, communities in Eastern Uganda who depend on it as a primary 

healthcare resource will face increasing scarcity. This risk is compounded by the inability of poorer 

communities to substitute plant-based remedies with pharmaceutical alternatives, owing to cost 

and access barriers that are well documented across sub-Saharan Africa (Appau et al., 2024; Mollel 

et al., 2024; Mguni et al., 2023). The projections in this chapter therefore carry weight beyond 

conservation biology narrowly defined: they are also, in effect, an early-warning signal for future 

rural healthcare access in the study area. 

5.2 Conclusions 

This study has generated habitat suitability projections for nine selected medicinal plant species in 

Eastern Uganda under future climate change scenarios using MaxEnt modelling. The following 

principal conclusions are drawn from the current-to-2060 modelling comparisons: 

MaxEnt current-to-2060 projections show that most focal species Kigelia africana, Rhoicissus 

tridentata, Albizia coriaria, Zanthoxylum chalybeum, Gymnosporia senegalensis, Mondia whitei, 

Warburgia ugandensis, and Croton macrostachyus have spatially stable projected suitability 

surfaces through 2040 and 2060. 

This projected stability is a source of relative reassurance for the broadly distributed generalist 

species (Kigelia africana, Albizia coriaria, Rhoicissus tridentata), whose current wide suitability 

is not projected to contract. 

This same projected stability is a source of concern rather than reassurance for Warburgia 

ugandensis and Croton macrostachyus, whose current suitable habitat is already confined to 

narrow south-western and south-eastern refugia with no projected expansion elsewhere by 2060. 

Tephrosia linearis is the only species projected to undergo substantial spatial reconfiguration, 

developing a fragmented mosaic of very-high and very-low suitability in north-eastern Uganda by 

2060 a finding not predictable from current field-occurrence abundance alone, and one that 

demonstrates the added value of forward projection over static distribution mapping. 

Environmental variables particularly mean annual temperature, elevation, annual precipitation, 

and land use/cover were identified as the primary drivers of the modelled spatial distribution for 
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all nine focal species, consistent with published species distribution modelling literature for 

tropical medicinal plants (Tian et al., 2022; Yang et al., 2025). 

Species with narrow current elevational niches are not automatically the species with the greatest 

projected habitat loss; rather, the projections show that narrow-niche species face a distinct risk of 

persistent spatial confinement, while at least one moderate-abundance, wide-niche species 

(Tephrosia linearis) faces a distinct risk of future spatial fragmentation. Both forms of projected 

vulnerability warrant conservation attention, but they call for different kinds of intervention. 

5.3 Recommendations 

Based on the predictive-modelling findings and conclusions of this study, the following evidence-

based climate-adaptation and monitoring recommendations are proposed for the selected 

medicinal plant species in Eastern Uganda. M. senegalensis and Z. chalybeum can be conserved 

through monitoring of climate-driven range shifts at both the regional and national level, given 

their documented sensitivity to elevation and temperature gradients. M. senegalensis and W. 

ugandaensis can be conserved on a long-term basis through climate-adaptive translocation 

planning, either nationally or internationally, given the absence of projected climatic refugia within 

their current ranges. 

5.3.1 Climate adaptation planning and monitoring 

The projected habitat suitability patterns under climate change scenarios necessitate proactive 

adaptation planning at both the species and landscape level. The following climate-specific 

recommendations are proposed: 

Establish long-term phenological monitoring plots for Maytenus senegalensis and Zanthoxylum 

chalybeum at multiple elevation bands across the study area to track flowering, fruiting, and 

recruitment in response to observed temperature and precipitation changes over time. 

Identify and formally protect climate refugia — areas of high topographic complexity and local 

climate buffering where favourable conditions for thermally sensitive species are likely to persist 

under warming scenarios — particularly in the Elgon foothills and the Karamoja highlands. 

Update MaxEnt habitat suitability projections every five years as new climate model ensembles 

and occurrence data become available, using the refined projections to guide adaptive management 

decisions and revise protected area boundaries where necessary. This recommendation applies 

with particular urgency to Tephrosia linearis, given the fine-grained and potentially uncertain 

spatial reconfiguration projected for this species by 2060. 

Develop climate-adaptive translocation plans for Maytenus senegalensis and Warburgia 

ugandaensis, identifying suitable receptor sites at higher elevations where projected future 

conditions would support population establishment, since the current modelling shows no such 

sites emerging spontaneously within either species’ existing range. 
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Engage with the Uganda Meteorological Authority to secure downscaled, district-level climate 

projections for Eastern Uganda, enabling more precise habitat suitability modelling and reducing 

uncertainty in conservation planning, particularly for species such as Tephrosia linearis whose 

projected range shows fine-scale spatial heterogeneity that coarse-resolution climate data may not 

adequately resolve. 

5.3.2 Species-specific priorities emerging from the projections 

For Warburgia ugandensis and Croton macrostachyus, whose projected 2060 suitability surfaces 

remain confined to their present narrow southern range, conservation priority should attach to 

protecting the existing range in its entirety, since the modelling identifies no alternative future 

refugia to fall back on. For Tephrosia linearis, priority should attach to establishing baseline 

monitoring now, before the projected 2040–2060 fragmentation becomes apparent on the ground, 

so that any early signs of the modelled pattern can be detected and responded to in time. For the 

remaining wide-ranging, climatically stable species (Kigelia africana, Albizia coriaria, Rhoicissus 

tridentata, Zanthoxylum chalybeum, Gymnosporia senegalensis, Mondia whitei), the projections 

support continued reliance on the habitat-based and harvesting-based conservation measures set 

out in the companion volume, without an additional climate-driven range-shift response being 

immediately necessary. 

5.4 Limitations of the modelling and areas for further research 

Several methodological limitations specific to the predictive modelling component of this study 

are acknowledged. First, the MaxEnt models presented here are based on equilibrium niche 

assumptions that is, that species are currently distributed in all climatically suitable areas within 

the study region. In practice, dispersal limitation, biotic interactions, and historical land-use change 

may mean that some suitable habitats are currently unoccupied. Incorporating spatially explicit 

dispersal models into future projections would improve the realism of range-shift predictions 

(Warren & Seifert, 2011). 

Second, the small sample sizes available for several species most notably Warburgia ugandensis 

(17 combined field and secondary records) and Mondia whitei (6 secondary records) constrain the 

statistical confidence that can be placed in their modelled suitability surfaces, even where the 

ENMeval optimisation procedure described in section 4.1 was used to guard against overfitting. 

Projections for these species should be treated as provisional hypotheses for field verification 

rather than as settled predictions. 

Third, the temporal heterogeneity of the underlying occurrence records (1937–2021) used to fit 

the MaxEnt models introduces potential distributional non-stationarity into the modelling input. 

Records from the late 20th century may document populations that no longer exist due to 

deforestation or overharvesting, which could bias the current-conditions baseline against which 

the 2040 and 2060 projections are compared. Future modelling work should consider stratifying 
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the input dataset by decade and comparing historical versus contemporary distribution models to 

quantify directional range shifts already under way. 

Finally, the 2040 and 2060 projections rely on a limited set of general circulation model and 

emissions-scenario combinations; broadening the ensemble of climate models and socioeconomic 

pathways considered would allow the degree of agreement or disagreement across projections to 

be quantified, providing a more complete picture of the uncertainty surrounding the specific 

patterns (particularly the Tephrosia linearis fragmentation result) reported in this chapter. 

5.5 Final remarks 

The findings of this study contribute empirical evidence to a growing body of literature on the 

spatial ecology of medicinal plants in sub-Saharan Africa under climate change, providing the first 

integrated current-to-future habitat suitability projection for a suite of nine medicinal species 

across Eastern Uganda. The results demonstrate that projected climate change poses a significant 

and quantifiable additional threat to species already under pressure from overexploitation and 

habitat loss, but that this threat is not uniform: it manifests as persistent spatial confinement for 

narrow-niche southern-refugium species, and as spatial fragmentation for at least one currently 

wide-ranging species. 

Uganda’s biodiversity, including its rich medicinal flora, represents an irreplaceable natural 

heritage and a critical component of community health resilience for millions of rural Ugandans 

who rely on plant-based remedies as their primary form of healthcare (Ssenku et al., 2022; Appau 

et al., 2024). The conservation of this heritage demands urgent, multi-scaled, and evidence-

informed action that anticipates future climatic conditions rather than responding only to present-

day distribution patterns. The habitat suitability projections generated by this study provide a 

scientifically grounded foundation upon which climate-adaptive conservation actions can be 

planned, prioritised, and evaluated over time, complementing the current-distribution baseline 

established in the companion volume of this study. 

It is hoped that the findings presented herein will serve not only as a contribution to academic 

literature, but as a practical decision-support tool for conservation practitioners, district-level 

natural resource managers, pharmaceutical researchers, and community health organisations 

working to safeguard the medicinal plant resources of Eastern Uganda against future 

environmental change.  

  



35 
 

REFERENCES 

Abdelaal, M., Fois, M., Fenu, G., & Bacchetta, G. (2019). Using MaxEnt modeling to predict the

 potential distribution of the endemic plant Rosa arabica Crép. in Egypt. Ecological

 Informatics, 50. https://doi.org/10.1016/j.ecoinf.2019.01.003 

Abubakar, I. B., Kankara, S. S., Malami, I., Danjuma, J. B., Muhammad, Y. Z., Yahaya, H.,

 Singh, D., Usman, U. J., Ukwuani-Kwaja, A. N., Muhammad, A., Ahmed, S. J., Folami,

 S. O., Falana, M. B., & Nurudeen, Q. O. (2022). Traditional medicinal plants used for

 treating emerging and re-emerging viral diseases in northern Nigeria. European Journal

 of Integrative Medicine, 49. https://doi.org/10.1016/j.eujim.2021.102094 

Abuto, J. O., Muchugi, A., & King, A. (2018). Diversity in the Phytochemical Profiles of

 Warburgia ugandensis Sprague from Different Populations across the Kenyan Rift

 Valley. 6(May), 41–51. 

Acero, M., Mukasa, S. B., & Baguma, Y. (2018). Morphotypes, distribution and uses of false

 banana in Uganda. African Crop Science Journal, 26(4).

 https://doi.org/10.4314/acsj.v26i4.10 

Adebayo, J. O., & Krettli, A. U. (2011). Potential antimalarials from Nigerian plants: A review.

 In Journal of Ethnopharmacology (Vol. 133, Issue 2).

 https://doi.org/10.1016/j.jep.2010.11.024 

Adia, M. M., Emami, S. N., Byamukama, R., Faye, I., & Borg-Karlson, A. K. (2016).

 Antiplasmodial activity and phytochemical analysis of extracts from selected Ugandan

 medicinal plants. Journal of Ethnopharmacology, 186.

 https://doi.org/10.1016/j.jep.2016.03.047 

Ajayi, C. O., Elujoba, A. A., Kasali, F. M., Tenywa, M. G., Weisheit, A., Tolo, C. U., &

 Ogwang, P. E. (2020). A review for selecting medicinal plants commonly used for

 malaria in Uganda. 14(9), 347–361. https://doi.org/10.5897/AJPP2020.5182 

Alam, F., Din, K. M., Rasheed, R., Sadiq, A., Jan, M. S., Minhas, A. M., & Khan, A. (2020).

 Phytochemical investigation, anti-inflammatory, antipyretic and antinociceptive activities



36 
 

 of Zanthoxylum armatum DC extracts-in vivo and in vitro experiments. Heliyon, 6(11).

 https://doi.org/10.1016/j.heliyon.2020.e05571 

Anywar, G., Kakudidi, E., Byamukama, R., Mukonzo, J., Schubert, A., & Oryem-origa, H.

 (2020). Data in brief Data on medicinal plants used by herbalists for boosting immunity

 in people living with HIV / AIDS in Uganda. Data in Brief, 29, 105097.

 https://doi.org/10.1016/j.dib.2019.105097 

Anywar, G., Kakudidi, E., Byamukama, R., Mukonzo, J., Schubert, A., & Oryem-Origa, H.

 (2020a). Indigenous traditional knowledge of medicinal plants used by herbalists in

 treating opportunistic infections among people living with HIV/AIDS in Uganda. Journal

 of Ethnopharmacology, 246. https://doi.org/10.1016/j.jep.2019.112205 

Anywar, G., Kakudidi, E., Byamukama, R., Mukonzo, J., Schubert, A., & Oryem-Origa, H.

 (2020b). Medicinal plants used by traditional medicine practitioners to boost the immune

 system in people living with HIV/AIDS in Uganda. European Journal of Integrative

 Medicine, 35. https://doi.org/10.1016/j.eujim.2019.101011 

Anywar, G., Kakudidi, E., Byamukama, R., Mukonzo, J., Schubert, A., Oryem-Origa, H., &

 Jassoy, C. (2021). A Review of the Toxicity and Phytochemistry of Medicinal Plant

 Species Used by Herbalists in Treating People Living With HIV/AIDS in Uganda. In

 Frontiers in Pharmacology (Vol. 12). https://doi.org/10.3389/fphar.2021.615147 

Anywar, G., Tugume, P., & Kakudidi, E. K. (2022). A review of Aloe species used in traditional

 medicine in East Africa. In South African Journal of Botany (Vol. 147).

 https://doi.org/10.1016/j.sajb.2021.07.036 

Appau, Y., Gordon, P. K., Kumordzie, S., Kyene, M. O., & Jnr, P. A. A. (2024). Trema orientale

 (L.) Blume: A review of its taxonomy, traditional uses, phytochemistry, pharmacological

 activities and domestication potential. In Heliyon (Vol. 10, Issue 1).

 https://doi.org/10.1016/j.heliyon.2023.e23640 

Applequist, W. L., Brinckmann, J. A., Cunningham, A. B., Hart, R. E., Heinrich, M., Katerere,

 D. R., & Andel, T. van. (2020). Scientists’ Warning on Climate Change and Medicinal

 Plants. 86, 10–18. https://doi.org/https://doi.org/10.1055/a-1041-3406 



37 
 

Asiimwe, S., Namukobe, J., Byamukama, R., & Imalingat, B. (2021). Ethnobotanical survey of

 medicinal plant species used by communities around Mabira and Mpanga Central Forest

 Reserves, Uganda. Tropical Medicine and Health, 49(1). https://doi.org/10.1186/s41182

 021-00341-z 

Augustine, D. J., & DeCalesta, D. (2003). Defining deer overabundance and threats to forest

 communities: From individual plants to landscape structure. Ecoscience, 10(4).

 https://doi.org/10.1080/11956860.2003.11682795 

Baghersad, R. Z., Piri, K., Abdoli, A., Mehrabian, A. R., & Abdoli, S. (2024). Importance of

 Using Ethnobiological Knowledge for the Conservation of Medicinal Plants Biodiversity

 in the Lar Region (Iran). Journal of Medicinal Plants and By-Products, 13(1).

 https://doi.org/10.22092/JMPB.2022.357916.1457 

Baker, S., Kiyimba, K., Wotoyitidde, T., Lulenzi, J., Oriko, R., Andima, M., Francis, J.,

 Kawuma, C., Nantale, G., Kibuule, D., Anywar, G., Waako, P., & Gavamukulya, Y.

 (2023). Phytomedicine Plus Ethnobotanical study of plants used in management of

 diabetes mellitus in Eastern Uganda. Phytomedicine Plus, 3(4), 100486.

 https://doi.org/10.1016/j.phyplu.2023.100486 

Baral, J., Satyal, P., & Adhikari, A. (2024). Spatial variation in constituents of essential oils from

 fruit pericarp of Zanthoxylum armatum DC of Nepali origin and their antibacterial

 activity. Journal of Essential Oil-Bearing Plants, 27(1).

 https://doi.org/10.1080/0972060X.2023.2296549 

Bedane, G. A., Feyisa, G. L., & Wakjira, F. S. (2023). Modeling effects of abiotic factors on the

 abundances of eight woody species in the Harana forest using artificial networks, random

 forest, and generalized linear models. Ecological Processes, 12(1), 1–14.

 https://doi.org/10.1186/s13717-023-00424-1 

Bertani, S., Bourdy, G., Landau, I., Robinson, J. C., Esterre, P., & Deharo, E. (2005). Evaluation

 of French Guiana traditional antimalarial remedies. Journal of Ethnopharmacology,

 98(1–2). https://doi.org/10.1016/j.jep.2004.12.020 

https://doi.org/10.1186/s41182
https://doi.org/10.1186/s41182


38 
 

Betts, J., Young, R. P., Hilton-Taylor, C., Hoffmann, M., Rodríguez, J. P., Stuart, S. N., &

 Milner-Gulland, E. J. (2020). A framework for evaluating the impact of the IUCN Red

 List of threatened species. Conservation Biology, 34(3).

 https://doi.org/10.1111/cobi.13454 

Bickii, J., Tchouya, G. R. F., Tchouanken, J. C., & Tsamo, E. (2007). Antimalarial activity in

 crude extracts of some Cameroonian medicinal plants. In African Journal of Traditional,

 Complementary and Alternative Medicines (Vol. 4, Issue 1, pp. 107–111).

 https://doi.org/10.4314/ajtcam.v4i1.31200 

Brasier, C. M. (2001). Rapid evolution of introduced plant pathogens via interspecific

 Hybridization. BioScience, 51(2). https://doi.org/10.1641/0006

 3568(2001)051[0123:REOIPP]2.0.CO;2 

Brzić, I., Brener, M., Čarni, A., Ćušterevska, R., Čulig, B., Dziuba, T., Golub, V., Irimia, I.,

 Jelaković, B., Kavgacı, A., Krstivojević Ćuk, M., Krstonošić, D., Stupar, V., Trobonjača,

 Z., & Škvorc, Ž. (2023). Different Ecological Niches of Poisonous Aristolochia clematitis

 in Central and Marginal Distribution Ranges—Another Contribution to a Better

 Understanding of Balkan Endemic Nephropathy. Plants, 12(17).

 https://doi.org/10.3390/plants12173022 

Case, M. A., Flinn, K. M., Jancaitis, J., Alley, A., & Paxton, A. (2007). Declining abundance of

 American ginseng (Panax quinquefolius L.) documented by herbarium specimens.

 Biological Conservation, 134(1). https://doi.org/10.1016/j.biocon.2006.07.018 

Chaniad, P., Techarang, T., Phuwajaroanpong, A., Horata, N., Septama, A. W., & Punsawad, C.

 (2022). Exploring Potential Antimalarial Candidate from Medicinal Plants of Kheaw

 Hom Remedy. Tropical Medicine and Infectious Disease, 7(11).

 https://doi.org/10.3390/tropicalmed7110368 

Chaniad, P., Techarang, T., Phuwajaroanpong, A., Plirat, W., Na-Ek, P., Konyanee, A.,

 Viriyavejakul, P., Septama, A. W., & Punsawad, C. (2023). Preclinical evaluation of

 antimalarial activity of CPF-1 formulation as an alternative choice for the treatment of

 malaria. BMC Complementary Medicine and Therapies, 23(1).

 https://doi.org/10.1186/s12906-023-03973-2 

https://doi.org/10.1641/0006
https://doi.org/10.1641/0006


39 
 

Chen, L., Huang, M., Wang, H., & Huang, B. (2025). Environmental drivers of bacterial

 community diversity in the rhizosphere soil of Zanthoxylum nitidum ( Roxb .) DC from

 different origins and their correlation with bioactive compounds. September.

 https://doi.org/10.3389/fpls.2025.1600456 

Chen, W., Balan, P., & Popovich, D. G. (2020). Comparison of ginsenoside components of

 various tissues of new zealand forest-grown asian ginseng (Panax ginseng) and american

 ginseng (panax quinquefolium l.). Biomolecules, 10(3).

 https://doi.org/10.3390/biom10030372 

Chinchilla, M., Valerio, I., Sánchez, R., Mora, V., Bagnarello, V., Martínez, L., Gonzalez, A.,

 Vanegas, J. C., & Apestegui, Á. (2012). In vitro antimalarial activity of extracts of some

 plants from a biological reserve in Costa Rica. Revista de Biologia Tropical, 60(2).

 https://doi.org/10.15517/rbt.v60i2.4024 

Choudhury Barua, C., Yasmin, N., & cheran, R. E. (2018). A review on effective utilization,

 phytochemical compounds, pharmacological intervention of a popularly used plant for

 developing a new drug: Zanthoxylum armatum with reference to its anticancer activity.

 MOJ Bioequivalence & Bioavailability, 5(3).

 https://doi.org/10.15406/mojbb.2018.05.00097 

Chrian, M., Erasto, P., & Otieno, J. (2011). Antimycobacterial activity and cytotoxicity effect of

 extracts of <i>Hallea rubrostipulata</i> and <i>Zanthoxylum chalybeum</i> Spatula

 DD - Peer Reviewed Journal on Complementary Medicine and Drug Discovery, 1(3).

 https://doi.org/10.5455/spatula.20110811025348 

Cobos, M. E., Townsend Peterson, A., Barve, N., & Osorio-Olvera, L. (2019). Kuenm: An R

 package for detailed development of ecological niche models using Maxent. PeerJ,

 2019(2), 1–15. https://doi.org/10.7717/peerj.6281 

Dadhwal, R., & Banerjee, R. (2023). Ethnopharmacology, pharmacotherapeutics, biomedicinal

 and toxicological profile of Morus alba L.: A comprehensive review. In South African

 Journal of Botany (Vol. 158). https://doi.org/10.1016/j.sajb.2023.05.006 



40 
 

Daniel, N., Emmanuel, A., Douglas, N., Benjamin, S., & Wycliffe, T. (2019). Utilization of

 medicinal plants in treating livestock diseases around Queen Elizabeth national park,

 western Uganda. International Journal of Herbal Medicine, 7(2). 

Devine, A. P., McDonald, R. A., Quaife, T., & Maclean, I. M. D. (2017). Determinants of woody

 encroachment and cover in African savannas. In Oecologia (Vol. 183, Issue 4).

 https://doi.org/10.1007/s00442-017-3807-6 

Dewatisari, W. F., & Nuryandani, E. (2024). A review: Potensi Dracaena liberica (Gérôme &

 Labroy) Christenh sebagai etnomedicine dan treaupetic. E3S Web of Conferences, 483.

 https://doi.org/10.1051/e3sconf/202448301005 

Dokata, D. I., Mburu, B. K., Macharia, G. M., Choge, S. K., Ojunga, O., & Kaudo, B. O. (2023).

 Distribution, Conservation Status and Effects of Threats on Relative Abundance of

 Warburgia ugandensis Tree Species . A Case Study of Katimok Forest Reserve, Kenya.

 6(1), 1–16. https://doi.org/10.37284/eajfa.6.1.1044 

Ebeling, C., Gordon, J. R., Adamko, D. J., Vethanayagam, D., Cave, A., Sikora, C., Filderman,

 R., Filderman, K., Knight, A., Keith, P., & al., et. (2011). Immunomodulatory and

 antiallergy effects of CVT-E002, a patented proprietary extract of North American

 ginseng. Journal of Pharmacy and Pharmaceutical Sciences., 14(3 CC-Complementary

 Medicine). 

Fang, B., Zhao, Q., Qin, Q., & Yu, J. (2022). Prediction of Potentially Suitable Distribution

 Areas for Prunus tomentosa in China Based on an Optimized MaxEnt Model. Forests,

 13(3). https://doi.org/10.3390/f13030381 

Fernando, D. R., Woodrow, I. E., Jaffré, T., Dumontet, V., Marshall, A. T., & Baker, A. J. M.

 (2008). Foliar manganese accumulation by Maytenus founieri (Celastraceae) in its native

 New Caledonian habitats: Populational variation and localization by X-ray microanalysis.

 New Phytologist, 177(1). https://doi.org/10.1111/j.1469-8137.2007.02253.x 

Furedi, M. A., & McGraw, J. B. (2004). White-tailed deer: Dispersers or predators of American

 ginseng seeds? American Midland Naturalist, 152(2). https://doi.org/10.1674/0003

 0031(2004)152[0268:WDDOPO]2.0.CO;2 

https://doi.org/10.1674/0003
https://doi.org/10.1674/0003


41 
 

Gang, R., Matsabisa, M., Okello, D., & Kang, Y. (2023). Ethnomedicine and ethnopharmacology

 of medicinal plants used in the treatment of diabetes mellitus in Uganda. In Applied

 Biological Chemistry (Vol. 66, Issue 1). https://doi.org/10.1186/s13765-023-00797-z 

Gao, H., Huang, W., Zhao, C., & Xiong, Y. (2024). An ethnoveterinary study on medicinal

 plants used by the Bai people in Yunlong County northwest Yunnan, China. Journal of

 Ethnobiology and Ethnomedicine, 20(1). https://doi.org/10.1186/s13002-023-00633-0 

Gessler, M. C., Nkunya, M. H. H., Mwasumbi, L. B., Heinrich, M., & Tanner, M. (1994).

 Screening Tanzanian medicinal plants for antimalarial activity. Acta Tropica, 56(1).

 https://doi.org/10.1016/0001-706X(94)90041-8 

Green, J., Hankinson, P., de Waal, L., Coulthard, E., Norrey, J., Megson, D., & D’Cruze, N.

 (2022). Wildlife Trade for Belief-Based Use: Insights From Traditional Healers in South

 Africa. Frontiers in Ecology and Evolution, 10. https://doi.org/10.3389/fevo.2022.906398 

Gumisiriza, H., Sesaazi, C. D., Olet, E. A., Kembabazi, O., & Birungi, G. (2021). Medicinal

 plants used to treat “African” diseases by the local communities of Bwambara sub-county

 in Rukungiri District, Western Uganda. Journal of Ethnopharmacology, 268.

 https://doi.org/10.1016/j.jep.2020.113578 

Guo, Y., Wei, H., Lu, C., Gao, B., & Gu, W. (2016). Predictions of potential geographical

 distribution and quality of Schisandra sphenanthera under climate change. PeerJ,

 2016(10). https://doi.org/10.7717/peerj.2554 

Haddad, N. M., LA, B., J, C., KF, D., A, G., RD, H., TE, L., JO, S., MP, A., CD, C., WM, C.,

 EI, D., RM, E., BL, F., CN, J., AJ, K., WF, L., DJ, L., CR, M., … JR, T. (2015). Habitat

 Fragmentation and its lasting impact on Earth´s ecosystems. Science Advances, 1 (2). 

Harper, G. J., Steininger, M. K., Tucker, C. J., Juhn, D., & Hawkins, F. (2007). Fifty years of

 deforestation and forest fragmentation in Madagascar. Environmental Conservation,

 34(4). https://doi.org/10.1017/S0376892907004262 

Himbara, D. (1996). Uganda: tarnished pearl of Africa by Thomas P. Ofcansky Boulder and

 Oxford, Westview Press, 1996. Pp. xix+ +202. $59.00. £44.50. The Journal of Modern

 `African Studies, 34(4). https://doi.org/10.1017/s0022278x00055907 



42 
 

Humphreys, A. M., Govaerts, R., Ficinski, S. Z., Nic Lughadha, E., & Vorontsova, M. S. (2019).

 Global dataset shows geography and life form predict modern plant extinction and

 rediscovery. Nature Ecology and Evolution, 3(7). https://doi.org/10.1038/s41559-019

 0906-2 

Id, J. S. N., Odoi, J. B., Agaba, H., & Gwali, S. (2023). Genetic diversity and population

 structure of Vernonia amygdalina Del . in Uganda based on genome wide markers. 1–13.

 https://doi.org/10.1371/journal.pone.0283563 

Imphat, C., Thongdeeying, P., Itharat, A., Panthong, S., Makchuchit, S., Ooraikul, B., & Davies,

 N. M. (2021). Anti-Inflammatory Investigations of Extracts of Zanthoxylum rhetsa.

 Evidence-Based Complementary and Alternative Medicine, 2021.

 https://doi.org/10.1155/2021/5512961 

IUCN. (2020). IUCN Red List 2017-2020 Report. Iucn. 

IUCN. (2022). THE IUCN RED LIST OF THREATENED SPECIESTM Guidelines for Using the

 IUCN Red List Categories and Criteria (IMPORTANT pour RAMETS). Iucn, 1(July). 

J.E., M., A.E., S., S., M., & G.N., P. (2011). Efficacy and safety of CVT-E002, a proprietary

 extract of Panax quinquefolius in the prevention of respiratory infections in influenza

 vaccinated community-dwelling adults: A multicenter, randomized, double-blind, and

 placebo-controlled trial. Influenza Research and Treatment, 2011. 

Jellema, A. (1996). Uganda: tarnished pearl of Africa. International Affairs, 72(4).

 https://doi.org/10.2307/2624236 

Jullian, V., Bourdy, G., Georges, S., Maurel, S., & Sauvain, M. (2006). Validation of use of a

 traditional antimalarial remedy from French Guiana, Zanthoxylum rhoifolium Lam.

 Journal of Ethnopharmacology, 106(3). https://doi.org/10.1016/j.jep.2006.01.011 

Kamau, S., Barrios, E., Karanja, N. K., Ayuke, F. O., & Lehmann, J. (2017). Spatial variation of

 soil macrofauna and nutrients in tropical agricultural systems influenced by historical

 charcoal production in South Nandi, Kenya. Applied Soil Ecology, 119.

 https://doi.org/10.1016/j.apsoil.2017.07.007 

https://doi.org/10.1038/s41559-019
https://doi.org/10.1038/s41559-019


43 
 

Keith, D. A., Rodríguez, J. P., Brooks, T. M., Burgman, M. A., Barrow, E. G., Bland, L., Comer,

 P. J., Franklin, J., Link, J., Mccarthy, M. A., Miller, R. M., Murray, N. J., Nel, J.,

 Nicholson, E., Oliveira-Miranda, M. A., Regan, T. J., Rodríguez-Clark, K. M., Rouget,

 M., & Spalding, M. D. (2015). The IUCN red list of ecosystems: Motivations, challenges,

 and applications. Conservation Letters, 8(3). https://doi.org/10.1111/conl.12167 

Kiraithe, M. N., Nguta, J. M., Mbaria, J. M., & Kiama, S. G. (2016). Evaluation of the use of

 Ocimum suave Willd. (Lamiaceae), Plectranthus barbatus Andrews (Lamiaceae) and

 Zanthoxylum chalybeum Engl. (Rutaceae) as antimalarial remedies in Kenyan folk

 medicine. Journal of Ethnopharmacology, 178. https://doi.org/10.1016/j.jep.2015.12.013 

Kitts, D. D., & Hu, C. (2000). Efficacy and safety of ginseng. In Public Health Nutrition (Vol. 3,

 Issue 4 A). https://doi.org/10.1017/S1368980000000550 

Knapp, W. M., Frances, A., Noss, R., Naczi, R. F. C., Weakley, A., Gann, G. D., Baldwin, B. G.,

 Miller, J., McIntyre, P., Mishler, B. D., Moore, G., Olmstead, R. G., Strong, A.,

 Gluesenkamp, D., & Kennedy, K. (2020). Erratum to: Global dataset shows geography

 and life form predict modern plant extinction and rediscovery (Nature Ecology &

 Evolution, (2019), 3, 7, (1043-1047), 10.1038/s41559-019-0906-2). Nature Ecology and

 Evolution, 4(4). https://doi.org/10.1038/s41559-020-1146-1 

Koch, M. A., Winizuk, A., Banzhaf, P., & Reichardt, J. (2021). Impact of climate change on the

 success of population support management and plant reintroduction at steep, exposed

 limestone outcrops in the German Swabian Jura. Perspectives in Plant Ecology,

 Evolution and Systematics, 53. https://doi.org/10.1016/j.ppees.2021.125643 

Kudamba, A., Kasolo, J. N., Bbosa, G. S., Lugaajju, A., Wabinga, H., Niyonzima, N., Ocan, M.,

 Damani, A. M., Kafeero, H. M., Ssenku, J. E., Alemu, S. O., Lubowa, M., Walusansa, A.,

 & Muwonge, H. (2023). Medicinal plants used in the management of cancers by residents

 in the Elgon Sub-Region, Uganda. BMC Complementary Medicine and Therapies, 23(1).

 https://doi.org/10.1186/s12906-023-04273-5 

Kuhle, S., Seida, J. K., & Durec, T. (2011). North American (Panax quinquefolius) and Asian

 ginseng (Panax ginseng) preparations for prevention of the common cold in healthy



44 
 

 adults: A systematic review. Evidence-Based Complementary and Alternative Medicine,

 2011. https://doi.org/10.1093/ecam/nep068 

Kurpis, J., Serrato-Cruz, M. A., & Feria Arroyo, T. P. (2019). Modeling the effects of climate

 change on the distribution of Tagetes lucida Cav. (Asteraceae). Global Ecology and

 Conservation, 20. https://doi.org/10.1016/j.gecco.2019.e00747 

Küster, E. C., Bierman, S. M., Klotz, S., & Kühn, I. (2011). Modelling the impact of climate and

 land use change on the geographical distribution of leaf anatomy in a temperate flora.

 Ecography, 34(3). https://doi.org/10.1111/j.1600-0587.2010.05892.x 

Kutima, L. H., Were, P. S., Ozwara, H., & Walyambillah, W. (2014). Phytomedicines from

 Warburgia Ugandensis and Zanthoxylum usambarense against plasmodium knowlesi.

 American Journal of Tropical Medicine and Hygiene, 91(5). 

Lawal, F., Bapela, M. J., Adebayo, S. A., Nkadimeng, S. M., Yusuf, A. A., Malterud, K. E.,

 McGaw, L. J., & Tshikalange, T. E. (2019). Anti-inflammatory potential of South

 African medicinal plants used for the treatment of sexually transmitted infections. South

 African Journal of Botany, 125. https://doi.org/10.1016/j.sajb.2019.06.023 

Le Breton, T. D., Zimmer, H. C., Gallagher, R. V., Cox, M., Allen, S., & Auld, T. D. (2019).

 Using IUCN criteria to perform rapid assessments of at-risk taxa. Biodiversity and

 Conservation, 28(4). https://doi.org/10.1007/s10531-019-01697-9 

Ledoux, A., Maraetefau, H., Jansen, O., Etienne, D., Quetin-Leclercq, J., Clerc, P., Smadja, J., &

 Frédérich, M. (2015). Phytochemical Profile and Biological Activity Evaluation of

 Zanthoxylum heterophyllum Leaves against Malaria. Planta Medica Letters, 2(01).

 https://doi.org/10.1055/s-0035-1545821 

Li, Y., Yu, Y., & Song, Y. (2023). Leaf Functional Traits of Zanthoxylum planispinum

 ‘Dintanensis’ Plantations with Different Planting Combinations and Their Responses to

 Soil. Forests, 14(3). https://doi.org/10.3390/f14030468 

M., S., N.P., H., R.J., S., J., R., D.J., A., B.S., C., J., G., S.I., H., X., L. R., F., L., J., A., F., B.,

 A., B., G., B., K.K., C., M.B., C., A., D., W., E., C.J., F., … N., Z. (2005). Determinants

 of woody cover in African savannas. In Nature (Vol. 438, Issue 7069). 



45 
 

Manzoor, S. A., Griffiths, G., Obiakara, M. C., Esparza-Estrada, C. E., & Lukac, M. (2020).

 Evidence of ecological niche shift in Rhododendron ponticum (L.) in Britain:

 Hybridization as a possible cause of rapid niche expansion. Ecology and Evolution,

 10(4). https://doi.org/10.1002/ece3.6036 

Matthies, D., Bräuer, I., Maibom, W., & Tscharntke, T. (2004). Population size and the risk of

 local extinction: Empirical evidence from rare plants. Oikos, 105(3).

 https://doi.org/10.1111/j.0030-1299.2004.12800.x 

Mbinile, S. D., Munishi, L. K., Ngondya, I. B., & Ndakidemi, P. A. (2020a). Conservation and

 management challenges facing a medicinal plant Zanthoxylum chalybeum in Simanjiro

 Area, Northern Tanzania. Sustainability (Switzerland), 12(10), 1–12.

 https://doi.org/10.3390/su12104140 

Mbinile, S. D., Munishi, L. K., Ngondya, I. B., & Ndakidemi, P. A. (2020b). Spatial distribution

 and anthropogenic threats facing medicinal plant Zanthoxylum chalybeum in Simanjiro

 Area, Northern Tanzania. Scientific African, 10.

 https://doi.org/10.1016/j.sciaf.2020.e00562 

McElhaney, J. E., Simor, A. E., McNeil, S., & Predy, G. N. (2011). Efficacy and Safety of CVT

 E002, a Proprietary Extract of Panax quinquefolius in the Prevention of Respiratory

 Infections in Influenza-Vaccinated Community-Dwelling Adults: A Multicenter,

 Randomized, Double-Blind, and Placebo-Controlled Trial . Influenza Research and

 Treatment, 2011. https://doi.org/10.1155/2011/759051 

McGraw, J. B. (2001). Evidence for decline in stature of American ginseng plants from

 herbarium specimens. Biological Conservation, 98(1). https://doi.org/10.1016/S0006

 3207(00)00138-5 

McGraw, J. B., & Furedi, M. A. (2005). Deer browsing and population viability of a forest

 understory plant. Science, 307(5711). https://doi.org/10.1126/science.1107036 

McKenna, D. J., & Plotnikoff, G. A. (2004). Goldenseal (Hydrastis canadensis). In Encyclopedia

 of Dietary Supplements. https://doi.org/10.1081/E-EDS-120022109 

https://doi.org/10.1016/S0006
https://doi.org/10.1016/S0006


46 
 

McMillen, H. (2012). Ethnobotanical Knowledge Transmission and Evolution: The Case of

 Medicinal Markets in Tanga, Tanzania1. Economic Botany, 66(2).

 https://doi.org/10.1007/s12231-012-9201-8 

Medley, K. A. (2010). Niche shifts during the global invasion of the Asian tiger mosquito, Aedes

 albopictus Skuse (Culicidae), revealed by reciprocal distribution models. Global Ecology

 and Biogeography, 19(1). https://doi.org/10.1111/j.1466-8238.2009.00497.x 

Mguni, S., Mashinya, F., Khabo-Mmekoa, C., & Shai, L. J. (2023). A review of Zanthoxylum

 chalybeum Engl: Ethnomedicinal uses, pharmacology, phytochemistry and toxicology.

 Journal of Medicinal Plants for Economic Development, 1.

 https://doi.org/10.4102/jomped.v7i1.202 

Moiloa, N. (2016). Phylogenetic relationships and the effects of edaphic heterogeneity on the

 distribution of Wiborgia (Fabaceae) in the Greater Cape Floristic region. University of

 Cape Town. http://hdl.handle.net/11427/20872 

Mollel, L. K., Munishi, L. K., & Giliba, R. A. (2024). Assessing the Ethnobotanical Uses,

 Harvesting Practices, and Conservation Awareness of Warburgia ugandensis in Northern

 Tanzania. Open Journal of Ecology, 14(12), 924–937.

 https://doi.org/10.4236/oje.2024.1412054 

Monteiro, W. P., de Souza, E. B., Miranda, L. de S., Anjos, L. J. S., & Caldeira, C. F. (2023).

 Potential Distribution of Pilocarpus microphyllus in the Amazonia/Cerrado Biomes 

under Near-Future Climate Change Scenarios. Plants, 12(11).

 https://doi.org/10.3390/plants12112106 

Mukasa, P., Ogwang, P. E., Owor, R. O., Lejju, J. B., Olet, E. A., Gumisiriza, H., & Adaku, C.

 (2023). Medicinal plants used in the traditional management of dog bites by herbalists in

 Eastern, Western, and Central Uganda. Ethnobotany Research and Applications, 26.

 https://doi.org/10.32859/era.26.40.1-15 

Mulligan, M. R., & Gorchov, D. L. (2004). Population loss of goldenseal, Hydrastis canadensis

 L. (Ranunculaceae), in Ohio. Journal of the Torrey Botanical Society, 131(4).

 https://doi.org/10.2307/4126936 



47 
 

Musila, M. F., Dossaji, S. F., Nguta, J. M., Lukhoba, C. W., & Munyao, J. M. (2013). In vivo

 antimalarial activity, toxicity and phytochemical screening of selected antimalarial plants.

 Journal of Ethnopharmacology, 146(2). https://doi.org/10.1016/j.jep.2013.01.023 

Muthaura, C. N., Keriko, J. M., Mutai, C., Yenesew, A., Gathirwa, J. W., Irungu, B. N.,

 Nyangacha, R., Mungai, G. M., & Derese, S. (2015). Antiplasmodial potential of

 traditional antimalarial phytotherapy remedies used by the Kwale community of the

 Kenyan Coast. Journal of Ethnopharmacology, 170.

 https://doi.org/10.1016/j.jep.2015.05.024 

Nakibuuka, M. M., & Mugabi, R. (2022). Ethnobotanical study of indigenous nutri-medicinal

 plants used for the management of HIV / AIDS opportunistic ailments among the local

 communities of central Uganda. Scientific African, 16, e01245.

 https://doi.org/10.1016/j.sciaf.2022.e01245 

Nalumansi, P. A., Kamatenesi-Mugisha, M., & Anywar, G. (2017). Medicinal plants used during

 antenatal care by pregnant women in Eastern Uganda. African Journal of Reproductive

 Health, 21(4). https://doi.org/10.29063/ajrh2017/v21i4.4 

Nantambu, K. (1997). Book Review: Review Article: Political Economy of Africa: Uganda,

 Sudan, and Ghana: Uganda: Tarnished Pearl of Africa, Sudan: State and Society in Crisis,

 Sudan after Nimeiri, Ghana: The Political Economy of Recovery. A Current

 Bibliography on African Affairs, 28(4). https://doi.org/10.1177/001132559702800403 

Nayaka, S., Chakraborty, B., Pallavi, S., Bhat, M. P., Shashiraj, K., & Ghasti, B. (2020).

 Synthesis of biogenic silver nanoparticles using zanthoxylum rhetsa (Roxb.) dc seed coat

 extract as reducing agent and in-vitro assessment of anticancer effect on a549 lung cancer

 cell line. International Journal of Pharmaceutical Research, 12(3), 302–314.

 https://doi.org/10.31838/ijpr/2020.12.03.024 

Nenungwi, L., Mokotjomela, T. M., Vukeya, L. R., Slabbert, M. M., & Prinsloo, K. L. (2025). A

 human–wildlife conflict: potential impacts of fatal harvesting approaches on medicinal

 plants in Free State Province, South Africa. South African Geographical Journal, 107(1).

 https://doi.org/10.1080/03736245.2024.2315955 



48 
 

Nguta, J. M., Mbaria, J. M., Gakuya, D. W., Gathumbi, P. K., Kabasa, J. D., & Kiama, S. G.

 (2011). Biological screeing of Kenya medicinal plants using Artemia salina L.

 (Artemiidae). Pharmacologyonline, 2. 

Nishijima, S., Eckroad, S., Marian, A., Choi, K., Kim, W. S., Terai, M., Deng, Z., Zheng, J.,

 Wang, J., Umemoto, K., Du, J., Febvre, P., Keenan, S., Mukhanov, O., Cooley, L. D.,

 Foley, C. P., Hassenzahl, W. V., & Izumi, M. (2013). Superconductivity and the

 environment: A Roadmap. In Superconductor Science and Technology (Vol. 26, Issue

 11). https://doi.org/10.1088/0953-2048/26/11/113001 

Nworu, C. S., Ejikeme, T. I., Ezike, A. C., Ndu, O., Akunne, T. C., Onyeto, C. A., Okpalanduka,

 P., & Akah, P. A. (2017). Anti-plasmodial and anti-inflammatory activities of cyclotide

 rich extract and fraction of oldenlandia affinis (R. & s.) D.C. (rubiaceae). African Health

 Sciences, 17(3), 827–843. https://doi.org/10.4314/ahs.v17i3.26 

Ofcansky, T. P. (2018). Uganda: Tarnished Pearl of Africa. In Uganda: Tarnished Pearl of

 Africa. https://doi.org/10.4324/9780429502781 

Okeyo, M. M., Ochoudho, J. O., Muasya, R. M., & Omondi, W. O. (2011). Investigation on the

 Germination of Zanthoxylum gilletii (African Satinwood) Seed. In Innovations as Key to

 the Green Revolution in Africa. https://doi.org/10.1007/978-90-481-2543-2_69 

Okot, D. F., Anywar, G., Namukobe, J., & Byamukama, R. (2020). Medicinal plants species

 used by herbalists in the treatment of snakebite envenomation in Uganda. Tropical

 Medicine and Health, 48(1). https://doi.org/10.1186/s41182-020-00229-4 

Olalubi, O. A., Salako, G., Ajiboye, A. T., Adetunde, O. T., & Olorede, K. O. (2021).

 Ethnobotanical Survey and Habitat Mapping of Medicinal Plants and Its Implication on

 Conservation Management in Rural Kwara Communities. Research in Health Science,

 6(2). https://doi.org/10.22158/rhs.v6n2p39 

Ouédraogo, L., Fuchs, D., Schaefer, H., & Kiendrebeogo, M. (2019). Morphological and

 molecular characterization of Zanthoxylum zanthoxyloides (Rutaceae) from Burkina

 Faso. Plants, 8(9). https://doi.org/10.3390/plants8090353 



49 
 

Pamhidzai, D., & Isaac, G. (2013). TLC separation, antibacterial and anti-inflammatory activity

 of extracts derived from zanthoxylum humile roots. International Journal of Research in

 Ayurveda and Pharmacy, 4(4). https://doi.org/10.7897/2277-4343.04403 

Phillips, S. J., Anderson, R. P., Dudík, M., Schapire, R. E., & Blair, M. E. (2017). Opening the

 black box: an open-source release of Maxent. Ecography, 40(7), 887–893.

 https://doi.org/10.1111/ecog.03049 

Pompe, S., Hanspach, J., Badeck, F., Klotz, S., Thuiller, W., & Kühn, I. (2008). Climate and land

 use change impacts on plant distributions in Germany. Biology Letters, 4(5).

 https://doi.org/10.1098/rsbl.2008.0231 

Pompe, S., Hanspach, J., Badeck, F. W., Klotz, S., Bruelheide, H., & Kühn, I. (2010).

 Investigating habitat-specific plant species pools under climate change. Basic and

 Applied Ecology, 11(7). https://doi.org/10.1016/j.baae.2010.08.007 

Pozo-Gómez, D. M., Orantes-García, C., Sánchez-Cortes, M. S., Rioja-Paradela, T. M., &

 Carrillo-Reyes, A. (2020). Potential distribution of Croton guatemalensis: A model with

 reproductive biology data. Botanical Sciences, 1(1). https://doi.org/10.17129/botsci.2865 

Pramanik, M., Paudel, U., Mondal, B., Chakraborti, S., & Deb, P. (2018). Predicting climate

 change impacts on the distribution of the threatened Garcinia indica in the Western

 Ghats, India. Climate Risk Management, 19. https://doi.org/10.1016/j.crm.2017.11.002 

Purohit, S., Bhatt, A., Bhatt, I. D., & Nandi, S. K. (2016). Propagation Through Air Layering in

 Zanthoxylum armatum DC: An Endangered Medicinal Plant in the Himalayan Region.

 Proceedings of the National Academy of Sciences India Section B - Biological Sciences,

 86(3). https://doi.org/10.1007/s40011-015-0493-1 

Purohit, S., Nandi, S. K., Palni, L. M. S., Giri, L., & Bhatt, A. (2015). Effect of Sulfuric Acid

 Treatment on Breaking of Seed Dormancy and Subsequent Seedling Establishment in

 Zanthoxylum armatum DC: An Endangered Medicinal Plant of the Himalayan Region.

 National Academy Science Letters, 38(4). https://doi.org/10.1007/s40009-015-0349-5 



50 
 

Ramakrishnappa, K. (2002). Impact of Cultivation and Gathering of Medicinal Plants on

 Biodiversity: Cases Studies from India. Biodiversity and the Ecosystem Approach in

 Agriculture, Forestry and Fisheries. 

Randrianarivelojosia, M., Rasidimanana, V. T., Rabarison, H., Cheplogoi, P. K., Ratsimbason,

 M., Mulholland, D. A., & Mauclère, P. (2003). Plants traditionally prescribed to treat tazo

 (malaria) in the eastern region of Madagascar. Malaria Journal, 2.

 https://doi.org/10.1186/1475-2875-2-1 

Robertson, P., & Pollaro, P. (2023). Ancient Greco-Roman Views of Ecology, Sustainability,

 and Extinction: Aristotle, Stoicism, Pliny the Elder on Silphium, the Modern Legacy in

 Cuvier, Humboldt, Darwin, and beyond. In Ecotheology - Sustainability and Religions of

 the World. https://doi.org/10.5772/intechopen.104989 

Rodríguez-Calderón, Á., Muñoz, J. A., Moreno, D., & Celis, M. (2019). Describing and diff

 using the ethnobotanical knowledge of Bogotá D.C. (Colombia) through an online tool

 focused on common names of plants. Acta Botanica Brasilica, 33(2).

 https://doi.org/10.1590/0102-33062018abb0337 

Rosche, C., Baasch, A., Runge, K., Brade, P., Träger, S., Parisod, C., & Hensen, I. (2022).

 Tracking population genetic signatures of local extinction with herbarium specimens.

 Annals of Botany, 129(7). https://doi.org/10.1093/aob/mcac061 

Rowe, J. A., & Ofcansky, T. P. (1997). Uganda: Tarnished Pearl of Africa. The International

 Journal of African Historical Studies, 30(3). https://doi.org/10.2307/220621 

Schultz, F., Anywar, G., Tang, H., Chassagne, F., Lyles, J. T., Garbe, L. A., & Quave, C. L.

 (2020). Targeting ESKAPE pathogens with anti-infective medicinal plants from the

 Greater Mpigi region in Uganda. Scientific Reports, 10(1).

 https://doi.org/10.1038/s41598-020-67572-8 

Schultz, F., Osuji, O. F., Wack, B., Anywar, G., & Garbe, L. A. (2021). Anti-inflammatory

 medicinal plants from the ugandan greater mpigi region act as potent inhibitors in the

 cox-2 / pgh2 pathway. Plants, 10(2). https://doi.org/10.3390/plants10020351 



51 
 

Sciences, B. (2022). Biology Data in Potential Distribution Model. 100(2), 291–299.

 https://doi.org/10.17129/botsci.2865 

Shackleton, R. T., Witt, A. B. R., Aool, W., & Pratt, C. F. (2017). Distribution of the invasive

 alien weed, Lantana camara, and its ecological and livelihood impacts in eastern Africa.

 African Journal of Range and Forage Science, 34(1).

 https://doi.org/10.2989/10220119.2017.1301551 

Siahaan, L., Hilwan, I., & Setiawan, Y. (2019). Spatial Distribution Of Andaliman Potential

 Habitat acanthopodium DC . ) in Samosir Island , North Sumatera ( Zanthoxylum. 9(4),

 861–871. 

Siegert, N. W., Mccullough, D. G., Liebhold, A. M., & Telewski, F. W. (2014).

 Dendrochronological reconstruction of the epicentre and early spread of emerald ash

 borer in North America. Diversity and Distributions, 20(7).

 https://doi.org/10.1111/ddi.12212 

Skole, D., & Tucker, C. (1993). Tropical deforestation and habitat fragmentation in the Amazon.

 Science, 260(5116). 

Soussi, M., El Yaagoubi, W., Nekhla, H., El Hanafi, L., Squalli, W., Benjelloun, M., & El 

Ghadraoui, L. (2023). A Multidimensional Review of Pimpinella anisum and Recommendation 

for Future Research to Face Adverse Climatic Conditions. In Chemistry Africa (Vol. 6, Issue 4). 

https://doi.org/10.1007/s42250-023-00633-3 

Souther, S., & Mcgraw, J. B. (2014). Synergistic effects of climate change and harvest on 

extinction risk of American ginseng. Ecological Applications, 24(6). https://doi.org/10.1890/13-

0653.1 

Ssenku, J. E., Okurut, S. A., Namuli, A., Kudamba, A., Tugume, P., Matovu, P., Wasige, G., 

Kafeero, H. M., & Walusansa, A. (2022). Medicinal plant use, conservation, and the associated 

traditional knowledge in rural communities in Eastern Uganda. Tropical Medicine and Health, 

50(1). https://doi.org/10.1186/s41182-022-00428-1 

Stas, S. M., Langbroek, E. M., Bitariho, R., Sheil, D., & Zuidema, P. A. (2017). Matrix 

population models indicate that bark harvest of two medicinal plants in Uganda’s Bwindi 



52 
 

Impenetrable National Park is sustainable. African Journal of Ecology, 55(1). 

https://doi.org/10.1111/aje.12309 

Stehelin, T. E. (2020). Climate change implications for distribution, phenology and conservation 

of Olive-sided Flycatchers (Contopus cooperi) and Western Wood-Pewees (C. sordidulus) in 

northwestern North. In University of Alberta (Vol. 44, Issue 8). 

Tabuti, J. R. S., Obakiro, S. B., Nabatanzi, A., Anywar, G., Nambejja, C., Mutyaba, M. R., 

Omara, T., & Waako, P. (2023). Medicinal plants used for treatment of malaria by indigenous 

communities of Tororo District , Eastern Uganda. Tropical Medicine and Health. 

https://doi.org/10.1186/s41182-023-00526-8 

Taibi, M., Elbouzidi, A., Ou-Yahia, D., Dalli, M., Bellaouchi, R., Tikent, A., Roubi, M., Gseyra, 

N., Asehraou, A., Hano, C., Addi, M., El Guerrouj, B., & Chaabane, K. (2023). Assessment of 

the Antioxidant and Antimicrobial Potential of Ptychotis verticillata Duby Essential Oil from 

Eastern Morocco: An In Vitro and In Silico Analysis. Antibiotics, 12(4). 

https://doi.org/10.3390/antibiotics12040655 

Tajbakhsh, E., Kwenti, T. E., Kheyri, P., Nezaratizade, S., Lindsay, D. S., & Khamesipour, F. 

(2021). Antiplasmodial, antimalarial activities and toxicity of African medicinal plants: a 

systematic review of literature. Malaria Journal, 20(1). https://doi.org/10.1186/s12936-021-

03866-0 

Tang, X., Yuan, Y., & Zhang, J. (2020). How Climate Change Will Alter the Distribution of 

Suitable Dendrobium Habitats Study Species and Occurrence Data. 8(October), 1–17. 

https://doi.org/10.3389/fevo.2020.536339 

Tapia-Armijos, M. F., Homeier, J., Espinosa, C. I., Leuschner, C., & De La Cruz, M. (2015). 

Deforestation and forest fragmentation in south Ecuador since the 1970s - Losing a hotspot of 

biodiversity. PLoS ONE, 10(9). https://doi.org/10.1371/journal.pone.0133701 

Teixidor, T. I. (2017). The evolution of medicinal floras: Insights from Moroccan medicinal 

plant knowledge transmission. 

Tenaw, T. B., Gode, T. B., Molla, E. L., & Woldemariam, Z. A. (2024). Topography and soil 

variables drive the plant community distribution pattern and species richness in the Arjo-Diga 



53 
 

forest in western Ethiopia. PLoS ONE, 19(8 August), 1–24. 

https://doi.org/10.1371/journal.pone.0307888 

Tian, P., Liu, Y., Sui, M., & Ou, J. (2022). Prediction of Potential Habitats of Zanthoxylum 

armatum DC. and Their Changes under Climate Change. Sustainability (Switzerland), 14(19). 

https://doi.org/10.3390/su141912422 

Tocai, A. C., Kokeric, T., Tripon, S., Barbu-Tudoran, L., Barjaktarevic, A., Cupara, S., & Vicas, 

S. I. (2023). Sanguisorba minor Scop.: An Overview of Its Phytochemistry and Biological 

Effects. In Plants (Vol. 12, Issue 11). https://doi.org/10.3390/plants12112128 

Ujawska, M. O. K., Amudio, F. E. Z., Ontti, L. Í. A. M., & Arrillo, V. E. P. I. C. (2018). Effects 

of Landscape Structure on Medicinal Plant Richness in Home Gardens : Evidence for the 

Environmental Scarcity Compensation Hypothesis. 

Uwimbabazi, M., Kabonesa, B., Ongarep, S. V., Omujal, F., & Agaba, H. (2023). Ethnobotanical 

survey of medicinal plants used for the treatment of diabetes in Uganda. Ethnobotany Research 

and Applications, 26. https://doi.org/10.32859/era.26.56.1-14 

Waiganjo, B., Moriasi, G., Onyancha, J., Elias, N., & Muregi, F. (2020). Antiplasmodial and 

Cytotoxic Activities of Extracts of Selected Medicinal Plants Used to Treat Malaria in Embu 

County, Kenya. Journal of Parasitology Research, 2020. https://doi.org/10.1155/2020/8871375 

Wangalwa, R., Olet, E. A., Kagoro-Rugunda, G., Tolo, C. U., Ogwang, P. E., & Barasa, B. 

(2021). Occurrence of citropsis articulata in tropical forests in Uganda: Implication for ex situ 

conservation. International Journal of Forestry Research, 2021. 

https://doi.org/10.1155/2021/5582461 

Warren, D. L., & Seifert, S. N. (2011). Ecological niche modeling in Maxent: The importance of 

model complexity and the performance of model selection criteria. Ecological Applications, 

21(2). https://doi.org/10.1890/10-1171.1 

Welk, A., Welk, E., Baudis, M., Böckelmann, J., & Bruelheide, H. (2019). Plant species’ range 

type determines local responses to biotic interactions and land use. Ecology, 100(12). 

https://doi.org/10.1002/ecy.2890 



54 
 

Witt, A., Chimphepo, L., Beale, T., & Nunda, W. (2020). Distribution of Mimosa diplotricha in 

eastern and southern Africa and its socio-ecological impacts in northern Malawi. Bothalia, 50(1). 

https://doi.org/10.38201/BTHA.ABC.V50.I1.9 

Wraith, J., & Pickering, C. (2018). Quantifying anthropogenic threats to orchids using the IUCN 

Red List. Ambio, 47(3). https://doi.org/10.1007/s13280-017-0964-0 

WRIGLEY, C. (1997). UGANDA OVERVIEW Uganda: Tarnished Pearl of Africa . By Thomas 

P. Ofcansky. Boulder, CO and Oxford: Westview Press, 1996. Pp. xvii+202. £43.95 (ISBN 0-

8133-1059-8) . The Journal of African History, 38(2). 

https://doi.org/10.1017/s0021853797447011 

Wu, J., Li, X., Huang, L., Meng, X., Hu, H., Luo, L., & Chen, S. (2019). A new GIS model for 

ecologically suitable distributions of medicinal plants. Chinese Medicine, 1–9. 

https://doi.org/10.1186/s13020-019-0226-0 

Xego, S., Kambizi, L., & Nchu, F. (2016). Threatened medicinal plants of South Africa: Case of 

the family hyacinthaceae. In African Journal of Traditional, Complementary and Alternative 

Medicines (Vol. 13, Issue 3). https://doi.org/10.4314/ajtcam.v13i3.20 

Xu, W., Zhu, S., Yang, T., Cheng, J., & Jin, J. (2022). Maximum Entropy Niche-Based 

Modeling for Predicting the Potential Suitable Habitats of a Traditional Medicinal Plant (Rheum 

nanum) in Asia under Climate Change Conditions. Agriculture (Switzerland), 12(5). 

https://doi.org/10.3390/agriculture12050610 

Yang, P., Wang, R., Liu, J., Xu, X., Xu, Q., Liu, S., Dong, M., Shen, Q., Shen, Z., & Li, R. 

(2025). The Influence of Environmental Heterogeneity on Fertilization-Driven Patterns of 

Distribution and Yield in Medicinal Plants. 1–13. 

Yang, S., & Mountrakis, G. (2017). Forest dynamics in the U.S. indicate disproportionate 

attrition in western forests, rural areas and public lands. PLoS ONE, 12(2). 

https://doi.org/10.1371/journal.pone.0171383 

Zhang, J., Zhang, Z., Wang, Y., Zuo, Y., & Cai, C. (2020). Environmental impact on the 

variability in quality of Gentiana rigescens, a medicinal plant in southwest China. Global 

Ecology and Conservation, 24. https://doi.org/10.1016/j.gecco.2020.e01374 



55 
 

Zhang, M., Chen, Y., Guo, J., Zhang, R., Bi, Y., Wei, X., Niu, H., & Zhang, C. (2022). Complex 

ecological and socioeconomic impacts on medicinal plant diversity. October, 1–15. 

https://doi.org/10.3389/fphar.2022.979890 

Zhang, M., Jiang, D., Yang, M., Ma, T., Ding, F., Hao, M., Chen, Y., Zhang, C., Zhang, X., & 

Li, M. (2021). Influence of the Environment on the Distribution and Quality of Gentiana 

dahurica Fisch. Frontiers in Plant Science, 12. https://doi.org/10.3389/fpls.2021.706822 

Zhang, M., Wang, J., Zhu, L., Li, T., Jiang, W., Zhou, J., Peng, W., & Wu, C. (2017). 

Zanthoxylum bungeanum Maxim. (Rutaceae): A systematic review of its traditional uses, 

botany, phytochemistry, pharmacology, pharmacokinetics, and toxicology. In International 

Journal of Molecular Sciences (Vol. 18, Issue 10). https://doi.org/10.3390/ijms18102172 


