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ABSTRACT 

 

Bwindi forest has an exceptionally diverse flora and fauna that supports many species of 

conservation importance. The forest is, however, currently facing several management challenges, 

including the deficiency of data on several taxa. The canopy hemi-parasitic plant species 

(Mistletoes) have for example received little attention. Their identity, diversity, distribution and 

abundance are not well known. This study surveyed canopy hemi-parasitic plant species of Bwindi 

forest and determined their diversity and distribution. The specific objectives were to: i) determine 

the diversity of canopy hemi-parasitic plant species and their host plants in the disturbed and lightly 

disturbed sites; ii) determine the distribution abundance of canopy hemi-parasitic plants in relation 

to host characteristics; and iii) relate diversity and distribution of canopy hemi-parasitic plant 

species to local environmental factors. The forest was stratified into two non-overlapping strata, 

based on disturbance intensity (disturbed and lightly disturbed forest communities) for data 

collection. Transects of 1km long were established in disturbed and less disturbed forest 

communities in each study zone. Data was collected from 20m x 20m plots on alternating sides of 

each transect. Species composition was compared between disturbed and lightly disturbed sites 

using analysis of Similarity (ANOSIM). The average dissimilarity (SIMPER) was also considered 

in all study sites. Spearman rank correlation was used to examine the abundance of hemi-parasitic 

plants in relation to host characteristics. Canonical Correspondence Analysis (CCA) was used to 

determine the relationship between the distribution of parasitic species and environmental 

variables. The results show that a total of 21 canopy hemi-parasitic plant species in six genera and 

within two families (i.e. Loranthaceae and Viscaceae), occurs in Bwindi. These were hosted by 45 

tree species occurring in 28 families. The diversity of hemi-parasitic plants ranged from 1.94-1.92 

index and hosts2.43 -2.02and distribution was moderate with evenness (J’) of 0.687. Canopy hemi-

parasite plant communities were different in all the study sites, and their abundance, distribution 

and diversity follows the distribution of preferred hosts. There is a need to conserve host plant 

diversity in order to maintain the diversity of hemi-parasitic plant species.  
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CHAPTER ONE 

1.0 INTRODUCTION 

1.1 Background 

Parasitic plants (the mistletoes) are classified as rare but common canopy plants. Generally, there 

could be many species but of restricted distribution in canopies. However, they could be species, 

that are widespread in distribution but with limited number of individuals. Trees are often 

entangled with climbers and parasitic plants (Gedalovich-Shedletzky et al., 1990). Parasitic plants 

are taxonomically diverse (with about 4000 species) and geographically widespread, occurring in 

17 families in most biomes (Kuijt, 1969; Barker et al., 1996; Press & Phoenix, 2005). Parasitic 

plants are common in many natural and semi natural ecosystems. In tropical rain forests, they 

account for 1% of angiosperms (Press, 1998). They rely partially or completely on host plants/trees 

for carbon, nutrients, water and solutes (Kuijt, 1969). They are a dynamic component of many 

plant communities and are capable of altering plant productivity (Matthies 1997; Marvier 1998), 

and providing competitive interactions (Gibson & Watkinson 1991; Matthies 1996). Parasitic 

plants can be classified as hemi-parasites, which are photosynthetic or holo-parasites which are 

completely devoid of chlorophyll and are thus obligatory and dependent on their host plants for 

their nutrition (Thorogood et al., 2009). 
 

Hemi-parasitic plants belong to a number of flowering plant families including the; 

Balanophoraceae, Loranthaceae (Mistletoes), Orobanchaceae, Myzodendraceae Olacaceae, 

Schoepfiaceae, Opiliaceae, Eremolepidaceae, Santalaceae, Viscaceae, Krameriacea, Lauraceae, 

Convolvulaceae (Nickrent& Musselman, 2004). They acquire nutrients, water and carbon by 

attaching to host roots or shoots using specialist structures known as haustoria. Their acquisition 

of host resources can exert strong effects on the host’s growth, allometry, reproduction and 

physiology especially with heavy infestation (Press et al., 1999; Aukema, 2003). This reduces host 

productivity and/or reproductive effort, and has been extensively documented, for both root hemi-

parasites and shoot hemi-parasites (Matthies & Egli, 1999). Effects on host physiology further 

impair host performance (Watling & Press, 2001). However, some groups of hemi-parasites 

(especially mistletoes) are of great ecological importance as they may function as keystone 

resource in many ecosystems (Watson, 2001), and they positively affect diversity in forest habitats 
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(Nickrent et al., 2004). Some hemi-parasitic plants provide food in form of fruit, seed, nectar and 

medicine for various animals. According to (Watson and Herring, 2012), mistletoe exhibits a 

highly irregular distribution across sites, being entirely absent from some sites and occurring in 

remaining sites. In this regard hemi-parasitic plants could also be of conservation interest in their 

own right.  

 

Canopy infestation by hemi-parasites is influenced by the presence of mother parasitic plant 

species and other players/agents that hasten pollination, the agents of pollen/seed dispersal as well 

as the viable hosts that could facilitate hemi-parasitic plant germination. In the case of some hemi-

parasitic plant groups (especially the mistletoes), the distribution on the host plant could be 

determined by host specificity, distance between hosts, environmental conditions (García-Franco 

& Rico-Gray, 1997), host plant architecture (Monteiro et al., 1992; Sargent, 1995; Martínez del 

Rio et al., 1995), feeding behavior as well as habitat selection by the dispersal agent (Davidar, 

1983; Reid, 1989; Murphy et al., 1993;  Martínez del Rio et al., 1996;). Besides the relative 

abundance of host species, the size and diameter of branches of host plants may have a strong 

effect on mistletoe fixation (Reid, 1989; Yan & Reid, 1995; López de Buen & Ornelas, 2002). The 

spread and intensification of canopy hemi-parasitic plant species in a forest ecosystem is much 

faster in the over storey than in under storey and still faster in uneven-aged stands than in even-

aged stands (Hawksworth et al., 1996). 
 

The present study focuses on the diversity and distribution of canopy hemi-parasitic plant species 

in relation to plant hosts and environmental factors. The study investigated their diversity and 

distribution and the influence of presence or absence of their hosts. The expectation was that 

environment factors as well as diversity and distribution of parasitic plants in the forest might have 

been limited by the additional suite of factors of host availability, host quality, host resistance to 

parasitism, and host preference (Marvier & Smith, 1997).  But other studies by (Spasojevic and. 

Suding, 2010), found out that hemi-parasites are known to influence community structure and 

ecosystem functioning, but the underlying mechanisms are not well studied.The present study 

assesses the host plant species and their characteristics (e.g. nature of bark, stem-diameter size, 

and architecture). Additional factors investigated include altitude, slope and location of parasites 

in the canopy. These are required for the diversity and distribution of hemi-parasites. 

1.2 Statement of the research problem 



3 
 

Canopy hemi-parasitic plant species occur in many tropical forests and in neighboring crop 

gardens, but a few botanical or ecological studies have been done on them more especially in 

tropical Africa and particularly in Uganda. Little is known about their identity, diversity, 

distribution (in terms of the host specificity or preference) and their abundance. The few species 

that are found in the ITFC Ruhija herbarium are the initial canopy hemi-parasites records of the 

few Bwindi herbaria, and was incomplete because all mistletoe species recorded lacked 

information on: location, host species and altitude range and many others. The incompleteness of 

the parasite inventory may be attributed to inadequate mistletoes collection due to lack of a detailed 

study. Most of the botanical studies and biodiversity assessments(e.g. Davenport et al., 1996 and 

Hafashimana, 2010) often focus on indicator taxa like trees, shrubs, epiphytes   mammals, 

butterflies, birds and moths in Bwindi forest. Hence baseline data on canopy hemi-parasitic plant 

species are scarce. Without such information, the conservation value and status of these species 

are not clearly known. This is a challenge to the holistic approach to biodiversity conservation 

planning for Bwindi forest on the side of administrators, researchers and conservationists. 

1.3 General Objective 

This study aimed at surveying the canopy hemi-parasitic plant species of Bwindi forest with a view 

to understanding their diversity and distribution in terms of host plant preferences. 

1.3.1 Specific Objectives 

The specific objectives of the study were to: 

i. Determine the diversity of canopy hemi-parasitic plant species and their host plants in the 

disturbed and lightly disturbed sites  in Bwindi Forest 

ii. Determine the distribution abundance  of canopy hemi-parasitic plants in relation to host 

characteristics 

iii. Relate diversity and distribution of canopy hemi-parasitic plant species with local 

environmental factors 
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1.4 Hypotheses 

The following hypotheses were tested;  

Ho: The diversity and abundance distribution of canopy hemi-parasitic plant do not differ 

in disturbed and lightly disturbed forest communities of BINP. 

Ho: The distribution abundance of hemi-parasitic plant species in the forest is not host-

specific in terms of host species and growth characteristics. 

1.5 Justification of the study 

As this is the first survey of a purported keystone resource in Bwindi forest, to my knowledge this 

2-year study yielded a refined understanding of diversity and distribution of canopy hemi-parasitic 

plant species (mistletoe) community composition in Bwindi forest. More broadly, this study 

contributes to a growing understanding of the role of host plants as facilitators of parasite 

distribution and diversity, influenced by environmental factors. The information gathered is useful 

to Uganda Wildlife Authority, students, other scholars, National Forestry Authority and other 

conservation agencies in planning the management of biological diversity of Bwindi forest. The 

study has provided baseline data which may be useful to other scientists for a more focused study 

in future.  

1.6 The scope of study 

The study inventoried canopy hemi-parasitic plant species of Bwindi forest. This was so because 

canopy hemi-parasitic plants in Bwindi forest were looked at as weeds, and indeed it was because 

of this speculation that made this study necessary. The study was an attempt at generating 

information on the status of the diversity and abundance distribution of canopy hemi-parasitic 

plant species in respect to locations and their hosts in Bwindi forest. The study inevitably assessed 

and throws some light on the composition and status of canopy hemi-parasitic plants in the park. 

Data were collected on; identity of the host, host diameters at breast height, host heights, GPS 

locations, attachment point of canopy hemi-parasites to the host. Any other visible effects caused 

by the parasites on host as well as the identity of all parasites were attended to. The influence of 

selected environmental factors on mistletoes distribution was also examined. The study was 

limited to the identification of only both hosts and parasite encountered within the plots along 

transects. Fieldwork was conducted from October 2010 to April 2011. 
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CHAPTER TWO 

2.0 LITERATURE REVIEW 

2.1 Tropical forests conservation 

Management interventions to conserve the remaining tropical rain forests require data on patterns 

of plant distribution and diversity (Eilu et al., 2004). The present study determines the diversity 

and distribution of canopy hemi-parasitic plant species in Bwindi forest to generate data for 

planning and managing them. The Forest Department (Howard et al., 1996) inventoried woody 

plants in Ugandan forest reserves including Bwindi forest and (Hafashimana, 2010) studied the 

diversity and distribution of biodiversity in western Uganda. But the canopy hemi-parasitic plants 

were not considered. To date hemi-parasites are common but their hosts and major environmental 

factors influencing their diversity as well as distribution remain unclear. 

2.2 Tropical forest dynamics 

Successful conservation of tropical forest requires that often neglected plant forms such as canopy 

hemi-parasites are studied. Interplant hemi-parasitism is a wide spread phenomenon with over 500 

species of parasitic plants occurring worldwide but the role of this interaction in determining plant 

community composition is poorly understood. Despite the fact that parasitic plants are a 

component of natural plant communities, they have strong host preference, may suppress their host 

plants causing considerable negative effects as crop pests (Kuijt, 1969).Parasitic plants may be 

found in extreme environments such as highlands and lowland tropical rain forests (Ruzana & 

Ainuddin, 2011). The major stresses affecting the hosts are the nutrient and water stresses (Cingiz 

et al., 2010).  

 

Hemi-parasitic plants interact with neighboring plants in two ways by taking resources directly 

from host plants, and by competing for light, water, space, and mineral nutrients (Hedberg et al., 

2005). Although plant parasitism only occasionally kill a host plant (Kuijt 1969), hemi-parasites 

have the potential to alter plant community structure by differentially affecting the growth of host 

plants (Hedberg et al., 2005) and altering competitive interactions. Host plants can differ in the 

nutritional benefits they provide to the parasite (Matthies, 1996), and the hemi-parasitic plants may 

selectively parasitize host species from which they obtain the greatest benefits (Pennings 
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&Callaway, 1996). Because hemi-parasites affect host species more than non-hosts and some host 

species are harmed more than others, the differential effects of parasitism can lead to indirect 

community effects wherein the abundance or distribution of plant species relative to each other 

change in the presence of a parasite (Price et al., 1986).  

2.3 Canopy hemi-parasitic plants 

The parasitic plants are in the following order; The Mistletoes in Loranthaceae and Viscaceae, the 

Sadalwoods and their relatives (Santalaceae, Olacaceae, and Myzadendraceae), the broomrapes 

and parasitic fig warts (Orombanchceae and scrophulariaceae), the Rafflesiaceae, Hydnoraceae 

and Balanophoraceae, Convolvulaceae, Cassyth (Lauraceae), the Lennoaceae and the 

Krameriaceae (Kuijt, 1969). They are a taxonomically diverse and rely partially or completely on 

host plants/trees for carbon, nutrients and water, by attaching to host roots or shoots using haustoria 

(Press & Phoenix, 2005). A haustorium is a modified root that forms a morphological and 

physiological link between the parasite and host (Nickrent et al., 2004). The anatomy of haustoria 

and the mechanisms of resource acquisition by root hemi-parasites as well as abstraction efficiency 

differ between species and are linked to their dependence on their host in terms of life history 

(Kuijt, 2008).  

 

Annual hemi-parasites such as Striga spp. or Rhinanthus spp. are capable of highly efficient 

abstraction of solutes from the host xylem which is underpinned by direct luminal continuity 

between host and parasite vessels (Těšitel et al., 2010). The nature and intensity of this competitive 

relationship varies across different groups and species of hemi-parasites (Těšitel et al., 2010). 

Some parasitic plant species are well-known agricultural weeds (Kenji, 2008). Parasites usually 

keep more negative water potential then their host; nonetheless its dynamics is usually coupled to 

that of the host plant and the stomata behave not as abnormally as in annual root hemi-parasites 

Těšitelet al. (2010). 

 

Parasitism has also evolved in many families of flowering plants. Some heterotrophic flowering 

plants get their nutrition from mycorrhiza soil fungi that are in turn attached to the roots of forest 

trees (Kuijt, 1969). Parasitic plants may also be classified as holo-parasites, hemi-parasites, 

obligate parasites, or facultative parasites. Facultative parasites contain chlorophyll and can be 

grown to maturity without hosts (Westwood et al., 2010). Obligate parasites, on the other hand, 
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require a host for maturation (Jørgensen, 2008). Hemi-parasitic plants have green leaves and are 

photosynthetic (Kuijt, 2008), obtain water, with its dissolved nutrients, by connecting to the host 

xylem via the haustorium but holo-parasites lack chlorophyll (and are thus non photosynthetic) 

and must rely totally on the contents of the xylem and phloem of the host (Nickrent et al., 2004). 

Two main types of hemi-parasitic plant species can be distinguished: stem parasites and root 

parasites. Stem parasitic plants occur in several families, and pathogenic members include some 

mistletoe and dodder. Although these definitions simply absolute and discrete categories, some 

parasitic plants are intermediate between the hemi and holo-parasitic condition (Nickrent et al., 

2004). 
 

2.4 Distribution of parasitic plants 

The large family of hemi-parasites of santalaceae is more distributed in the tropical region. It is 

clear that many hemi-parasitic plant species favor open or disturbed habitats, pre-adapting 

themselves to weedy situations (Daniel,et al.,2013). Several pathogenic parasitic plants have been 

effectively spread by humans. Through contaminated seed with Cuscutapentagona, in agricultural 

practices has spread throughout the world (Daniel et al., 2013). In areas where improved crops 

have not been introduced, the likelihood of parasites being spread is lower (Nickrent et al., 2004). 
 

Another family within this order, Loranthaceae, contains stem parasitic plants that are commonly 

known as mistletoes (Nickrent et al., 2004). Loranthaceae family is one of the largest of canopy 

hemi-parasitic plants family, mainly in the tropical region as found in Bwindi-ITFC herbarium. 

Although variable in size and shape, many members have large showy flowers and are bird-

pollinated and dispersed (Nickrent & Musselman, 2004). The loranthus seeds do not require a host 

germination stimulant and will germinate spontaneously. However, establishment only occurs on 

living hosts. The first attachment structure formed is called a holdfast, and the cotyledons either 

remain within the endosperm as absorptive structures (common with Loranthus) (Nickrent et al., 

2004). When in contact with the host cambium, the loranthus haustorium induces the formation of 

additional wood that enlarges in fluted columns, eventually forming a placenta-like saddle. 

Development continues until flowering and seed formation. 
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2.5 Parasite-host interactions 

Variations in the degree of pathogenicity exhibited by various parasitic plants are great, ranging 

from those that exert little to greater effects (Nickrent, 2002). The breadth of the modes of host 

selection and specialization of parasitic plants is extraordinary (Nickrent & Musselman, 2004) 

such that Castilleja sp and Cuscutasp (dodder) can parasitize on hundreds of different hosts in 

diverse families, in contrast to Epifagus virginiana which occurs only on Fagus grandifolia(beech) 

(Smith et al., 2001). 

 

Genetic resistance to parasitic weeds is a highly desirable component of any control strategy. 

Resistance to parasitic plants can occur at different stages of the parasite lifecycle: before 

attachment to the host, during penetration of the root or after establishment of vascular 

connections. New studies are beginning to shed light on the molecular mechanisms and signaling 

pathways involved in plant-plant resistance (Yoder, 2010). Parasitic plants decrease the ability of 

host plant/tree to resist virus, diseases and pests (Gilbert, 2002). The host plant appears to be 

functioning according to signals from the parasitic plant and the complex appears to be under the 

control of the invader such as in the broomrape family. 

 

Foliar diseases may sometimes kill plants directly, reduced plant size from foliar that could place 

affected seedlings at a competitive disadvantage to larger, healthier neighbors (Gilbert, 2002). This 

disadvantage may be most important in light-limited environments, such as forest under storey or 

dense grasslands (Gilbert, 2002). Generally, effect of hemi-parasitic plants on the host trees and 

the forest canopy is noticed in the change of the appearance of host tissues, response to disease, 

pests and decay, with the symptoms of crown thinning, dieback, resinosis, discolorations, lesions 

and defoliation of the host. Significant growth effect is seldom seen in at least the lower 1/3 to 1/2 

of the crown (Smith et al., 2001). The foliar pathogens, including the fungi, bacteria, and viruses 

that cause spots, necrosis, chlorosis, shot-hole, early senescence, and leaf abscission, all reduce 

leaf area and associated photosynthetic activity that would otherwise contribute to plant growth 

and reproduction (Gilbert, 2002). Given a suite of species competing for a single resource, the 

competitive exclusion principle predicts that only one species, the competitive dominant, will 

persist (Chesson, 2000).  
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Canopy hemi- parasite maintains more negative water potential than its host, which is generated 

by substantially elevated transpiration rates and abnormal behavior of stomata which do not close 

even in dark or under water stress conditions (Těšitel et al., 2010). In contrast, perennial species 

such as Bartsia alpina, Olax phyllanthi and Santalum album tend to display a rather conservative 

strategy of parasitic resource acquisition. The exact mechanism is unknown, this process is 

probably based on an active trans-membrane transport as it does not appear to require water 

potential difference (Tennakoon & Cameron, 2006).Transpiration rates of the perennial hemi-

parasites therefore tend to be similar to those of a non-parasitic plant and often do not exceed those 

of their host (Tennakoon & Pate, 1997). 

2.6 Host preference and specificity 

Different parasitic plants could be hosted by different hosts and vice versa, thus the term host 

range, preference and host specificity. The terms host ranges versus host preference describe 

different aspects of the parasitic relationship (Nickrent et al., 2004). Host range refers to the total 

number of different species that could be parasitized by a specific parasitic plant. For example, 

Seymeria cassioides invariably attacks pines in nature, but in some parts a variety of angiosperms 

and gymnosperms can be parasitized as explained by (Nickrent et al., 2004). Host preference, 

referring to the choice of the most desirable host for optimal growth, typically is much narrower. 

In that, for example Cuscuta species usually have extremely broad host ranges and can even be 

attached to many different hosts at once (Nickrent & Musselman, 2004). But in nature, they are 

found regularly on few hosts, and the parasite can often be located by first finding the preferred 

host (Nickrent et al., 2004). Stem hemi-parasitic dodders (Cuscuta sp) provide intriguing models 

for host selection because they have mastic movements that allow them to forage for (or move 

towards) hosts. The remarkable observation has been made that Cuscuta europaea selects shoots 

with the highest nutritional status (Nickkrent et al., 2004).  

2.7 Ecological roles of canopy hemi-parasitic plant species 

Plants exchange gases with the atmosphere and, in so doing, release plumes of volatile chemicals 

that can convey ecologically important information to other organisms (Mescher, 2006). The 

potential ecological significance of these volatile cues is demonstrated by the large and growing 

array of interactions between plants and arthropods known to be mediated by plant volatiles. 

Mescher (2006) discovered that some parasitic plants exploit host plant volatiles as host location 
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and this provides a new perspective on volatile mediated interactions among plant species. This 

demonstrates that plant volatiles play a role in mediating ecologically significant interactions in at 

least one system, other than the transfer of herbivore-induced warning signals. 

 

Many ecological interactions among parasitic plants and organisms that depend on habitats have 

not yet been investigated in most ecosystems in the world (Cingiz et al., 2010). Sustainable land 

use and conservation of the habitat of canopy hemi-parasitic plants are based mostly on 

understanding their functions in the ecosystem. Watson (2009), studies uncovered a variety of 

interactions between animals and mistletoes. Animals rely on hemi-parasites for nutritious fruit, 

nectar and leaves including many birds, insects and mammals nesting and rooting in these dense, 

evergreen structures. Hemi-parasitic plants support a diverse assemblage of insects (quite distinct 

from those found on the host tree) which attracts abundant insectivores, especially spiders and 

foliage-gleaning birds, observed by (Watson, 2009). These resources are complemented by 

abundant enriched litter which dramatically increases availability of nutrients in the soil and 

increases diversity of understory plant communities beneath infected hosts, as observed in Bwindi 

forest during the study. 

2.8 Effects of parasitic plants on plant community 

At least 30 genera of parasitic plants/ mistletoes in the family Loranthaceae occur on introduced 

or cultivated trees, and the following have been reported to be particularly damaging: Tapinanthus 

bangwensis on cacao- Theobroma cacao in Africa, Dendrophthoe pentandra on kapok -Ceiba 

pentandra in Java, Phthirusa sp. on teak -Tectona grandis in Trinidad, and Oryctanthus sp. on 

cacao in Costa Rica (Nickrent &Musselman, 2004).  Four genera of Loranthaceae (Agelanthus, 

Englerina, Globimetula and Tapinanthus) are particularly damaging to the shear butter Vitellaria 

paradoxa of the Sapotaceae family in Burkina Faso (Nickrent &Musselman, 2004). In some cases, 

reduction in host performance is considerable, and in the most extreme cases, such as heavy 

mistletoe infestation, parasitism may result in host death (Aukema, 2003).  

 

Critically, for community level impacts, effects on the host are often disproportionately great in 

comparison to the size of the parasite (Press & Phoenix, 2005). This can result from both inefficient 

uses of the resources by the parasite, such that reduction in host biomass is generally greater than 

the increase in parasite biomass (Matthies & Egli, 1999), and the effects on host physiology that  
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further impair host performance (Watling & Press, 2001). Furthermore, impacts can occur through 

effects on host allometry and architecture, most notable are the large witch brooms induced by 

mistletoes that impair the host tree’s water balance and nutrient balance, and can reduce host 

photosynthesis and respiration rates (Sala et al., 2001; Meinzer et al., 2004). Most parasitic plants 

can potentially attack a large number of different co-occurring species, suggesting that most hemi-

parasitic plant species can be considered as generalists.  

 

2.9 Loranthaceae (Showy Mistletoe Family) 

This family is composed of 73 genera and ca. 900 species (Vidal-Russell & Nickrent, 2008). 

Among the 12 clades of parasitic plants, the sandalwood order (Santalales) encompasses the widest 

array of habits including non-parasites, root parasites, and several variants of aerial (stem) 

parasites. Aerial parasitism has arisen five times in different lineages within the order (Vidal-

Russell & Nickrent, 2008), each of which includes plants commonly referred to as “mistletoes.” 

Mistletoe is a hemi-parasitic shrub that attaches to a host stem and is also a member of 

Loranthaceae, Misodendraceae, “Santalaceae,” or Viscaceae (thus, the term describes a habit 

among some members of santalalean clades). The success of this life form is apparent in that nearly 

all of the major species-level radiations have taken place in mistletoes, such as the genera 

Phoradendron and Viscum (Viscaceae) and Amyema and Psittacanthus (Loranthaceae). Its greatest 

diversity is in the Old and New World tropics, particularly in seasonally dry habits of Africa and 

Australia (Vidal-Russell & Nickrent, 2008). The last classification that treated the family 

worldwide was by Vidal-Russell & Nickrent (2008) and generic concepts among loranthus have 

changed dramatically since that time.  

 

Most loranthus have dichlamydous flowers (i.e., with two perianth whorls) where the highly 

reduced calyx is referred to as the calyculus. When present it is found as a small lobe or rim at the 

top of the inferior ovary. The corolla can be choripetalous (petals free) or gamopetalous (petals 

fused), and petal number. Although variable in size and shape, many members have large showy 

flowers that are bird-pollinated.  

 

Indeed, the co-evolutionary relationship with birds has reached a high level in this family, as 

evidenced also by the seed dispersal mechanism (Vidal-Russell & Nickrent, 2008). Because of the 
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close affinities between these parasitic plants and their dispersal vectors and pollinators, birds are 

thought to have contributed to the diversification of loranthaceous mistletoes (Restrepo et al., 

2002). Loranthaceae, like nearly all mistletoes, are highly dependent on their dispersers for 

reaching a suitable host. Compared to other angiosperms, Loranthaceae can be seen as highly 

specialized (owing to its parasitic habit). Even in Bwindi Forest, loranthus were met at least in all 

sectors and in gardens outside the park. Common management of mistletoes generally involves 

cutting off the mistletoe and/or removing the host branch (Nickrent & Musselman, 2004). The 

only management is to remove by pruning off the parasite when it is very young or eliminate whole 

host. 

2.10 Viscaceae family 

The life cycle of Viscaceae mistletoes is similar to that described above for Loranthaceae, but with 

some exceptions. Pollination is generally effected by insects and wind, but can also be effected by 

birds and the flowers in this family are very small. Viscaceae mistletoes are hemi-parasites, hence 

they manufacture their own food through photosynthesis. Indeed, it has been documented that 

leafy mistletoes such as Phoradendron actually translocate photosynthates back into the host 

during the winter when host leaves are absent. In contrast, Arceuthobium (dwarf mistletoe), 

produces very little of its own food as an adult plant (Nickrent& Musselman, 2004). In Bwindi, 

the majority of the parasitic plants were found flowering and fruiting, this was during December, 

2010 - May, 2011. 

2.11 Environmental factors affecting plants distribution and diversity 

The global distribution of organisms broadly reflects the influence of abiotic factor such as 

temperature, water, and sunlight. The environment is characterized by spatial and temporal 

heterogeneity. Environmental temperature is an important factor in the distribution of organisms 

because of its effect on biological processes. With these factors (Flexas et al., 2004), believed that 

extensive environmental conditions of drought and salinity converge to lower water accessibility 

of plants leading to the limitation of photosynthesis, growth and worldwide yield. Chaves et al. 

(2003) observed that terrestrial organisms face a nearly constant threat of desiccation and have 

adaptations to allow them to obtain and conserve water.  

Sunlight provides the energy that drives nearly all ecosystems. Intensity of light is not the most 

important factor limiting plant growth in most terrestrial environments, although shading by a 
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forest canopy makes competition for light in the understory intense. A number of researchers 

have concluded that the zonal distribution pattern of species in inland and coastal salt marshes is 

determined by both biotic and a biotic factors (Pennings & Callaway, 1992).In Bwindi forest 

plant species often form zonation community patterns of vegetation in particular areas. 

Interaction between plants and the environment influences plants physiological functions thus 

affecting some ecological processes (Hegland et al., 2009). 

 

Increase in species richness or biodiversity that occurs from the poles to the tropics, often referred 

to as the latitudinal diversity gradient (LDG), is one of the most widely recognized patterns in 

ecology (Sahney & Benton, 2008). Generally, Bwindi Impenetrable National Park climate and 

soils were not considered for factors affecting abundance, distribution and diversity of canopy 

hemi-parasitic plants. It was realized that parasites’ spread was a factor to altitude, edge affect 

and extent of forest disturbance along the communication networks and in forest gaps. Therefore, 

agreeing with trend of (Clarke & Hannon, 1971), who concludes that both physical factors of the 

environment and competition interact determine the zone pattern of vegetation, which Bwindi 

forest canopy hemi-parasitic plant species diversity and distribution followed. 
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CHAPTER THREE 

3.0 MATERIALS AND METHODS 

3.1 Study Area 

3.1.1 Location 

The study was conducted in Bwindi Impenetrable National Park forest located in Kigezi highlands, 

overlooking the western rift valley in the south western Uganda. It occupies the highest block of 

Kigezi high lands on the eastern edge of the western rift valley. It lies at an altitude range from 

1160 m (Ishasha-gorge) to 2607 m (Rwomunyonyi-Peak) above sea level. The area occupied by 

the national park lies between longitude 0o53`- 1o08`S and latitude of 29o35`-29o50`E, covering 

an area of 321km2. It is a tropical rain forest that spreads over a series of steep ridges and valleys. 

The park comprises two major blocks of forest that are connected by a small corridor of forest (the 

neck) (Figure 1). The shape of the park is a legacy of previous conservation management, when 

the original two forest blocks were gazetted in 1932, (Mark McGinley, 2008). There is intensive 

agriculture, directly outside the park (i.e. along the border line of BINP). The forest is isolated 

from other protected areas by densely populated agricultural lands. It is about 29 km North West 

of Kabale town, 18 km North of Kisoro town, 25 km North of Mgahinga Gorilla National Park 

(Virunga conservation area) and about 40 km South of L. Edward. The park is situated in Rubanda, 

Kinkizi, and Bufumbira counties of Kabale, Kanungu and Kisoro districts respectively. 

 

For the purpose of this study, the park was stratified into two non-overlapping strata, based on 

disturbance intensity (disturbed and lightly disturbed forest communities) for data collection. 

Simple sampling was used to locate transects in different vegetation types depending on forest 

conditions. These two non- overlapping strata were used as a basis for line transect establishment 

The park’s underlying geology consists of precambrian shalephyllite, quartz, quartzite, schist and 

granite (Eilu & Obua, 2005). Generally, the soils are tropical red earths overlain with spongy 

humus. The clays occur under a layer of peat in swampy valley bottoms. Soils in the upland site 

consists series of latisols and loams. The upper 0.5-1.2 m of series is usually acidic in nature and 

weakly structured. The Bwindi soils are poorly structured, with moderate high acidity (pH 2.9-5.2) 

and deficiency in bases (Batynski, 1984). The soils of Bwindi are of two types; non-differentiated 

humic ferralitic soils of high altitude and non-differentiated ferralitic soils with dark horizons. 
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Figure 1: Location map of Bwindi Impenetrable National Park with study sites 
 

3.1.2 Topography 

The topography is extremely rugged and much dissected, especially at the higher elevations, i.e. 

in Rushaga-Nkuringo, Ruhija-Rwomunyonyi, Hamihingo- Rushamba and some parts of Buhoma. 

It is one of the few forest parks in Eastern Africa containing both lowland and montane forest in a 

continuum. More than 50% of Bwindi forest lies above 1759 m above sea level (a.s.l), the only 

flat area are Mubwindi swamps, while the rest of the park consists of narrow, very steep-sided 

valleys that run in all directions, bounded by hill crests. The highest hill is Rwomunyonyi (2607 

m a.s.l), situated next to other high hills in the south-east part of the forest. 
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3.1.3 Climate 

Bwindi forest has a tropical climate, with mean annual temperature of minimum 7-15°C to 

maximum of 20-28°C (Langdale-Brown et al., 1964). Annual rainfall ranges from 1,400-1,900 

mm. Rainfall occurs from March to May and September to November. The forest is an important 

water catchment area (Langdale-Brown et al., 1964). Much of the rainfall forms streams, and the 

forest has a dense network of streams/rivers. Common rivers known in the park include the River 

Mbwa, Ivi, Ntengyere, Munyaga, Ihihizo,Rugezi, Ndego, Shongi, Kihungi, Kishasha, and Ishaha 

whose source is in kabale at Hamurwa, and Ruhezamyenda which flow from L. Bunyonyi 

specifically at Heisesero estuary, all flow through the park and other wetlands including L. 

Mutanda and Edward till they enter Congo and other neighbors. All wetland in the park act as a 

source of water to the park dwellers including all animals and plants plus birds. 

3.1.4 Flora and Fauna 

Bwindi is the representative of the Afromontane Centre of Plant Endemism, the Northern sector is 

rich in species of the Guineo-Congolian plytochorion. It has a wide altitudinal range and is a 

Pleistocene refugium, approximately 40% of the forest is medium-rich to rich mixed forest (IUCN, 

2005). It is a colonizing forest with non-continuous canopy and characterized by mixed herbaceous 

ground cover of herbs and vines. Gap specialists such as Neoboutonia macrocalyx, Allophylus 

macrobotrys are common in Ruhija, Milletia dura and Albiziagummifera are common in Buhoma 

areas. Gaps resulted from clearings made by elephants, tree falls, and land slide (Babaasa et al., 

2001). 

 

There are three presumed climax forest communities that are tending to single-species dominance, 

the dominance depending on altitude. In low-lying areas around 1,500 m, Parinari excels 

(Sabine)is dominant, covering about 10% of the Park, around 2,000 m Newtonia buchananiicovers 

about 11% of the forest, and at around 2,200 m Chrysophyllum gorungosanumdominates with 

about 8% of the forest park. There are also small areas of swamp, grassland and Bamboo forest 

that are restricted to less than 100ha. The forest contains approximately1, 000 flowering plants 

with 324 species of trees and shrubs and 104 species of ferns (Mugerwa et al., 2014) ITFC web 

updates.  Generally vegetation in the park is broadly described as medium altitude moist ever green 

and high altitude forests (Hilton-Taylor, 2002). Bwindi forest contains about half of the world’s 

population of Mountain Gorillas (Aliette, 2001), 27 species of frogs, chameleons, and geckos. The 
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forest has been recognized by the United Nations Educational, Scientific and Cultural Organization 

(UNESCO) as a World Heritage Site for its biological significance. 

3.2 Sampling Design 

Prior to the study, a reconnaissance survey was carried out to aid in selection of specific areas for 

sampling in order to cover the different types of vegetation in the forest. The two management 

sectors of Bwindi forest formed the basis for stratification of the forest during this study (Figure 

2).  

 

 

 

 

 

 Sampled forest communities 

 

 

Figure 2: Sampled study sites for transect placement in Bwindi forest 

 

Based on the intensity of human disturbance, the forest was stratified as follows: (A) disturbed 

forest community composed of roads, forest gaps, and signs of tree harvesting); and (B) lightly 

disturbed forest community comprised mainly trails and forest interior (Figure 2). In each 

vegetation type a transect line was placed, depending on forest conditions .i.e. the disturbed and 

lightly disturbed forest types. Sampling effort presented a balance between obtaining sufficient 

survey precision, the financial and logistic constraints of conducting a survey across such remote, 

inaccessible area. Sampling plan summed a target of coefficient of variation (CV) of 25%  for 

diversity estimates of parasites. Transects of 1km long each were used. 

Bwindi 

Northern Sector & 

Disturbed 
forest 

Lightly 
disturbed 
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Figure 3: Plot allocation and Data collection sites along the transect line 

 

Along each line transect, alternating 20m x 20m plots at intervals of 50m were established and at 

a tangent of 5m away from the transect line (Figure 3). All line transects in each study site and the 

replicates were of the same size and fashion. At the beginning of each line transect, GPS points 

were recorded and subsequently records were taken at every point of study within the plot along 

the line transect until the end. Transect followed guide recesses/ access trails that connect the forest 

with least resistance through the forest rather than following straight line bearing. Guided recesses 

do not divert more than 400 from the campus bearing in reference to Eilu (2003).These were used 

to assess the diversity and abundance distribution of canopy hemi-parasitic plant species in Bwindi 

forest. This method has the advantage of cutting across the topographic gradient as well as different 

habitat types.  Recording started at the starting point, for example, along each selected site: the 

first point would be established at the point where the transect started from, and soon  after 50m a 

tangent of 5m would be established  to where a plot would be placed for detailed studies(Figure 

3). The next plot was established along the same transect subsequently after 50m but on the 

alternate side of the transect line and the process continued until 1km transect is completed. A total 

of two transects were established and studied in each study site with 20 plots studied along each 

transect (Table 1). Four study sites were studied (Figure 1). In each, two transects were studied, 
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one from disturbed forest and the other from lightly disturbed forest communities totaling up to 

eight transects (Table 1). 

 

Table 1: The total number of plots sampled per study site 

Forest Types Line Transect length (1km) No of plots 

Lightly disturbed  1 20 

Disturbed 1 20 

Total 2 40 
  

3.3 Data collection 

The study was conducted from September 2010-May 2011, through both dry and wet seasons. 

Within the plots, trees (hosts) were searched for the presence of parasites in the trunks, stems and 

crowns. Tree canopies/crowns were accessed by use of “a single rope tree climbing” technique 

which is most appropriate, and has been successfully used in a number of studies (e.g. Eilu, 2003; 

Mucunguzi, 2007). Opportunistic sampling method was also employed whenever a canopy hemi-

parasitic plant species was seen outside the designed areas. Each time a parasitic plant was found 

within the plot, the information on the location, altitude, slope, GPS co-ordinates, host species, 

height, diameter at breast height (DBH), name of the canopy hemi- parasite, the attachment point 

(Figure 4) and the number of parasites on the same host would be recorded on the data collection 

sheet (Appendix 1). The local position of the host and the parasite attached in the canopy was 

recorded with GPS receivers. Apair of binoculars was used to locate the attachment point of 

parasites to host in the canopy/ crown. Only tree hosts rooted within the plot were assessed. 

 

All parasites in the canopies and their host trees were identified and specimens of those which 

could not be identified in the field were collected and taken to the herbarium at Ruhija- ITFC for 

identification. Only a limited number of trees and the majority parasites (that could not be 

identified in the field) were taken to Makerere University herbarium for identification. Identified 

vouchers of hosts and parasitic plant species restored at the ITFC herbarium. The effects of 

parasites on the forest canopy were assessed based on the appearance of host tree crown at least in 

the lower 1/3 to ½ of the crown. Therefore, the reference to Hawksworth's 6-class system of crown 
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infection rating was used (Figure 4). The crown is divided into three, such that each third gets 0-2 

points (Hawksworth, 1977). i.e. 

 

1. 0 = no hemi-parasitic plants/ mistletoe,  

2. 1 = lightly infected (less than half the branches have infections),  

3. 2 = heavily infected (more than half the branches have infections, 

 

Figure 4: Host canopy layers. Adopted from Hawksworth's 6-class system (1977) 
 

3.4 Data analysis 

3.4.1 Hemi-parasitic and host plant Diversity 

Data on hemi-parasitic and host plant diversity was entered in MS Excel and descriptive statistics 

were used to obtain percentages and frequencies. To assess the hemi-parasitic and host plant 

species diversity in the disturbed and lightly disturbed forest, the Shannon-Wiener diversity index 

was used (Equation 3.1).  

 

Equation 3.1 

H′=−∑Pi*ln Pi 

Where: 

H′ is the Shannon Diversity index, Pi is the importance value of a species as a proportion of all 

species (Kent & Coker, 1992). A simple randomization test was conducted to assess whether the 

observed differences in species diversity were significant (Solow, 1993). 
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In order to compare the hemi-parasitic and host plant species composition between the disturbed 

and less disturbed forest. Analysis of similarity (ANOSIM) was conducted on species abundance 

using the Community Analysis software Package (CAP® Version 4). For significant differences in 

hemi-parasitic plant species composition of the disturbed and less disturbed forest, dissimilarity 

percentage (SIMPER) analysis was used as described in (Clarke,1993). SIMPER analysis 

determines which species contributed towards the observed differences in species composition 

between and within study sites and forest communities in Bwindi. 

3.4.2 Hemi-parasitic plant distribution on host plants 

Data on hemi-parasitic plant-host distribution was entered in word Excel and descriptive statistics 

was used to determine the frequencies of canopy hemi-parasitic plants encountered along each 

transect. Spearman’s rank correlation was used to examine the relationship between the 

distribution of hemi-parasitic plants and host characteristics. Spearman’s rank correlation 

measured strength of association between study variables. The measure of monotone association 

was used in understanding the distribution of parasites and host also Pearson’s correlation 

coefficient was got as used by (Myers & Well, 2003). 

3.4.3 Influence of environmental variables on hemi-parasitic plant diversity 

The relationship between hemi-parasite species distribution and selected environmental variables 

in disturbed, lightly disturbed forest communities  and from the opportunistic samples of Bwindi 

forest were analyzed using Canonical Correspondence Analysis (CCA) in CANOCO® for 

Windows Version 4.5 (ter Braak,2003). This was important in determining the relationship 

between the relative abundances of canopy parasitic species and environmental variables that 

influenced them. At this point all data collected was to determine the same   
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CHAPTER FOUR 

4.0 RESULTS 

4.1 Diversity of canopy hemi-parasitic plants and their host-trees 

4.1.1 Diversity of canopy hemi-parasitic plants 

A total of 160 plots and 1,452 hemi-parasite occurrences were recorded in a total area of 6.4 ha 

surveyed in the four study sites. The study recorded 21 species of canopy hemi-parasitic plant 

species in six genera from two families of Loranthaceae and Viscaceae in both the disturbed and 

lightly disturbed forest communities (Table 2). Of the 21 species recorded, 33 % (seven species) 

appeared in all forest communities, 48% appeared only in disturbed forests and 19% appeared only 

in lightly disturbed forest community, respectively. Loranthaceae was the most species-rich family 

in the study area. Analysis of similarity (ANOSIM) showed a significant difference in species 

composition between the disturbed and the lightly disturbed forest communities (RANOSIM= 0.08, p 

= 0.001). In that species that were common in disturbed forest were not similar to the ones in the 

lightly disturbed forest communities in Bwindi. Similarity percentage (SIMPER) analysis between 

the two forest communities showed a dissimilarity of 79.5% (Table 3). The species ofAgelanthus 

entebbensis,Viscum congolensis,Agelanthus entebbensis, Tapinanthus brunneus, Englerina sp 111 

and Phragamanthera sp, contributed most to the variation in hemi-parasitic plant species 

composition (Table 3).The diversity index (Shannon-Wiener Diversity Index H') of hemi-parasitic 

plants was significantly higher (p<0.05)in the disturbed forest than in the lightly disturbed forest 

(1.94  and 1.92, respectively). 
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Table 2:  Species composition and abundance of canopy hemi-parasitic plants in Bwindi 
Forest 

Hemi-parasitic plant species Family Disturbed Lightly 

disturbed 

Total 

Englerina woodfordiodes (Schweinf) Balle Loranthaceae 187 141 328 

Viscum fischeri (Engl) Viscaceae 306 10 316 

Phragmantherausuiensis (Oliv) M. Gulb Loranthaceae 184 59 243 

Viscum triflorum (DC) Viscaceae 215 12 227 

Agelanthus entebbensis (Sprague) Polhil & 

Wiens 

Loranthaceae 107 0 107 

Englerina schubotziana ( Engl & K. Krause) Loranthaceae 56 48 104 

Tapinanthus brunneus (Engl. Ball& Halle) Loranthaceae 0 82 82 

Tapinanthus constrictiflorus (Engl.) Danse Loranthaceae 33 8 41 

Englerina sp 11 Loranthaceae 0 21 21 

Phragamanthera sp Loranthaceae 18 0 18 

Agelanthus djurensis (Engl.Polhill and 

Wiens) 

Loranthaceae 1 15 16 

Viscum combreticola (Engl. LC) Viscaceae 15 0 15 

Globimetula anguliflora (Engl.) Danser Loranthaceae 0 10 10 

Tapinanthus bangwensis (Engl) (Denser Loranthaceae 10 0 10 

Englerina  sp  1 Loranthaceae 0 8 8 

Viscum congolense (Zenker )(Winkler) Viscaceae 1 0 1 

Tapinanthus erianthus [Sprague] Dans Loranthaceae 1 0 1 

Phragmanthera sp 11 Loranthaceae 1 0 1 

Phragmanthera sp 1 Loranthaceae 1 0 1 

Phragmanthera  sp 111 Loranthaceae 1 0 1 

Olirella trildebrandtii  Loranthaceae 1 0 1 
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Table 3: Similarity percentage (SIMPER) analysis highlighting the contribution of Hemi-
parasites to the overall dissimilarity between the lightly disturbed and disturbed forest 
communities 

 Disturbed 
Lightly 

Disturbed    

Name Ave Abund 
Ave 

Abund 
Ave 

Dissim 
% 

Contribution 
Cumulative 

% 
Viscum congolensis 3.85714 1.04688 15.0633 18.9604 18.9604 
Englerina sp 111 3.49206 1.48438 13.9499 17.559 36.5195 
Phragamanthera sp 2.53968 1.32813 12.287 15.4659 51.9854 
Viscum fischeri 2.53968 1.04688 11.3615 14.3009 66.2863 
Englerina  sp  1 1.11111 0.53125 5.94711 7.48575 73.7721 
Agelanthus entebbensis 1.26984 0.421875 5.38806 6.78207 80.5542 
Agelanthus djurensis  0.714286 0.578125 5.23871 6.59407 87.1482 
Tapinanthus erianthus 0.396825 0.21875 3.06656 3.85995 91.0082 

 

4.1.2 Diversity of host trees 

Host tree species diversity in the study area was high in both disturbed and lightly disturbed forest 

communities of Bwindi forest.  45 host tree species were recorded in 28 families and 

Euphorbiaceae, Leguminosae, and Moraceae were most species-rich (Table 4). Shannon-Weiner 

Diversity Index (H') in disturbed forest community was significantly high with P<0.05 and (H' = 

2.43) than in lightly disturbed forest community (H' = 2.02). The SIMPER test provided an average 

host similarity of 19.41%. There was no significant difference in host composition between and 

within disturbed and lightly disturbed forest communities of Bwindi forest. From all study zones, 

host species were dominated by Maesa lanceolata Voigt with 50%, Macaranga kilimandscharica 

Pax with 20%, Millettia dura Dunn with 9.6%, also Allangium chinense Rehder was 4.8%, while 

Macaranga barteri Müll. Argwas 3%and finally Bridelia micrantha Baill was 2.9%  (Figure 5).  

 

4.2 Distribution of canopy hemi-parasitic plants in relation to host tree characteristics 

Host distribution in Bwindi forest varied from disturbed to lightly disturbed forest communities in 

the four study sites (Table 4). Different functional host individuals contributed to similarity 

between and within different forest communities and to the overall assemblage composition in the 

study area. The average similarity percentage (SIMPER) analysis of host plants indicated that 

Maesa lanceolata contributed most to the similarity followed by Macaranga kilimandscharica and 

lastly Bridelia micrantha (Figure 5). 
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Figure 5: Host plant similarity percentage (SIMPER) analysis in Bwindi forest 
 

There was a significant difference in the observed occurrences of the hemi-parasitic plant species 

between the disturbed and lightly disturbed forest communities. The species occurrence varied 

with absolute preferences to host characteristics, more especially;  crown positions, host bark 

texture/ bark rugosity (smooth, or rough bark), Host trees dbh (diameter at breast height) classes, 

canopy architecture (host branch angles) and relative crown position or strata (upper, middle, and 

lower crown) (Table 4). There were significant differences in total occurrences at all spatial scales 

(p <0.001). 

 

 

 

 

 

 

 

 

Table 4: Host tree distribution in Bwindi Forest 
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Host tree species Family Disturbe
d 

Lightly 
disturb

ed 

Host tree species Family Disturbed Lightly 
disturbed 

Albizia gummifera C.A.Sm. Leguminosae 5 0 Myrianthus holstii Engl. Cecropiaceae 1 0 

Alchornea hirtella Benth. Euphorbiaceae 1 0 Mystroxylon aethiopicum 
(Thunb.) Loes 

Celastraceae 0 2 

Aningeria altissima (A.Chev. ) 
Aubrév. & Pellegr 

Sapotaceae 0 1 Neoboutonia macrocalyx Pax Euphorbiaceae 0 7 

Allangium chinense Rehder. Alangiaceae 11 2 Neoubotonia sp Euphorbiaceae 0 17 

Allophylus abyssinicus (Hochst.) 
Radlk. 

Sapindaceae 1 2 Newtonia buchananii (Baker) 
G.C.C.Gilbert & Boutique 

Leguminosae 5 0 

Bridelia micrantha Baill. Euphorbiaceae 2 4 Nuxia congesta R.Br. Buddlejaceae 0 1 

Carapa grandiflora Sprague Meliaceae 0 2 Persia americana Mill. Lauraceae 3 0 

Clerodendrum Sp Lamiaceae 1 0 Pinus patula Schiede & Deppe 
ex Schltdl. 

Pinaceae 2 0 

Faurea saligna Harv. Proteacea 0 2 Pinus taeda Blanco  Pinaceae 1 10 

Ficalhoa laurifolia Hiern. Theaceae 0 2 Prunus africana (Hook.f.) 
Kalkman  

Rosaceae 0 5 

Ficus capensis Hort.Berol. ex 
Kunth & C.D.Bouché 

Moraceae 5 0 Psychotria mahonii 
C.H.Wright 

Rubiaceae 0 4 

Ficus sp Moraceae 0 6 Rapanea melanophloeos Mez Myrsinaceae 0 2 

Ficus sur Forssk. Moraceae 1 0 Sapium elipticum (Krauss) Pax. Euphorbiaceae 35 0 

Hagenia abyssinica J.F.Gmel. Rosaceae 0 2 Strombosia scheffleri Engl.  Olacaceae 1 1 

Harungana madagascariensis 
Poir. 

Clusiaceae 8 25 Tabernaemontana orientalis 
R.Br. 

Apocynaceae 1 0 

Ilex mitis Radlk. Aquifoliaceae 1 0 Camellia sinensis (L.) Kuntze  Theaceae 0 1 

Pellaea sp Pteridaceae 2 0 Teclea nobilis Delile Rutaceae 0 8 

Lindackeria bukobensis Gilg. Flacourtiaceae 0 0 Tetrorchidium didymonstemon Euphorbiaceae 1 0 

Macaranga barteri Müll.Arg. Euphorbiaceae 17 1 Trema orientalis (L.) Blume Ulmaceae 2 0 

Macaranga kilimandscharica Pax. Euphorbiaceae 33 137 Trichilia rubescens Oliv. Meliaceae 2 0 

Maesa lanceolata Voigt. Myrsinaceae 19 60 Vernonia sp  Asteraceae 0 1 

Maesopsis eminii Engl. Rhamnaceae 3 2     

Markhamia lutea K.Schum Bignoniaceae 3 0     

Millettia dura Dunn Leguminosae 66 1     
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Table 5: Total Canopy hemi-parasitic plant species abundance by host characteristics 

Host characteristic Abundance 
Disturbed Lightly disturbed 

 
Bark rugosity 

Rough 12 30 
Smooth 223 166 

 
Size class (cm dbh) 

<100 168 141 
100 - 200 82 50 
>200 15 5 

 
 
Canopy architecture (Branch angles) 

<300 132 136 
30 - 600 2 44 
>600 100 20 

 
Canopy strata 

Upper 42 60 
Middle 180 110 
Lower 12 24 

 

4.3 Hemi-parasitic plant species distribution abundance and environmental variables 

There was a significant relationship between hemi-parasitic plant species abundance and 

environmental variables of (p = 0.002) as indicated in (Figure 6). The eigenvalue of the first 

canonical axis was 0.075and it explained 35.9% of the species-environment relation (Table 6a). 

The second canonical axis had an eigenvalue of 0.038, and explained 18.4%. Together, the first 

two axes explained 54.3% of the variance in the species-environment relation. On the other hand, 

species abundance correlated strongly to steep slope angle with p values ranging from (0. 024- 

0.246) (Table 6b). 
 

Table 6: Results for Canonical Correspondence Analysis for canopy hemi-parasitic plant 

species in the disturbed and lightly disturbed forest communities: a) are the Eigen values; 

and b) are the conditional effects. Significant relationships between environment variables 

and canonical axes (P<0.05) are indicated in bold. 
 

(a) Eigen values 

 

 

 

 

 
 

 

 

Axes                                1 2 3 4 Total inertia 
      
Eigenvalues                       : 0.075 0.038 0.032 0.028 3.179 
Species-environment correlations  : 0.489 0.348 0.42 0.337  
Cumulative percentage variance      
    of species data                : 2.4 3.6 4.6 5.5  
    of species-environment relation: 35.9 54.3 69.6 83.2  
      
Sum of all eigenvalues           3.179 
Sum of all canonicaleigenvalues           0.209 
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 (b) Conditional effects  

 

 

 

 

 

 

 
 

Canonical Correspondence Analysis (CCA) was used as a preferred method because it allows 

obtaining a simultaneous representation of the study sites and the variables describing sites in two 

or three dimensions which was optimal for a variance criterion in this study. CCA results in Tables 

6(a) and 6(b) showed that environmental variables significantly influenced the canopy hemi-

parasitic plant species distribution in Bwindi forest with (P<0.05). The ordination focused on 

relationships of parasitic plant species and local environmental conditions in respect to (road, 

forest edge, slope angle and altitude as indicated within the disturbed and lightly disturbed forest 

communities in Bwindi forest (Figure 6). It also revealed that Agelanhtus brnneus was associated 

with the lightly disturbed forest community, while Tapinanthus erianthus and Viscum congolense 

were associated with the disturbed forest community. Agelanthus brunneusdistribution appears to 

be influenced by medium elevation. 

 LambdaA P value 
Steep slope angle 0.04 0.024 
Road     0.04 0.214 
Medium slope angle 0.03 0.192 
Flat slope angle 0.03 0.246 
Medium elevation 0.02 0.508 
Forest edge 0.02 0.858 
Low elevation 0.01 0.994 
High elevation 0.02 0.362 
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Figure 6: A biplot of species abundances and environment variables associations 
 

Key: Phr sp 1= Phragmanthera sp 1, Vis fis= Viscum fischeri, Age brn=Agelanthus djurensis , 

Phr sp= Phragamanthera sp, Tap con= Tapinanthus erianthus, Vis com= Viscum combreticola 

and Vis con= Viscum congolense. 
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CHAPTER FIVE 

5.0 DISCUSSION 

5.1 Diversity of hemi-parasitic and host plant species 

The study recorded 21 canopy hemi-parasitic plant species on 45 host species. This agrees with 

study finding by (Norton and De Lange, 1999) and states that mistletoes are generalists in 

heterogeneous communities, because this allows the plant to grow successfully on the most 

potential host. In addition, a disturbance event disrupts the prevailing microclimatic conditions in 

the habitat, and the resulting changes in microclimate are key determinants of parasite assemblages 

in the forest canopy. And studies by Watson & Herring (2012) showed that control sites exhibited 

an increase in the proportion of resident species of 1.73% while control woodlands increased their 

proportion of resident species by 14.5% which agrees with this study findings. This study also 

reveals that general Shannon Weiner diversity of the hemi-parasitic plants was relatively low 

(H’=2.124) while their distribution was moderately even with (J’=0.687) and small diameter trees 

continued to support a high number of parasites in lightly disturbed habitats (forest interior), 

though not all tree species from lightly disturbed forest community were preferred hosts. 
 

 

Hemi-parasitic plants cluster on branches of isolated remnant host trees in forest gaps, roads and 

forest edges were relatively high than those hosted by trees in the forest interior. This is probably 

because, there is more abundant light reaching the branches of isolated trees which favors better 

growing conditions of parasites, And (Ameloot et al.,2006), believed that there was the large 

changes in Rhinanthus abundance because of climate fluctuations, there is likely little long-term 

litter accumulation in natural field settings. In this study, only five parasites of Olirella 

trildebrandtii, Phragmanthera sp 111, Phragmanthera sp 1, Phragmanthera sp 11and Viscum 

congolense (De Wild), were rare with few counts in all forest communities. Differences in host 

species and composition is another possibility for low numbers, but unlikely to account for the 

lower counts of parasite in the lightly disturbed forest community (Table 3). It is thought, 

microclimate may have generally differed and this probably could influence the within-canopy 

distribution of parasitic plants species on particular host. This offers clues to preferred 

microhabitats, in that Agelanthus djurensis (Engl. Polhill and Wiens) showed a strong preference 

for thick branches in lower canopies in lightly disturbed forest type. This may explain its complete 



31 
 

absence from disturbed forest community types which are dominated with drier conditions most 

plausibly.  
 

Low host species richness under high intensity human disturbance (e.g. forest gaps, edge and road 

side forests) attributes partly to the effects of high ground vegetation cover (GVC) that followed 

logging. The high host numbers of species recorded in less disturbed sites resulted from 

intermediate levels of disturbance that increased species richness, this concurs with findings done 

by Eilu & Obua (2005) in Bwindi forests and (Norton& Carpenter, 1998) who found out that 

relative abundance of host species may also interfere in the degree of host specificity for mistletoes. 
 

5.2 Hemi-parasitic plant distribution in relation to host characteristics 

5.2.1 General overview 

This study recorded the highest parasitic distribution following host DBH classes in middle 

canopies. Hubbel et al. (1999) attributed the increase in species richness with intermediate 

disturbance that increased stem density of parasites in light forest gaps. In Bwindi unequal 

distribution of parasites along vertical column in the forest canopy is regularly explained by 

variation luminosity and light open canopy characteristics. 
 

5.2.2 Bark rugosity 

The significant association between bark type and parasite abundance and diversity found by this 

study, probably points to the importance of bark water regulation. But Arruda et al. (2005) suggests 

that smooth branch has a smaller recess quantity, and rain and wind can be more efficient in 

removing the seeds than in the case on rough branches. In Bwindi forest communities 45 co-

occurring forest tree hosts of two bark traits (rough and smooth) were recorded. The highest 

average parasites numbers were found on smooth barked trees (80.7%), although there was 

considerable variation around this value, the lowest parasite number was recorded on rough trunks 

(only six hosts).But Arruda et al. (2005) noted that most infected individuals (91) belonged to only 

three species, with rough branches and these three species also represent a greater abundance of 

parasites. And Lamont (1983) suggested that germination of mistletoe seeds is less influenced by 

substrate, for example the type of host’s bark. But, this study did not examine the influence of 

chemical or physical properties of bark types on diversity and abundant distribution of hemi-

parasitic plants. 
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5.2.3 Stem inclination/ branch architecture 

In Bwindi parasitic plant species abundance varied with host branch architecture. This study 

realized majority of parasites appearing in branches that were within <30o followed by >60o branch 

angles. And Martı´nez del Rio et al. (1995) feels that mistletoes distribution on the host plant can 

be determined by host plant architecture. The distribution and abundance of canopy hemi-parasitic 

plant species were determined partly by branch inclination and partly by the distribution and 

abundance of other factors such as their pollinators and seed dispersal agents available within the 

vicinity. This agrees with findings by Arrudaet al. (2005) who states that, parasitic plants are 

popularly known in Brazil as ‘‘erva-de-passarinho (something like ‘herbs’ bird’), due to their 

dependence on birds that disperse their seeds. 

 

5.2.4 Host plant size classes, heights and hemi-parasitic plant diversity 

Studies by (Chase et al., 2005), suggests that host size is the most important host attribute. In 

Bwindi forest host-dbh distribution recognized a right skewed distribution, indicating 

predominance on smaller hosts within the host-dbh range of smaller sizes. It goes ahead to unfold 

that, majority of individual species were recorded on hosts of <50 cm dbh (Table 5). This study 

also found out that majority canopy hemi-parasitic plant species were hosted by host of dbh <100 

cm range; aright-skewed distribution indicating predominance on smaller hosts. This is in line with 

findings by (Lo´pez de Buen & Ornelas, 2002) who stated that relative abundance of host species, 

the size and diameter of branches of host plants can have a strong effect on mistletoe fixation. 

According to Arrudaet al. (2005), host height significantly affected the height of attachment of the 

mistletoe in the three species (S. ferrugineus, K. coriacea P. ramiflora). This agrees with findings 

in this study, in that hemi-parasitic plant species number occurrence on (20-30 m)host height class 

were higher than the low occurrences recorded in shorter host (1-20 m), even lower within the tall 

host (30-50 m) classes (Table 5). Roxburgh & Nicolson,(2008) noticed that, abundance of the 

mistletoe Phragmanthera dschallensis depended on host tree size which is in agreement with this 

study findings. Therefore in this study, parasite species from the two forest conditions occurrences 

differed following host heights. 

5.2.5 Canopy strata /Canopy layers 

The relatively low variation of total canopy hemi-parasitic plant species within branches may be 

partly due to related microclimatic conditions within canopy strata. Micro climate particularly, 
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exposure to light, undoubtedly influenced the distribution of canopy hemi-parasitic plant species 

within canopy strata. In other tropical forests, micro climate has been shown to vary through the 

forest and within individual tree crowns according to gradients in light, temperature, humidity, and 

air movement (Ingram & Nadkarni, 1993). In Bwindi forest, it was released that canopy hemi-

parasitic plant species take advantage of high-mid isolation in the tree canopies, with moderate 

temperature and relative humidity than understory vegetation forest types. This is in agreement 

with (Noetzli et al., 2004) and Vallauri (1998) who also detected similar clustering patterns of 

mistletoes in the upper third of the crown and near the main stem in the case of infested Abies alba 

Mill and Pinus nigra Arn. Disturbed forest communities display wider vertical ranges than less 

disturbed types in the canopies. This pattern probably reflects the occasional occurrence of 

parasitic plant species in shaded habitats i.e. in the lightly disturbed forest communities more 

especially the forest interiors. Occurrence of Macaranga kilimandscharica, Trema orientalis, 

Erythrina abyssinica and Albizia gummifera in disturbed sites of Bwindi forest is in agreement 

with a report by Kricher (2011) that the importance of shade-intolerant species increases with 

forest disturbance. 

 

5.3 Hemi-parasitic plant species distribution and environmental variables 

5.3.1 Influence of environmental factors on species distribution 

It is true that it might be difficult to include the impact of some plant–plant interactions in 

predictive modeling approaches. However, it may be possible to start developing some simple but 

generic rules for determining when and where plant–plant interactions are key processes, as well 

as the types of interaction that have led to this cause. In this study three key local environmental 

themes directed relevance to understanding the ecological consequences of environmental change 

that could be considered in the development of management activity monitoring and planning for 

Bwindi forest. In reference to studies done by Chase& Leibold (2003) onplant species distribution 

in relation to environmental factors. The degree of species-specificity in the forest community of 

Bwindi forest varied along local environmental and climatic gradients. Several studies have 

supported this thinking, for example, (Choler et al., 2001), who found out that in French alpine 

communities, increased altitude was associated with an increased frequency of facilitative species 

interaction. But the largest study of this kind was that conducted by (Callaway et al.,2002), who 

examined the average type of interaction occurring in alpine meadow communities, and showed a 
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consistent shift from competitive to facilitative interactions with increasing environmental 

severity. 

 

5.3.2 Micro-climate within the canopy layers 

The two forest conditions showed highly variable micro-environments. All findings indicated 

majority parasites of (67.8%) were hosted in the middle canopy. This study’s environmental data 

showed moderate high light values compared to the upper and lower canopy whose composition 

was only 32.2% of the total composition. Thus, species with a score near the edge in the middle 

canopy where light was abundant are adapted to the apparently exclusive conditions prevalent in 

upper and lower canopy. According to Parker (1995), canopies act as "filters" that remove small-

scale turbulence, and this allows smaller seed particles of parasites to settle on the branches of 

hosts and their germination commences. This was commonly observed along the forest edges and 

in forest gaps and more commonly in the mid canopies of Bwindi forest i.e. in the disturbed forest 

community. In this respect disturbance of vegetation formed the basis for understanding diversity 

of parasites in Bwindi forest.  

 

5.3.3 Influence of elevation/ altitude on parasite composition in the forest canopy 

Clark (1986) found that species richness in tropical forests are repeatable in mid-elevation peak 

along elevation gradients. This is in agreement to Rahbek (1995) who described four patterns of 

the relationships between species richness and elevation. In Bwindi forest, by far the most common 

parasite distribution was the “hump-shaped” pattern, which was reported from 80% of the sites 

that covered complete gradients and trend and reported a positive monotonic increase in parasite 

richness with elevation. The complex environmental variable 'altitude' explains the variation of 21 

parasitic plant species’ data than 'height of host trees. (Hanley et al., 2005), adds, that topography 

has a strong influence on the local climate through associated wind patterns. This axis range 

accommodates parasite generalists that have a high tolerance in respect of altitude and were 

confined in the mid-elevation belt of Bwindi forest. Many vascular plants fall in this category, 

observed by (Hanley et al., 2005). He also unfolds that vegetation distribution pattern probably 

reflects the occasional occurrence of tree species in shaded habitats. The slope angle had less 

significant effect on parasite distribution and diversity. Only minimum influences were recorded 

within steep slope with the  P = 0.024.  
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CHAPTER SIX 

6.0 CONCLUSION AND RECOMMENDATIONS 

6.1 Conclusions 

The purpose of this study was to survey the canopy hemi-parasitic plant species of Bwindi forest 

with a view of understanding their diversity and abundance distribution in terms of host plant 

preferences. The study was guided by the following hypotheses; i) Ho: Diversity and abundance 

distribution of canopy hemi-parasitic plant does not differ between disturbed and lightly disturbed 

forest communities of Bwindi Forest; and ii) Ho: Hemi-parasitic plant species in the forest are not 

host-specific in terms of host species and growth characteristics. The null hypotheses were rejected 

and accepted meaning that: a) the diversity, abundance and distribution of canopy hemi-parasitic 

plant significantly differed between the disturbed and lightly disturbed forest communities; and b) 

Canopy hemi-parasitic plant species were not host-specific. 

x The study showed that Bwindi forest has a high diversity of host tree species and hemi 

parasitic plant species in the disturbed forest communities than in the lightly disturbed 

forest community. This shows that disturbance generally increases parasitic plant diversity 

and distribution probably due to increased light intensity within the forest canopies. 

x Most of the hemi-parasitic plant species were found on smooth host barks of less than 100 

dbh cm in the mid canopy strata. These host traits/characteristics of bark rugosity more 

especially smooth bark and diameter size class influenced the distribution of hemi-parasitic 

plants in the forest communities. 

6.2 Recommendations 

This is the first exploratory survey of canopy hemi-parasitic plant species diversity and abundance 

distribution in Bwindi forest in South Western Uganda and therefore: 

x There is a need to conserve host plant diversity in order to maintain a diversity of canopy 

hemi-parasitic plants. 

x A study is needed to investigate the ethno-botanical values of the hemi-parasitic plants for 

the benefit of local communities and beyond as they are becoming more visible than 

previously.  
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x Further research is needed to investigate the influence of local environmental factors that 

were not captured in this study, such as soils and climate variability. There is a need for 

example, to determine the threshold light intensity beyond which diversity starts declining 

since excessive disturbance of a forest leads to species extinction rather than richness. 

x There is a need to increase sampling intensity for more representative information on 

diversity and abundance distribution of hemi-parasites and their host plants. 
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Appendix1: Sheet-Profile table 

Date --------------- 

Name of the data collector..................... 

Profession of data collector.............................. 

The name of the Sector.............................      Name of the stratum..........................             

     Stratum number.......................  

Specific data on the host characteristics, hemi-parasitic plant diversity, distribution and impacts 

on the host in the forest of Bwindi. Bark characteristics of bark rugosity; smooth denoted by (s) 

and roughness denoted by (r). Stem inclination angle be rated as horizontal (H) or vertical (V). 

Nature of the host , Canopy characterization openness (1) and closeness (2). 

 
Host tree species name and characteristics parasitic plant 

name 

Parasitic 

group/species 

Reference 

point-GPS 

Slope 

angle 

Slope 

position Host name DBH 

 

Attachment point 

(branch/stem) 

Branch 

inclination 

angle 

Bark  rugosity 

(S/ R) 

Canopy strata  
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Appendix 2: Canopy hemi-parasitic plant distribution in four study sites of BINP in 
relation to Altitude 

Prasite species                                    Study zone composition 
Ruhija-Rwomunyonyi Buhoma Northern Rushaga-Nkuringo 

Altitude 
Range 

Numbers Altitude 
Range 

Numbers Altitude 
Range 

Numbers Altitude 
Range 

Numbers 

Agelanhtus brnneus 
(Engl.Ball& Halle)                  

- - 1527-1743 2 - - 1638-1808 74 

Agelanthus djurensis  (Engl. 
Polhill and Wiens) 

2300 1 - 3 - - 1650 15 

Agelanthus entebbensis - - - 2 1415-1500 107 - - 
Englerina  sp  1 - - 1520-1760 1 - - 1710 8 
Englerina schubotziana ( 
Engl & K. Krause) 

2327-2397 56 1580-1815 5   2327-2397 55 

Englerina sp 111 - - 1550-1750 2   1648-1719 21 
Englerina woodfordiodes 
(Schweinf) Balle 

2184-2487 186 - 5 1503 1 1648-1719 141 

Globimatula braunii 
(Engl)Danser 

- - 1527- 1741 3 - - - - 

Olirella trildebrandtii 2187 1 1520-1790 1   - - 
Phragamanthera sp - - 1520-1776 3 1478-1492 17 - - 
Phragamenthera usuiensis 
(Oliv)M. Gulb 

- - 1485-1732 56 1404-2465 184 - - 

Phragmanthera Sp 111 - - 1520-1886 1 1508 1 - - 
Phragmanthera Sp 1 - - 1527-1797 1 1498 2 - - 
Phragmanthera Sp 11 - - 1485-1730 1 1498 1 - - 
Tapinathus buvumea (Engl) 
Danser 

2344 1 1527-1780 1 - - - - 

Tapinathus constrictifiorus 2293-2516 33 1464-1580 1 - - - - 
Tapinathus constrictus 
(Engl)(Denser) 

2294-2396 10 1530-1789 3   - - 

Viscum combrrticola (Engl. 
LC) 

- - 1527-1780 1- 1451-1573 15 - - 

Viscum conglencensis   1530-1798 1     
-Viscum fischeri (Engl) 2162-2521 306 1621 2 - - - - 
Viscum triflorum (DC) 2184-2521 431 1541-1588 1 1431-1578 175 1626-2300 1 
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Appendix 3: Distribution and diversity of hemi-parasitic plants in the forest canopy in the 
four management sectors of the park 

 

Hemi-parasite Species f p Lnp p*lnp p*LN(p)/LN(S) 
density 
(Stems/ha) 

Vis.trif  372 0.256 -1.362 -0.349 -0.113 46.500 

Phragamenthera usuiensis  243 0.167 -1.788 -0.299 -0.097 30.375 

Englerina woodfordiodes  235 0.162 -1.821 -0.295 -0.095 29.375 

Viscum fischeri  196 0.135 -2.003 -0.270 -0.087 24.500 

Agel.ente  107 0.074 -2.608 -0.192 -0.062 13.375 

Englerina schubotziana  104 0.072 -2.636 -0.189 -0.061 13.000 

Agelanhtus brnneus  82 0.056 -2.874 -0.162 -0.053 10.250 

Englerina SP 111  21 0.014 -4.236 -0.061 -0.020 2.625 

Phragamanthera Sp  18 0.012 -4.390 -0.054 -0.018 2.250 

Tapinathus constrictifioides  18 0.012 -4.390 -0.054 -0.018 2.250 

Aglenthus Sp 15 0.010 -4.573 -0.047 -0.015 1.875 

Vis.combr 15 0.010 -4.573 -0.047 -0.015 1.875 

Globimatula braunii  10 0.007 -4.978 -0.034 -0.011 1.250 

Englerina  Sp  1  8 0.006 -5.201 -0.029 -0.009 1.000 

Agel.djure 1 0.001 -7.281 -0.005 -0.002 0.125 

Olirella trildebrandtii  1 0.001 -7.281 -0.005 -0.002 0.125 

Phragmanthera Sp 1  1 0.001 -7.281 -0.005 -0.002 0.125 

Phragmanthera Sp 11  1 0.001 -7.281 -0.005 -0.002 0.125 

Tapinathus buvumea  1 0.001 -7.281 -0.005 -0.002 0.125 

Tapinathus constrictus  1 0.001 -7.281 -0.005 -0.002 0.125 

Viscum congolensis  1 0.001 -7.281 -0.005 -0.002 0.125 

Phrag Sp 111 1 0.001 -7.281 -0.005 -0.002 0.125 

S=22 1452  d=0.256   H’=2.124 J’=0.687 181.500 
 

Over all Shannon Weiner diversity of the hemi-parasitic plants was relatively low (H’=2.124) while their distribution 

was moderately even (J’=0.687). The Berger-Parker dominance index was also relatively low(d=0.256) implying that 

close to 3 in 10 hemi-parasitic plants in BINP forest are of Vis.trif species 
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Appendix 4: Hemi-parasitic plants and their hosts in BNIP 
 

Host Hemi-parasitic plant  

Albizia gummifera Viscum combrrticola, Viscum triflorum 

Alchornea hirtella Globimatula braunii 

Allangium chinensee Phragamenthera Usuiensis, Agelanthus entebbensis 

Allophyllus abbysi Tapinathus constrictifiorus,  
Aningeria altissima Englerina SP 111  

Bridelia micrantha 
Englerina woodfordiodes, Tapinathus constrictifiorus, 
Phragamenthera Usuiensis,   

Carapa grandiflora Agelanthus djurensis, Agelanhtus brnneus 

Derodendron Phragamenthera Usuiensis 

Faurea saigna Viscum fischeri 

Ficalhoa laurifolia  Agelanthus djurensis 

Ficus capense Phragamenthera Usuiensi, Phragamanthera Sp 

Ficus sp Englerina SP 111, Englerina woodfordiodes, Viscum triflorum 

Hagenia abyssiniaca 
Agelanhtus brnneus , Englerina woodfordiodes, Englerina SP 
111, Phragamanthera Sp, Phragmanthera Sp 11 

Harungana modagasariensis 
Englerina woodfordiodes , Globimatula braunii , Phragmanthera 
Sp 1, Phragamanthera Sp 111 

Hagenia abyssiniaca Englerina woodfordiodes 

Illex mittis Agelanhtus brnneus 

Leplaea mayomesis Viscum congolensis 

Lindackeria bukobensis Phragamenthera Usuiensis 

Macaranga barteri 
Viscum triflorum, Viscum congolensis Phragamenthera 
Usuiensis,  

Macaranga kilimandscharica 

Englerina schubotziana, Viscum fischeri, Agelanhtus brnneus, 
Viscum triflorum, Englerina woodfordiodes Tapinathus 
constrictifiorus, Tapinathus constrictus   

Maesa lanceolata 

Agelanhtus brnneus , Englerina SP 111, Englerina  Sp  1,  
Englerina SP 11, Englerina SP 111, Vis.trif , Tapinathus 
constrictus , Phragamenthera Usuiensis, Globimatula braunii, 
Viscum congolensis, Englerina woodfordiodes, Olirella 
trildebrandtii, Viscum triflorum, 

Maesopsis eminii  Agelanthus entebbensis 

Markhamia lutea  Viscum combrrticola 

Millettia dura Phragamenthera Usuiensis, Agel.ente, Viscum congolensis,  

Myrianthus holstii Englerina schubotziana 

Mystroxylon ethiopi Tapinathus constrictifiorus,  

Neoboutonia macrocalyx 
Englerina SP 111, Agelanhtus brnneus ,Viscum triflorum, 
Viscum fischeri, Englerina woodfordiodes, Tapinathus buvumea 

Neoubotonia sp. Englerina woodfordiodes,  Viscum fischeri 

Newtonia buchananii Phragamenthera Usuiensis,  

Persea americana Phragamenthera Usuiensis 

Pittosporum 
Tapinathus constrictus, Englerina woodfordiodes, Tapinathus 
constrictifiorus,Viscum triflorum 
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Pinus patula Phragamenthera Usuiensis 

Pinus teada Phragamenthera Usuiensis 

Prunus Africana Viscum fischer, Englerina woodfordiode Viscum triflorum,  

Psychotria mahonii 
 Viscum triflorum, Englerina schubotziana, Englerina 
woodfordiodes, Viscum fischeri, Tapinathus constrictifiorus,  

Rapanea melanoploeos Viscum triflorum, Viscum fischeri 

Rhytegyinia kige Viscum fischeri 

Rhytegyinia rwenzoriensis 
Viscum fischeri, Englerina schubotziana, Tapinathus 
constrictifiorus,  

Sapium elipticum Phragamenthera Usuiensis, Agelanthus entebbensis 

Strombosia scheffleri Agelanhtus brnneus, Phragamenthera Usuiensis 

Tabonamontan horistall Agelanhtus brnneus 

Chamelia sinensis (Tea) Englerina woodfordiod 
Teclea nobilis Tapinathus constrictifioru, Viscum triflorum, Englerina 

woodfordiodes, Englerina schubotzian 

Tetrorchidium didymonstemon Phragamenthera Usuiensis 

Trema orientalis Phragamenthera Usuiensis 
Trichilia rubescens Tapinathus constrictifiorus 

Ficus sur Tapinathus constrictifiorus 
Vernonia sp.  Englerina woodfordiodes  

Olea capense Tapinathus constrictus 
 


