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EXTENDED ABSTRACT 

Pollination by insects, particularly bees, is essential for biodiversity 

conservation and plant reproductive success. Tanzania is 

characterized by a rich diversity of flowering plants estimated to be 

over 9000 species. A wide variety of flowering plant species serve 

as bee fodders and are essential to maintaining healthy bee 

populations. Mlele District in Katavi region of Tanzania is among the 

highest honey producing area in the region. Several studies on bee 

fodder plants characteristics, including their composition and nectar 

quality have been done in temperate and sub temperate regions with 

few in the tropics. These studies have reported the impact of 

environmental and human disturbances on bee fodder plants. 

Despite the potential of Katavi region for beekeeping, few studies 

have been done in the region, especially on the characteristics of 

bee fodder plants incorporating environmental, disturbance and the 

nectar quality. This knowledge gap results into ineffective 

conservation of food sources for bees, unsustainable beekeeping 

practices, low production and quality of bee products. 

The study overall objective was to determine the characteristics of 

bee fodder plants of Mlele Beekeeping zone. The study included two 

objectives, the first objective was to determine the composition of 

bee fodder plants along environmental and disturbance gradients 

and the second was to determine the periodicity of floral rewards by 

the bee fodder plant species. A systematic sampling design was 

employed to assess how environmental and disturbance gradients 

impact bee fodder plants composition. A total of 50 rectangular plots 

of size 50 by 30 m were laid in two transects with 25 plots in each 

transect. Plant flowers were observed for 10 minutes and were 

scored as bee fodder plants after at least three bees visited the 

flower within the observation period. The periodicity of floral rewards 

objective employed purposive sampling design on the basis of 

provision of measurable amounts of nectar and enough flowers to 

conduct the study with repeated measurements. Plants in which the 

honeybees extended their proboscis into the flowers were 
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determined as nectar rewarding plants and where bees collected 

pollen were determined as pollen rewarding plants. 

Data collection on bee fodder plants composition was obtained 

through a summary of species data list and their abundance values. 

Climatic data was obtained from the current climate data set 

downloaded from world climate site with a 30 arc seconds resolution 

and four subsets of biophysical data were used. Disturbance data 

was recorded for presence or absence and the disturbance type.550 

hours of observation were made for recording of flower visitors on 

ten bee fodder plant species from 0700 hours to 1800 hours. Nectar 

was extracted by micro capillary tubes and quality was measured in 

form of total sugar concentration by the use of a digital handheld 

refractometer. 

In the data analysis section, data skewness was addressed by 

standardization of the data. Detrended Correspondence Analysis 

(DCA) was applied to assess the ecological gradient's magnitude 

within the species composition matrix and to determine the 

appropriate constrained ordination method. The results gave the 

option for Canonical Correspondence Analysis (CCA) due to the 

data's heterogeneity. Log-transformations were applied to species 

abundance data to meet multivariate normality assumptions. Rare 

species occurring in fewer than five plots were excluded from the 

analysis. Stepwise automatic forward selection identified significant 

explanatory variables for CCA. The chosen variables were then 

constrained against tree species and community composition. 

Permutational Multivariate Analysis of Variance Using Distance 

Matrices (Adonis) was employed for variance partitioning. The 

community composition was identified by the use of Bray-Curtis’s 

dissimilarity and Silhouette validation. Generalized linear models 

were created to examine visitations and effect of nectar 

concentration and temperature on bee visitation rate. 

Overall, 71 bee fodder plants belonging to 25 families were 

recorded. The results revealed that 23% of the variation in the 
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composition of dominant tree species within the study area could be 

attributed to the interplay of environmental and disturbance factors. 

Elevation emerged as the most influential predictor, accounting for 

approximately 11.6% of the total variation. Annual mean 

temperature contributed around 3.5% to the observed variation and 

annual precipitation about 3.6%. Four bee fodder plant communities 

were identified in the area with first cluster being dominated by 

Erythrophleum africanum, second with Brachystegia glaucescens, 

third with Diplorhynchus condylocarpon and fourth Bobgunnia 

madagascariensis. Nectar concentration was identified as a central 

driver of bee visitation patterns. The bee fodder plants including 

Antidesma membranaceum and Friesodielsia obovata, showcased 

nectar concentration percentages that significantly enhanced their 

attractiveness to bees.  

The results of this research study have the potential in providing 

valuable insights to beekeepers and conservationists for improving 

beekeeping practices in Mlele Beekeeping zone. It provides 

understanding into factors influencing bee visitation rates to different 

bee fodder plant species. It also highlights the significance of nectar 

sugar concentration and temperature in shaping bee foraging 

behavior. Environmental factors particularly elevation, annual mean 

temperature and annual precipitation are seen to be important in 

shaping the composition of bee fodder plants. The findings 

recommend prioritizing and promoting planting and conserving bee 

plant species with high visitation rates such as Antidesma 

membranaceum, Psorospermum febrifugum and Securidaca 

longepedunculata to support bee populations and enhance 

pollination services. 

Further research is needed into other bee fodder plants traits that 

attract bee to deepen our understanding of bee interactions. 

Understanding the relationship between environmental factors and 

bee plant communities in other locations and other factors such as 

soil type and land use should be considered. As ecosystems face 
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ongoing challenges from climate change and human activities, such 

research becomes increasingly valuable in ensuring the health of 

bee populations and the preservation of biodiversity. Further 

research in other regions and at different scales is needed to expand 

our knowledge of these vital relationships and their implications for 

beekeeping and conservation efforts globally. 

  
Key words: Pollination, bees, floral resources, nectar quality, 

composition, beekeeping 
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IKISIRI KUU 

Uchavushaji unaofanywa na Nyuki ni muhimu sana kwa uhifadhi wa 

bioanuai na mafanikio ya uzazi wa mimea. Tanzania ina sifa ya 

kuwa na aina nyingi za mimea yenye maua inakadiriwa kuwa zaidi 

ya spishi 9000. Aina mbalimbali za mimea yenye maua hutumika 

kama chakula cha nyuki na ni muhimu katika kudumisha afya ya 

makundi ya nyuki. Wilaya ya Mlele katika mkoa wa Katavi ni 

miongoni mwa maeneo yanayoongoza kwa uzalishaji wa asali katika 

mkoa huo. Tafiti kadhaa kuhusu sifa za mimea inayolisha nyuki, 

ikiwemo muundo wake na ubora wa nekta, zimefanyika katika 

maeneo yenye joto la wastani na baridi, huku chache zikifanyika 

katika maeneo ya tropiki. Tafiti hizi zimeripoti athari za mabadiliko ya 

mazingira na uharibifu unaosababishwa na binadamu kwenye 

mimea inayolisha nyuki. Licha ya uwezo wa mkoa wa Katavi katika 

ufugaji nyuki, tafiti chache zimefanyika katika mkoa huo, hasa 

kuhusu sifa za mimea inayolisha nyuki zikihusisha mazingira, 

uharibifu na ubora wa nekta. Upungufu huu wa maarifa 

unasababisha uhifadhi usiofaa wa vyanzo vya chakula cha nyuki, 

ufugaji nyuki usio endelevu, uzalishaji mdogo na ubora duni wa 

bidhaa za nyuki. 

Lengo kuu la utafiti lilikuwa kubaini sifa za mimea inayolisha nyuki 

katika eneo la ufugaji nyuki la Mlele. Utafiti ulijumuisha malengo 

mawili, lengo la kwanza lilikuwa kubaini muundo wa mimea 

inayolisha nyuki kulingana na mabadiliko ya mazingira na uharibifu, 

na lengo la pili lilikuwa kubaini mzunguko wa zawadi za maua 

zinazotolewa na aina za mimea inayolisha nyuki. Mbinu ya sampuli 

ya utaratibu ilitumika kutathmini jinsi mabadiliko ya mazingira na 

uharibifu yanavyoathiri muundo wa mimea inayolisha nyuki. Jumla 

ya viwanja 50 vya mstatili vyenye ukubwa wa mita 50 kwa 30 

viliwekwa katika mistari miwili, kila mstari ukiwa na viwanja 25. Maua 
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ya mimea yalionekana kwa dakika 10 na kuainishwa kama mimea 

inayolisha nyuki ikiwa angalau nyuki watatu walitembelea ua ndani 

ya muda wa uchunguzi. Lengo la mzunguko wa zawadi za maua 

lilitumia mbinu ya sampuli ya makusudi kwa kuzingatia utoaji wa 

kiasi kinachopimika cha nekta na maua ya kutosha kufanya utafiti 

kwa vipimo vinavyorudiwa. Mimea ambayo nyuki walinyoosha mirija 

yao ya kunyonya kwenye maua ilibainishwa kama mimea inayotoa 

nekta na ambapo nyuki walikusanya chavua ilibainishwa kama 

mimea inayotoa chavua. 

Ukusanyaji wa data kuhusu muundo wa mimea inayolisha nyuki 

ulipatikana kwa muhtasari wa orodha ya data ya spishi na thamani 

za wingi wao. Data ya hali ya hewa ilipatikana kutoka kwa seti ya 

data ya hali ya hewa ya sasa iliyopakuliwa kutoka kwa tovuti ya hali 

ya hewa ya dunia yenye azimio la sekunde 30 za arc na vikundi 

vidogo vinne vya data ya kibayolojia vilitumika. Data ya uharibifu 

ilirekodiwa kwa uwepo au kutokuwepo na aina ya uharibifu. Masaa 

550 ya uchunguzi yalifanywa kwa kurekodi wageni wa maua kwenye 

spishi kumi za mimea inayolisha nyuki kuanzia saa 0700 hadi saa 

1800. Nekta ilitolewa kwa kutumia mirija midogo ya kapilari na ubora 

wake ulipimwa kwa namna ya mkusanyiko wa jumla wa sukari kwa 

kutumia kipima joto cha dijitali kinachoshikiliwa kwa mkono. 

 

Katika sehemu ya uchambuzi wa data, upotoshaji wa data 

ulishughulikiwa kwa kuweka viwango vya data. Uchambuzi wa 

Detrended Correspondence Analysis (DCA) ilitumika kutathmini 

ukubwa wa mteremko wa ikolojia ndani ya matrix ya muundo wa 

spishi na kubaini njia inayofaa ya upangaji uliopunguzwa. Matokeo 

yalipa chaguo la Uchambuzi kupitia Canonical Correspondence 

Analysis (CCA) kutokana na utofauti wa data. Mabadiliko ya logi 
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yalitumiwa kwa data ya wingi wa spishi ili kukidhi mawazo ya 

kawaida ya multivariate. Aina adimu zinazotokea katika viwanja 

vichache kuliko vitano zilitengwa kwenye uchambuzi. Uchaguzi wa 

hatua kwa hatua wa kiotomatiki uliobainisha vigeu muhimu vya 

maelezo kwa CCA. Vigezo vilivyochaguliwa vilipunguzwa dhidi ya 

spishi za miti na muundo wa jamii. Uchambuzi wa Tofauti wa 

Multivariate wa Permutational Kutumia Matrices za Umbali (Adonis) 

ulitumika kwa kugawanya tofauti. Muundo wa jamii ulibainishwa kwa 

kutumia kutofanana kwa Bray-Curtis na uthibitishaji wa Silhouette. 

Mifano ya mstari wa jumla iliundwa ili kuchunguza ziara na athari ya 

mkusanyiko wa nekta na halijoto kwenye kiwango cha ziara za 

nyuki. 

Kwa jumla, mimea 71 inayolisha nyuki inayomilikiwa na familia 25 

ilirekodiwa. Matokeo yalionyesha kuwa 23% ya mabadiliko katika 

muundo wa spishi za miti kubwa ndani ya eneo la utafiti yanaweza 

kuhusishwa na mwingiliano wa mambo ya mazingira na uharibifu. 

Urefu ulionekana kuwa kigezo chenye ushawishi mkubwa zaidi, 

kikichangia takriban 11.6% ya mabadiliko ya jumla. Wastani wa 

halijoto ya kila mwaka ulichangia karibu 3.5% kwa tofauti 

iliyoonekana na mvua ya kila mwaka karibu 3.6%. Jamii nne za 

mimea inayolisha nyuki zilibainishwa katika eneo hilo, kundi la 

kwanza likitawaliwa na Erythrophleum africanum, la pili na 

Brachystegia glaucescens, la tatu na Diplorhynchus condylocarpon 

na la nne Bobgunnia madagascariensis. Mkusanyiko wa nekta 

ulibainishwa kuwa kichocheo kikuu cha mitindo ya ziara za nyuki. 

Mimea inayolisha nyuki ikiwemo Antidesma membranaceum na 

Friesodielsia obovata, ilionyesha asilimia ya mkusanyiko wa nekta 

ambayo kwa kiasi kikubwa iliongeza mvuto wao kwa nyuki. 

Matokeo ya utafiti huu yana uwezo wa kutoa maarifa muhimu kwa 

wafugaji nyuki na wahifadhi kwa ajili ya kuboresha mbinu za ufugaji 
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nyuki katika eneo la ufugaji nyuki la Mlele. Inatoa uelewa kuhusu 

mambo yanayoathiri viwango vya ziara za nyuki kwa spishi tofauti za 

mimea inayolisha nyuki. Pia inasisitiza umuhimu wa mkusanyiko wa 

sukari ya nekta na halijoto katika kuunda tabia ya kutafuta chakula 

kwa nyuki. Mambo ya mazingira, hasa urefu, wastani wa halijoto ya 

mwaka na mvua ya kila mwaka yanaonekana kuwa muhimu katika 

kuunda muundo wa mimea inayolisha nyuki. Matokeo 

yanapendekeza kuweka kipaumbele na kukuza upandaji na uhifadhi 

wa spishi za mimea ya nyuki zilizo na viwango vya juu vya ziara 

kama vile Antidesma membranaceum, Psorospermum febrifugum 

na Securidaca longepedunculata ili kusaidia makundi ya nyuki na 

kuimarisha huduma za uchavushaji. 

Utafiti zaidi unahitajika katika sifa zingine za mimea inayolisha nyuki 

zinazovutia nyuki ili kuongeza uelewa wetu wa mwingiliano wa 

nyuki. Kuelewa uhusiano kati ya mambo ya mazingira na jamii za 

mimea ya nyuki katika maeneo mengine na mambo mengine kama 

vile aina ya udongo na matumizi ya ardhi yanapaswa kuzingatiwa. 

Wakati mifumo ikolojia inakabiliwa na changamoto zinazoendelea 

kutokana na mabadiliko ya hali ya hewa na shughuli za binadamu, 

utafiti kama huo unManeno muhimu: Uchavushaji, nyuki, 

rasilimali za maua, ubora wa mbochi, muundo, ufugaji nyuki 
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CHAPTER ONE 

 

1.0 General Introduction 

1.1 Background Information 

Bee fodder plants includes plant species that provide bees with food 

sources in form of nectar or pollen or both (Bhalchandra, 2014; 

Kumar et al., 2015). Not all bee plants are equally important to bees 

and honey production(Nuru et al., 2015). Bee fodder plants vary 

widely with latitude, region, season and type of vegetation they 

associate with (Latham, 2007).Identifying  bee floral sources specific 

to a region is essential in honey production and selection of suitable 

apiary sites (Ausseil et al., 2018; Hosamani et al., 2020; Mensah et 

al., 2017) as beekeepers can use this information to selectively grow 

plants that are important to bees(Otim et al., 2019). 

  

Ninety-three bee plant species belonging to 43 families were 

identified in Ethiopia, of which the family Asteraceae was the most 

abundant followed by Lamiaceae, Fabaceae, Acanthaceae and 

Rubiaceae (Bareke et al., 2017).In Tanzania, several studies have 

shown that honeybee plant species differ with agroecological zones. 

For example, Commiphora africana, Acacia mellifera, Albizia 

anthelmintica, Aspilia mossambicensis, Justicia debile and Acacia 

tortilis were shown to be important fodder plants in Northern 

Tanzania(Mpondo et al., 2021).In Western Tanzania, according to 

Kayombo et al. (2013) bee forage plants in the area include 

Pterocarpus angolensis, Brachystegia spp , Anisophylla pomifera, 

Combretum spp and Terminalia spp. 

 

The composition of bee fodder plants varies along environmental 

gradients (Panlong Wu et al., 2018).Elevation serves as a significant 

gradient leading to shifts in both temperature and 

precipitation(Ghafari et al., 2020; Lasway et al., 2023) affecting the 

floral composition of bee fodder plants. Differences in temperature, 

precipitation and seasonal patterns can affect the timing and 

duration of flowering in bee fodder plant species (Creux et al., 2021; 
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Descamps et al., 2018; Descamps, Jambrek, et al., 2021; Gu et al., 

2020).Disturbance gradients that includes anthropogenic activities 

can impact the floral composition of an area (Cruz et al., 2022; 

Winfree et al., 2009).Understanding these gradients is important as 

they provide insights into the dynamic nature of bee foraging 

habitats(Ghafari et al., 2020; Giovanetti et al., 2022; Jaboor et al., 

2022; Tingfeng Wu, 2019). 

 

Pollen and nectar are the primary rewards offered by flowers to bees 

in order to buy their services as pollinating agents (Ghramh and 

Khan, 2023; Mahalkar and Dhore, 2022; Richardson et al., 2021; 

Sajwani et al., 2014). Variation in floral traits, both within(Rosas-

Guerrero et al., 2014) and across (Chauhan et al., 2017; Erickson et 

al., 2022)plant species, can influence pollinator foraging behavior 

and plant pollination success. These traits include visual cues, such 

as flower shape and color, olfactory cues like floral volatiles, quantity 

and chemical composition of nectar and pollen rewards(Galetto and 

Bernardello, 2004). 

Nectar concentration plays a significant role in attracting 

bees(Knopper et al., 2016; Mallinger and Prasifka, 2017; Pamminger 

et al., 2019).Nectar sugar concentration is directly linked to the 

amount of sugar bees can extract from flowers and has traditionally 

served as a proxy for nectar quality (Russo, 2019; Vaudo et al., 

2015).Bees prefer higher nectar concentrations as they provide 

more energy for them(Silva and Dean, 2000). Temperature affects 

bee foraging behavior by influencing the metabolic rates of 

bees(Creux et al., 2021; Descamps et al., 2021).Understanding the 

effect of nectar concentration and temperature on bee visitation 

rates is essential for optimizing bee pollination services(Cavalcante 

et al., 2018; Liporoni et al., 2020; Plos et al., 2023; Uthoff and 

Ruxton, 2022) 

 

Tanzania is endowed with favourable environment for beekeeping. It 

has an area of 945,000km2, with high diversity of flowering plants, 

estimated to be over 9,000 species (Ruffo et al., 2002). In addition, 
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Tanzania is recognized to hold large honeybee populations in Africa 

being the 14th largest producer of honey in the world, and biggest 

African supplier of honey to the European Union (FAO, 2019). 

Beekeeping contributes up to 33% of the household income in the 

Miombo woodlands of Tanzania according to Monela et al. (2000) 

and it is one of the options that help to promote forest conservation. 

 

Katavi Region is one of the potential areas for beekeeping in 

Tanzania, with Mlele District being the highest honey producing area 

in the Region (Mwakatobe et al., 2011). There is a scarce 

documentation on the characteristics of the bee fodder plants of 

Tanzania, in terms of their composition, floral rewards, and the 

quantity and quality of the floral rewards. Extensive understanding of 

the characteristics, value and the management of bee flora are 

significant factors for effective beekeeping of an area (Fitchl et al., 

1994). 

 

1.2 Problem Statement and Study Justification 

The success of beekeeping depends on composition, availability and 

quality of bee floral plants(Guajardo-Rojas et al., 2022).The 

interactions between bees and plants play a crucial role in 

maintaining biodiversity and support to plant reproductive 

productivity(Papa Nikolaou et al., 2017). Understanding the factors 

that shape these interactions is essential for ecosystem 

conservation(Hoffmann, 2022).Bees, as key pollinators, play a 

fundamental role in ecosystems and agriculture, making it essential 

to understand the drivers of their foraging behaviour(Anne and 

Socolar, 2018).Floral rewards, particularly nectar, are critical 

ecological resources(Vaudo et al., 2015). The dynamics of nectar 

sugar concentration during the day and between plant species can 

provide the sustainability of bee populations (Galetto and 

Bernardello, 2004), integral to pollination services (Rosas-Guerrero 

et al., 2014).  
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Studies have been done in different parts of the world including 

Europe and Australia (Leech, 2012) where top producers plants for 

nectar and pollen were documented. The guidelines showed bee 

fodder plants, with their features including composition and honey 

yielding capacity. In America, a documentation of honey bee plants 

bloom calendar, showing their habitat, flower colour and pollinator 

value was produced (Mary et al., 2018). In Asia, a study done in 

India by Bhalchandra et al. (2014) revealed Mid-December to 

February and mid-July to September to be honey flow periods, while 

mid-April to mid-June were the critical dearth periods. In Africa, a 

study in Ethiopia revealed 93 species of bee plants, belonging to 43 

families (Bareke et al., 2020). The family Asteraceae was the most 

abundant, followed by Lamiaceae, Fabaceae, Acanthaceae and 

Rubiaceae. Numerous investigations have also documented how 

both environmental changes and human disruptions can influence 

availability of food sources for bees (Cruz et al., 2022; Jaboor et al., 

2022; Jacobs et al., 2023; Pardee et al., 2023; Patel, 2023; Vander 

Planck et al., 2019). 

 

Several studies on nectar secretion by honeybee fodder plants have 

been done in the temperate and sub-temperate regions (Petanidou 

et al., 1996; Castellanos et al., 2002; Galetto et al., 2004; Kim et al., 

2011). In Saudi Arabia, a study conducted by Adgaba et al. (2012) 

on nectar of Ziziphus spina-christi (L) willd (Rhamnaceae) showed 

the overall average mass of nectar sugar per flower to be 0.55±0.23 

mg (range 0.06 - 1.29 mg). Many important honey source plants of 

the tropics, subtropics and arid climatic zones, their nectar secretion 

potentials and their significance for honey production have not yet 

been well studied and documented. 

 

In Tanzania, few studies have been conducted on bee fodder plants 

(Latham, 2007; Ismail et al., 2021), and these studies were mainly 

carried out in Northern and Southern Tanzania. Studies by 

Mwangulango (2004) and Bloesch (2018) in Mlele Beekeeping Zone 

in Katavi Region produced a checklist of trees and shrubs of the 
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area. Another study by Kayombo et al. (2013) came up with a 

checklist of the bee plants of the area. There is little information on 

characteristics of bee fodder plants in the region and country at 

large. This study therefore, aims at characterizing bee fodder plants 

of the Mlele Beekeeping Zone in Katavi region, Tanzania by 

investigating their composition and periodicity of floral rewards.  

 

1.3 Objectives 

1.3.1 Main objective 

The overall objective of this research was to characterize bee fodder 

plants of Mlele Beekeeping zone, Katavi 

 

1.3.2 Specific objectives 

The specific objectives during this research were to; 

i. Determine the composition of bee fodder plants along 
environmental and disturbance gradients 

ii. Determine the periodicity of floral rewards in bee fodder 
plants  
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2.1 Abstract 

Pollination by bees increases outcrossing and chances of successful 

fertilization in flowering plants and therefore increases biodiversity. 

Bee populations, including domesticated and wild species, heavily 

depend on flowering plants for their survival. Katavi region has 

diverse of floral resources of which majority are visited by bees. This 

paper aimed to assess the composition of bee fodder plants along 

environmental and disturbance gradients in Mlele beekeeping zone, 

Katavi. The study had three specific objectives including the 

composition of bee fodder plants along environmental gradient, 

composition along disturbance gradient and the community 

composition. Data for bee fodder plants, environmental and 

disturbance were obtained from 50 plots by systematic sampling 

design with rectangular plots of size 50 ×30 m. Canonical 

Correlation Analysis (CCA) was used to analyze the composition 

along the gradients. The results showed that 23% of variation of 

                                                           
This manuscript has been submitted to the journal of PLOS ONE 
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dominant tree species composition was explained by the 

environmental and disturbance factors. The variables elevation and 

annual mean temperature were seen to be important predictors of 

bee fodder plants composition. Elevation explained about 11.6% and 

annual mean temperature about 3.5% of the total variation in 

community. The results highlight the importance of elevation, annual 

mean temperature, and annual precipitation as crucial indicators for 

explaining the variability of bee fodder plants composition. Further 

research is needed to understand the relationship between 

environmental factors and bee plant communities in other locations 

and other factors such as soil type and land use should be 

considered to understand. These findings can be used to inform best 

practices for beekeeping in the region, such as timing of hive 

management and selection of suitable sites for apiaries. 

 

Keywords: Bee fodder plants. Floral resources, environmental 

gradients, composition, sustainable apiculture 

 

2.2 Introduction 

Majority of flowering plants rely on pollination by animals (Ollerton et 

al., 2011) especially insect pollinators (Khalifa et al., 2021; Rader et 

al., 2019) that contribute to maintenance of natural biodiversity 

(Glenny et al., 2022; Majewski, 2018; Misganaw et al., 2020) and 

increase of flowering plant reproductive production (Ollerton, 2017). 

Bees, both domesticated and wild, are the most important group of 

pollinators, visiting more than 90% of the 107 most important crops 

in the world (Usaid and Bridge, 2020) and entirely depend on 

flowering plants for food(Vaudo et al., 2015b). Higher bee 

abundance are typically correlated with higher plant diversity and 

thus food source diversity (Kennedy et al., 2013). Bee fodder plants 

composition play a vital role in supporting the health and survival of 

honeybee populations (Rahimi et al., 2022). Diverse range of bee 

fodder plant species are necessary for sustaining healthy bee 

populations (Durazzo et al., 2021) as they provide a variety of 

nutrients, vitamins, and minerals that are essential for bee growth 
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and reproduction (Ghramh and Khan, 2023). Moreover, bee plants 

also provide important ecosystem services (Lasway et al., 2022) 

which contributes to the maintenance of biodiversity and food 

security (Ulian et al., 2020). Understanding factors influencing bee 

plant communities and promoting their growth is crucial for 

supporting healthy bee populations and maintaining the broader 

ecological balance (Fedoriak et al., 2021) Beekeeping is more 

successful in areas where there is high diversity and composition of 

flowering plants (Bojago, 2022). The potential for improving 

woodland floral resources with pollinator-friendly management is 

considered to be large (Cole et al., 2020). 

 

Several studies have reported the impact of environmental and 

human disturbances on bee forage plants (Cruz et al., 2022; Jaboor 

et al., 2022; Jacobs et al., 2023; Pardee et al., 2023; Patel, 2023; 

Prendergast et al., 2022; Vanderplanck et al., 2019). Precipitation 

was found to be the key predictor variable for 23 out of 30 studied 

bee forage species including Eucalyptus annulata and Eucalyptus 

redunca (Patel, 2023).A study by (Kerr et al., 2015) showed a 

mismatch between flowering plants and bees as an impact of 

climate change and made a list of tolerant bee fodder plants 

including Symphyotrichum novaeangliae.  Warming associated with 

climate change potentially induced shifts in the nectar bee fodder 

plants by changing nectar characteristics (McCombs et al., 2022). 

Moreover, human influence may cause detrimental effects on bees 

and floral visitors by diminishing floral resources and nesting sites 

(Cruz et al., 2022).  

 

Katavi Region is one of the potential areas for beekeeping in 

Tanzania (Mwakatobe et al., 2021; Ngassapa et al., 2022), with 

Mlele District being the highest honey producing area in the Region. 

Studies have been done in the area providing a checklist of bee 

plants in the area (Kayombo et al., 2013).On the other hand, few 

have been conducted on how the bee plants composition is affected 

by environmental and disturbance factors.. For every geographical 
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region there are important honey source plants and characterizing 

and mapping them is important for their utilization (Al-Ghamdi et al., 

2020). Despite the importance of bees and their relationship with 

vegetation, knowledge gaps persist in relation to bees and 

composition and diversity of their vegetation (Panlong Wu et al., 

2018). 

 

The knowledge gaps hinder effective conservation of bee food 

sources, sectors contribution to the economy by scaling down bee 

product production and sustainable beekeeping practices. Acquiring 

data in these areas is important for addressing these challenges and 

laying the groundwork for supporting efforts of protecting, restoring 

plant-pollinator community structure and function(Tonietto and 

Larkin, 2018).This will increase survival, abundance of bees(Bird 

shire et al., 2020; Donkersley, 2019; Tarakini et al., 2021; Tingfeg 

Wu, 2019) and scale up bee products production(Harianja et al., 

2023).The data can also inform management decisions for 

sustainable apiculture(Patel, 2023).Changes in land use, climate 

and environmental management decisions can affect the availability 

of quality bee fodder plants accessed by beekeepers by changing 

mobility patterns(Ausseil et al., 2018). 

 

2.3Materials and Methods 

2.3.1 Study area 

This study was conducted at Mlele Beekeeping Zone in Mlele 

District, Katavi region. Mlele lies at 36UTM 351963 and 9248114 in 

the Southern side of the beekeeping reserve and 36UTM 353524 

and 9284884 Northern side, with an altitude range of 900 to 1600m 

a.s.l. It is located North West of Inyonga Township, along main road 

to Mpanda and road to Rukwa Game Reserve headquarters. The 

area covers a total of 850,000 hectares. The climate is Tropical wet 

and dry or savanna climate. The topography is characterized by the 

presence of two plateaus divided by a steep escarpment (Hausser et 

al., 2017). Several intermittent and a few permanent streams run 

down the escarpment. The zone is dominated by Miombo 
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woodlands covering an area of more than 90%. The miombo type is 

transitional between drier and wetter miombo. The genera 

dominating include Brachystegia and Julbernardia with Brachystegia 

spiciformis and Julbernardia globiflora being the most common tree 

species (Kayombo et al., 2013). 

 

 

Figure 2.1: A map showing the study area 

 

2.3.2 An overview of the study design 

The study employed systematic sampling design on basis of 

altitudinal gradients. A total of 50 plots were laid in two transects 

with 25 plots in each transect. Rectangular plots of size 50 by 30 m 

were established with 100m apart (Gbesso et al., 2014). Plants 

flowers were observed for 10 minutes and was scored as bee forage 

species after at least three (3) bees foraged the flower within the 

observation period (10 minutes) (Bhalchandra, 2014). Data 

collection was conducted during multiple sampling periods 

throughout the wet and dry season. Samples of plants that could not 

be identified in the field were collected and saved in herbarium 
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sheets in specimen box for further identification or confirmation at 

the Tanzania National Herbarium. The name of taxon author was 

verified using The Plant Name Index (2023) and The Plant List 

(2023). 

 

2.3.3 Data collection 

2.3.3.1 Bee fodder plants composition 

Observation and identification of bee fodder plants within rectangular 

and sub plots was done on each plot for their local and scientific 

names. For observing an individual species, systematic sampling 

method was used. Plant characteristics, including leaf morphology 

and flower color were recorded along with spatial coordinates 

(latitude, longitude and elevation) using a global positioning system 

sample difficult to identify were carefully labeled, including 

information about the plot location and stored in herbarium sheets. 

To determine species composition of the area, the species data sets 

were summarized into a list of all species recorded and their 

abundance values. Data on each plants flowering period, type of 

reward offered were also recorded. 

 

2.3.3.2 Environmental and disturbance data 

Climatic data used in this study includes 19 bioclimatic variables 

prepared using the Tanzania current climate data set downloaded 

from World Climate site (worldclim.com) with a 30 arc seconds 

resolution. For more accurate results, four subsets (annual mean 

temperature, precipitation seasonality, annual precipitation and 

temperature seasonality) of biophysical variables were used (Low et 

al., 2021). Disturbance data was assessed in the field on each plot 

through direct observation. A point scale was used to assess the 

degree of disturbance in each plot as proposed by Anderson and 

Currier (1973) where six-point scale of 0-5 was used in which 0 

stands for no disturbance,1 for 0-20% off the plot disturbed,2 for 21-

40% disturbed plot,3 if 41-60% of the plot is disdturbed,4 if 61-80% 

of the plot is disturbed and 5 if 81-100% of the plot is disturbed 

(Podani et al., 2018). 
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2.3.4 Data analysis 

2.3.4.1 Bee Fodder plants composition 

The data was first standardized to avoid data skewness. The next 

step involved application of Detrended correspondence analysis 

(DCA) to assess the extent of ecological gradient present in the 

species composition matrix. This information was then used to 

determine the appropriate constrained ordination method to be 

employed (Hejcmanova-Nežerková & Hejcman, 2006). The length 

result of the first DCA axis was 4.25 S.D. (i.e. > 4 S.D.), suggesting 

that the data is heterogenous thus suitable for unimodal methods 

including CCA. Before conducting Canonical Correlation Analysis, 

we assessed the presence of collinearity across variables by 

examining the Variance Inflation Factor (VIF). Predictor variables 

exhibiting a Variance Inflation Factor value exceeding ten (10) and 

correlation coefficient larger than 0.7 were deemed to process a high 

degree of collinearity and were excluded from the list of predictors. 

The log-transformed of species abundance data was performed in 

order to satisfy the requirements of multivariate normality (Andrew et 

al., 2012). Species that were present in fewer than five plots were 

considered to lack significant ecological importance, hence excluded 

from the matrix. (Kyaw Myo et al., 2016). To determine the 

significant explanatory factors that should be included in the matrix, 

a stepwise automatic forward selection method was employed 

(Andrew et al., 2012). 

 

 The explanatory variables that were chosen were further subjected 

to constraints based on bee fodder plants and community 

composition using CCA. The study employed Permutational 

Multivariate Analysis of Variance technique, specifically utilizing the 

Adonis algorithm to asses variance partitioning through analysis of 

distance matrices. The analysis was conducted under a simplified 

model.  

 

  



13 
 

2.3.4.2 Bee fodder plants community composition 

Similar communities were identified using cluster analysis. We 

employed the Bray-Curtis distance matrix to quantify dissimilarity, 

which takes into account species presence, absence, and 

abundance, effectively capturing the divergence in species 

composition and abundance across sites. The decision on number 

of clusters was based on Silhouette validation technique using 

Nbclust package. For clustering, we utilized Ward's method, 

designed to minimize total within-cluster variance by iteratively 

merging clusters that result in the least increase in the sum of 

squares within each cluster. To accentuate the four distinct clusters 

formed by cutting the dendrogram at a predetermined height, 

colored rectangles were incorporated using the rect.hclust function. 

The indicator species analysis was performed for identification of 

significant dominant species of communities using labdsv. 

 

2.4 Results 

2.4.1 Bee fodder plants composition 

Overall, 71 bee plant species belonging to 25 families were recorded 

in both plots and transects. The highest species richness was 

observed in for the families Fabaceae (20 species), Euphorbiaceae 

(7 species) and Combretaceae (6 species). Our results showed that, 

23% of variation of dominant tree species composition was 

explained by the environmental and disturbance factors after R-

squared adjustment (Table 2.1). The overall CCA model (χ2 = 0.97, 

P = 0), as well as the first constrained axis (CCA1) explained 6% of 

the variation with eigen value of 0.3767, while the second (CCA2) 

explained 3.4% of the variation with eigen value 0.2139 as shown on 

Table 2.1. 

 

The first ordination axis was significantly correlated with disturbance 

and annual mean temperature while the second canonical axis 

showed strong significant correlations with annual precipitation, 

elevation, precipitation seasonality and temperature seasonality 

(Figure 2.2). The biplots indicated that he most positively correlated 
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with CCA1 is Ximenia americana and Strychnos innocua. The most 

negatively correlated was Combretum fragrans highly influenced by 

elevation and annual mean temperature. The CCA 2 was positively 

correlated with species Ximenia americana and most negatively 

correlated with Burkea africana and Cassipourea mollis. 

Environmental factors (22%) explained variability in tree species 

composition seventeen times more than the disturbance factors 

(1.3%). Elevation explained about 11.6% of the total variation in 

community (Figure 2.3), annual mean temperature about 3.5% of the 

total variation in community and annual precipitation explained about 

3.6% of the total variation in community (Table 2.1). 

 

2.4.2 Bee fodder plants Community composition 

We identified four bee fodder plants species communities in the 

study area (Figure 2.4). Most of the bee fodder plants species were 

shared across communities however each community was 

characterized by a distinct dominant species. The community 

composition structure in the area was influenced by all the variable 

(Figure 2.5). The first cluster had Erythrophleum africanum as the 

dominant bee fodder plant and was significantly influenced by 

annual mean temperature and disturbances, the second was 

dominated by Brachystegia glaucescens, influenced by annual mean 

temperature, the third was a Diplorhynchus condylocarpon 

dominated community influenced by precipitation seasonality and 

temperature seasonality. The fourth had Bobgunnia 

madagascariensis as a dominant bee fodder plant species 

influenced by precipitation seasonality and temperature seasonality. 

The bee fodder plant communities occupied different elevation 

gradients. 
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Figure 2.2: Canonical correspondence analysis diagram 

showing ordination of bee fodder plants species 

composition and their correlation with 

environmental and disturbance variables in Mlele 

Beekeeping Zone. The arrows are the 

environmental variables, the red crosses are the 

species and the open circles are the sites. The 

axes vectors indicate the significant explanatory 

variables in their abbreviated form: EL=Elevation, 

TS=Temperature Seasonality, MT=Annual Mean 

Temperature, PS=Precipitation Seasonality, 

DST=Disturbance and AP=Annual Precipitation. 
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Figure 2.3: The environmental and disturbance factors and their 

variation explained,F and P values 

Variable Variation 
explained (%) 

F-value  P-value 

Elevation 11.6 6.4991 0.001 

Annualmean 
temperature 

3.5 1.9695 0.030 

Annual 
precipitation 

3.6 1.9920 0.020 

Temperature 
seasonality 

1.7 0.9761 0.474 

Precipitation 
seasonality 

1.4 0.7904 0.662 

Disturbance 1.3 0.7543 0.709 

 

 

 
 

Figure 2.4: Canonical correspondence analysis diagram 

showing ordination of bee fodder plants species 

composition and their correlation with elevation 
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Figure 2.5: Dendogram of hierarchical clustering using 

similarity ratio showing four clusters of 

community (1 to 50) of the study area (Wards 

method, Bray Curtis distance). 
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Figure 2.6: Box plot showing difference among individual 

communities with respect to environmental and 

disturbance factors 

 

2.5 Discussion 

2.5.1 Bee fodder plants composition 

Similar to many other dry tropical forests in the world, the woodlands 

in the Katavi region of Tanzania have a lot of plant species from the 

Fabaceae family. This dominance of the family Fabaceae, 

Euphorbiaceae and Combretaceae has also been observed across 

the entire miombo region of Africa. The findings of the study 

highlight the significance of certain environmental variables in 

explaining the variation in bee fodder plants. Elevation, annual mean 

temperature, and annual precipitation emerge as the most influential 

predictors, while temperature seasonality, precipitation seasonality, 

and disturbance do not demonstrate a significant impact in this 

particular analysis (Table 2.1). These findings align with studies 

done in other areas  (Gu Yue et al., 2020; Zheng et al., 2021) .The 

influence of elevation in bee fodder plants composition is particularly 

noteworthy because the analysis reveals a strong and highly 

significant relationship (Steinbauer et al., 2022). This implies that as 

elevation increases or decreases, there are corresponding changes 

in composition. This finding suggests that elevation plays a crucial 
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role in shaping the observed patterns and dynamics of the system 

under investigation. Researchers and stakeholders should consider 

the effect of elevation when studying or managing the response 

variable. Consequently, temperature should be carefully monitored 

and considered in the context of the response variable to gain a 

comprehensive understanding of the system and its dynamics. 

 

In contrast, the results did not indicate a significant impact of 

temperature seasonality, precipitation seasonality, and disturbance 

on the response variable as shown on Table 2.1. It is important to 

note that the lack of significance does not necessarily imply the 

absence of an effect. Other studies have reported contrasting 

findings, emphasizing the context-dependent nature of these 

variables and the complex interactions they may have with other 

ecological drivers. Further investigations considering different spatial 

and temporal scales, as well as specific ecological contexts, are 

warranted to gain a comprehensive understanding of their 

contributions. 

 

2.5.2 Bee fodder plants community composition 

The observed results regarding bee fodder plant community 

composition in the study area yield important insights into the 

relationships between plant species, environmental factors, and 

community dynamics. The findings reveal the presence of four 

distinct bee fodder plant communities, each characterized by a 

dominant species that defines its unique composition. These 

outcomes underscore the ecological complexity within the studied 

ecosystem and emphasize the need for a comprehensive 

understanding of the factors driving such community structures as 

shown on Figure 2.4. 

 

The co-occurrence of bee fodder plant species across multiple 

communities suggests a degree of functional redundancy, where 

various species contribute to similar ecological roles. However, the 

presence of distinct dominant species within each community 
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highlights the role of niche specialization and competition in shaping 

the observed patterns. This scenario aligns with the theory that in 

diverse ecosystems, species interactions and environmental 

conditions combine to structure communities in complex ways. 

 

The results further demonstrate the substantial influence of 

environmental variables on the composition of bee fodder plant 

communities. Notably, the first community, dominated by 

Erythrophleum africanum, exhibited sensitivity to both annual mean 

temperature and disturbances. This underscores the importance of 

climatic and disturbance-related factors in governing the prevalence 

of specific plant species. The prominence of Brachystegia 

glaucescens in the second community, mainly influenced by annual 

mean temperature, echoes the role of temperature in mediating 

species dominance. 

 

Diplorhynchus condylocarpon dominance in the third community, 

with precipitation seasonality and temperature seasonality as 

influential factors, showcases the joint impact of climatic variables on 

shaping species distribution. Similarly, the fourth community, led by 

Bobgunnia madagascariensis, demonstrates the significance of 

precipitation seasonality and temperature seasonality in influencing 

plant species dominance (Table 2.1). These findings resonate with 

the concept of climate-driven species-environment relationships and 

highlight the need for comprehensive studies encompassing 

temporal and spatial climatic dynamics. 

 

2.6. Conclusion 

Identification of dominant bee fodder plant species, their correlations 

with environmental variables, and their distribution patterns across 

elevation gradients contribute significantly to our understanding of 

ecosystem functioning. This study contributes to a broader 

understanding of plant community dynamics in the context of bee 

forage availability. The identified dominant species provide insights 

into potential forage preferences for local bee populations, thus 
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contributing to pollinator conservation efforts. The results of this 

study highlight the significance of species-environment interactions 

in shaping bee fodder plant communities. The observed dominance 

of specific species in relation to various environmental variables 

provides a foundation for further investigations into the underlying 

mechanisms governing such patterns.  

 

These findings contribute to the growing body of knowledge 

concerning plant-pollinator interactions and ecosystem dynamics, 

underscoring the need for approaches to conservation and 

management strategies in changing environments. The significance 

of elevation, annual mean temperature, and annual precipitation as 

key predictors in explaining the variation in bee fodder plants 

composition is seen from the study findings. Emphasizing the 

importance of considering these variables in studies aiming to 

understand and predict ecological patterns and processes is 

important. Future research should continue exploring the complex 

interplay between these variables and other ecological drivers to 

improve our understanding of ecosystem dynamics in the face of 

ongoing global environmental changes.  

 

Acknowledgements 

The authors acknowledge the financial support received from Higher 

Education for Economic Transformation (HEET) Project and 

Tanzania Forest Fund (TaFF), which facilitated the completion of 

this study. 

 

Conflict of Interest 

The authors declare no conflict of interest. 

 

ORCID 

Dorothea Kipangula  https://orcid.org/0009-0006-5898-

2176?lang=en 

 

 

https://orcid.org/0009-0006-5898-2176?lang=en
https://orcid.org/0009-0006-5898-2176?lang=en


22 
 

2.7 References 

Andrew, S. M., Moe, S. R., Totland, Ø., &Munishi, P. K. T. (2012). 

Species composition and functional structure of herbaceous 

vegetation in a tropical wetland system. Biodiversity and 

Conservation, 21(11), 2865–2885.  

Anne, E., & Socolar, B. (2018). Bee Foraging Choice and 

Implications For Plant Coexistence. 

Arnold, S. E. J., Elisante, F., Mkenda, P. A., Tembo, Y. L. B., 

Ndakidemi, P. A., Gurr, G. M., Darbyshire, I. A., Belmain, S. 

R., & Stevenson, P. C. (2021). Beneficial insects are 

associated with botanically rich margins with trees on small 

farms. Scientific Reports, 11(1).  

Ausseil, A. G. E., Dymond, J. R., &Newstrom, L. (2018). Mapping 

floral resources for honey bees in New Zealand at the 

catchment scale. Ecological Applications, 28(5), 1182–

1196. 

Bagangao, M. T., & Manila-Fajardo, A. C. (2022). Floral 

characteristics support nocturnal pollination and pollination 

syndrome in Barringtonia racemosa. Environmental and 

Experimental Biology, 20(1).  

Bhalchandra, W. (2014). Diversity of nectariferous and polleniferous 

bee flora at Anjaneri and Dugarwadi hills of Western Ghats 

of Nasik district (M. S.) India. In ~ 244 ~ Journal of 

Entomology and Zoology Studies (Vol. 2, Issue 4). 

Birdshire, K. R., Carper, A. L., &Briles, C. E. (2020). Bee community 

response to local and landscape factors along an urban-

rural gradient. Urban Ecosystems, 23(4), 689–702.  

BloeschEvilard, U. (2019). Vegetation survey of Mlele Beekeeping 

Zone in 2018. 



23 
 

Bojago, E. (2022). Adoption of Modern Hive Beekeeping 

Technology: Evidence from Ethiopia. In Honey - 

Composition and Properties [Working Title]. IntechOpen.  

Borghi, M., Perez de Souza, L., Yoshida, T., &Fernie, A. R. (2019). 

Flowers and climate change: a metabolic perspective. New 

Phytologist, 224(4), 1425–1441.  

Brunet, J., Jiang, Q., Zhao, Y., Thairu, M. W., & Clayton, M. K. 

(2023). Bee species perform distinct foraging behaviors that 

are best described by different movement models. Scientific 

Reports, 13(1).  

Brzosko, E., Bajguz, A., Burzyńska, J., &Chmur, M. (2023). Does 

Reproductive Success in Natural and Anthropogenic 

Populations of Generalist Epipactis helleborine Depend on 

Flower Morphology and Nectar Composition? International 

Journal of Molecular Sciences, 24(5).  

Cavalcante, M. C., Galetto, L., Maués, M. M., Pacheco Filho, A. J. 

S., Bomfim, I. G. A., & Freitas, B. M. (2018). Nectar 

production dynamics and daily pattern of pollinator visits in 

Brazil nut (BertholletiaexcelsaBonpl.) plantations in Central 

Amazon: implications for fruit production. In Apidologie (Vol. 

49, Issue 4, pp. 505–516). Springer-Verlag France.  

Chuttong, B., Panyaraksa, L., Tiyayon, C., Kumpoun, W., Chantrasri, 

P., Lertlakkanawat, P., Jung, C., &Burgett, M. (2022). 

Foraging behavior and pollination efficiency of honey bees 

(Apis mellifera L.) and stingless bees (Tetragonulalaeviceps 

species complex) on mango (Mangifera indica L., cv. Nam 

Dokmai) in Northern Thailand. Journal of Ecology and 

Environment, 46.  

Cole, L. J., Kleijn, D., Dicks, L. V., Stout, J. C., Potts, S. G., Albrecht, 

M., Balzan, M. V., Bartomeus, I., Bebeli, P. J., Bevk, D., 

Biesmeijer, J. C., Chlebo, R., Dautartė, A., Emmanouil, N., 



24 
 

Hartfield, C., Holland, J. M., Holzschuh, A., Knoben, N. T. 

J., Kovács-Hostyánszki, A., … Scheper, J. (2020). A critical 

analysis of the potential for EU Common Agricultural Policy 

measures to support wild pollinators on farmland. Journal of 

Applied Ecology, 57(4), 681–694.  

Corbet, S. A. (1990). Pollination and the Weather. Israel Journal of 

Botany, 39(1–2), 13–30.  

Creux, N. M., Brown, E. A., Garner, A. G., Saeed, S., Scher, C. L., 

Holalu, S. V., Yang, D., Maloof, J. N., Blackman, B. K., & 

Harmer, S. L. (2021). Flower orientation influences floral 

temperature, pollinator visits and plant fitness. New 

Phytologist, 232(2), 868–879.  

Cruz, C. P., Luna, P., Guevara, R., Hinojosa-Díaz, I. A., Villalobos, 

F., &Dáttilo, W. (2022). Climate and human influence shape 

the interactive role of the honeybee in pollination networks 

beyond its native distributional range. Basic and Applied 

Ecology, 63, 186–195.  

Dainese, M., Martin, E. A., Aizen, M. A., Albrecht, M., Bartomeus, I., 

Bommarco, R., Carvalheiro, L. G., Chaplin-Kramer, R., 

Gagic, V., Garibaldi, L. A., Ghazoul, J., Grab, H., Jonsson, 

M., Karp, D. S., Kennedy, C. M., Kleijn, D., Kremen, C., 

Landis, D. A., Letourneau, D. K., … Steffan-Dewenter, I. 

(n.d.). A global synthesis reveals biodiversity-mediated 

benefits for crop production. In Georg K. S. Andersson (Vol. 

19).  

Daniels, B., Jedamski, J., Ottermanns, R., & Ross-Nickoll, M. (2020). 

A “plan bee” for cities: Pollinator diversity and plant-

pollinator interactions in urban green spaces. PLoS ONE, 

15(7 July).  

Dellinger, A. S., Pérez-Barrales, R., Michelangeli, F. A., Penneys, D. 

S., Fernández-Fernández, D. M., & Schönenberger, J. 



25 
 

(2021). Low bee visitation rates explain pollinator shifts to 

vertebrates in tropical mountains. New Phytologist, 231(2), 

864–877.  

Descamps, C., Quinet, M., Baijot, A., &Jacquemart, A. L. (2018). 

Temperature and water stress affect plant–pollinator 

interactions in Borago officinalis (Boraginaceae). Ecology 

and Evolution, 8(6), 3443–3456 

Descamps, C., Marée, S., Hugon, S., Quinet, M., &Jacquemart, A. L. 

(2020). Species-specific responses to combined water 

stress and increasing temperatures in two bee-pollinated 

congeners (Echium, Boraginaceae). Ecology and Evolution, 

10(13), 6549–6561 

Descamps, C., Boubnan, N., Jacquemart, A. L., & Quinet, M. (2021). 

Growing and flowering in a changing climate: Effects of 

higher temperatures and drought stress on the bee-

pollinated species impatiens glanduliferaroyle. Plants, 

10(5).  

Descamps, C., Jambrek, A., Quinet, M., &Jacquemart, A. L. (2021). 

Warm temperatures reduce flower attractiveness and 

bumblebee foraging. Insects, 12(6).  

Donkersley, P. (2019). Trees for bees. Agriculture, Ecosystems and 

Environment, 270–271, 79–83.  

Durazzo, A., Lucarini, M., Plutino, M., Lucini, L., Aromolo, R., 

Martinelli, E., Souto, E. B., Santini, A., &Pignatti, G. (2021). 

Bee Products: A Representation of Biodiversity, 

Sustainability, and Health. 

Fedoriak, M., Kulmanov, O., Zhuk, A., Shkrobanets, O., Tymchuk, 

K., Moskalyk, G., Olendr, T., Yamelynets, T., &Angelstam, 

P. (2021). Stakeholders’ views on sustaining honey bee 



26 
 

health and beekeeping: the roles of ecological and social 

system drivers. Landscape Ecology, 36(3), 763–783.  

Finkelstein, C. J., CaraDonna, P. J., Gruver, A., Welti, E. A. R., 

Kaspari, M., & Sanders, N. J. (2022). Sodium-enriched 

floral nectar increases pollinator visitation rate and diversity. 

Biology Letters, 18(3).  

Gajardo-Rojas, M., Muñoz, A. A., Barichivich, J., Klock-Barría, K., 

Gayo, E. M., Fontúrbel, F. E., Olea, M., Lucas, C. M., 

&Veas, C. (2022). Declining honey production and 

beekeeper adaptation to climate change in Chile. Progress 

in Physical Geography, 46(5), 737–756.  

Galetto, L., &Bernardello, G. (2004). Floral nectaries, nectar 

production dynamics and chemical composition in six 

Ipomoea species (Convolvulaceae) in relation to pollinators. 

Annals of Botany, 94(2), 269–280.  

Gbesso, F., Yedomonhan, H., Tente, B., &Akoegninou, A. (2014). 

Distribution géographique des populations de rôniers 

(Borassus aethiopum Mart, Arecaceae) et 

caractérisationphytoécologique de leurs habitats dans la 

zone soudano-guinéenne du Benin. Journal of Applied 

Biosciences, 74(1), 6099.  

Gerner, E. E., & Sargent, R. D. (2022). Local plant richness predicts 

bee abundance and diversity in a study of urban residential 

yards. Basic and Applied Ecology, 58, 64–73.  

Ghramh, H. A., & Khan, K. A. (2023). Honey Bees Prefer Pollen 

Substitutes Rich in Protein Content Located at Short 

Distance from the Apiary. Animals, 13(5).  

Giovanetti, M., Malabusini, S., Zugno, M., &Lupi, D. (2022). Influence 

of Flowering Characteristics, Local Environment, and Daily 

Temperature on the Visits Paid by Apismellifera to the 



27 
 

Exotic Crop Phacelia tanacetifolia. Sustainability 

(Switzerland), 14(16).  

Glenny, W., Runyon, J. B., &Burkle, L. A. (2022). A review of 

management actions on insect pollinators on public lands in 

the United States. In Biodiversity and Conservation (Vol. 

31, Issues 8–9, pp. 1995–2016). Springer Science and 

Business Media B.V.  

Gu, Yue., Han, S., Zhang, J., Chen, Z., Wang, W., Feng, Y., Jiang, 

Y., & Geng, S. (2020). Temperature-Dominated Driving 

Mechanisms of the Plant Diversity in Temperate Forests, 

Northeast China. Forests, 11(2), 227.  

Harianja, A. H., Adalina, Y., Pasaribu, G., Winarni, I., Maharani, R., 

Fernandes, A., Saragih, G. S., Fauzi, R., Tampubolon, A. 

P., Njurumana, G. N., Sukito, A., Aswandi, A., Kholibrina, C. 

R., Siswadi, S., Kurniawan, H., Hidayat, M. Y., Wahyuni, R., 

Koeslulat, E. E., Heryanto, R. B., … Kuspradini, H. (2023). 

Potential of Beekeeping to Support the Livelihood, 

Economy, Society, and Environment of Indonesia. In 

Forests (Vol. 14, Issue 2). MDPI.  

Hausser, Y., Tagand, R., Vimercati, E., Mermod, S., & Fischer, C. 

(2017). Comparing survey methods to assess the 

conservation value of a community-managed protected 

area in western Tanzania. African Journal of Ecology, 

55(1), 1–11. https://doi.org/10.1111/aje.12301 

Hejcmanova-Nežerková, P., &Hejcman, M. (2006). A canonical 

correspondence analysis (CCA) of the vegetation-

environment relationships in Sudanese savannah, Senegal. 

South African Journal of Botany, 72(2), 256–262. 

https://doi.org/10.1016/j.sajb.2005.09.002 

Hennessy, G., Harris, C., Pirot, L., Lefter, A., Goulson, D., 

&Ratnieks, F. L. W. (2021). Wind slows play: increasing 



28 
 

wind speed reduces flower visiting rate in honey bees. 

Animal Behaviour, 178, 87–93. 

https://doi.org/10.1016/j.anbehav.2021.05.022 

Hernández-Villa, V., Vibrans, H., Uscanga-Mortera, E., & Aguirre-

Jaimes, A. (2020). Floral visitors and pollinator dependence 

are related to floral display size and plant height in native 

weeds of central Mexico. Flora: Morphology, Distribution, 

Functional Ecology of Plants, 262. 

https://doi.org/10.1016/j.flora.2019.151505 

Herrmann, J., Buchholz, S., &Theodorou, P. (2023). The degree of 

urbanisation reduces wild bee and butterfly diversity and 

alters the patterns of flower-visitation in urban dry 

grasslands. Scientific Reports, 13(1). 

https://doi.org/10.1038/s41598-023-29275-8 

Hoffmann, S. (2022). Challenges and opportunities of area-based 

conservation in reaching biodiversity and sustainability 

goals. In Biodiversity and Conservation (Vol. 31, Issue 2, 

pp. 325–352). Springer Science and Business Media B.V. 

https://doi.org/10.1007/s10531-021-02340-2 

Jaboor, S. K., da Silva, C. R. B., & Kellermann, V. (2022). The effect 

of environmental temperature on bee activity at strawberry 

farms. Austral Ecology, 47(7), 1470–1479. 

https://doi.org/10.1111/aec.13228 

Jacobs, J., Beenaerts, N., & Artois, T. (2023). Green roofs and 

pollinators, useful green spots for some wild bee species 

(Hymenoptera: Anthophila), but not so much for hoverflies 

(Diptera: Syrphidae). Scientific Reports, 13(1). 

https://doi.org/10.1038/s41598-023-28698-7 

Kayombo, C. J., Mpinga, I., &Natai, H. (2013). Melliferous Status and 

Activities Endangering Tree Species Composition and 

Diversity Survey of Mlele Bee Keeping Zone [Mbkz], in 



29 
 

Mlele District, Katavi Region-Tanzania. Report to the 

Association for Development of Protected Areas [ADAP], 

Inyonga-Mpanda, Rukwa Region-Tanzania. Consultancy 

carried out by the Forestry Training Institute-Olmotonyi, 

Arusha. 

Kennedy, C. M., Lonsdorf, E., Neel, M. C., Williams, N. M., Ricketts, 

T. H., Winfree, R., Bommarco, R., Brittain, C., Burley, A. L., 

Cariveau, D., Carvalheiro, L. G., Chacoff, N. P., 

Cunningham, S. A., Danforth, B. N., Dudenhöffer, J. H., 

Elle, E., Gaines, H. R., Garibaldi, L. A., Gratton, C., … 

Kremen, C. (2013). A global quantitative synthesis of local 

and landscape effects on wild bee pollinators in 

agroecosystems. Ecology Letters, 16(5), 584–599.  

Kerr, J. T., Pindar, A., Galpern, P., Packer, L., Potts, S. G., Roberts, 

S. M., Rasmont, P., Schweiger, O., Colla, S. R., 

Richardson, L. L., Wagner, D. L., Gall, L. F., Sikes, D. S., & 

Pantoja, A. (2015). Climate change impacts on bumblebees 

converge across continents. Science, 349(6244), 177–180.  

Khalifa, S. A. M., Elshafiey, E. H., Shetaia, A. A., El-Wahed, A. A. A., 

Algethami, A. F., Musharraf, S. G., Alajmi, M. F., Zhao, C., 

Masry, S. H. D., Abdel-Daim, M. M., Halabi, M. F., Kai, G., 

Al Naggar, Y., Bishr, M., Diab, M. A. M., & El-Seedi, H. R. 

(2021). Overview of bee pollination and its economic value 

for crop production. Insects, 12(8).  

Knopper, L. D., Dan, T., Reisig, D. D., Johnson, J. D., & Bowers, L. 

M. (2016). Sugar concentration in nectar: a quantitative 

metric of crop attractiveness for refined pollinator risk 

assessments. Pest Management Science, 72(10), 1807–

1812.  

Kudo, G., Kohyama, T., Chen, K.-H., Hsu, T.-W., & Wang, C.-N. 

(2023). Seasonal dynamics of floral composition and flower 



30 
 

visitors in a subtropical alpine ecosystem in Taiwan Article 

type: Biodiversity in Asia Seasonal dynamics of floral 

composition and flower visitors in a subtropical alpine 

ecosystem in Taiwan.  

Kyaw Myo, K., Thwin, S., &Khaing, N. (2016). Floristic Composition, 

Structure and Soil Properties of Mixed Deciduous Forest 

and Deciduous Dipterocarp Forest: Case Study in Madan 

Watershed, Myanmar. American Journal of Plant Sciences, 

07(02), 279–287. https://doi.org/10.4236/ajps.2016.72027 

Lasway, J. V., Steffan-Dewenter, I., Njovu, H. K., Kinabo, N. R., 

Eardley, C., Pauly, A., & Peters, M. K. (2022). Positive 

effects of low grazing intensity on East African bee 

assemblages mediated by increases in floral resources. 

Biological Conservation, 267. 

https://doi.org/10.1016/j.biocon.2022.109490 

Latham, Paul. (2007). Plants visited by bees and other useful plants 

of Umalila, Southern Tanzania. Mystole Publications. 

Latty, T., & Trueblood, J. S. (2020). How do insects choose flowers? 

A review of multi-attribute flower choice and decoy effects 

in flower-visiting insects. In Journal of Animal Ecology (Vol. 

89, Issue 12, pp. 2750–2762). Blackwell Publishing Ltd.  

Liporoni, R., Cordeiro, G. D., Prado, P. I., Schlindwein, C., Warrant, 

E. J., & Alves-dos-Santos, I. (2020). Light intensity 

regulates flower visitation in Neotropical nocturnal bees. 

Scientific Reports, 10(1).  

Lloyd, K. R. (2021). Apiculture Adaptations in a Shifting World: The 

Beekeeper’s Experience across The Globe Consent to Use. 

Low, B. W., Zeng, Y., Tan, H. H., & Yeo, D. C. J. (2021). Predictor 

complexity and feature selection affect Maxent model 

transferability: Evidence from global freshwater invasive 



31 
 

species. Diversity and Distributions, 27(3), 497–511. 

https://doi.org/10.1111/ddi.13211 

Lye, G., Park, K., Osborne, J., Holland, J., &Goulson, D. (2009). 

Assessing the value of Rural Stewardship schemes for 

providing foraging resources and nesting habitat for 

bumblebee queens (Hymenoptera: Apidae). Biological 

Conservation, 142(10), 2023–2032. 

https://doi.org/10.1016/j.biocon.2009.03.032 

Macukanovic-Jocic, M., Stevanović, Z. D., Mladenović, M., &Jocić, 

G. (2011). Flower morphophysiology of selected Lamiaceae 

species in relation to pollinator attraction. Journal of 

Apicultural Research, 50(2), 89–101. 

https://doi.org/10.3896/IBRA.1.50.2.01 

Mahalkar, &Dhore, M. M. (2022). Floral Nectar, Chemical 

Composition and Flower Visitors in Thunbergia erecta 

(Benth.) T. Anderson (Acanthaceae). In International 

Journal of Current Science (IJCSPUB) www.ijcspub.org 

(Vol. 12, Issue 1).  

Majewski, J. (2018). Pollination Value as an Ecosystem Service. In 

Ekonomia I Środowisko • (Vol. 1, Issue 64). 

Mallinger, R. E., &Prasifka, J. R. (2017). Bee visitation rates to 

cultivated sunflowers increase with the amount and 

accessibility of nectar sugars. Journal of Applied 

Entomology, 141(7), 561–573.  

Mallinger, R. E., Bradshaw, J., Varenhorst, A. J., &Prasifka, J. R. 

(2019). Native Solitary Bees Provide Economically 

Significant Pollination Services to Confection Sunflowers 

(Helianthus annuus L.) (Asterales: Asteraceae) Grown 

Across the Northern Great Plains. Journal of Economic 

Entomology, 112(1), 40–48.  



32 
 

Marshman, J., Blay-Palmer, A., & Landman, K. (2019). 

Anthropocene crisis: Climate change, pollinators, and food 

security. In Environments - MDPI (Vol. 6, Issue 2). MDPI 

AG.  

McCombs, A. L., Debinski, D., Reinhardt, K., Germino, M. J., 

&Caragea, P. (2022). Warming temperatures affect 

meadow-wide nectar resources, with implications for plant–

pollinator communities. Ecosphere, 13(7).  

Misganaw, M., Mengesha, G., &Awas, T. (2020). Diversity of Insect 

Pollinators in Gozamin District of Amhara Region, Ethiopia. 

American Journal of BioScience, 8(5), 123.  

Muhati, G. L., &Warui, M. W. (2022). Physicochemical Properties 

and Floral Sources of Honey Produced in Marsabit Forest 

Reserve, Northern Kenya. Journal of Food Quality, 2022.  

MusimuKuboja, N. (n.d.). Absconding of Honeybee Colonies from 

Beehives: Underlying Factors and its Financial Implications 

for Beekeepers in Tanzania.  

Mwakatobe, A., Ntalwila, J., Lesio, N., Leweri, C., Haule, L., 

&Kilimba, N. (2021). Challenges and opportunities of 

beekeeping in Mvomero district, Morogoro region, 

Tanzania. ~ 1 ~ Journal of Entomology and Zoology 

Studies, 9(2).  

N., Patch, H. M., &Grozinger, C. M. (2022). Complex floral traits 

shape pollinator attraction to ornamental plants. Annals of 

Botany, 130(4), 561–577.  

Ngassapa, O. D., Runyoro, D. K. B., Maregesi, S. M., Sangeda, R. 

Z., Msemo, S., Mwakalukwa, R., Kidukuli, A. W., 

&Marandu, E. (2022). Antimicrobial activity and brine 

shrimp toxicity of propolis collected from various regions of 



33 
 

Tanzania. The Journal of Phytopharmacology, 11(4), 275–

280.  

Nicolson, S. W. (2022). Sweet solutions: Nectar chemistry and 

quality. In Philosophical Transactions of the Royal Society 

B: Biological Sciences (Vol. 377, Issue 1853). Royal 

Society Publishing.  

Nielsen, A., & Morelli, M. (2017). Measured temperature and 

moisture conditions in the roof attic of a one-and-a-half 

story house. Energy Procedia, 132, 789–794.  

O, O. F., M, M. A., & A, M. M. (2021). Effect of flora diversity on 

honey production in selected local government areas in 

Kwara State. In Journal of Research in Forestry (Vol. 13, 

Issue 3).  

Ollerton, J. (2017). Annual Review of Ecology, Evolution, and 

Systematics Pollinator Diversity: Distribution, Ecological 

Function, and Conservation.  

Ollerton, J., Winfree, R., & Tarrant, S. (2011). How many flowering 

plants are pollinated by animals? Oikos, 120(3), 321–326.  

Otim, A. S., Kajobe, R., Abila, P. P., Kasangaki, P., &Echodu, R. 

(2019). Important Plants for Honey Production in Four Agro 

Ecological Zones of Uganda. Bee World, 96(3), 81–86.  

Papanikolaou, A. D., Kuhn, I., Frenzel, M., Kuhlmann, M., Poschlod, 

P., Potts, S. G., Roberts, S. P. M., & Schweiger, O. (2017). 

Wild bee and floral diversity co-vary in response to the 

direct and indirect impacts of land use. Ecosphere, 8(11).  

Pardee, G. L., Ballare, K. M., Neff, J. L., Do, L. Q., Ojeda, D. J., 

Bienenstock, E. J., Brosi, B. J., Grubesic, T. H., Miller, J. A., 

Tong, D., & Jha, S. (2023). Local and Landscape Factors 



34 
 

Influence Plant-Pollinator Networks and Bee Foraging 

Behavior across an Urban Corridor. Land, 12(2).  

Patel, V. A. (2023). The impacts of climate change on structurally 

interconnected social-ecological systems: using integrated 

spatial modelling to assess beehive migration patterns in 

Western Australia. 

Plos, C., Stelbrink, N., Römermann, C., Knight, T. M., & Hensen, I. 

(2023). Abiotic conditions affect nectar properties and 

flower visitation in four herbaceous plant species. Flora: 

Morphology, Distribution, Functional Ecology of Plants, 303.  

Podani, J., Ódor, P., Fattorini, S., Strona, G., &Heino, J. (2018). 

Exploring multiple presence-absence data structures in 

ecology. In Ecological Modelling (Vol. 383). 

Prendergast, K. S., Dixon, K. W., & Bateman, P. W. (2022). A global 

review of determinants of native bee assemblages in 

urbanised landscapes. In Insect Conservation and Diversity 

(Vol. 15, Issue 4, pp. 385–405). John Wiley and Sons Inc.  

Rader, R., Cunningham, S. A., Howlett, B. G., & Inouye, D. W. 

(2019). Non-Bee Insects as Visitors and Pollinators of 

Crops: Biology, Ecology, and Management.  

Rahimi, E., Barghjelveh, S., & Dong, P. (2022). A review of diversity 

of bees, the attractiveness of host plants and the effects of 

landscape variables on bees in urban gardens. In 

Agriculture and Food Security (Vol. 11, Issue 1). BioMed 

Central Ltd.  

Rosas-Guerrero, V., Aguilar, R., Martén-Rodríguez, S., Ashworth, L., 

Lopezaraiza-Mikel, M., Bastida, J. M., & Quesada, M. 

(2014). A quantitative review of pollination syndromes: Do 

floral traits predict effective pollinators? In Ecology Letters 

(Vol. 17, Issue 3, pp. 388–400).  



35 
 

Russo, L., Vaudo, A. D., Fisher, C. J., Grozinger, C. M., & Shea, K. 

(2019). Bee community preference for an invasive thistle 

associated with higher pollen protein content. Oecologia, 

190(4), 901–912.  

Sawe, T., Nielsen, A., Totland, Ø., Macrice, S., &Eldegard, K. 

(2020). Inadequate pollination services limit watermelon 

yields in northern Tanzania. Basic and Applied Ecology, 44, 

35–45.  

Sewando, P. T. (2023). The Potentials of Beekeeping Activities in 

Enhancing Local Livelihoods and Climate Change 

Adaptation in Semi-arid Areas of Tanzania. Journal of 

Agriculture and Ecology Research International, 24(2), 46–

54.  

Steinbauer, K., Lamprecht, A., Winkler, M., Di Cecco, V., Fasching, 

V., Ghosn, D., Maringer, A., Remoundou, I., Suen, M., 

Stanisci, A., Venn, S., & Pauli, H. (2022). Recent changes 

in high-mountain plant community functional composition in 

contrasting climate regimes. Science of the Total 

Environment, 829.  

Takkis, K., Tscheulin, T., &Petanidou, T. (2018). Differential effects 

of climate warming on the nectar secretion of early-and 

late-flowering mediterranean plants. Frontiers in Plant 

Science, 9.  

Tarakini, G., Chemura, A., Tarakini, T., &Musundire, R. (2021). 

Drivers of diversity and community structure of bees in an 

agroecological region of Zimbabwe. Ecology and Evolution, 

11(11), 6415–6426.  

Tew, N. E., Baldock, K. C. R., Morten, J. M., Bird, S., Vaughan, I. P., 

& Memmott, J. (2023). A dataset of nectar sugar production 

for flowering plants found in urban green spaces. Ecological 

Solutions and Evidence, 4(2).  



36 
 

Tew, N. E., Baldock, K. C. R., Vaughan, I. P., Bird, S., & Memmott, 

J. (2022). Turnover in floral composition explains species 

diversity and temporal stability in the nectar supply of urban 

residential gardens. Journal of Applied Ecology, 59(3), 801–

811.  

Tonietto, R. K., & Larkin, D. J. (2018). Habitat restoration benefits 

wild bees: A meta-analysis. Journal of Applied Ecology, 

55(2), 582–590.  

Ulian, T., Diazgranados, M., Pironon, S., Padulosi, S., Liu, U., 

Davies, L., Howes, M. J. R., Borrell, J. S., Ondo, I., Pérez-

Escobar, O. A., Sharrock, S., Ryan, P., Hunter, D., Lee, M. 

A., Barstow, C., Łuczaj, Ł., Pieroni, A., Cámara-Leret, R., 

Noorani, A., … Mattana, E. (2020). Unlocking plant 

resources to support food security and promote sustainable 

agriculture. In Plants People Planet (Vol. 2, Issue 5, pp. 

421–445). Blackwell Publishing Ltd.  

Usaid, & Bridge. (2020). The Importance Of Wild Pollinators For 

Food Security And Nutrition. 

Uthoff, C., & Ruxton, G. (2022). Local Weather Conditions Affect 

Forager Size and Visitation Rate on Bramble Flowers 

(Rubus fruticosus) in Bumble Bees (Bombus spp). Journal 

of Insect Behavior, 35(1–3), 17–30.  

Vanderplanck, M., Martinet, B., GiganteCarvalheiro, L., Rasmont, P., 

Barraud, A., Renaudeau, C., &Michez, D. (2019). Ensuring 

access to high-quality resources reduces the impacts of 

heat stress on bees. Scientific Reports, 9, 12596.  

Vaudo, A. D., Tooker, J. F., Grozinger, C. M., & Patch, H. M. 

(2015a). Bee nutrition and floral resource restoration. In 

Current Opinion in Insect Science (Vol. 10, pp. 133–141). 

Elsevier Inc.  



37 
 

Vaudo, A. D., Tooker, J. F., Grozinger, C. M., & Patch, H. M. 

(2015b). Bee nutrition and floral resource restoration. In 

Current Opinion in Insect Science (Vol. 10, pp. 133–141). 

Elsevier Inc.  

Wekere, C., Mireille KinghaTekombo, B., DongockNguemo, D., 

DapsiaDjakbe, J., Faïbawa, E., &TchuenguemFohouo, F.-

N. (2018). Exploitation of Jatropha curcas, 

Senegaliapolyacantha and Terminalia schimperiana flowers 

by Apis mellifera (Hymenoptera: Apidae) at Dang 

(Ngaoundéré, Cameroon). ~ 2072 ~ Journal of Entomology 

and Zoology Studies, 6(2), 2072–2078. 

Winfree, R., Aguilar, R., Va´zquez, D. P., Va´zquez, V., Lebuhn, G., 

& Aizen, M. A. (2009). A meta-analysis of bees’ responses 

to anthropogenic disturbance. In Concepts & Synthesis 

Emphasizing New Ideas To Stimulate Research In Ecology 

Ecology (Vol. 90, Issue 8). 

Panlong, Wu, Axmacher, J. C., Song, X., Zhang, X., Xu, H., Chen, 

C., Yu, Z., & Liu, Y. (2018). Effects of plant diversity, 

vegetation composition, and habitat type on different 

functional trait groups of wild bees in rural Beijing. Journal 

of Insect Science, 18(4).  

Tingfeng, Wu, (2019). Abundance and diversity of pollinators on 

green roofs are affected by environmental factors. IOP 

Conference Series: Earth and Environmental Science, 

358(2).  

Xiang, G. J., Lázaro, A., Dai, X. K., Xia, J., & Yang, C. F. (2023). 

Pollinator Proboscis Length Plays a Key Role in Floral 

Integration of Honeysuckle Flowers (Lonicera spp.). Plants, 

12(8).  

Zariman, N. A., Omar, N. A., & Nurul Huda, A. (2022). Plant 

Attractants and Rewards for Pollinators: Their Significant to 



38 
 

Successful Crop Pollination. International Journal of Life 

Sciences and Biotechnology.  

Zheng, J., Arif, M., Zhang, S., Yuan, Z., Zhang, L., Li, J., Ding, D., & 

Li, C. (2021). Dam inundation simplifies the plant 

community composition. Science of the Total Environment, 

801.  

 

  



39 
 

CHAPTER THREE 

 

MANUSCRIPT TWO 

 

3.0 Periodicity of Reward Release by Bee Fodder Plants of 

Mlele Bekeeping Zone, in Katavi Region, Tanzania 

 

Dorothea Clemence Kipangula1 Ruwa-Aichi P.C. Temu1 and 

Paulo J. Lyimo2 

*Correspondence: dorothea.kipangula@sua.ac.tz 

 
1Department of Natural Resources Management and Conservation 

2Department of Ecosystems and Conservation 

Sokoine University of Agriculture 

 

3.1 Abstract 

Tanzania is endowed with favorable environment for beekeeping 

activities, with Katavi region being one of the potential regions. 

Katavi region has high diversity of floral resources of which the 

majority are visited by bees. This study aimed at investigating the 

bee visitation rates, nectar quality, and the effects of temperature 

and nectar concentration on bee visitation rates for ten selected 

flowering plant species. The selected plants in Mlele Beekeeping 

zone were: Antidesma membranaceum, Psorospermum febrifugum, 

Senegalia polyacantha, Securidaca longepedunculata, 

Dichrostachys cinerea, Uapaca nitida, Bauhinnia thonningii, 

Phyllanthus engleri ,Pseudolachnostylis maprounefolia and 

Friesodielsia obovata. The study employed purposive sampling 

design on the basis of bee fodder plants, provision of measurable 

amounts of nectar and enough flowers to conduct the study with 

repeated nectar measurements overlapping flowering periods. The 

study area is characterized by a tropical wet and dry climate. Data 

on bee visitations were collected through observation, while nectar 

quality was measured in terms of total nectar sugar concentration. 

Statistical tests, including ANOVA, Tukey HSD, and generalized 
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linear models, were employed to analyze the data. The study found 

that Antidesma membranaceum and Friesodielsia obovata were the 

most visited plant species by bees, while Pseudolachnostylis 

maprounefolia was less visited. Visitation rates were significantly 

higher when there was an increase in nectar concentration, with 

Friesodielsia obovata, Psorospermum febrifugum, and Securidaca 

longepedunculata showing a strong correlation in this regard. 

Temperature was also found to impact visitation rates, with Bauhinia 

thonningii visitation rates increasing as temperature increased. 

These findings contribute to our understanding of the plant-pollinator 

interactions in the study area. Continued research should be done to 

provide deeper insights into the dynamics of bee-plant interactions 

that can help inform more targeted conservation efforts  

Keywords: Periodicity, visitation rates, nectar quality, temperature,   
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3.2 Introduction 

Most flowering plants depend on animals for their pollination(Ollerton 

et al., 2011), particularly insects(Khalifa et al., 2021; Rader et al., 

2019)to maintain natural biodiversity (Glenny et al., 2022; Majewski, 

2018; Misganaw et al., 2020) and enhance their reproductive 

production(Ollerton, 2017). Bees are the most significant group of 

plant pollinators because they visit over 90% of the 107 most crucial 

global crops (Usaid and Bridge, 2020) and rely entirely on flowering 

plants for food(Herrmann et al., 2023; Vaudo et al., 2015).Higher 

abundance of bees is typically associated with greater plant diversity 

(Panlong Wu et al., 2018), which leads to a more diverse food 

source(Gerner and Sargent, 2022).The rate and composition of 

flower visitors in a given community depend on the characteristics of 

the plant species(Brzosko et al., 2023; Hernández-Villa et al., 2020). 

Different plant species have distinct floral traits associated with their 

pollination syndrome, including corolla size, shape, color, scent, and 

nectar composition (Erickson et al., 2022). These traits can vary 

significantly even among closely related plants(Macukanovic-Jocic 

et al., 2011; Xiang et al., 2023). For example, Salvia officinalis L. 

and Lamium album L. are both plant species in the family 

Lamiaceae that attract bees because of their bilabiate corollas and 

nectar rewards. However, only bees with a long proboscis are able 

to reach the nectar of Lamium album (Lye et al., 2009), whereas the 

nectar of Salvia officinalis is accessible to both long-tongued and 

short-tongued bees (Macukanovic-Jocic et al., 2011).  

The rate of flower visitation is often influenced by the rewards 

provided by plants (Creux et al., 2021; Latty and True blood, 2020; 

Zariman et al., 2022), which can also be affected by abiotic factors 

(Jambrek, et al., 2021; Liporoni et al., 2020; Plos et al., 2023). 

Abiotic factors, such as temperature, directly impact the production 

of floral resources like nectar (Plos et al., 2023). Nectar production 

has been observed to be low at both low and high temperatures 

(Takkis et al., 2018), peaking at intermediate temperatures in a 

unimodal relationship (Corbet, 1990). The sugar concentration of 

nectar increases with temperature due to higher evapotranspiration 
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(Borghi et al., 2019). However, high temperatures can lead to rapid 

evaporation and higher nectar concentrations than preferred by 

pollinators (Corbet, 1990), increasing the risk of plant-pollinator 

mismatches (Bagangao and Manila-Fajardo, 2022). Animal 

pollinators adapt their foraging behavior based on the quantity and 

quality of floral rewards (Brunet et al., 2023), establishing 

associations between nectar and flower visitation (Nicolson, 2022). 

Thus, abiotic factors can indirectly impact flower visitation rates 

(Plos et al., 2023). 

Several studies have reported on how visitation rate is affected by 

nectar concentration(Cavalcante et al., 2018; Finkelstein et al., 

2022; Mallinger and Prasifka, 2017),type of plant species(Daniels et 

al., 2020; Dellinger et al., 2021;Russo et al., 2019)and 

temperature(Boubnan et al., 2021; Descamps et al., 2020; 

Giovanetti et al., 2022; Hennessy et al., 2021; Kudo et al., 2023; 

Mallinger et al., 2019; Ploset al., 2023; Uthoff and Ruxton, 2022).A 

study in Germany showed that flower visitation rates in four plant 

species (Dictamnus albus, Lamium album, Salvia officinalis, 

Vincetoxicum hirundinaria) were affected by nectar concentration 

and temperature. A study of the nectar concentration of the plant 

species Senegalia polyacantha resulted for mean concentration to 

be 29.82% while the plant species Terminalia schimperiana was 

seen to be more visited by bees (Wekere et al., 2018). 

Tanzania is endowed with favorable environment for beekeeping 

(Ngassapa et al., 2022) and several studies have been done in the 

Northern (Arnold et al., 2021; Sawe et al., 2020), Southern (Latham, 

2007) with few on the Western parts of Tanzania. Katavi Region is 

one of the potential areas for beekeeping in Tanzania (Mwakatobe 

et al., 2021), with Mlele District being the highest honey producing 

area in the Region. Despite of this potential, there is limited 

information on the characteristics of the bee fodder plants of the 

District. 

For every geographical region there are important honey source 

plants, and characterizing and mapping them is important for their 
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utilization (Al-Ghamdi et al., 2020). The information may be useful in 

the efforts of protecting, restoring plant-pollinator community 

structure and function (Tonietto and Larkin, 2018) through 

enrichment planting, increase survival and abundance of bees 

(Birdshire et al., 2020; Donkersley, 2019; Tarakini et al., 2021; 

Tingfeng Wu, 2019),scale up bee products production(Gajardo-

Rojas et al., 2022; Harianja et al., 2023) and inform management 

decisions for sustainable apiculture(Patel, 2023). 

In this study, we aimed at filling this knowledge gap, by collecting a 

comprehensive dataset on bee visitation rates and how they are 

affected by periodicity of nectar release, nectar quality and 

temperature for ten plant species. The selected plant species were: 

Senegalia polyacantha,Pseudolachnostylis maprounefolia, 

Dichrostachys cinerea, Uapaca nitida, Bauhinia thonningii, 

Antidesma membranaceum, Fresodielsia obovata, Securidaca 

longepedunculata,Psorospermum febrifugum and Phyllanthus 

engleri in the Mlele Beekeeping zone of Katavi region. 

 

3.3 Materials and Methods 

3.3.1 Study area 

This study was conducted at Mlele Beekeeping Zone in Mlele 

District, Katavi region (Figure 3.1). Mlele lies at 36UTM 351963 and 

9248114 in the Southern side of the beekeeping reserve and 36UTM 

353524 and 9284884 Northern side, with an altitude range of 900 to 

1600m a.s.l. (Fig. 2). The area covers a total of 850,000 hectares. 

The climate is Tropical wet and dry or savanna climate. The 

topography is characterized by presence of two plateaus divided by 

a steep escarpment (Hausser et al., 2017). The zone is dominated 

by Miombo woodlands covering an area of more than 90%. The 

miombo type is transitional between drier and wetter miombo. The 

seasonally waterlogged mbugas are mainly covered with grasslands 

and occasionally with few trees and shrubs (wooded grasslands). 

Miombo are dominated by the genera Brachystegia and Julbernardia 
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with Brachystegia spiciformis and Julbernardia globiflora being the 

most common tree species. 

 

Figure 3.1: Location map of study area 

 

3.3.2 Sampling design 

The study employed purposive sampling design on the basis of bee 

fodder plants, provision of measurable amounts of nectar and 

enough flowers to conduct the study with repeated nectar 

measurements overlapping flowering periods. Flowers were 

observed for 10 minutes and were scored as bee forage species 

after at least three (3) bees visited the flower within the observation 

period (10 minutes) (Bhalchandra, 2014). Plants in which honeybees 

extended their proboscis into the flowers and collected pollen on 

their hind legs were determined as nectar and pollen bee fodder 

plants respectively. Data collection was conducted during multiple 

sampling periods. Samples of plants that could not be identified in 

the field were collected and saved in herbarium sheets in specimen 

box for further identification or confirmation at the Tanzania National 
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Herbarium. The name of taxon author was verified using The Plant 

Name Index (2023) and The Plant List (2023). 

 

3.3.3 Data collection 

3.2.3.1 Bee visitations 

550 hours of observation were made in total for the whole study 

period. All flower bee visitors of the ten plant species were observed 

on 5 days each, covering the main flowering period of the 

investigated species. Observations were conducted throughout the 

day from 7:00 hours to 18:00 hours. Flower visits of every insect 

were counted for 30 min per plant species per flower. The number of 

flower visits in the 30-minute observation interval was considered as 

the visitation rate in this study. A stop watch was used for 

observation of number of bee visitors per flower. 

 

3.3.3.2 Nectar concentration 

Nectar quality was measured in form of total nectar sugar 

concentration in five flowers per plant species (Galetto and 

Bernardello, 2004). Nectar was extracted by the use of micro 

capillary tubes and micropipettes (Tew et al., 2023). Nectar was 

expelled from the micro capillary tubes and micro pipettes for 

analysis of sugar concentration. Sugar concentration in the field was 

measured using a digital handheld refractometer (Tew et al., 2023). 

The refractometer measure via the related property of refractive 

index giving a reading in percent (this is % w/w, or percent of 

sucrose equivalents or how many grams of sucrose are present per 

100g of solution) (Mahalkar and Dhore, 2022; Tew et al., 2022). 

 

3.3.3.3 Effect of temperature on nectar concentration 

Data loggers were used to record temperature and relative humidity 

in real time at three-time interval morning (0700 to 0900 hours), 

afternoon (1200 to 1300) and noon (1600 to 1800) hours(Nielsen 

and Morelli, 2017). The data loggers were elevated 2.5 meters 

above the ground. Loggers were equipped with sun shields and 

were placed directly next to the plants during flower visitor 
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observations to measure the local microclimate experienced by the 

plant (Plos et al., 2023). 

 

3.3.4 Data analysis 

3.2.4.1 Effect of nectar on bee visitation rates 

A generalized linear model (GLM) was created to examine the 

correlation between nectar concentration and temperature. The GLM 

utilized a Poisson distribution with a logarithmic link function. The 

summary of the GLM presented estimations for the coefficients and 

their standard errors. To visually represent the association between 

visitation and nectar concentration for individual species, distinct 

scatter plots were generated for each species, with data points 

overlaid and a smooth line fitted. Additionally, a collective scatter 

plot was generated, illustrating all species together. 

 

3.3.4.2 Effect of temperature on bee visitation rates 

A generalized linear model (GLM) was developed to analyze the 

relationship between visitation and temperature. The GLM used a 

Poisson distribution with a log link function and the summary 

provided estimates for the coefficient values and their standard 

errors. To visualize the relationship between visitation, nectar 

concentration and temperature for each species, separate scatter 

plots for each species were created, overlaying the data points and 

fitting a smooth line. Furthermore, we created a combined scatter 

plot that displayed all species together.  

 

3.3.4.3 Visitation across ten bee fodder plants 

Analysis was done in R software version 4.3.0. Shapiro-Wilk test 

was performed for each subset to assess the normality of the 

visitation data. The results of the Shapiro-Wilk test were summarized 

for further analysis using ANOVA (analysis of variance) to determine 

any significant differences in visitation among the ten species. To 

further investigate the significant differences, we conducted the 

Tukey HSD (honestly significant difference) test. This test allowed us 

to identify pairs of species with significantly different visitation 
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patterns. The significant differences were filtered based on an 

adjusted p-value threshold of 0.05. 

 

3.4 Results 

3.4.1 Effect of nectar concentration on visitation rates 

The results revealed significant effects of both nectar concentration 

(Estimate = 0.0802, p < 0) and plant species (p < 0) on visitation 

rates. Nectar concentration exhibited a positive and statistically 

significant relationship with visitation rates (Fig 3). Specifically, a 

one-unit increase in nectar concentration was associated with an 

increase of 0.0802 units in the log-count of visitation rates, all else 

being equal. The plant species showed significant effects on 

visitation rates. Notably, the species Friesodielsia obovata (Estimate 

= 0.9403, p < 0) demonstrated the highest positive impact on 

visitation rates among the species considered, followed by 

Psorospermum febrifugum (Estimate = 0.6276, p < 0) and 

Securidaca longepedunculata (Estimate = 0.5964, p < 0). However, 

Senegalia polyacantha did not exhibit a statistically significant effect 

on visitation rates (Estimate = 0.0864, p = 1) 
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Figure 3.2: Effect of nectar concentration on visitation rates for 

five bee fodder plants species 

 

3.4.2 Effect of temperature on visitation rates 

The results indicated that temperature was highly statistically 

significant at p<0.All species variables were statistically significant 

except species Dichrostachys cinerea and Securidaca 

longepedunculata. The species Bauhinia thonningii was shown to be 

highly significant with temperature. The coefficient for temperature in 

relation to the species Bauhinia thonningii was 0.114635. This 

positive coefficient suggests that there is a positive trend between 

temperature and visitation for the bee fodder plant when holding 

other variables constant. Hence, for every one-unit increase in 

temperature, visitation increases by 0.114635. 
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Figure 3.3: The effect of temperature on bee visitation rates for 

ten bee fodder plant species 

 

3.4.3 Visitation per plant species 

The bee fodder plants, Antidesma membranaceum and Friesodielsia 

obovata were seen to be more visited by bees. Antidesma 

membranaceum had a major peak at noon and minor in the morning 

while Friesodielsia obovata had one major peak from 11:00 hours to 

15:30 hours. Pseudolachnostylis maprounefolia had one major peak 

from 15:00 hours and was seen to be less visited by bees. The 

Anova results were shown to be highly significant at p<0.001. 

Results from a Tukey test, to compare pairwise differences between 

species visitation rates showed that there was a significance 

difference with the species Uapaca nitida, Bauhinia thonningii, 

Securidaca longepedunculata from Antidesma membranaceum. 

 



50 
 

 

 
 

Figure 3.4: Bar graph of visitation trends for ten bee fodder 

study plants 
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Figure 3.5: Combined visitation trends for the ten bee fodder 

plant species 

 

3.5 Discussion 

3.5.1 Effect of nectar concentration on bee visitation rates 

The results suggested that the amount or quality of nectar plays a 

crucial role in attracting bees to the flowers. The findings highlight 

the importance of nectar as a key factor in determining the visitation 

rates of bee species. Among the species tested, Friesodielsia 

obovata, Psorospermum febrifugum, and Securidaca 

longepedunculata were found to have a significant impact on 

visitation rates. This implies that these plant species produce nectar 

that is highly attractive to bees, leading to increased visitation. The 

specific characteristics of their nectar, such as its volume, sugar 

concentration, or composition, may contribute to their attractiveness 

to bees. On the other hand, Senegalia polyacantha did not show a 

significant association with visitation rates, suggesting that its nectar 
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may be less appealing to bees or that other factors outweigh the 

nectar's attractiveness. 

 

These results have important implications for understanding the 

ecological interactions between plants and bees. By identifying the 

plant species that have a significant impact on visitation rates, 

beekeepers and conservationists can focus on promoting these 

specific plants to support bee populations and enhance pollination 

services. Additionally, the significance of nectar concentration 

emphasizes the importance of maintaining healthy nectar resources 

in natural and agricultural landscapes to sustain bee populations. 

 

3.5.2 Effect of temperature on visitation rates 

The results suggested that temperature played a crucial role in 

influencing the visitation behavior of bees. The findings highlight the 

importance of considering temperature when studying bee-plant 

interactions and understanding the factors that affect bee foraging 

patterns. Among the species variables analyzed, Dichrostachys 

cinerea and Securidaca longepedunculata did not show a 

statistically significant association with visitation rates. This implies 

that these species may be less influenced by temperature variations 

compared to the other species studied. Other factors, such as nectar 

availability or floral traits, may have a stronger influence on the 

visitation rates. This suggests that there was a positive trend 

between temperature and visitation rates for this particular bee 

fodder plant, when holding other variables constant. Hence, as 

temperature increased, the visitation rates for Bauhinia  thoningii 

were expected to increase as well. 

 

3.5.3 Visitation per plant species 

The plant species Antidesma membranaceum and Friesoldielsia 

obovata were seen to be more visited by bees. This suggests that 

these species may possess characteristics that attract bees, such as 

abundant nectar or attractive floral traits (Chuttong et al., 2022). The 

differing visitation patterns observed for the species further suggest 



53 
 

that these plants may have distinct strategies to attract bees. 

Antidesma membranaceum exhibited a major peak at noon and a 

minor peak in the morning, indicating that it is highly attractive to 

bees during midday hours. On the other hand, Friesodielsia obovata 

had a single major peak between 11:00 a.m. and 15:30 p.m, 

suggesting that it is most visited by bees during this time period.  

 

These findings highlight the importance of considering time factor of 

plant-flower interaction when studying bee visitation rates. In 

contrast, Pseudolachnostylis maprounefolia showed a single major 

peak in bee visitation occurring from 15:00 hours onwards 

suggesting that it may have specific traits that attract bees during the 

late afternoon hours. The low visitation rates of Pseudolachnostylis 

maprounefolia may be due to various factors, such as competition 

from other floral resources, differences in the quality or quantity of 

nectar production, or variations in the floral traits that appeal to bees. 

The highly significant ANOVA results (p<0.001) indicate that there 

are significant differences in bee visitation rates among the different 

plant species. This suggests that the plant species themselves play 

a crucial role in attracting bees and influencing their foraging 

preferences. These species produce nectar and the high foraging to 

these species might be due to the quantities of nectar they produce. 

 

3.6 Conclusion 

The study provides valuable insights into the factors influencing bee 

visitation rates to different bee plant species. We observed that 

Antidesma membranaceum and Friesodielsia obovata were the 

most visited by bees, suggesting their potential as crucial bee forage 

plants due to their attractive floral traits. Furthermore, the timing of 

floral interactions when studying bee visitation patterns should be 

considered. Nectar concentration emerged as a significant factor 

influencing bee visitation rates, with certain plant species, such as 

Friesodielsia obovata, Psorospermum febrifugum, and Securidaca 

longepedunculata, exhibiting nectar characteristics that were 

particularly appealing to bees.  
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These findings emphasize the importance of maintaining healthy 

nectar resources to support bee populations and enhance pollination 

services. Temperature was also a significant driver of bee visitation 

behavior, with Bauhinia thonningii showing a strong positive 

association with temperature. This highlights the need to consider 

temperature fluctuations when studying bee-plant interactions and 

underscores the potential impact of climate change on bee foraging 

patterns. 

 

Conservation efforts should prioritize and promote the cultivation of 

highly visitated plant species like Antidesma membranaceum, 

Psorospermum febrifugum, and Securidaca longepedunculata to 

support bee populations and enhance pollination services. Ensuring 

an adequate and healthy supply of nectar resources is essential for 

sustaining bee populations. Conservationists and land managers 

should consider planting and conserving nectar-rich plants and 

wildflowers to provide bees with the resources they need. Given the 

influence of temperature on bee visitation rates, climate change 

adaptation strategies should be developed to address potential shifts 

in bee foraging patterns. Monitoring temperature variations and their 

impact on bee-plant interactions is crucial for effective conservation 

and pollinator management. Continued research into the specific 

nectar traits that attract bees, as well as the factors influencing bee 

foraging behaviors, can provide deeper insights into the dynamics of 

bee-plant interactions. This knowledge can inform more targeted 

conservation efforts. 
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CHAPTER FOUR 

 
4.0 General Discussion 

Tanzania's natural environment presents ideal conditions for 

beekeeping activities, and Katavi region stands out as one of its 

most promising areas (Mwakatobe et al., 2021). Katavi boasts a rich 

diversity of floral resources, with many of them attracting bees 

(Kayombo et al., 2013). This study provides valuable insights into 

the factors influencing bee visitation rates to different bee plant 

species. It highlights the significance of nectar sugar concentration 

and temperature in shaping bee foraging behaviour. It is important 

for conservation efforts to prioritize and promote conservation of 

bee-attractive plant species to support bee populations and enhance 

pollination services. 

 

The results of this research have the potential to provide valuable 

insights for improving beekeeping practices in the Mlele Beekeeping 

Zone. This includes optimizing the timing of hive management and 

making informed choices about the location of apiaries. This 

newfound knowledge has the potential to play a pivotal role in 

ensuring the long-term viability and success of beekeeping 

endeavours in the area. Recognizing the influence of climate-related 

factors on composition of bee fodder plants holds significant 

importance, especially in light of climate change (Borghi et al., 2019; 

Gajardo-Rojas et al., 2022; Marshman et al., 2019). Alterations in 

temperature and precipitation patterns may have consequences for 

the availability of suitable forage resources for bees (Descamps et 

al., 2021; McCombs et al., 2022). These changes could, in turn, 

have repercussions on bee populations and, consequently, their vital 

role in pollination services.  

 

One of the central findings of this study is the significant impact of 

nectar quality on bee visitation rates. Plant species with high-quality 

nectar, characterized by factors like sugar concentration and 

composition, attracted more bees. Friesodielsia obovata, 

Psorospermum febrifugum, and Securidaca longepedunculata stood 
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out as particularly attractive to bees. This underscores the pivotal 

role of nectar as a primary determinant of bee foraging behaviour. 

Ensuring the availability of nectar-rich plants in ecosystems is crucial 

for supporting bee populations and enhancing pollination services, 

which contribute to biodiversity conservation and agricultural 

productivity (Bhalchandra, 2014; Knopper et al., 2016). 

 

The research underscores the importance of environmental factors, 

particularly elevation, annual mean temperature, and annual 

precipitation, in shaping the composition of bee fodder plants. 

Elevation, in particular, plays a pivotal role in determining the plant 

species found in the area. This knowledge is critical for beekeepers 

and conservationists, as it highlights the need to consider these 

factors when planning for beekeeping and pollinator-friendly habitat 

restoration (Rosas-Guerrero et al., 2014) 

 

The study's findings hold practical implications for beekeepers in 

Mlele Beekeeping Zone and similar regions. By recognizing the 

importance of specific environmental factors and their influence on 

bee fodder plant composition, beekeepers can make informed 

decisions about hive management and apiary site selection (Ghramh 

and Khan, 2023). Moreover, conservation efforts can be tailored to 

protect and restore the preferred bee forage plants, thereby 

supporting healthy bee populations and maintaining biodiversity 

(Hoffmann, 2022) 
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CHAPTER FIVE 

 

5.0 General Conclusions and Recommendations 

5.1 Conclusion 

This study explains relationships between environmental factors, 

disturbance indicators, and composition of bee fodder plants and 

floral rewards periodicity. These findings have important implications 

for sustaining bee populations, promoting beekeeping practices, and 

conserving biodiversity. To ensure the availability of diverse bee 

fodder plants and support the apiculture industry, it is imperative to 

consider these environmental variables in ecological research and 

conservation efforts. 

 

The study helps us understand and recommends prioritizing and 

promoting planting and conserving bee-attractive plant species, such 

as Antidesma membranaceum, Psorospermum febrifugum, and 

Securidaca longepedunculata, to support bee populations and 

enhance pollination services. The study also encourages further 

research into the specific nectar traits that attract bees to deepen 

our understanding of bee-plant interactions. This research study 

enriches our understanding of the intricate connections between 

environmental factors, disturbances, and bee fodder plant 

communities.  

 

The knowledge gained has practical applications for beekeeping 

practices, pollinator conservation, and land management. As 

ecosystems face ongoing challenges from climate change and 

human activities, such research becomes increasingly valuable in 

ensuring the health of bee populations and the preservation of 

biodiversity. Further research in other regions and at different scales 

is needed to expand our knowledge of these vital relationships and 

their implications for beekeeping and conservation efforts globally. 
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5.2 Recommendations 

Based on the results and conclusions of this study, it is 

recommended that: 

 

a) Future research should explore the relationships between 
environmental factors and bee plant communities in different 
locations within the Katavi region and consider additional 
variables such as soil type and land use to gain a more 
comprehensive understanding of these dynamics. 

b) Conducting longitudinal studies spanning multiple seasons or 
years can capture temporal variations in bee-plant 
interactions and provide a more complete picture of their 
dynamics. 
 

c) Researchers should conduct comparative studies in different 
regions to assess the generalizability of their findings and 
determine whether similar factors influence bee fodder plant 
communities elsewhere. 

 

d) Conservation initiatives should prioritize the protection and 
preservation of diverse bee fodder plants and their 
associated ecosystems to support healthy bee populations 
and maintain ecological balance. 
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APPENDICES 

 

Appendix 1: The bee fodder plants of Mlele Beekeeping Zone, 

Katavi Region 

Species name Family  Floral 
reward
s 

Flowering 
period 

Erythrophleum africanum Fabaceae N JAN 

Pterocarpus angolensis Fabaceae N OCT 

Strychnos innocua Loganiaceae N OCT 

Combretum molle Combretaceae N DEC 

Psorospermum 
febrifugum 

Clusiaceae N NOV 

Antidesma 
membranaceum 

Euphorbiaceae NP JAN 

Bobgunnia 
madagascariensis 

Fabaceae P FEB 

Brachystegia utilis Fabaceae P NOV-DEC 

Terminalia kaiseriana Combretaceae NP NOV-DEC 

Combretum fragrans Combretaceae NP SEPT-NOV 

Pseudolachnostylis 
maprouneifolia 

Euphorbiaceae N OCT 

Senegalia polyacantha Fabaceae NP NOV-DEC 

Julbernardia globiflora Fabaceae P MAY,JUNE-
JULY 

Lonchocarpus capassa Fabaceae N NOV-DEC 

Diplorhynchus 
condylocarpon 

Apocynaceae N JAN-FEB 

Bauhinia thonningii Fabaceae NP JAN 

Hymenocardia acida Euphorbiaceae N DEC 

Isoberlinia angolensis Fabaceae NP FEB-MAR 

Brachystegia spiciformis Fabaceae P SEPT,OCT-
NOV 

Friesodielsia obovata Annonaceae NP FEB 

Memecylon flavovirens Melastomatac
eae 

N NOV-DEC 

Burkea africana Fabaceae N NOV 
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Pericopsis angolensis Fabaceae N NOV 

Crossopteryx febrifuga Rubiaceae N FEB 

Uapaca nitida Euphorbiaceae N NOV 

Brachystegia manga Leguminosae P SEPT,OCT-
NOV 

Afzelia quanzensis Fabaceae P NOV 

Ziziphus sp Rhamnaceae NP JAN,FEB 

Lannea schimperi Anacardiaceae N NOV-DEC 

Euphorbia matabelensis Euphorbiaceae N DEC-JAN 

Flacourtia indica Flacourtiaceae P JAN-FEB 

Monanthotaxis discolor Annonaceae N FEB 

Oldfieldiadactylophylla Euphorbiaceae NP NOV 

Brachystegia glaucescens Fabaceae P OCT-NOV 

Combretum fragrans Combretaceae NP SEPT-NOV 

Pterocarpus tinctorius Fabaceae  NP FEB 

Dalbergia nitidula Fabaceae N JAN-FEB 

Annona senegalensis Annonaceae NP NOV 

Acacia gerrardii Fabaceae NP OCT 

Sterculia quinqueloba Sterculiaceae N OCT 

Dichrostachys cinerea Fabaceae N JAN 

Ozoroa insignis Anacardiaceae P FEB 

Sterculia africana Sterculiaceae N OCT 

Combretum collinum Combretaceae P OCT-NOV 

Strychnospotatorum Loganiaceae N OCT 

Senna singueana Fabaceae N JAN-FEB 

Phyllocosmus lemareanus Ixonanthaceae N DEC-JAN 

Monotes africana Dipterocarpac
eae 

N DEC 

Ximenia caffra Olacaceae N NOV-DEC 

Kigelia africana Bignoniaceae N NOV 

Brachystegia microphylla Fabaceae P FEB 

Vitex payos Verbenaceae N NOV 

Parinari curatellifolia Chrysobalanac
eae 

NP FEB 

Uapaca kirkiana Euphorbiaceae N DEC 
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Hexalobusmonopetalus Annonaceae N FEB 

Vitex doniana Verbenaceae P OCT 

Monotes katangensis Dipterocarpac
eae 

N DEC 

Erythrina abyssinica Fabaceae N DEC 

Ziziphus mucronata Rhamnaceae NP JAN-FEB 

Phyllanthus engleri Euphorbiaceae N FEB 

Markhamia obtusifolia Bignoniaceae NP FEB 

Maranthes floribunda Chrysobalanac
eae 

N OCT 

Olax obtusifolia Olacaceae N DEC 

Anisophyllea pomifera Anisophylleace
ae 

P NOV 

Multidentia crassa Rubiaceae N NOV-DEC 

Ximenia americana Olacaceae N DEC 

Garcinia huillensis Clusiaceae N NOV 

Maytenus senegalensis Celastraceae S FEB 

Isoberlinia angolensis Fabaceae NP FEB-MAR 

Cassipourea mollis Rhizophoracea
e 

N NOV 

Combretum zeyheri Combretaceae N NOV 

Securidaca 
longependunculata 

Polygalaceae NP OCT 

Bauhinia petersiana Leguminosae P FEB 

Ekebergia capensis Meliaceae  NP FEB 

 

N- Nectar 

P- Pollen 

  

 

 


