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ABSTRACT 

Avocado is a horticultural crop of increasing economic importance in Kenya and around 

the world. Avocado production has been declining partly due to inadequate pollination. 

This decline in avocado pollination is currently linked to habitat fragmentation and 

climate change that negatively affects insect pollinators, especially in high altitude areas 

such as Taita Hills in coastal Kenya. However, there is scarcity of information on 

avocado flower visiting insects in Taita Hills. The main objective of this study was to 

assess the diversity and pollination activity of flower visiting insects associated with 

avocado along the slopes of Taita Hills. The research was conducted in 18 sampling 

points along the slopes of Taita Hills. In each of the sampling points, 4 avocado trees 

were selected for sampling of insect diversity using sweep nets and aerial colored pan 

traps. Frequency of flower visits (i.e. the number of visits by an insect species at any 

given time), visitation rate (i.e. average time spent on an individual avocado flower and 

the average number of flowers visited in an observation quadrat) and quantity of 

avocado pollen grains removed from an insect body were used in determining the insect 

that was the most active flower visiting insect associated with avocado. Alternative food 

sources for avocado flower visiting insects were determined by capturing insects on two 

~50 × 50 m plots using a sweep net and relating them to those captured on avocado. 

Statistical analysis was performed using SAS 9.1 software (SAS Institute Inc.). Monthly 

variation in insect richness and abundance was computed using a χ
2 

square test. The 

relationship between the overall insect diversity and species richness with altitude as 

well as insect abundance with altitude, time and weather variables was analyzed using a 

Pearson correlation coefficient in proc corr. Shannon diversity index for insect diversity 

was produced using R version 2.10.0. Frequency of pollinator visits in an observation 

quadrat were generated using proc freq. Means of time spent on an individual avocado 

flower and the number of flowers visited by an insect in an observation quadrat were 

computed using proc means while analysis of variance (ANOVA) computed using proc 

mixed with LS Means for mean separation. Pearson correlation determined the 

relationship between pollen load on an insect body with altitude, time, temperature and 

humidity. Frequency of bee visits to non avocado host plants was compared using a χ
2 

square test in proc freq.  Altogether, 1081 individual arthropods were collected that 

belonged to at least 98 insect species (980 individuals), 1 Arachnid (Araneae) and 100 

individual Dipteran fauna which could not be identified or grouped into morphotypes. 

The arthropods belonged to the orders Hymenoptera, Diptera, Coleoptera, Lepidoptera, 

Hemiptera, Mantodea and Neuroptera. Insect diversity was significantly higher in the 

mid zone (Hʼ=2.51) compared to the high zone (Hʼ=2.29). Furthermore, insect diversity 

decreased with increase in altitude (r=-0.5, p<0.05). Honeybee (Apis mellifera) had the 

highest quantity of avocado pollen bound on their body and was the most frequent 

flower visiting insect in a quadrat thereby considered as the most active flower visiting 

insect. Temperature inversely correlated with altitude and had differential influence on 

the diversity and pollination activity of avocado flower visiting insects. Information 

generated by this study will help in monitoring the effects of climate change on 

diversity and pollination activity of flower visiting insects associated with avocado.  
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CHAPTER ONE 

INTRODUCTION 

1.1. Background to the study 

Avocado, Persea americana (Lauraceae) is a fruit tree native to tropical America which 

has been domesticated in Kenya among many countries globally. Taita Hills in Kenya is 

a major avocado producing ecosystem. Kenya produces about 70,000 tons of avocado; 

with 20,000 tons exported mainly to the European Union and fetching up to Kshs. 2.3 

billion annually (HCDA, 2010; Griesbach, 2005). However the production of avocado 

in Kenya is likely to be affected by unfavorable weather patterns that have been linked 

to climate change. 

Climatic factors like temperature, rainfall, solar radiation and wind affect critical stages 

of avocado fruit production. These include flower production, pollination and fruit set 

stages (Howden et al., 2005). Being insect pollinated, adverse climatic factors could 

negatively affect the performance of the beneficial arthropods that facilitate pollination. 

However, not much is known about avocado flowering characteristics, as well as 

diversity and pollination performance of avocado flower visiting insects (Stout, 1933; 

Ish-Am et al., 1999). 

Climate change in the form of global warming is a major threat to high altitude 

ecosystems (SEI, 2009). Currently, evidence of climate change is the reduction of 

glaciers on Mount Kenya and persistent drought in the horn of Africa (IFAD, 2011). 

The effects of climate change on high altitude areas may be further aggravated by 
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anthropogenic activities such as overcultivation and deforestation, which are negatively 

impacting on Taita Hills (Nyqvist, 2012; Toivonen et al., 2012). This is a major threat 

to both natural and managed avocado agro-ecosystems and their associated ecosystem 

services in Taita Hills. 

As a preparatory measure for anticipated effects of climate change, the International 

Center of Insect Physiology and Ecology (ICIPE) embarked on filling knowledge gaps 

related to natural and human-induced factors that contribute to climate change. This is 

being done through the Climate Change Impacts on Ecosystem Services and Food 

Security in Eastern Africa (CHIESA) project at ICIPE, whose activities on insect 

pollinators of avocado in Taita Hills are included in this thesis. 

1.2. Problem statement 

Avocado is a tree that mainly relies on insect pollinators for formation of fruits and 

viable seeds (Peña et al., 2002; Ish-Am, 2004). Many countries around the world have 

been experiencing dwindling trends in avocado fruit production. This has been partly 

attributed to inadequate insect pollination (Ito and Fujiyama, 1980; Ish-Am et al., 1999; 

Evans et al., 2010). Decline in performance of pollinators has been associated with 

changes in climatic conditions (Dirou, 2003; UNEP, 2010; Tirado et al., 2013). 

Currently, most parts of the world, especially sub-Saharan countries like Kenya have 

been facing unpredictable and harsh weather patterns due to climate change (Awuor et 

al., 2008). It has been predicted that high altitude regions will be more affected by 

climate change (Hodkinson, 2005). Therefore, disruptive shifts in biodiversity along 

altitudes are likely to occur (Florence Dem, 2011). This poses a major threat to the 
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survival of avocado and its insect pollinators. This issue has been raising concerns that 

the livelihoods of avocado farmers will be badly affected. Despite these concerns, there 

is scarcity of information on avocado flowering characteristics and biodiversity of 

avocado insect pollinators in Kenya and around the world (Stout, 1933; Ish-Am et al., 

1999; Gikungu, 2006) and the effects of climate change on pollination of avocado 

plants are not well understood (Schaffer and Whiley, 2003). 

1.3. Justification 

The fifth conference of parties to the Convention on Biological Diversity (CBD) 

established the International Initiative for the Conservation and Sustainable use of 

Pollinators (Collette, 2008). The aim of the initiative is to monitor pollinator decline, its 

causes and its impact on pollination services. Despite Kenya being a signatory to the 

convention, the country lacks sufficient information on avocado pollinators. Therefore, 

there is need to generate information on the biodiversity of avocado pollinators and the 

impact of climatic factors on their pollination performance in Kenya, and Taita Hills in 

particular. Such information will ensure that avocado pollinators are conserved as they 

continue offering pollination services. Climatic factors like temperature change with 

altitude.  Temperature has been found to influence the diversity and activity of avocado 

pollinators (Peterson, 1956; Eardley and Mansell, 1996; Hodkinson, 2005). Studying 

the diversity and pollination performance of flower visiting insects associated with 

avocado under different altitudes of Taita Hills would also help in monitoring erratic 

trends in weather triggered by climate change, which is helpful for disaster 

preparedness. Avocado is among the most important fruits exported from Kenya 

(HCDA, 2010; Mwakalinga, 2014). Therefore, conserving avocado pollinators will 
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enhance fruit production and promote the livelihoods of farmers while contributing 

towards the national economy. 

1.4. Objectives 

The general objective of this study was to determine the diversity and pollination 

activity of flower visiting insects associated with avocado. 

The specific objectives of the research were:-    

(i) To determine the diversity of flower visiting insects associated with avocado. 

(ii) To identify the most active flower visiting insect associated with avocado. 

(iii) To determine the alternative food sources for the most active flower visiting insects 

associated with avocado. 

1.5. Hypothesis 

Diversity and pollination activity of flower visiting insects associated with avocado 

decreases at higher altitudes that exhibit cooler temperatures, with their populations 

being supported by a variety of non-avocado plants. 
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CHAPTER TWO 

LITERATURE REVIEW 

2.1. Overview 

Insect pollinators of avocado and other plants are attracted to flowers by pollen and 

nectar (Ish-Am et al., 1999; Cabezas and Cuevas, 2007). Avocado falls into pollination 

syndromes that are influenced by abiotic factors that affect plant-pollinator 

relationships. Such abiotic factors vary under different altitudes. This chapter reviews 

information on how climatic factors affect flower production and insect pollinators, 

with emphasis on avocado plants. Such climatic factors include temperature, rainfall, 

sunlight and wind speed. 

2.1.1. Avocado flowers and insect pollinators 

Avocado flowers are small in size, inconspicuous in color, morphologically perfect and 

similar in structure and appearance (Stout, 1933; Ito and Fujiyama, 1980). During 

bloom period, a healthy tree produces up to a million flowers (Griesbach, 2005). 

Although not all of these flowers set fruit, their high density on a tree is a giant 

inflorescence that attracts a wide diversity of insect pollinators. Such insect pollinators 

are mainly species of bees, wasps, flies, plant bugs, ants, beetles and thrips, found in 

various parts of the world (Table 1). The lives of these pollinators and other insects are 

affected by factors such as temperature, moisture, light, wind and edaphic factors. 

Climate change is associated with variation of these factors, and as such can affect the 

diversity and pollination activities of avocado flower visiting insects.  
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Table1: Insect pollinators associated with avocado flowers 

Insect  Scientific name Country 

Bees Apis mellifera All avocado 

producing countries 

Geotrigona acapulconis, Trigona nigerrima, 

Partamona bilineata, Nannotrigona 

perilampoides, Bombus spp., Exomalopsis spp. 

 

Mexico 

 

Bombus terrestris Spain 

Wasps Brachygastra mellifica, Polistes spp. Mexico 

 

Philanthus sp., Larra sp., Belonogaster sp., 

Stilbum sp. 

South Africa 

 

Flies Chrysomya megacephala Mexico, South 

Africa 

 Musca domestica Spain 

Plant bug Stenomacra marginella Mexico 

Ants  Crematogaster sp., Camponotus cinctellus 

(Gerstaecker) 

South Africa 

Butterflies Belenois aurota ( Fabricius) South Africa 

Beetle Lycus sp. South Africa 

Ladybird Cheilomenes propinqua ( Mulsant) South Africa 

Thrips Frankiniella occidentalis Spain 

Sources: Eardley and Mansell, 1996; Ish-Am et al., 1999; Johannsmeier and Morudu, 

1999; Cabezas and Cuevas, 2007 

2.1.2. Effects of temperature on flower production and insect pollinators 

Avocado flowers open when prevailing temperatures are around 20°C (Johannsmeier 

and Morudu, 1999). These flowers open twice and in sets. There is a period of first 

opening when the flowers are in female phase, a period of closing, and a second period 

of opening when the flowers are in their male phase (Stout, 1933; Dirou, 2003). 

After the male phase, avocado flowers close and never open again (Stout, 1933; 

Sedgley and Grant, 1982). These three periods are referred to as a cycle of dianthesis 

(Stout, 1933). The two periods of opening take place in different days. Based on these 
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periods, avocado cultivars are divided into two flowering groups or types namely Group 

A and Group B (Stout, 1933; Peña et al., 2002; Dirou, 2003). Under warm weather, 

Group A open in female phase in the morning and in male phase in the afternoon of the 

following day while Group B flowers open as female flowers in the afternoon and as 

male flowers in the morning of the following day (Stout, 1933; Griesbach, 2005). 

Low temperatures can either lead to a complete reversal of daily flowering rhythm, 

single opening of a set of flowers or changing the duration of the cycle of dianthesis. It 

has been proven that change in flowering rhythm, single opening and alteration of the 

cycle of dianthesis will affect Group B than Group A cultivars (Stout, 1933; Peterson, 

1956). Cases of single opening affect the activity of pollinators. Female stage flowers of 

Group A might remain receptive to pollen while insect visitors are active. On the other 

hand, the female flowers of Group B might be  non-receptive to pollen or be open at a 

time flower visitors are inactive to effect pollination (Peterson, 1956). 

Temperature has a confusing effect on avocado flowers while affecting avocado pollen 

production. Flower size of avocado cultivars like Fuerte, Ettinger and Hass vary with 

changes in temperatures (Ish-Am and Eisikowitch, 1993). Temperature also affects the 

production of pollen. For example, Clark (1923) and Stout (1933) reported that avocado 

cv. Dickinson fails to shed pollen under low temperatures. Variation in pollen 

production may affect avocado pollination. Ito and Fujiyama (1980) found honeybee 

activity to be positively correlated with pollen production; while Ish-Am (2004) 

reported that reciprocal cross pollination is influenced by honeybee activity. 
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Temperature influences population, fecundity, heat generation, excretion and feeding of 

avocado pollinators like honeybees. Honeybee (Apis mellifera) exhibits a mean brood 

temperature of around 35°C within a range of 32-36 °C (Becher, 1974). A vast majority 

of bees have an upper critical body temperatures of 45-50°C however, tropical and 

desert bees face both high temperature and solar radiation thus no major difference in 

the upper critical temperature in different biogeographical regions (Kjøhl et al., 2011). 

However, it has been postulated that the density and population of honeybees is likely 

to be high in warmer conditions (Bergh, 1967; Eardley and Mansell, 1996; Florence 

Dem, 2011). Honeybee queens lay more eggs in warm weather (Conte and Navajas, 

2008) and are more likely to be fertilized by drones at high temperatures (Needham, 

2010). Low temperatures induce cluster formation within hives for heat generation 

(Jones et al., 2004; Conte and Navajas, 2008; Needham, 2010). Although honeybees 

might break from such clusters and make short flights for excretion when it is sunny 

(Needham, 2010), low temperatures keep honeybees in hives and induce feeding on 

honey amassed during warmer periods thereby limiting their foraging activity (Conte 

and Navajas, 2008; Needham, 2010). The activity of other bee species like the 

Braunsapis puangensis has also been found to be positively correlated with temperature 

(Abhineshwar and Hodge, 2013). Similarly, the development, behavior and physiology 

of blowflies Chrysomya chloropyga are influenced by the prevailing temperature 

conditions largely because they are ectotherms (Richards et al., 2009). 

2.1.3. Effect of moisture (rainfall) on flower production and insect pollinators 

Rain is the main form of precipitation in lower altitudes while higher altitudes receive 

precipitation in the form of rain, mist or dew (Florence Dem, 2011). Occasional rain 
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showers during avocado bloom period are not harmful to flowers (Griesbach, 2005). 

However, heavy rainfall can result in cool weather that delays avocado flowering 

(Bergh, 1967). In addition, abundant rainfall might induce high flower production in 

plants adjacent to avocado trees like citrus plants (Hofshi, 1998). This may affect 

avocado pollination, as honeybees have been reported to have abandoned avocado 

flowers for citrus flowers (Stout, 1933; Ish-Am et al., 1999; Johannsmeier and Morudu, 

1999). Rainfall also influences activity, reproduction, growth and development of 

pollinators. Avocado pollinators like bumble bees are active in rainy weather (Vaughan 

and Black, 2006; Jiju, 2011), while honeybee activity is inhibited by rains (Vaughan 

and Black, 2006; Puškadija et al., 2007). Continuous rains may also shorten pollinator 

metamorphosis and facilitate their growth and development while low temperatures and 

frequent rains may be inhibitive (Florence Dem, 2011). Abundant rainfall can disrupt 

the lifecycle of bumble bees by destroying their nests (Chagnon, 2008). Poorly drained 

soils harbor microbes that often attack food and immatures of ground nesting bees (Park 

et al., 2012). 

2.1.4. Effects of light on flower production and insect pollinators 

Sunlight intensity tends to increase with altitude (Zehnder et al., 2009). Amount of 

sunlight received affects the rate of avocado flower development and activity of 

avocado pollinators (Ish-Am, 2004; Evans et al., 2010). Avocado flowers developed at 

a faster rate at the apical than at the basal position of a floral shoot when there is high 

light reception (Evans et al., 2010). Furthermore, avocado branches require adequate 

sunlight for growth and to hold more flowers (Ish-Am, 2004). High avocado flower 

density attracts a large diversity of avocado flower visiting insects (Ish-Am, 2005). 
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Sunlight also affects the activity of avocado pollinators thus influencing avocado 

pollination. Eardley and Mansell (1996) reported that avocado flower visiting insects 

prefer flowers that are fully exposed to sunlight. Areas that are fully exposed to the sun 

tend to have high temperatures thus appealing to pollinators (De la Cuadra, 2007). 

Chagnon (2008) reported that Syrphid flies and butterflies exhibit reduced activity in 

cloudy weather associated with low light intensity while Struck (1994) observes that 

beetles of the family Buprestidae hide in flowers of the families Asteraceae and 

Mesembryanthemaceae. Based on previous information, avocado pollinators like 

bumble bees will reduce activity but forage under low light intensity while honeybees 

will be active when light intensity is high but reduce or stop activity when light 

intensity is low. 

2.1.5. Effects of air currents (wind) on flower production and insect pollinators 

Higher elevations experience high wind speeds than low elevations (Zehnder et al., 

2009; Ferreira et al., 2012). The contribution of wind as an avocado pollen vector is low 

(Ish-Am et al., 2011). Strong winds might lead to flower desiccation and ultimately low 

fruit production (Howden et al., 2005). Winds influence flight, foraging behavior and 

activity of avocado pollinators, thus affecting avocado pollination (Dag and 

Eisikowitch, 1995; Ish-Am and Eisikowitch, 1998). During flight, landing is mostly 

directed upwind whereas take off is directed perpendicularly to wind direction (Ish-Am 

and Eisikowitch, 1998). Preference for pollinator upwind movement is accelerated by 

increase in wind velocity (Ish-Am and Eisikowitch, 1998). Wind also influences 

detection of these flower rewards and position of flower visitors on an avocado flower 

(Wenner and Wells, 1990; Ish-Am and Eisikowitch, 1998). Honeybees prefer foraging 
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upwind while loading avocado pollen and downwind after exhausting their pollinating 

zones (Ish-Am and Eisikowitch, 1998). Other studies on influence of wind on 

honeybees found a high bee activity in hives placed away from winds (Dag and 

Eisikowitch, 1995). 

2.1.6. Effects of soil on flower production and insect pollinators 

Soil type and condition vary with altitude (Anguiano et al., 2007; Florence Dem, 2011). 

One of the main nutrients required from the soil for avocados growth and development 

is nitrogen (Fletcher, 1972). Nitrogen promotes avocado flower production (Griesbach, 

2005) which reduces time of flower handling by honeybees leading to increased 

pollination efficiency (Hempel and Hempel, 1987; Ish-Am, 2004). Although plant 

nutrition determines the percentage of flowers that will set fruit, excessive nutrition may 

lead to abnormal flowers (Wani et al., 2010). Defective pistils borne from abnormal 

flowers might either reduce or inhibit avocado fruit production (Stout, 1933). Cardoza 

et al. (2012) found that flowering period in cucumber (Cucumis sativus) was shorter and 

flowers heavier, while protein and sugar content high for plants grown in soils enriched 

with vermicompost. It took a shorter time for pollinators (predominantly bumble bees) 

to discover flowers grown in vermicompost soil on which they spent longer time, and 

the pollinators had improved reproductive organs (Cardoza et al., 2012). Cardoza et al. 

(2012) further observes that plants grown with vermicompost will produce more 

nutritious floral rewards for insect pollinators while worker bumblebee fed on 

vermicompost flowers will have larger and developed oocytes because worker bumble 

bee reproduction is dependent on dietary protein content whilst vermicompost treated 
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plants allowed for rapid and complete ovary activation in queen-less bumblebee 

workers. 

2.2. Climate change, pollinator diversity and activity 

Weather is what the conditions of the atmosphere are over a short period of time while 

climate is how the atmospheric conditions behave over relatively long periods of time. 

Significant variations in weather variables like temperature and humidity along an 

altitudinal gradient may precipitate into pollinator shifts. Ecological zones may differ in 

pollinator diversity (Musolin, 2005), thus vary in pollination service. Change in 

pollinator distribution may expose pollinators to parasites and predators thereby 

negatively influencing their health, activity and ultimately pollination service (Florence 

Dem, 2011). However, understanding the impacts of climate change on agro-ecosystem 

over broad spatial or temporal scales may be an open debate. This is because 

ecosystems vary in response to changes instigated by unfavorable weather factors 

associated with climate change (Jaworski and Hilszczański, 2013). Currently, there is 

lack of baseline data on flower visiting insects associated with avocado along the slopes 

of Taita Hills that can be employed as a reference data set to monitor climate change. 

Furthermore, it has not been possible to quantify and improve avocado production in 

light of climate change because of lack of information on the pollination performance of 

flower visiting insects associated with avocado flowers. 
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CHAPTER THREE 

MATERIALS AND METHODS 

3.1. Study area 

The study was conducted in Taita Hills located in South East Kenya. Taita Hills is one 

of the biodiversity hotspot areas of the world (Maeda et al., 2010). The study transect 

run from Mwatate division, Kipusi village to Wundanyi division, Mugwala village 

(Figure 1).  

 

Figure 1: A map of Taita Hills region showing the research transect (Source: Climate 

Change Impacts on Ecosystem Services and Food Security in Eastern Africa) 

The transect was divided into three different zones; the lower zone (Latitude 

03
0
29’35.41’’Longitude 038

0
22’43.72’’ to Latitude 03

0
26’38’’ Longitude 

038
0
21’48.13’’), mid zone (Latitude 03

0
26’38’’ Longitude 038

0
21’48.13’’ to Latitude 

03
0
22’54.98’’ Longitude 038

0
20’42.32’’) and higher zone (Latitude 03

0
22’54.98’’ 
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Longitude 038
0
20’42.32’’to Latitude 03

0
24’14.83’’ Longitude 038

0
17’3.44’’). 

Although the actual length of this transect was not ascertained, the Mwatate-Wundanyi-

Mwanda road was used as a road transects to establish 18 sampling points spanning 

1km apart in the mid and high zone of the study transect.  

3.2. Determination of the diversity of avocado flower visiting insects along the 

slopes of Taita Hills 

Insects observed visiting avocado trees were collected using a sweep net (Plate 1) and 

colored aerial pan traps (Plate 2). Pan trapping was employed to make comparisons and 

supplement flower visitors collected using a sweep net (Marshall et al., 1994; Karanja, 

2010). Sampling started in the morning (0800hrs) and ended in the afternoon (1700 

hrs). 

At each of the 18 sampling points, a 40 min period was assigned for flower visitor 

sampling. During this interval, four avocado trees were randomly selected for sampling. 

Insect flower visitors were observed and swept for 10 min at an observable height of 

four meters on each avocado tree. Flower visiting insects were collected using a sweep 

net and were killed using ethyl acetate. They were preserved by mounting on an insect 

collection box using entomological pins for further identification using morphological 

features. 

A set of three colored pan traps were used in each sampling point. The pan traps were 

yellow, blue and white in color (Geroff et al., 2014). The pan traps were fastened onto 

each other using binding wires so that each pan trap in a set is 30 cm from an adjacent 

pan trap (Nuttman et al., 2011). At each sampling point, the set of pan traps were 
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hanged on an individual branch of each avocado tree selected for sweep netting. The 

traps were half filled with water and three to four drops of odorless Topel detergent 

added to break water surface tension and reduce motion of trapped insects. All the 

specimens trapped were transferred from the pan traps using forceps to vials containing 

70% alcohol (Karanja, 2010). A single vial preserved insect specimens collected from a 

single pan trap. The traps were hanged early at 8:00 a.m in the morning and collected at 

5:00 pm. 

Data on altitude, time, temperature and humidity were recorded using a Global 

Positioning System (Garmin etrex GPS), stopwatch (Silva stopwatch starter, Art. No 

56066) and a portable thermo hygrometer (HI 8064, made in Romania), respectively.  

For this part of the study, each sampling point was assessed three times in a month and 

at different times of the day. Voucher specimens of insect flower visitors of avocado 

were deposited and identified at highest taxonomic level using identification keys 

(Borror et al., 1989).  Those specimens that could not be identified to species level were 

grouped into morph species based on their uniqueness (Abrol et al., 2012). In addition, 

locally available reference specimen collections of flower visiting insects at the 

Department of Invertebrate Zoology, National Museums of Kenya (NMK, Nairobi) 

were used to confirm the identity of species.  

Sampling was done in October and November 2012 during the flowering period of 

avocado.  

 



16 
 

 

Plate 1: Sampling of avocado flower visiting insects using a sweep net. 

 

Plate 2: A set of colored aerial pan traps hanged on an individual branch of a tree 

3.3. Determination of the pollination activity of flower visiting insects associated 

with avocado 

Observations were carried out in November 2012 in the middle and higher transect 

elevations. At each of the 18 sampling points, three flower observation quadrat of ~0.5 

m square were established on the crown of the selected avocado trees. This observation 

quadrat had a minimum of 30 flowers.  In each observation quadrat, observations on 

pollinator visitation rates and time in a visit were made at approximately 1.5 m high as 
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described by De la Cuadra (2007). An observation period of 15 min was spent on each 

observation quadrat. Insect visitation rate in the observation quadrat was recorded under 

natural conditions as described by Ish-Am et al. (1999) and De la Cuadra (2007) which 

is the length of time spent on an individual flower and the number of flowers visited in 

the observation quadrat. Multiple pictures of flower visiting insects were taken using a 

digital camera (Canon power shot A810) as the insect visited other flowers in the 

observation quadrat as recommended by Ish-Am and Eisikowitch (1991). Samples of 

taxonomically identified flower visiting insects associated with avocado were carried 

along and used as references during the study. Insects were assigned codes where 

identification was not possible in the field. Observations were made in October and 

November 2012 during the flowering period of avocado.  

Pollen purity of the pollen load on avocado flower visiting insect’s body was analyzed 

at the Department of Palynology, National Museums of Kenya, Nairobi. Each flower 

visiting insect was washed with alcohol and the residue centrifuged and decanted. Some 

7 mL of 5% KOH was added to each sample containing the residue. The residue was 

placed in boiling water bath for 5-10 minutes. This helped to digest any organic 

materials and remain with pollen residue. The residue was washed twice with distilled 

water and rinsed with glacial acetic acid under the hood. This helped to drain all the 

water from the residue. A fresh acetolysis mixture composed of 9:1 (V/V) acetic 

anhydride and concentrated sulphuric acid was prepared under the hood. Sulphuric acid 

was added slowly to anhydride whose beaker was set in a pan of ice and mixed using a 

stirring rod. Some 7 mL of the acetolysis mixture was added to each tube. Each tube 

was placed in a boiling water bath for 4-5 min. This facilitated digestion of camilose 
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that covers the pollen grains. Since all the morphological features of the pollen were 

now visible for easier identification, the mixture was washed with glacial acetic acid 

and rinsed twice with distilled water. Some 7 mL of 50% glycerol was added and the 

tube was inserted in a centrifuge and decanted. A few drops of 100% of glycerine were 

added to the residue which was now ready for mounting. 5 -6 drops of the sample was 

mounted on a slide and covered with a cover slip. A clear nail fanish was used to seal 

the slide and the pollen identified under a microscope. 

In the determination of the pollination activity of insects, the flower visiting insects that 

was actively present in avocado flowers, recorded the highest number of visits at any 

given time, spent the longest time on an individual flower, visited the highest number of 

avocado flowers in a quadrat and had the highest number of avocado pollen grains 

attached on their body was considered as the most active pollinator (Ish-Am et al., 

1999; Ish-Am, 2005; De la Cuadra, 2007). 

3.4. Determination of the alternative food sources for the most active flower 

visiting insects associated with avocado 

To determine the alternative food sources of avocado insect pollinators, two ~50 m× 50 

m square plots were established at all sampling points. A sampling interval of 20 

minutes between 9:00 am-12:00 pm and 2:00 pm-5:00 pm was used in this study. 

During this time interval, random sweeping was conducted using a standard sweep net 

around the vegetation in the plots.  Flower visitors were collected using a sweep net and 

later pinned in a box. The floral part of the plant visited by the collected insect were cut, 
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pressed between newspapers and later identified as herbarium specimens (Agnen and 

Agnew, 1994) at the National Museums of Kenya, Nairobi.  

Bee diversity along the study transect was assessed using additional data from pan traps 

(white, blue and yellow bowls) from the 18 sampling points. A total of eighteen pan 

traps were laid directly on the ground, vertically and horizontally at each of the ~50 m× 

50 m plot demarcated for sweep netting (Figure 2). The colored pan traps were laid at 

four different places of the demarcated plot (Kehinde et al., 2013) but at approximately 

10m from each other. They were placed early in the morning and collected in the 

evening. Insect specimens were collected from the pan traps using forceps and kept in 

vials containing 70% alcohol. All the specimens in pan traps were preserved in 

individual vials. The entire specimen collected using sweep nets and pan traps were 

taken for taxonomic identification at the Department of Invertebrate Zoology, National 

Museums of Kenya, Nairobi. Each sampling point was assessed three times in a month. 

Each sampling point was assessed three times in a month during the dry season 

(February and March 2013) and the wet season (April and May 2013). 

 

Figure 2: A 50m × 50m square plot. Yellow, blue and white circles represent yellow 

blue and white pan traps. A set of three traps will be laid approximately 10m from 

adjacent pan traps 
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3.5. Statistical analysis 

Statistical analysis was performed using SAS 9.1 software (SAS Institute Inc.) at 

p<0.05 confidence level. Prior to analysis with SAS, descriptive data such as species 

diversity were generated using R version 2.10.0 (R Development Core Team, 2009) 

while relying heavily in the vegan package (Oksanen et. al., 2009). SAS proc means 

was used in the generation of means for time spent by insects on flowers, number of 

flowers visited in an observation quadrat and pollen load on an insect’s body. 

Frequencies (%) of flower visits to avocado and non avocado host plants were 

generated using proc freq.  

Analysis of variance (ANOVA) was computed using proc mixed with Least squares 

means for mean separation on time spent by an insect on an individual avocado flower 

and the number of flowers visited in an observation quadrat. Monthly variation in insect 

abundance and richness was determined using a χ
2 

square test. Furthermore, frequency 

of flower visits  were compared using a χ
2 

square test in proc freq. Correlation between 

the overall insect diversity and species richness with altitude as well as  insect 

abundance, pollen load bound on an insect’s body with altitude, time and weather 

variables was generated using proc corr.  
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CHAPTER FOUR 

RESULTS 

4.1. Diversity of flower visiting insects associated with avocado under different 

climatic factors along the slopes of Taita Hills 

This section presents results on the diversity of avocado flower visiting insects in four 

sub sections i.e. Species richness and abundance, monthly and diurnal variations in 

species richness and abundance, preference for sweep net and colored aerial pan traps 

by flower visiting insects as well as effects of altitude and climatic factors on species 

richness and abundance. 

4.1.1. Species richness and abundance 

In the assessment of species richness and abundance as indicators of species 

composition, a total of 1081 individual arthropods were collected that belonged to at 

least 98 insect species (980 individuals), 1 Arachnid (Araneae) and 100 individual 

Dipteran fauna which could not be identified at species level or grouped into 

morphotypes. The 100 unidentified Dipterans will be preserved for future identification. 

All the arthropods belonged to the orders Hymenoptera, Diptera, Coleoptera, 

Lepidoptera, Hemiptera, Mantodea and Neuroptera (Tables 4.1 to 4.5).  

The most species-rich insect group was bees (23 species), followed by beetles (21 

species) and flies (19 species), respectively. Furthermore, 17 insect species out of the 98 

species recorded were wasps. (Tables 4.1 to 4.4). Insect families; Apidae, Scarabaeidae 
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and Sphecidae were the most specious families amongst bees, beetles and wasps 

respectively. Furthermore, 3 morphospecies of the genus Ceratina and 9 morphospecies 

of Braunsapis were recorded. Insects that could not be grouped into morphotypes at 

genera level remained corded at their level of taxonomic identification. 

At least 519 individual insects were bees, 107 insects were beetles while 127 and 274 

insects were wasps and flies respectively (Table 4.1 to 4.4). Insect families; Apidae, 

Vespidae, Scarabaeidae and Calliphoridae were the ones with the highest abundance 

amongst bees, wasps, beetles and flies, respectively. Honeybee Apis mellifera (Apidae), 

paper wasp Belonogaster sp. (Vespidae), blowflies Chrysomya chloropyga 

(Calliphoridae) and lycid beetles Lycus constrictus (Lycidae) had the highest abundance 

among bees, wasp, flies and beetles, respectively. However individual insects belonging 

to the orders; Hymenoptera (ants and sawflies), Lepidoptera, Hemiptera and Mantodea 

were poorly represented in terms of insect capture (Table 4.5). 

Altogether, 98 insect species (980 individuals) from the18 sampling points spanning the 

mid zone and high zone were compared and Shannon’s indices calculated to provide a 

score of insect diversity. Shannon diversity index indicated that the mid zone was 

relatively diverse (Hʼ=2.51) than the high zone (Hʼ=2.29). Among the 18 sampling 

points, a high Shannon diversity index was recorded at 1116m a.s.l. (Hʼ= 2.47) while 

the least diversity was recorded at 1696m a.s.l. (Hʼ= 1.3). Overall, there was a negative 

correlation between altitude and the overall insect diversity (r=-0.5, p<0.05). Shannon 

diversity index for the 18 sampling points has been provided in Table 4.6. 
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4.1.2. Preference for sweep net and aerial pan traps by flower visiting insects  

Altogether, 921 arthropods were collected using a sweep net and 160 arthropods were 

collected in the aerial colored pan traps. Furthermore, only 43 insects were collected 

using white colored pan traps while 42 and 24 insects were collected using yellow and 

blue colored pan traps respectively. However, 50 insects except for 1 arthropod of the 

family Araneae collected from a yellow colored pan trap were not grouped into their 

respective pan trap colors while in the field (Table 4.1 to 4.5).  

4.1.3. Monthly and diurnal variation in species richness and abundance 

Out of the 98 insect species recorded, 67% were recorded in November 2012 but 

significantly higher than the 45% recorded in October 2012 (χ
2
=9.14, p<0.05). Out of 

the 1080 individual insects recorded in the study, 51% which were collected in October 

had no statistical significance from the 49% collected in November (χ
2
=0.4, p>0.05). A 

comparison of bee species collected in the months of this study revealed that 91% of the 

23 bee species were recorded in November 2012, being significantly higher than 22% 

recorded in October 2012 (χ
2
= 19.9, p<0.05). Out of the 519 individual bees recorded, 

60% were recorded in October 2012, which were significantly higher than 40% 

recorded in November 2012 (χ
2 

=38.5, p<0.05). 

Variation in species richness and abundance in the months of the study was also 

depicted by beetles. Out of the 21 beetle species recorded, 38% were recorded in 

October 2012, and were significantly lower than 76% recorded in November 2012 

(χ
2
=4.8, p<0.05). Out of the 107 individual beetles recorded, 21% of beetles were 
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recorded in October 2012 and was significantly lower than 79% recorded in November 

2012 (χ
2
=70.2, p<0.05). 

Other than bees and beetles, dipteran flower visiting insects also varied in the months of 

the study. Out of the 19 fly species recorded, 74% were recorded in October 2012, and 

this is not significantly different from the 42% recorded in November 2012 (χ
2 

=2.7, 

p>0.05). Out of the 274 individual flies recorded in the study, 51% of flies were 

recorded in October 2012, this is not significantly different from the 49 % recorded in 

November 2012 (χ
2
 0.4, p>0.05).    

The abundance of some flower visiting insects was negatively correlated with the 

advancement of time from morning towards evening (i.e. diurnal variation); these 

included lycid beetle Lycus constrictus (Lycidae) (r=-0.12, p<0.05) and hoverflies 

Chrysotoxum continum (Syrphidae) (r=-0.12, p<0.05). The abundance of scarab beetles 

Popillia browni (Scarabaeidae) and mud-dauber wasp Sceliphron spirifex (Sphecidae) 

was positively correlated with the advancement in time (p<0.05). The abundance of the 

rest of the insect species did not show a correlation with advancement in time (p>0.05). 
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Table 4.1: Correlation between the abundance of bees (Hymenoptera) with altitude, 

time, temperature and humidity 

Bees Pan traps Species abundance Species correlations 

Family Species Y B W Mid High # Alt Time Tm Hm 

Apidae Apis mellifera 18 4 10 240 235 475 ** ** -ve ** 

 Amegilla sp. 0 0 0 1 0 1 ** .. .. .. 

 Ceratina sp. 0 0 0 0 1 1 ** .. .. .. 

 Ceratina sp.1 0 1 0 1 0 1 ** .. .. .. 

 Ceratina sp.2 0 0 0 1 1 2 ** .. .. .. 

 Braunsapis sp. 0 0 0 5 0 5 -ve ** +ve ** 

 Braunsapis sp.1 0 0 0 1 0 1 ** ** ** ** 

 Braunsapis sp.2 0 0 0 5 0 5 -ve ** ** ** 

 Braunsapis sp.3 0 0 0 1 0 1 ** ** ** ** 

 Braunsapis sp.4 0 0 0 1 0 1 ** ** ** ** 

 Braunsapis sp.5 0 0 0 1 0 1 ** ** ** ** 

 Braunsapis sp.6 0 0 0 1 0 1 ** ** ** ** 

 Braunsapis sp.7 0 0 0 1 0 1 ** ** ** ** 

 Braunsapis sp.8 0 0 0 1 0 1 ** ** ** ** 

 M.  candida 0 1 0 1 0 1 ** .. .. .. 

 Xylocopa sp. 0 1 0 0 1 1 ** .. .. .. 

 X. solamica 0 0 1 0 1 1 ** .. .. .. 

Halictidae Lasioglossum sp. 1 1 0 1 1 2 ** .. .. .. 

 

Lasioglossum 

sp.1 

0 0 

0 1 0 1 ** ** ** ** 

 

Lasioglossum 

sp.2 

4 1 

0 1 7 8 ** ** ** ** 

 

Lasioglossum 

sp.3 

0 0 

1 1 0 1 ** .. .. .. 

 Seladonia 0 1 2 0 3 3 ** .. .. .. 

Megachilidae Heriades sp. 2 2 0 1 3 4 ** .. .. .. 

Total number of individuals 25 12 14 266 253 519     

Insects that were caught in yellow colored pan traps (Y), insects that were caught in blue colored pan 

traps (B), insects that were caught in white colored pan traps (W), abundance in the mid zone (Mid), 

abundance in the high zone (High), overall insect abundance recorded in the mid and high zone using a 

sweep net and colored aerial pan traps (#), altitude (Alt) (meters above sea level), temperature (Tm) (
°
C), 

humidity (Hm) (%), positive (+ve), negative correlation (-ve) (p<0.05), no correlation (**), pan trap 

catches only (..). 

Two individual bees (Ceratina sp. and Amegilla sp.) were caught in a pan trap that was not grouped into 

its respective color. Similarly, 2 individual bees of the genus Ceratina sp. 2 were caught in a pan trap that 

was not grouped. Marcrogalea Candida (M. Candida ), Xylocopa solamica (X. solamica). 
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Table 4.2: Correlation between the abundance of beetles (Coleoptera) with altitude, 

time, temperature and humidity 

Beetles Pan traps Species abundance Species correlations 

Family Species Y B W Mid High # Alt Time Tm Hm  

Buprestidae Buprestidae A 0 0 0 7 0 7 -ve ** +ve ** 

Cantharidae Silidus apicalis 1 0 0 1 0 1 ** .. .. .. 

 S. atromaculatus 0 0 0 1 0 1 ** ** ** ** 

Cerambycidae O. limbalis 0 0 0 1 2 3 ** ** ** -ve 

Chrysomelidae Chrysomelidae sp. 0 0 0 1 0 1 ** ** ** ** 

 H. complexa 0 0 0 1 0 1 ** ** ** ** 

 M. heinsichi 0 0 0 1 0 1 ** ** ** ** 

Lycidae Lycus constrictus 0 0 0 19 9 28 -ve -ve ** ** 

Mordrollidiae Mordollidiae A 0 0 0 0 1 1 ** ** ** ** 

Scarabaeidae L. polyspilia 0 3 1 2 17 19 +ve ** ** ** 

 Popillia browni 0 0 0 2 9 11 ** +ve ** ** 

 P. ephippiata 0 0 0 5 3 8 ** ** ** ** 

 Anomala sp. 0 0 0 0 1 1 ** ** ** ** 

 D. variabilis 0 0 0 1 1 2 ** ** ** ** 

 Oocamenta sp. 1 0 0 0 1 1 ** .. .. .. 

Staphylinidae Paederas sp 2 0 0 3 0 3 ** ** ** ** 

 Staphylinidae A 1 0 0 9 4 13 ** ** ** ** 

 Lanthrobium sp. 0 0 0 1 0 1 ** ** ** ** 

Throscidae Throscidae A 0 0 0 2 0 2 -ve ** ** ** 

 Praeugena sp.? 0 0 0 1 0 1 ** ** ** ** 

 Coleoptera A 1 0 0 0 1 1 ** .. .. .. 

Total number of individuals 6 3 1 58 49 107     

Insects that were caught in yellow colored pan traps (Y), insects that were caught in blue colored pan 

traps (B), insects that were caught in white colored pan traps (W), abundance in the mid zone (Mid), 

abundance in the high zone (High), overall insect abundance recorded in the mid and high zone using a 

sweep net and colored aerial pan traps (#), altitude (Alt) (meters above sea level), temperature (Tm) (
°
C), 

humidity (Hm) (%), positive (+ve), negative correlation (-ve) (p<0.05), no correlation (**), pan trap 

catches only (..). 

Silidus atromaculatus (S. atromaculatus ), Oligosomerus limbalis (O. limbalis ), Hyperacantha  complexa 

(H. complexa), Monolepta heinsichi (M. heinsichi ), Leucocelis polyspilia (L.  polyspilia ), Pachnoda 

ephippiata (P. ephippiata ), Discopeltis variabilis (D. variabilis ). An individual beetle (L. polyspilia) 

was caught in an ungrouped pan trap.  
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Table 4.3: Correlation between the abundance of wasps (Hymenoptera) with altitude, 

time, temperature and humidity 

Wasps Pan traps Species abundance Species correlations 

Family Species Y B W Mid High # Alt Time Tm Hm 

Eumenidae Eumenes sp. 0 0 0 2 2 4 ** ** ** ** 

Scolidae C.  sjoestedti 0 0 0 1 1 2 ** ** ** ** 

Vespidae Belonogaster sp. 2 0 0 23 34 57 ** ** ** ** 

 Vespidae A 0 0 0 1 0 1 -ve ** ** ** 

 Vespidae B 1 0 0 2 2 4 ** ** ** ** 

 Vespidae C 0 0 0 0 2 2 ** ** ** ** 

Sphecidae Cerceris sp. 0 0 0 3 2 5 ** ** ** ** 

 Philanthus sp. 0 0 0 1 1 2 ** ** ** ** 

 P. triangulum 0 0 0 2 3 5 ** ** ** ** 

 Prionyx sp. 0 0 0 5 1 6 ** ** ** ** 

 S.  spirifex 0 0 0 7 13 20 ** +ve ** ** 

Braconidae Archibracon sp. 0 0 0 3 0 3 -ve ** +ve -ve 

 Braconidae A 0 0 0 1 0 1 ** ** ** ** 

Hymenoptera Hymenoptera A 1 1 1 6 2 8 ** ** +ve ** 

 Hymenoptera B 0 0 0 4 1 5 ** ** ** ** 

 Hymenoptera C 0 0 0 0 1 1 ** ** ** ** 

 Hymenoptera D 0 0 0 0 1 1 ** ** ** ** 

Total number of individuals 4 1 1 61 66 127     

Insects that were caught in yellow colored pan traps (Y), insects that were caught in blue colored pan 

traps (B), insects that were caught in white colored pan traps (W), abundance in the mid zone (Mid), 

abundance in the high zone (High), overall insect abundance recorded in the mid and high zone using a 

sweep net and colored aerial pan traps (#), altitude (Alt) (meters above sea level), temperature (Tm) (
°
C), 

humidity (Hm) (%), positive (+ve), negative correlation (-ve) (p<0.05), no correlation (**). 

Cathimeris  sjoestedti (C. sjoestedti ), Philanthus triangulum  (P. triangulum ), Sceliphron spirifex (S. 

spirifex ) 
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Table 4.4: Correlation between the abundance of flies (Diptera) with altitude, time, 

temperature and humidity 

Flies Pan traps Species abundance Species correlations 

Family Species Y B W Mid High # Alt Time Tm Hm 

Bombylidae Ligyra sp. 0 0 0 0 2 2 ** ** ** ** 

Calliphoridae Chrysomya sp. 0 0 0 0 1 1 ** ** ** ** 

 C. chloropyga 0 4 6 57 21 78 -ve ** ** ** 

 Rhyncomya 0 0 0 1 3 4 ** ** ** ** 

Sarcophagidae Sarcophagidae A 1 0 6 9 3 12 ** ** ** ** 

Syrphidae Asarkine sp. 0 0 0 1 0 1 ** ** ** ** 

 C. continuum 0 0 0 0 4 4 ** -ve ** ** 

 Phytomia incise 0 0 0 38 18 56 ** ** ** ** 

 Syrphidae A 0 0 0 0 1 1 ** ** ** ** 

 Syrphidae B 0 0 0 0 1 1 ** ** ** ** 

Tachinidae Tachinidae A 0 0 2 1 0 1 ** ** ** ** 

 Tachinidae B 0 0 0 2 1 3 ** ** ** ** 

Diptera Diptera A 0 0 0 0 1 1 ** ** ** ** 

 Diptera B 0 0 0 0 2 2 ** ** -ve +ve 

 Diptera C 0 0 0 0 1 1 ** ** ** ** 

 Diptera D 0 0 0 0 1 1 ** ** ** ** 

 Diptera E 0 0 0 0 1 1 ** ** ** ** 

 Diptera F 0 0 1 1 0 1 ** .. .. .. 

 Diptera G 1 0 2 1 2 3 ** .. .. .. 

 *Diptera  16 5 25 52 48 100 ** ** +ve ** 

Total number of individuals 18 9 42 163 111 274     

Insects that were caught in yellow colored pan traps (Y), insects that were caught in blue colored pan 

traps (B), insects that were caught in white colored pan traps (W), abundance in the mid zone (Mid), 

abundance in the high zone (High), overall insect abundance recorded in the mid and high zone using a 

sweep net and colored aerial pan traps (#), altitude (Alt) (meters above sea level), temperature (Tm) (
°
C), 

humidity (Hm) (%), positive (+ve), negative correlation (-ve) (p<0.05), no correlation (**), pan trap 

catches only (..). 

Five individual  flies (C. chloropyga ) were caught in a pantraps that was not grouped. Unidentified flies 

(*Diptera). Chrysotoxum  continuum  (C. continuum ), Chrysomya chloropyga (C. chloropyga ) 
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Table 4.5: Correlation between the abundance of Hymenoptera (ants and sawflies), 

Lepidoptera, Hemiptera, Mantodea with altitude, time, temperature and humidity 

Insect Pan traps Species abundance Species correlations 

Family Species Y B W Mid High # Alt Time  Tm  Hm 

Lygaeidae  Lygaeidae A 0 0 1 1 0 1 ** .. .. .. 

Membracidae  Membracidae A 0 1 0 6 1 7 -ve ** ** ** 

Pyrrhocoridae  Dysdercus sp. 0 0 0 1 0 1 ** ** ** ** 

Tingidae  Tingidae A 0 0 0 2 1 3 ** ** ** ** 

Formicidae  Formicidae A 2 1 3 13 8 21 ** ** ** ** 

 Formicidae B 0 0 0 3 1 4 ** ** ** ** 

 Formicidae C 0 0 0 0 1 1 ** ** ** ** 

Tenthredinidae Tenthredinidae A 0 0 0 0 1 1 ** .. .. .. 

Tenthredinidae  Anthelia sp. 1 0 0 2 2 4 ** ** ** ** 

Zygaeinidae  Zygaeinidae A 0 0 0 1 0 1 ** ** ** ** 

Lycaenidae  Alaena picata 0 0 0 0 1 1 ** ** +ve ** 

Mantidae  Mantidae A 0 0 0 0 1 1 ** ** ** ** 

Mantidae  Oxypilus sp. 0 0 0 1 0 1 -ve ** ** ** 

Membraeidae Leptocentrus sp. 1 0 0 1 0 1 ** .. .. .. 

Pompilidae Hemipepsis sp. 0 0 0 1 1 2 ** ** ** ** 

Neuroptera Neuroptea sp. 0 1 0 1 0 1 ** .. .. .. 

Mantodea Mantodea A 0 0 0 1 0 1 ** ** ** ** 

 Mantodea B 0 0 0 1 0 1 ** ** .. .. 

Total number of individuals 4 3 4 35 18 53     

Insects that were caught in yellow colored pan traps (Y), insects that were caught in blue colored pan 

traps (B), insects that were caught in white colored pan traps (W), abundance in the mid zone (Mid), 

abundance in the high zone (High), overall insect abundance recorded in the mid and high zone using a 

sweep net and colored aerial pan traps (#), altitude (Alt) (meters above sea level), temperature (Tm) (
°
C), 

humidity (Hm) (%), positive (+ve), negative correlation (-ve) (p<0.05), no correlation (**), pan trap 

catches only (..). 

Two individual insects (Tenthrenidae and Formicidae) were caught in a pan trap that was not grouped. 

One arthropod (Araneae) was caught in a yellow pan trap. 
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Table 4.6: Species richness of wasps, beetles, bees, and flies as well as species richness 

and Shannon diversity index of all the flower visiting insects associated with avocado 

Sampling point  Species richness  Overall diversity 

 Zone Alt  W Be B F  # Species H' 

Mid Zone 1116  5 5 6 1  20 2.47 

 1276  2 4 5 2  18 2.29 

 1409  5 4 3 5  19 1.81 

 1420  2 3 1 5  14 1.82 

 1438  6 7 1 3  21 2.35 

 1463  4 5 2 2  16 1.95 

 1488  4 1 3 3  11 1.56 

 1534  5 2 4 4  17 1.96 

 1621  2 4 5 4  16 1.78 

High Zone  1696  4 1 2 4  11 1.3 

 1705  5 6 2 5  19 2 

 1708  2 4 2 4  15 2.06 

 1714  2 4 5 6  19 1.73 

 1717  5 3 1 3  13 1.9 

 1720  6 3 3 4  18 2.12 

 1728  2 0 2 3  7 1.5 

 1732  4 6 4 5  23 2.03 

 1793  3 2 3 1  10 1.88 

Species richness of wasp (W), beetles (Be), bees (B) and flies (F) recorded using a sweep net and aerial 

colored pan traps. Altitude (Alt) (meters above sea level), species richness of all the flower visiting 

insects associated with avocado recorded using a sweep net and aerial colored pan traps (# Species), 

Shannon diversity index representing all the flower visiting insects associated with avocado recorded 

using a sweep net and aerial colored pan traps (H’). 
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4.1.3. Effects of altitude and climatic factors on species richness and abundance 

The flower visiting insects associated with avocado showed a distinct distribution with 

respect to altitude in the 18 sampling points. Honeybee Apis mellifera (Apidae) and 

paper wasp Belonogaster (1 sp.) were collected in the entire 18 sampling points. 

However, sweat bees Lassioglosum (2sp.) (Halictidae) were collected from the mid 

zone (1409 m-1621 m a.s.l.) and high zone (1714 m-1732 m a.s.l.). Furthermore bees of 

the genus Braunsapis and lycid beetles Lycus constrictus (Lycidae) were only collected 

from the mid zone of the study transect. The highest species richness was recorded at 

1732 m a.s.l. (high zone) while the least species richness was recorded at 1728 m a.s.l. 

(high zone) (Table 4.6). Overall, no correlation was depicted by species richness of 

bees, beetles, flies and wasps with altitude (p>0.05). Furthermore, no correlation was 

observed between the overall species richness of insects with altitude (p>0.05).  

Insect abundance varied along the the study transect. Out of the 1080 individual insects 

recorded, 54% of the insects were collected in the mid zone, which is significantly 

higher than 46% recorded in the high zone (χ
2 

=13.4, p<0.05). Abundance of some 

flower visiting insects was negatively correlated with altitude (p<0.05). These insects 

included reed bee Braunsapis (1 sp.) (Apidae) (r=-0.12, p<0.05), lycid beetle Lycus 

constrictus (r=-0.13, p< 0.05), jewel beetle (Buprestidae A) (r=-0.12, p<0.05), false 

metallic wood-boring beetle (Throscidae A) (r=-0.09, p<0.05) (Table 4.2), the braconid 

wasp Archibracon sp. (Braconidae) (r=-0.12, p<0.05), a wasp Vespidae B, (r=-0.9, 

p<0.05) and blowflies Chrysomya chloropyga (Calliphoridae) (r=-0.18, p<0.05). The 

abundance of scarab beetle Leucocelis polyspilia (Scarabaeidae) was positively 
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correlated with altitude (r=0.09, p<0.05). The abundance of the rest of the insect species 

did not show a correlation with altitude (p>0.05). Overall, no correlation was observed 

between the abundance of bees, beetles, flies and wasps with altitude (p>0.05). 

Furthermore, no correlation was depicted by the overall insect abundance with altitude 

(p>0.05). 

Insect abundance was found to be influenced by ambient temperature. Honeybees Apis 

mellifera (Apidae) was negatively correlated with temperature (r=-0.15, p<0.05). A 

positive correlation existed between temperature and the abundance of reed bees 

Braunsapis (1 sp.) (Apidae) (r=0.14, p<0.05), jewel beetle (Buprestidae A) (r=0.16, 

p<0.05), wasp species (Hymenoptera A) (r=0.10, p<0.05) and braconid wasp 

Archibracon sp. (Braconidae) (r=0.13, p<0.05). The abundance of the  rest of the insect 

species did not show a correlation with temperature (p>0.05). 

Humidity was negatively correlated with the abundance of longicorn beetles 

Oligosomerus limbalis (Cerambycidae) (r=-0.12, p<0.05) and the braconid wasp 

Archibracon (1 sp.) (Braconidae) (r=-0.1, p<0.05). The rest of the insect species did not 

show a correlation between their abundance with humidity (p>0.05). 

4.2. Pollination activity of avocado flower visiting insects 

4.2.1. Frequency of flower visits 

A total of 295 insect visits belonging to 28 insect species in 14 families and 3 orders 

were recorded under natural conditions on avocado flowers. These included bees, flies, 

beetles, ants and wasps; their frequency of visits on avocado flowers differed 
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significantly (χ
2
 =13, p<0.05). Overall, the proportion of honeybee Apis mellifera visits 

at any given time was the highest. Blowflies Chrysomya chloropyga (Calliphoridae) and 

the paper wasp Belonogaster sp. (Vespidae) made the highest visits to avocado flowers 

among flies and wasps respectively. However, the proportions of Apis mellifera, 

Chrysomya chloropyga and Belonogaster (1 sp.) visits was high in the mid than in the 

high zone of the study transect. On average, sphecid wasp Prionyx (1 sp.), hoverfly 

Chrysotoxum continum, scarab beetle Leucocelis polyspilia and longicorn beetle 

Oligosomerus limbalis were the least in terms of insect visits among wasps, flies and 

beetles (Table 4.7). 

 

 

Plate 3: Honeybee (Apis mellifera) visiting avocado flowers in an inflorescence 
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Table 4.7: Frequency of flower visiting insects to avocado flowers at any given time 

Flower visiting insects Overall Fq Mid zone High zone 

Family Species #Fq % Fq % Fq % 

Apidae  Apis mellifera 106 35.93 54 50.94 52 49.06 

 Braunsapis sp. 6 2.03 5 83.33 1 16.67 

Vespidae  Belonogaster sp. 21 7.12 15* 71.43 6* 28.57 

Formicidae  Formicidae A 17 5.76 14 82.35 3 17.65 

Sphecidae  Cerceris sp. 14 4.75 12* 85.71 2* 14.29 

 Prionyx sp. 1 0.34 1 100 .. .. 

 Sphecidae A 4 1.36 2 50 2 50 

Eumenidae  Eumenes sp. 2 0.68 1 50 1 50 

Halictidae  Selodonia sp. 4 1.36 4 100 .. .. 

Syrphidae  Phytomia incise 14 4.75 3* 21.43 11* 78.57 

 Chrysotoxum 

continum 

2 0.68 1 50 1 50 

Calliphoridae  Chrysomya 

chloropyga 

64 21.69 38 59.38 26 40.63 

 Rhyncomya sp. 4 1.36 4 100 .. .. 

Sarcophagidae  Sarcophagidae A 6 2.03 4 66.67 2 33.33 

Staphylinidae  Lanthrobium sp. 5 1.69 4 80 1 20 

Scarabaeidae  Leucocelis 

polyspilia 

1 0.34 .. .. 1 100 

 Popillia browni 4 1.36 1 25 3 75 

Lycidae  Lycus constrictus 3 1.02 2 66.67 1 33.33 

Cerambycidae  Oligosomerus 

limbalis 

1 0.34 1 100 .. .. 

Throscidae  Throscidae A 2 0.68 .. .. 2 100 

 Philanthus sp.? 1 0.34 .. .. 1 100 

 Hymenoptera A 1 0.34 1 100 .. .. 

 Hymenoptera B 1 0.34 .. .. 1 100 

 Hymenoptera C 1 0.34 .. .. 1 100 

 Coleoptera A 2 0.68 .. .. 2 100 

 Coleoptera B 1 0.34 1 100 .. .. 

 Coleoptera C 4 1.36 2 50 2 50 

 Coleoptera D 3 1.02 3 100 .. .. 

Frequency (Fq), overall frequency (#Fq), percent frequency (%), frequency of visits in the zones are 

significantly different (*) (p<0.05), no observations made on the insect species (..). 
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4.2.2. Visitation rate of avocado flower visiting insects 

The average time spent by each of the 28 insect species on an individual avocado flower 

differed significantly (p<0.05). Overall, the average time spent by longicorn beetle 

Oligosomerus limbalis (95.4 seconds) on an individual avocado flower was the highest, 

followed by the false metallic wood-boring beetle (Throscidae A) (mean ± S.D: 70.9 ± 

22.8) and scarab beetles Popillia browni (mean ± S.D: 67.5 ± 77.4) (Table 4.8). On 

average, honeybees Apis mellifera, hoverflies Chrysotoxum continum (Syrphidae), a 

beetle (Coleoptera B) and a wasp (Hymenoptera C) spent the least amount of time on a 

flower among bees, flies, beetles and wasps, respectively (Table 4.8). 

There was a significant difference in the average number of avocado flowers visited by 

flower visiting insects (p<0.05). Overall, the average number of flowers visited by 

honeybees was the highest (mean ± S.D: 5.3 ± 6.3). Lycid beetles Lycus constrictus 

(mean ± S.D: 5 ± 5.3) and hoverfly Phytomia incise (mean ± S.D: 4.3 ± 2.9) also visited 

the highest number of avocado flowers among beetles and flies respectively. On 

average, sphecid wasp Prionyx (1 sp.), potter wasps Eumenes (1 sp.), blowflies 

Rhyncomya (1 sp.), scarab beetle Leucocelis polyspilia, longicorn beetles Oligosomerus 

limbalis and scarab beetle Popillia browni were among insect species that visited the 

least avocado flowers in the observation quadrat (Table 4.9). 
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Table 4.8: Means ± Standard deviation (S.D.) of time spent by an avocado flower 

visiting insect on an individual avocado flower in an observation quadrat of 0.5 × 0.5 m  

Avocado flower visiting insects Statistics 

Order Family Species Mean ± S.D. 

Hymenoptera Apidae  Apis mellifera
 $ 

7.8 ± 8 

 Apidae Braunsapis sp. 16 ± 13.9 

 Sphecidae Cerceris sp. 14 ± 20.7 

 Sphecidae Sphecidae A 8.9 ± 6.5 

 Halictidae Selodonia sp. 13.7 ± 10.1 

 Vespidae Belonogaster sp. 20.8 ± 31.2** 

 Eumenidae Eumenes sp. 9.8 ± 1.3 

 Formicidae Formicidae A 17.1 ± 15.3** 

Diptera Calliphoridae Rhyncomya sp. 41.6 ± 42.4** 

 Calliphoridae Chrysomya chloropyga 14.7 ± 13.8** 

 Syrphidae Phytomia incise 11.9 ± 7.4 

 Syrphidae Chrysotoxum continum 5.3 ± 6.2 

 Sarcophagidae Sarcophagidae A 49.1 ± 69.6** 

Coleoptera Throscidae Throscidae A 70.9 ± 22.8** 

 Scarabaeidae Popillia browni 67.5 ± 77.4** 

 Lycidae Lycus constrictus 52.7 ± 59.2** 

 Staphylinidae Lanthrobium sp. 22.5 ± 17** 

Coleoptera  Coleoptera C 57.5 ± 17.5** 

  Coleoptera D 21.7 ± 36.6 
$
All other species were compared to honeybee Apis mellifera as a benchmark species due to its high 

abundance on avocado flowers, frequency of flower visits at any given time and its importance as a 

pollinator. Means with double asterisks are significantly different from the mean of honeybee Apis 

mellifera (LS Means, p<0.05), standard deviation (S.D.). 

A single observation was made on the following insects and therefore they were not included in the 

analysis: O. limbalis (95.4 seconds), Philanthus sp. (27.2 seconds), Hymenoptera A (13.9 seconds), 

Coleoptera B (4.5 seconds), Hymenoptera C (1.2 seconds). 
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Table 4.9: Mean ± Standard deviation (S.D.) of number of flowers visited by an 

avocado flower visiting insect in an observation quadrat of 0.5 × 0.5 m  

Avocado flower visiting insects Statistics 

Order Family Species Mean ± S.D. 

Hymenoptera Apidae  Apis mellifera 
$ 

5.3 ± 6.3 

 Apidae Braunsapis sp. 1.8 ± 1** 

 Sphecidae Cerceris sp. 1.9± 1** 

 Sphecidae Sphecidae A 1.8 ±1.5** 

 Halictidae Selodonia sp. 1.3 ± 0.5** 

 Formicidae Formicidae A 1.1 ± 0.5** 

 Vespidae Belonogaster sp. 2.7 ± 1.5** 

Diptera Syrphidae Phytomia incise 4.3 ± 2.9 

 Syrphidae Chrysotoxum continum 2 ± 1.4 

 Calliphoridae Chrysomya  chloropyga 2.4 ± 2** 

 Sarcophagidae Sarcophagidae A 1.2 ± 0.4** 

Coleoptera Staphylinidae Lanthrobium sp. 1.2 ± 0.4** 

 Lycidae Lycus constrictus 5 ± 5.3 

Coleoptera  Coleoptera D 1.3 ± 0.6** 
$
All other species were compared to honeybee Apis mellifera as a benchmark species due to its high 

abundance on avocado flowers, frequency of flower visits at any given time and its importance as a 

pollinator. Means with double asterisks are significantly different from the mean of honeybee Apis 

mellifera (LS Means, p<0.05), standard deviation (S.D.). 

The means of the following insects had standard deviation of 0.0:  Throscidae A, Popillia browni, 

Coleoptera C, Rhyncomya sp., Eumenes sp. A single observation was made on the following insects and 

therefore they were not included in the analysis: Philanthus sp., Oligosomerus limbalis, Hymenoptera A, 

Coleoptera B, Coleoptera A, Hymenoptera C, Hymenoptera B, Leucocelis polyspilia, Prionyx sp. 
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4.2.3. Effect of altitude and climatic factors on the visitation rate 

Blowfly Rhyncomya (Calliphoridae) exhibited a positive correlation between altitude 

and time spent on a flower (r=0.99, p<0.05). The rest of the insect species did not 

exhibit a correlation between altitude and time spent on an individual flower (p>0.05). 

Furthermore, no flower visiting insect showed a correlation between time spent on an 

individual flower with ambient temperature or humidity (p>0.05).  

Reed bee Braunsapis (1sp.) (Apidae) exhibited a negative correlation between humidity 

and the number of flowers visited in an observation quadrat (r=-0.85, p<0.05). The rest 

of the insect species did not show a correlation between humidity and the number of 

flowers visited (p>0.05). Furthermore, no flower visiting insect showed a correlation 

between altitude, ambient temperature with the number of flowers visited in an 

observation quadrat (p>0.05).  

4.2.4. Avocado pollen load of flower visiting insects 

Altogether, 159 individual insects had avocado pollen bound on their body. At least 64 

pollen types were recorded from avocado flower visiting insects’ bodies with honeybees 

Apis mellifera (Apidae) bearing the highest number of avocado and non-avocado pollen 

grains on their body respectively (Table 4.10). Among fly species, blowflies Chrysomya 

chloropyga recorded the highest number of avocado pollen grains on their bodies. On 

average, potter wasp Eumenes (1sp.) (Eumenidae) were among insect species that 

recorded the least amount of avocado pollen grains on their body (Table 4.10).   



39 
 

4.2.5. Effects of altitude and climatic factors on avocado pollen load of insects 

A negative correlation between altitude and avocado pollen grains bound on an insect’s 

body existed in the honeybee Apis mellifera (r=-0.25, p<0.05). Overall number of pollen 

grains on honeybees Apis mellifera (r=-0.27, p<0.05) as well as on blowflies 

Chrysomya chloropyga (Calliphoridae) (r=-0.58, p<0.05) and mud-dauber wasp 

Sceliphron spirifex (Sphecidae) (r=-1.00, p<.005) was negatively correlated with 

altitude. The rest of the insect species did not exhibit a correlation between pollen count 

on their body with altitude (p>0.05) (Table 4.10). Amongst all the insect groups, 

avocado pollen counts and overall pollen counts on the body of flies was negatively 

correlated with altitude (p<0.05) (Table 4.11). 

Avocado pollen count was positively correlated with temperature in the honeybee Apis 

mellifera (Apidae) (r=0.24, p<0.05). Hoverfly Phytomia incise (Syrphidae) exhibited a 

negative correlation between avocado pollen grains on their body with temperature (r=-

0.49, p<0.05). Overall, honeybee Apis mellifera showed a positive correlation between 

temperature and pollen count (r=0.25, p<0.05). The rest of the insect species did not 

show a correlation between pollen counts on an insects body with temperature (p>0.05) 

(Table 4.10). Amongst all insect group, avocado pollen counts and total pollen counts 

on the body of bees was positively correlated with ambient temperature (p<0.05) (Table 

4.11).
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Table 4.10: Pollen load of flower visiting insects 

Insect species N Avocado pollen Overall pollen Avocado pollen correlations Overall pollen count correlations 

   Mean 

avocado 

pollen 

Maximum 

pollen 

grains 

Overall 

Mean  

pollen 

Maximum 

pollen 

grains 

Time 

 

Altitude 

 

Temp Hum 

 

Time 

 

Altitude 

 

Temp 

 

Hum 

 

Apis mellifera 96 37 88 59 117 +ve -ve +ve ** +ve -ve +ve -ve 

Coleoptera A 3 0 0 5 7 Aa aa aa aa Aa aa aa aa 

L. polyspilia 7 2 13 4 18 ** ** ** ** ** ** ** ** 

Lycus constrictus 9 0 0 4 18 .. .. .. .. ** ** ** -ve 

Popillia browni 3 2 6 18 22 -ve ** ** ** ** ** ** ** 

C. chloropyga 16 5 33 17 56 ** ** ** ** ** -ve ** ** 

Phytomia incise 17 0 3 14 32 ** ** -ve ** ** ** ** ** 

Eumenes sp. 4 1 2 8 21 ** ** ** ** ** ** ** ** 

S. spirifex 4 0 0 2 3 .. .. .. .. -ve -ve ** -ve 

Leucocelis polyspilia (L. polyspilia), Chrysomya chloropyga (C. chloropyga), Sceliphron spirifex (S. spirifex), positive (+ve) and negative correlation 

(-ve) (p<0.05); no correlation (**) (p˃0.05), data on weather variables was not collected (aa), avocado pollen was not removed from an insect’s body 

(..) temperature (Temp) (°C), humidity (Hum) (%), altitude (meters above sea level), number of avocado flower visiting insects sampled (N). 
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Table 4.11: Correlation between pollen counts from the body of bees, flies, wasps and beetles with time, altitude, 

temperature and humidity 

 Overall pollen 

count on an insect 

body 

Pollen recovered 

from the body of 

Bees  

Pollen recovered 

from the body of  

Flies  

Pollen recovered 

from the body of 

Wasps 

Pollen recovered 

from the body of 

Beetles 

 Avocado 

pollen 

count 

Total 

pollen 

count 

Avocado 

Pollen 

count 

Total 

pollen 

count 

Avocado 

pollen 

count 

Total 

pollen 

count 

Avocado 

pollen 

count 

Total 

pollen 

count 

Avocado 

pollen 

count 

Total 

pollen 

count 

Time ** ** +ve +ve ** ** ** ** ** +ve 

Altitude  ** ** ** ** -ve -ve ** ** ** ** 

Temperature  ** ** +ve +ve ** ** ** ** ** ** 

Humidity ** ** ** ** ** ** ** ** ** ** 

 

Positive (+ve) and negative correlation (-ve) (p<0.05); no correlation (**), altitude (meters above sea level), temperature (°C), humidity (%). 
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4.3. Alternative food sources for the most active flower visiting insects (bees) 

associated with avocado 

Altogether, 706 individual bees belonging to 65 bee species in 5 families interacted with 

62 plant species in 20 plant families (Table 4.12 to Table 4.15). The overall proportion 

of bee visits to the 62 plant species was significantly different (χ
2
=34, p<0.05). The 

plant family that was visited by a majority of individual bees among the 706 bees was 

Asteraceae, followed by Lamiaceae and Acanthaceae. The plant family that hosted the 

highest diversity of bee species was Lamiaceae followed by Asteraceae and 

Acanthaceae. Overall, african basil Ocimum gratissimum (Lamiaceae) was visited by 

the highest number of bees followed by Leucas grandis (Lamiaceae) and Plectranthus 

sp. (Lamiaceae). Among bee species associated with avocado flowers, Apis mellifera 

visited the highest number of plant species (Table 4.12 and 4.15).  

The proportions of bee visits to plant species was significantly different during the dry 

and rainy season (p<0.05). Among bee species associated with avocado, Ocimum 

gratissimum was highly preferred by honeybees Apis mellifera, reed bees Braunsapis 

sp., small carpenter bees Ceratina sp. and sweat bees Lasioglossum sp. in the dry season 

while Tithonia diversifolia (Asteraceae), Monechma debile (Acanthaceae) and Euryops 

chrysanthemoides hosted large individuals of Apis mellifera, small carpenter bee 

Ceratina sp. and sweat bees Lasioglossum sp. during the rainy season (Table 4.16 to 

4.18). 
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Table 4.12: Bee floral resources 

Bee species Plant species  Bee species Plant species  Bee species Plant species 

Afranthidium sp. Emilia discifolia  Amegilla sp.1 Pycnostachys meyeri  Apis mellifera Gutenbergia cordifolia 

 Gutenbergia cordifolia  Amegilla sp.1 Justicia striata   Conyza bonariensis 

 Ocimum gratissimum   Murdannia simplex   Tagetes minuta 

       Tithonia diversifolia 

Amegilla? 

caelestina Leucas grandis 

 

Amegilla sp.2 

Crassocephalum  

picridifolium 

 

 

Crassocephalum  

picridifolium 

 Murdannia simplex   Tithonia diversifolia   Crotalaria axillaris 

 Chamaecrista sp.      Flueggea virosa 

 Plectranthus sp.  Amegilla sp.3 Plectranthus sp.   Kyllinga erecta 

 Solanum sp.   Leucas grandis   Justicia striata 

 Pycnostachys meyeri      Rubus sp. 

   Amegilla sp.5 Aristida adscensionis   Ocimum gratissimum 

Amegilla capensis Plectranthus sp.   Monechma debile   Lantana camara 

 Gutenbergia cordifolia   Leucas grandis   Plectranthus sp. 

 Leucas grandis   Plectranthus sp.   Cajanus cajan 

 Justicia striata   Ocimum gratissimum   Pentas zanzibaricus 

 Tinnea aethiopica   Lantana camara   Emilia discifolia 

 Pycnostachys meyeri   AsteraceaeA   Euryops chrysanthemoides 

 Monechma debile   Pentas zanzibaricus   AsteraceaeA 

 Lantana camara   Pycnostachys meyeri   Vernonia sp. 

 Tithonia diversifolia   Tithonia diversifolia   Vernonia galamensis 

 Leucas glabrata   Murdannia simplex   Psiadia punctulata 

 Emilia discifolia   Vernonia hochstetteri   Brillantaisia sp. 

       Aspilia mossambicensis 

Amegilla sp.1 Leucas grandis  Andrena sp. AsteraceaeA   Solanum campylacanthum 

 Ocimum gratissimum   Monechma debile   Caesalpinia decapetala 

 Lantana camara      Chamaecrista kirkii 

  Plectranthus sp.  Anthophora sp. Vernonia sp.    Monechma debile 

Table 4.13: Bee floral resources 

Bee species Plants species  Bee species Plants species  Bee species Plant species 
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Apis mellifera Desmodium sp.  Ceratina sp. Monechma debile  Euapsis sp. Monechma debile 

 Leucas grandis       

 Vernonia lasiopus  Ceratina sp. Justicia striata  Heriades sp. Leucas grandis 

 Euphorbia crotonoides 

 

 Pentas zanzibaricus 

 

 

Euryops 

chrysanthemoides 

 Sida acuta   Plectranthus sp.   Galinsoga parviflora 

 Ageratum conyzoides      Ocimum gratissimum 

 Vernonia sp.  Ceratina sp.1 Monechma debile   Rubus apetalus 

 Flueggea virosa   Ocimum gratissimum   Justicia striata 

 Pteridium aquilinum       AsteraceaeA 

 Aspilia mossambicensis  Coelioxys sp. Ageratum conyzoides   Plectranthus sp. 

 Brugmansia suaveolens   Monechma debile   Emilia discifolia 

 Triumfetta rhomboidea   Ocimum gratissimum   Monechma debile 

 Justicia striata   Leucas grandis  ? Hylaeus sp. Euphorbia  crotonoides 

 Achyranthes aspera   Plectranthus sp.  Lasioglossum sp. Tagetes minuta 

 Commelina benghalensis   Conyza bonariensis   Pycnostachys meyeri 

  

 

 Asteraceae A 

 

 

Euryops 

chrysanthemoides 

Braunsapis 

sp. Ocimum gratissimum 

 

  

 

  

 

Euryops 

chrysanthemoides 

 

Collete  apacicollis E.  chrysanthemoides 

 Lasioglossum 

sp.1 Ocimum gratissimum 

 Aspilia mossambicensis   Tagetes minuta    

 Tithonia diversifolia 

 

 Asteraceae A 

 Lasioglossum 

sp.2 Vernonia lasiopus 

 Hoslundia opposita   Melinis repens   Ocimum gratissimum 

Ceratina sp. Ocimum gratissimum 

 

Colletes sp. 

Helichrysum 

schimperi 

 

  

 Leucas grandis 

 Creightonella  

ithanoptera Stylosanthes fruticosa 

 Lasioglossum 

sp.3 Vernonia lasiopus 

 Lantana camara   Leucas grandis   Vernonia sp. 

 Asteraceae A 

 

 

Gutenbergia 

cordifolia 

 Lasioglossum 

sp.4 

Euryops 

chrysanthemoides 

 Gutenbergia cordifolia 

 

 Vernonia sp. 

 Lasioglossum 

sp.5 Ocimum gratissimum 

    Monechma debile    
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Table 4.14 : Bee floral resources 

Bee species Plant species  Bee species Plants species  Bee species Plant species 

Lipotriches sp. Plectranthus sp.  

Megachile 

sp.1 Cajanus cajan  Megachile sp.7 Desmodium sp. 

 Asteraceae A  

Megachile 

sp.2 Gutenbergia cordifolia   Cajanus cajan 

 Emilia discifolia   Monechma debile   Caesalpinia decapetala 

 Ocimum gratissimum   Psiadia punctulata   Gutenbergia cordifolia 

 Indigofera tinctoria   Triumfetta rhomboidea   Aspilia mossambicensis 

 Ageratum conyzoides   Plectranthus sp.    

    AsteraceaeA  Megachile sp.8 Indigofera tinctoria 

Lipotriches sp.2 Triumfetta rhomboidea   Ocimum gratissimum   

Euryops 

chrysanthemoides 

 Psiadia punctulata   Vernonia sp.    

 Monechma debile   Rubus sp.  Megachile sp.9 Monechma debile 

 

Solanum 

campylacanthum   Justicia striata   Bothriodine longipes 

 Conyza bonariensis       

 AsteraceaeA  

Megachile 

sp.3 Monechma debile  

Megahile 

felina Monechma debile 

 Emilia discifolia      Crotalaria axillaris 

   

Megachile 

sp.5 Desmodium sp.    

Megachilebituberculata Ageratum conyzoides   Plectranthus barbatus  Nomia sp.1 Conyza bonariensis 

 Cajanus cajan   Cajanus cajan    

 Desmodium sp.   Crotalaria axillaris  Nomia sp.3 Alysicarpus rugosus 

 Tithonia diversifolia   Plectranthus sp.    

    Melinis repens  Nomia theryl Cajanus cajan 

Megachile sp. Ocimum gratissimum   Monechma debile   Plectranthus sp. 

 Monechma debile      Tithonia diversifolia 

 Justicia striata  

Megachile 

sp.6 Ocimum gratissimum   Desmodium sp. 

Megachile sp.1 Justicia sp.  

Megachile 

sp.7 Ocimum gratissimum   Leucas grandis 

 Ocimum gratissimum   Tithonia diversifolia   Vernonia sp. 

 Monechma debile   Neonotonia wightii   Cyanotis barbata 



46 
 

 Desmodium sp.   Bothriodine longipes   Monechma debile 
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Table 4.15: Bee floral resources 

Bee species Plant species  Bee species Plant species  Bee species Plant species 

Patellapis sp. Ocimum gratissimum  Tetraloniella sp. Tithonia diversifolia  Xylocopaflavorufa Leucas grandis 

       Turraea Robusta 

Patellapis sp.1 Triumfetta rhomboidea  Tetraloniella sp. Gutenbergia cordifolia   Cajanus cajan 

       Chamaecrista sp. 

   

Thrinchostoma 

?telekii Ocimum gratissimum    

Patellapis sp.1 Monechma debile  Thrinchostoma sp.1 Ocimum gratissimum  Xylocopahottentota Leucas grandis 

       Plectranthus sp. 

Pseudapis sp. Commelinabenghalensis  Thyreus sp. Ocimum gratissimum   Pycnostachys meyeri 

 Ocimum gratissimum   Gutenbergia cordifolia   Rubus apetalus 

    Asteraceae A   Desmodium sp. 

Pseudapis sp.1 Ocimum gratissimum   Plectranthus sp.   

Triumfetta 

rhomboidea 

    Melinis repens   Monechma debile 

Pseudapis sp.2 Commelina sp.   Leucas grandis   

Gutenbergia 

cordifolia 

        

Pseudoanthidium 

sp. Ocimum gratissimum  Thyreus sp.1 Leucas grandis  Xylocopa incastans Lantana camara 

 Asteraceae A   Gutenbergia cordifolia    

    AsteraceaeA  Xylocopa nigrita Leucas grandis 

Seladonia sp.3 Asteraceae A      Brillantaisia sp. 

 Tithonia diversifolia  Xylocopa ?caffra Leucas grandis    

      Xylocopa scioensis Ocimum gratissimum 

Seladonia sp.5 Desmodium sp.  Xylocopa flavicollis 

Solanum 

campylacanthum   Desmodium sp. 

 Emilia discifolia   Desmodium sp.   Plectranthus sp. 

 Neonotonia wightii   Leucas grandis   Leucas grandis 

        

Tetraloniella sp. Plectranthus sp.  Xylocopa flavorufa Crotalaria laburnifolia    

 Vernonia sp.   Cajanus cajan  Xylocopa sp. Leucas grandis 
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Table 4.16 Bee floral resources and the frequency of bee visits to plants species 

Plant family Plant species Overall Fq  Mid  Zone  High Zone  Rainy Season  Dry Season 

  Fq %  Fq %  Fq %  Fq %  Fq % 

Acanthaceae Monechma debile 36 5.1  11 30.56*  25 69.44*  21 58.33  15 41.67 

 Justicia striata 22 3.12  1 4.55***  21 95.45***  21 95.45***  1 4.55*** 

 Brillantaisia sp. 4 0.57  4 100  - -  2 50  2 50 

 Justicia sp. 1 0.14  1 100  - -  1 100  - - 

Amaranthaceae Achyranthes aspera 1 0.14  - -  1 100  1 100  - - 

Asteraceae Tithonia diversifolia 53 7.51  38 71.7**  15 28.3**  32 60.38  21 39.62 

 Asteraceae  A 27 3.82  10 37.04  17 62.96  24 88.89***  3 11.11*** 

 Gutenbergia cordifolia 27 3.82  18 66.67  9 33.33  13 48.15  14 51.85 

 Vernonia sp. 18 2.55  6 33.33  12 66.67  3 16.67**  15 83.33** 

 Vernonia lasiopus 15 2.12  - -  15 100  2 13.33**  13 86.67** 

 Euryops chrysanthemoides 13 1.84  - -  13 100  10 76.92  3 23.08 

 Psiadia punctulata 11 1.56  8 72.73  3 27.27  11 100  - - 

 Emilia discifolia 10 1.42  5 50  5 50  10 100  - - 

 Aspilia mossambicensis 6 0.85  1 16.67  5 83.33  5 83.33  1 16.67 

 Conyza bonariensis 5 0.71  3 60  2 40  2 40  3 60 

 Tagetes minuta 5 0.71  1 20  4 80  4 80  1 20 

 Ageratum conyzoides 4 0.57  3 75  1 25  4 100  - - 

 Helichrysum schimperi 3 0.42  - -  3 100  - -  3 100 

 Bothriodine longipes 2 0.28  1 50  1 50  1 50  1 50 

 

Crassocephalum  

picridifolium 2 0.28 

 

1 50 

 

1 50 

 

2 100 

 

- - 

 Galinsoga parviflora 1 0.14  - -  1 100  - -  1 100 

 Vernonia galamensis 1 0.14  - -  1 100  - -  1 100 

Frequency (Fq), percent frequency (%), asterisk indicates the significant difference between frequencies among the zones of the study and among 

seasons, ***p≤0.001, **p≤0.01, *p≤0.05.
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Table 4.17: Bee floral resources and the frequency of bee visits to plants species 

Plant family Plant species Overall Fq  Mid  Zone  High Zone  Rainy Season  Dry Season 

  Fq %  Fq %  Fq %  Fq %  Fq % 

Asteraceae Vernonia hochstetteri 1 0.14  - -  1 100  1 100  - - 

Caesalpiniacea Caesalpinia decapetala 3 0.42  2 66.67  1 33.33  3 100  - - 

 Chamaecrista sp. 2 0.28  2 100  - -  1 50  1 50 

Commelinaceae Murdannia simplex 3 0.42  3 100  - -  2 66.67  1 33.33 

 Commelina benghalensis 2 0.28  2 100  - -  - -  2 100 

 Commelina sp. 1 0.14  1 100  - -  1 100  - - 

 Cyanotis barbata 1 0.14  - -  1 100  1 100  - - 

Cyperaceae Kyllinga erecta 2 0.28  2 100  - -  2 100  - - 

Dennstaedtiaceae Pteridium aquilinum  1 0.14  - -  1 100  1 100  - - 

Euphorbiaceae Euphorbia crotonoides 2 0.28  - -  2 100  2 100  - - 

Fabaceae Cajanus cajan 12 1.7  12 100  - -  4 33.33  8 66.67 

 Indigofera tinctoria 2 0.28  - -  2 100  2 100  - - 

 Neonotonia wightii 2 0.28  - -  2 100  1 50  1 50 

 Alysicarpus rugosus 1 0.14  1 100  - -  - -  1 100 

 Chamaecrista kirkii 1 0.14  1 100  - -  1 100  - - 

 Stylosanthes fruticosa 1 0.14  1 100  - -  1 100  - - 

Lamiaceae Ocimum gratissimum 163 23.9  70 42.94  93 57.06  3 1.84***  160 98.16*** 

 Leucas grandis 77 10.91  43 55.84  34 44.16  25 32.47**  52 67.53** 

 Plectranthus sp. 74 10.48  26 35.14*  48 64.86*  72 97.3***  2 2.7*** 

 Pycnostachys meyeri 7 0.99  2 28.57  5 71.43  6 85.71  1 14.29 

 Leucas glabrata 2 0.28  - -  2 100  1 50  1 50 

 Hoslundia opposita 1 0.14  1 100  - -  - -  1 100 

Frequency (Fq), percent frequency (%), asterisk indicates the significant difference between frequencies among the zones of the study and among 

seasons, ***p≤0.001, **p≤0.01, *p≤0.05.
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Table 4.18: Bee floral resources and the frequency of bee visits to plants species 

Plant family Plant species  Overall Fq  Mid  Zone  High Zone  Rainy Season  Dry Season 

   Fq %  Fq %  Fq %  Fq %  Fq % 

Lamiaceae Plectranthus barbatus  1 0.14  - -  1 100  1 100  - - 

Lamiaceae Tinnea aethiopica  1 0.14  - -  1 100  1 100  - - 

Malvaceae Sida acuta  1 0.14  1 100  - -  1 100  - - 

Meliaceae Turraea Robusta  1 0.14  1 100  - -  - -  1 100 

Papilionaceae Desmodium sp.  20 2.83  15 75*  5 25*  16 80**  4 20** 

 Crotalaria axillaris  4 0.57  2 50  2 50  2 50  2 50 

 Crotalaria laburnifolia  1 0.14  1 100  - -  1 100  - - 

Phyllanthaceae Flueggea virosa  2 0.28  2 100  - -  2 100  - - 

Poaceae Melinis repens  3 0.42  2 66.67  1 33.33  3 100  - - 

 Aristida adscensionis  1 0.14  - -  1 100  1 100  - - 

Rosaceae Rubus sp.  2 0.28  1 50  1 50  1 50  1 50 

 Rubus apetalus  2 0.28  1 50  1 50  1 50  1 50 

Rubiaceae Pentas zanzibaricus  6 0.85  3 50  3 50  3 50  3 50 

Solanaceae 

Solanum 

campylacanthum 

 

4 0.57 

 

4 100 

 

- - 

 

4 100 

 

- - 

 Brugmansia suaveolens  1 0.14  - -  1 100  - -  1 100 

 Solanum sp.  1 0.14  1 100  - -  1 100  - - 

Tiliaceae Triumfetta rhomboidea  16 2.27  15 93.75***  1 6.25***  16 100  - - 

Verbenaceae Lantana camara  11 1.56  5 45.45  6 54.55  7 63.64  4 36.36 

Frequency (Fq), percentage (%), asterisk indicates the significant difference between frequencies among the zones of the study and among seasons, 

***p≤0.001, **p≤0.01, *p≤0.05.
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CHAPTER FIVE 

DISCUSSION, CONCLUSIONS AND RECOMMENDATIONS 

5.1. Avocado pollination and climate change 

Pollinator studies on fruit trees in East Africa have been rare yet climate change is 

likely to affect pollination service. Among fruit trees of increasing economic 

importance in Kenya, avocado (Persea americana) has been constrained by inadequate 

pollination. Currently, inadequate avocado pollination has been linked to erratic 

climatic factors like temperature which has also been linked to climate change (Howden 

et al., 2005). In the wake of the anticipated effects of climate change on avocado 

pollination especially in elevated regions, the present study tested the hypothesis that 

the diversity and pollination activity of flower visiting insects associated with avocado 

decreases at higher altitudes that exhibit cooler temperatures, with their populations 

being supported by a variety of non-avocado plants.  

5.2. Diversity of flower visiting insects associated with avocado 

In the assessment of species richness as indicators of diversity, no correlation was 

depicted by species richness of bees, wasps, beetles, flies as well as the overall species 

richness of flower visiting insects with altitude. These results contrasted the expectation 

that species richness of insects will reduce with increase in altitude. The revealed lack 

of correlation between species richness with altitude implies that species richness was 

influenced by other factors other than altitude. According to Florence Dem (2011), plant 

composition and abiotic factors change at a constant rate along an elevation gradient 



51 
 

thus no difference in community similarity can be easily detected between adjacent 

elevations. Florence Dem (2011) and McCain et al. (2010) further observed that species 

richness of insect’s changes predictably with increase in elevation. Therefore, perhaps 

the present study could have been conducted over many flowering seasons of avocado if 

a definite trend in species richness of insects was to be depicted. This is because 

previous researchers like McCain et al. (2010) have found that sampling robustness is 

particularly important in depicting patterns of elevation species richness.  

However, flower visiting insects associated with avocado showed a distinct distribution 

across the entire elevation gradient with some species being restricted to the mid zone 

of the study transect. Particularly worth noting were Braunsapis bees as well as lycid 

beetles (Lycus constrictus). Surprisingly, the abundance of Lycus constrictus and two 

morphotypes of Braunsapis decreased with increase in altitude. With respect to climatic 

factors like temperature and humidity, reed bee Braunsapis (1 sp.) depicted a positive 

correlation between their abundance with temperature. In line with these observations, it 

is possible that reed bees (Braunsapis) were confined in the mid zone following their 

maximal thermal tolerance (Deutsch et al., 2008). A view corroborated by the work of 

Karunaratne and Edirisinghe (2008) in Sri Lanka where a reed bee Braunsapis (1 sp.) 

was confined in the lower elevations of the Knuckles Forest Reserve following high 

temperatures that prolonged flowering of herbaceous plants thereby providing bees with 

sufficient nesting sites. Although there is scarcity of information on parasitic bees of the 

genus Braunsapis (Michener et al., 2003; Aenmey et. al., 2006), the presence and 

distribution of Braunsapis bees in elevations experiencing high temperatures suggests 
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that they are sensitive to temperature changes and can be used as bio indicators of 

environmental health.  

A comparison of diversity between the zones of the study transect based on Shannon 

diversity index showed that the mid zone was relatively more diverse than the high 

zone. As it had been hypothesized, a significant negative correlation was depicted 

between altitude and the overall insect diversity. This observation implies that elevated 

regions can harbor a high abundance of flower visiting insects but these insects might 

differ in their species composition.  Previous studies have shown that it is possible to 

link diversity of insects along an elevation gradient to variations in abiotic and biotic 

factors given that their gradients influences the diversity of insects (McCain et al.,2010; 

Florence Dem, 2011). In this regard, the influence of environmental influences; solar 

radiation and wind on diversity was not determined yet Eardley and Mansell (1996) 

found that the influence of temperature on the activity of insects is complicated by 

wind. Secondly, the influence of adjacent vegetation to avocado grooves on the activity 

of flower visiting insects and subsequently insect diversity was not documented at the 

time of sampling yet Ish-Am et al. (1999) found that flower visiting insects abandon 

avocado trees upon discovering attractive non avocado blooms. Thirdly, plant pollinator 

mutualism and its implication on the species composition was not investigated yet Le 

Van et al. (2015) found that flower visiting insects like ants deter flower visits by other 

insects. Finally, other biological interactions like competition among avocado flower 

visiting insects was not documented yet McCain et al. (2010) and Florence Dem (2011) 

observes that gradients in competition among flower visiting insects influences the 

diversity of insects. Otherwise, given that temperature and humidity were the only 
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environmental variables measured; this study tends to link the decreasing diversity with 

altitude to differential influence of ambient temperature given that temperature depicted 

a negative correlation with altitude. Save for the scarcity of comparative studies in 

Kenya on the diversity of flower visiting insects associated with avocado, the present 

results corroborates the work of Eardley and Mansell (1996) in South Africa where the 

diversity of avocado flower visiting insects decreased with a corresponding decrease in 

temperature whilst Yek (2009) observed that insect species along an altitudinal gradient 

may differ in their diversity.  

5.3. Pollination activity of avocado flower visiting insects 

The pollination activity of insects based on the frequency of flower visits at any given 

time was expected to vary. As it was expected, the frequency of flower visits in an 

observation quadrat varied with honeybees being the most regular visitors to avocado 

flowers at any one time. Furthermore, flower visits by honeybees were low in the high 

zone which also exhibited low temperatures. Similarly, paper wasps Belonogaster (1 

sp.), blowflies C. chloropyga and sphecid wasp Cerceris sp. were frequent flower 

visiting insects in the mid zone than in the high zone of the study transect.  In contrast 

to the expectations of this study, the frequency of flower visits by hoverflies Phytomia 

incise (Syrphidae) and scarab beetle Popillia browni (Scarabaeidae) was higher in the in 

the high zone. These results suggest that the activity of a majority of avocado flower 

visiting insects decreases with a corresponding increase in altitude. In the present study, 

honeybees might have been frequent avocado flower visiting insects due to their fidelity 

behavior to certain flowers during foraging (Amaya-Marquez, 2009). This might be 

advantageous to avocado flowers given that Abrol (2012) observes that flower specific 
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foraging bees may be effective pollinators of host plant species. Regarding the 

frequency of flower visits by insects along the zones of the study transect, it is possible 

that low temperatures negatively influenced the activity of insects on avocado flowers 

in the high zone than in the mid zone. Other than the influence of climatic factors like 

temperature, perhaps the aggressive foraging behavior of some insect species induced 

variations in flower visits among insect species along the study transect. During 

foraging, Ish-Am et al. (1999) found that honeybees dominate other insects on flowers 

that provide high amounts of food in the form of pollen and nectar. Similarly, other 

avocado flower visiting insects like ants (Bringhurst, 1952) deter flower visitation by 

other insects (Kinuthia and Njoroge, 2004). However, a few observations were made on 

ants in the present study.  

Visitation rate which is the time spent by an insect on an individual flower and the 

number of flowers an insect visits in an observation quadrat, was expected to vary 

among the observed insect species. This expectation is consistent with the current data 

given that the time spent by Oligosomerus limbalis on a flower was the highest, 

followed by the false metallic wood-boring beetle (Throscidae A) and scarab beetles 

Popillia browni (Scarabaeidae). On the other hand, honeybees visited the highest 

number of avocado flowers in an observation quadrat followed by lycid beetle Lycus 

constrictus (Lycidae) and hoverfly Phytomia incise (Syrphidae), respectively. 

Therefore, these results strongly suggest that the activity of insects on avocado flowers 

differs with honeybees spending the least amount of time on a flower so as to visit many 

avocado flowers whilst improving its pollination activity. This explanation is consistent 

with an observation by Hempel and Hempel (1987) that a high flower density reduces 
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average time that a worker honeybee spends handling a flower while simultaneously 

increasing its potential as efficient pollinators of avocado. In any case, only a single 

observation was made on the behavior of Oligosomerus limbalis whilst honeybees 

depicted a high pollination activity given the number of flowers they visited in an 

observation quadrat. 

Regarding the pollination activity of insects based on visitation rates, this study found 

that only blowflies Rhyncomya (Calliphoridae) increased their visitation rate (time spent 

on a flower) with a corresponding increase in altitude. This was contrary to the 

prediction that the visitation rate of all the flower visiting insects would decrease with a 

corresponding increase in altitude. However, the present study could not link the time 

spent by Rhyncomya on an individual flower with variations in climatic factors like 

temperature or humidity given that only four observations were made on their behavior 

in the mid zone and non in the high zone of the study transect. In essence, the revealed 

lack of correlation between visitation rates with altitude for a majority of insects might 

only serve to suggest that further studies on the pollination activity of avocado flower 

visiting insects based on visitation rates needs to be conducted along the study transect. 

In accordance to variation in visitation rate, avocado pollen load on insect bodies was 

expected to vary. In this study, the highest avocado pollen load was removed from the 

body of honeybees while the calliphorid fly (Chrysomya chloropyga) recorded the 

highest number of avocado pollen grains among flies. Therefore, results from pollen 

load suggest that honeybees are effective avocado pollen vectors. On the other hand, 

wasps had a low pollination activity based on avocado pollen load perhaps because of 

their hairless body (Ish-Am et al., 1999). However, previous studies have shown that a 
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majority of avocado pollen grains that leads to effective avocado fertilization is carried 

by honeybees (Ish-Am, 2005). This could be supported by the present study going by 

the quantity of avocado pollen removed from the body of honeybees. 

A significant negative correlation between altitude and avocado pollen grains attached 

on the body of honeybees was found. It is possible that low temperatures in the high 

zones altered the flowering sequence of avocado cultivars thus negatively influenced 

flower visits and subsequent pollen foraging by honeybees. This is in agreement with 

Robbertse et al. (1994) who found that honeybee activity on avocado flowers is affected 

by low temperatures, which do not always coincide with the flowering behavior of 

avocado. However, the flowering behavior of avocado i.e. patterns of pistillate and 

staminate stages (A and B respectively) remains poorly understood along the study 

transect.  

Although the flowering behavior of avocado cultivars and stigma receptiveness of 

avocado pollen carried by flower visiting insects was not investigated, honeybee Apis 

mellifera was depicted as the most active flower visiting insect associated with avocado 

following its high rank in avocado pollen and frequency of visitation. The importance of 

honeybees as the most active flower visiting insects of avocado in Chile has also been 

reported by De la Cuadra (2007) based on the number of bees on the flowers and 

frequency of flower visits. The relative importance of the activity of bees and 

honeybees in particular to avocado pollination prompted Eardley and Mansell (1996) to 

recommend provision of alternative floral resources to help sustain bee population. 

Other studies on sunflowers have also shown that increased foraging of non-Apis bees 

enhances the foraging ability of honeybees given that honeybees will be compelled to 
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move to many flowers when large numbers of non-Apis-bees forage at the same time 

and the same floral heads (Nderitu et al., 2008). 

5.4. Alternative food sources for the most active flower visiting insects (bees)  

Flower visiting insects like bees were expected to be hosted by non-avocado plants 

during scarcity of avocado flowers. Overall, the plant species that hosted the highest 

abundance of bees was African Basil Ocimum gratissimum, followed by Leucas grandis 

and Plectranthus sp., respectively. In line with the hypothesis, the findings of the 

present study imply that flowering plants around avocado agro ecosystems sustain the 

species composition of bees. Some flowering plants of the families; Papilionaceae, 

Rubiaceae and Acanthaceae are all important to bee pollinators as they provide them 

with alternative floral resources (Gikungu, 2006; Chiawo, 2011). This was also the case 

in the present study. 

Among bee species associated with avocado flowers, honeybees visited the highest 

diversity of non-avocado host plants. Other researchers who observed avocado flower 

visiting insects in Mexico, have also reported on erratic foraging behavior of honeybees 

when citrus flowers (Ish-Am et al., 1999), Litchi and Trema plants (Johannsmeier and 

Morudu, 1999) were in the vicinity of avocado trees. Otherwise, Potts (2003) found a 

positive correlation between bee abundance and floral abundance where sites providing 

a high quality of nectar attract a wide diversity of bee species.  

A similar preference for non-avocado host plants by bee flower visiting insects 

associated with avocado was reported during the rainy and dry season. Considering 

seasonal preference of plant species, Tithonia diversifolia, Monechma debile and 
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Euryops chrysanthemoides hosted honeybees, small carpenter bee (Ceratina sp.) and 

Lasioglossum sp. during the rainy season while Ocimum gratissimum was highly 

preferred by honeybees, reed bees (Braunsapis sp.), small carpenter bees (Ceratina sp.) 

and sweat bees (Lasioglossum sp.) during the dry season. This result suggest that 

seasons coincide with flowering of certain plant species and therefore influence the kind 

of bee species that utilizes available flowering plants, either in terms of nesting sites or 

food. The results from this study corroborate the work of Ish-Am et al. (1999) and 

Johannsmeier and Morudu (1999) who found that avocado flower visiting insects will 

also prefer other plant species other than avocado after the peak of avocado flowering.  

5.5. Knowledge gaps and recommendations for future studies 

There are some issues that this study could not address but which may form a basis for 

future studies on the diversity and pollination activity of avocado flower visiting 

insects. Firstly, future sampling should consider the use of an array of sampling 

techniques to collect more diverse canopy foraging insects from avocado trees. 

Secondly, given the wide length of the transect, uncontrolled population of avocado 

groves and flower visiting insects, perhaps future research in this field should deploy 

more sampling points during surveys. Otherwise the lower zone could harbor abundant 

alternative food sources that impact on the diversity avocado flower visiting insects at 

higher altitudes. Finally, aerial colored pan traps deployed at similar heights collect 

more similar insect species (Geroff et al. 2014) therefore; future studies should consider 

the influence of height of aerial pan trap deployment during sampling.  
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Regarding the pollination activity of flower visiting insects, the present study considers 

essential to evaluate the influence of avocado’s flowering behavior on the activity of 

insects given that the behavior of avocado flower visiting insects varies among pistillate 

and staminate avocado flowers. Secondly, future studies should document the influence 

of height of quadrat observation and number of established quadrats on the pollination 

activity of the observed flower visiting insects. Thirdly, the finding that non-avocado 

host plants are important in the conservation of bees implores on farmers to consider 

planning their farmlands with diverse crops to sustain the activity of bee flower visiting 

insects. Finally, the relative importance of flower visiting insects associated with 

avocado may change as their species composition fluctuates. Therefore, further research 

on the diversity and pollination activity of avocado flower visiting insects especially in 

the lower altitudes of the study transect needs to be conducted while monitoring erratic 

trends in climatic factors that have been linked to climate change.  

5.6. Summary and conclusion 

The present study investigated whether the diversity and pollination activity of flower 

visiting insects associated with avocado decreases at higher altitudes that exhibit cooler 

temperatures, and whether their populations were being supported by a variety of non-

avocado plants. Results on flower visiting insect diversity indicate that the mid zone 

was more diverse than the high zone whilst insect diversity decreased with increase in 

altitude. Regarding the pollination activity of avocado flower visiting insects, 

honeybees Apis mellifera was the most active pollinator of avocado based on its high 

avocado pollen load as well as its high frequency of avocado flower visits. The 

abundance of honeybees was also found to be supported by diverse flowering plants in 
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the scarcity of avocado flowering.  However, the diversity of flower visiting insects as 

well as the pollination activity of honeybees (based on the frequency of flower visits 

and avocado pollen load) decreased with a corresponding increase in altitude. Similarly 

frequency of flower visits by paper wasps Belonogaster (1 sp.), blowflies Chrysomya 

chloropyga and sphecid wasp Cerceris sp. was high in the mid zone than in the high 

zone of the study transect. Temperature had profound influence on the diversity and 

pollination activity of avocado flower visiting insects.  

In conclusion, temperature that negatively correlates with altitude had differential 

influence on the diversity and pollination activity of flower visiting insects associated 

with avocado.   
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APPENDIX 

Appendix I: Checklist of bee flower visiting insects recorded using pan traps in the mid 

zone of the study transect between February 2013 and May 2013 

Bees Colored Pan trap 

Family Species white blue yellow 

Apidae Amegilla sp.3 1 0 0 

 Amegilla sp.4 0 1 0 

 Amegilla sp.5 1 0 0 

 Apis mellifera 22 16 1 

 Ceratina sp. 3 0 1 

 Ceratina sp.2 18 7 5 

 Thyreus sp.1 1 1 0 

Megachilidae C. ithanoptera 3 0 0 

 Heriades sp. 2 2 1 

 Megachile sp.2 2 0 0 

 Megachile sp.6 0 1 0 

 Pseudoanthidium sp. 1 0 1 

Halictidae Lasioglossum sp. 13 6 1 

 Lipotriches sp.1 0 0 1 

 Nomia sp.2 0 0 1 

 Nomia sp.3 1 0 0 

 Nomia theryl 1 1 0 

 Patellapis sp.1 1 0 0 

 Patellapis sp.2 1 0 0 

 Patellapis sp.3 2 2 1 

 Patellapis sp.4 1 0 0 

 Seladonia sp. 0 1 1 

 Seladonia sp.1 0 1 0 

 Seladonia sp.4 2 0 0 

 Seladonia sp.5 0 1 0 

 Systropha sp. 0 1 0 

  Systropha sp.1 0 1 0 

Total Abundance   76 42 14 
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Appendix II: Checklist of bee flower visiting insects recorded using pan traps in the 

high zone of the study transect between February 2013 and May 2013 

Bees ColoredPan trap 

Family Species white  blue yellow 

Apidae Amegilla capensis 0 1 0 

 Amegilla sp. 1 0 0 

 Amegilla sp.3 1 0 0 

 Amegilla sp.5 2 0 1 

 Apis mellifera 49 13 16 

 Braunsapis sp. 0 1 0 

 Ceratina sp. 13 2 2 

 Ceratina sp.1 4 0 2 

 Ceratina sp.2 20 10 13 

 Thyreus sp.1 2 0 0 

 Xylocopa ?caffra 0 1 0 

 Xylocopa hottentota 1 0 0 

Megachilidae Afranthidium sp. 0 0 1 

 Coelioxys sp. 2 0 0 

 C. ithanoptera 1 0 0 

 Heriades sp. 2 0 0 

 Megachile sp. 1 0 1 

 Megachile sp.2 1 0 0 

 Megachile sp.4 0 1 0 

 Megachile sp.6 7 0 0 

 Megachile sp.7 0 1 0 

Halictidae Lasioglossum sp. 6 24 2 

 Lasioglossum sp.4 0 1 0 

 Nomia sp. 0 0 1 

 Nomia sp.2 0 0 1 

 Nomia sp.3 0 0 1 

 Nomia theryl 0 1 0 

 Patellapis sp.1 7 2 1 

 Patellapis sp.3 1 1 2 

 Seladonia sp. 6 0 0 

 Seladonia sp.1 2 0 0 

  Seladonia sp.2 0 1 0 
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Halictidae Systropha sp. 1 0 0 

 Thrinchostoma ?telekii 1 0 0 

 Thrinchostoma sp. 1 0 0 

 Thrinchostoma sp.2 2 0 1 

Total abundance 134 60 45 
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Appendix III: Common bee species collected along the slopes of Taita Hills from 

February 2013 to May 2013 

 

Amegilla capensis 

 

Thrincostoma teleki 
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Tetralloniella sp. 

 

 

Andrena sp. 
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Appendix IV: Physical location (altitude) and climatic factors (Temperature and 

Humidity) along the study transect 

Zone Latitude Longitude Elevation (m a.s.l.) Temp (°C) Hum (%) 

Mid zone 

 

03
o 
23’21.19” 

 

038
0
21’2.16’’ 1534 24.58 59.82 

03
0
23’43.51’’ 038

0
21’26.06’’ 1488 22.27 63.23 

03
0
24’5.4’’ 038

0
21’50.08’’ 1409 23.43 59.65 

03
0
24’37.4’’ 038

0
21’45.29’’ 1438 24.14 57.58 

03
0
25’7.86’’ 038

0
21’56.3’’ 1463 23.78 58.12 

03
0
25’34.86’’ 038

0
21’38.66’’ 1420 23.80 58.90 

03
0
26’5.78’’ 038

0
21’47.66’’ 1276 24.30 56.58 

03
0
26’38’’ 038

0
21’48.13’’ 1116 24.00 59.50 

03
0
22’54.98’’ 038

0
20’42.32’’ 1621 21.93 63.50 

High Zone 03
0
23’5.1’’ 038

0
20’12.37’’ 1696 21.20 59.20 

03
0
23’34.37’’ 038

0
20’19.97’’ 1708 21.38 62.77 

03
0
23’28.25’’ 038

0
19’47.21’’ 1705 21.12 62.80 

03
0
23’57.62’’ 038

0
19’33.78’’ 1793 20.08 59.88 

03
0
24’4.64’’ 038

0
19’1.16’’ 1728 22.84 57.88 

03
0
24’7.27’’ 038

0
18’28.8’’ 1717 22.50 54.53 

03
0
23’53.63’’ 038

0
17’59.35’’ 1720 22.17 57.68 

03
0
24’15.84’’ 038

0
17’35.88’’ 1732 21.32 61.37 

03
0
24’14.83’’ 038

0
17’3.44’’ 1714 20.40 63.38 

 

 


