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Abstract 

The natural ecosystem, in and around bean fields potentially offer beneficial services that assist 

bean productivity. This study was conducted to investigate the distribution of beneficial 

invertebrates and plants and their conducive environmental conditions in bean fields in Moshi 

rural, along the slopes of Mt. Kilimanjaro Northern Tanzania. Four farms were chosen on the 

basis of four factors which were elevation, crop diversity (mixed crop farming), forestation 

level (farming in grasslands, woodlands and bush land areas), and cropping intensity (most land 

converted to farming with little bush land, farm-fallow mosaic, small areas of farming with 

mostly bush/fallow land). Beneficial insects were collected monthly using pan traps. Five traps 

were placed in the crop plants and the other five traps were placed in the field margin. The 

insects collected were identified to the functional group level. Plants found associated with 

beneficial insects were also collected for identification. Monitoring of the insects’ visits to 

plants was done and photos were taken. It was observed that elevation, time of the year (month), 

field margin plant species, rainfall and temperature affected the type, richness and diversity of 

invertebrate communities. There are great spatio-temporal differences in invertebrates’ groups 

associated with ecosystems services delivery, particularly pollination and pest management 

functions. The results indicated that there was significant difference (P ≤ .05) among sites in 

terms of the abundance and richness of invertebrates present. Rainfall and temperature had a 

potential influence on invertebrates’ groups. In most cases, the highest populations of insects 

were found in the field margins and edges (P ≤ .05). From this study it can be recommend that 

it is essential to preserve field margins and edges, cultivate plant species that attract beneficial 

insects and devise agro-environment strategies to support them.  
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CHAPTER ONE 

Introduction 

This chapter describes the general introduction of the study. It mainly focuses on the background 

information of the study, problem statement, objectives of the study, research questions and the 

significance of the study. 

1.1 Background Information 

Ecosystem services (ES) are functions provided by nature that improve and sustain human 

wellbeing (Daily, 1997).  According to Millennium Ecosystem Assessment (MEA, 2005), 

ecosystem service (ES) is the benefit or disbenefit provided by functions or activities of the 

ecosystem.  

Natural ecosystems provide services such as biological pest control, maintenance of soil structure 

and fertility, nutrient cycling, hydrological services and pollination of crops (Bommarco et al., 

2013). Crop production and pollination services in agricultural fields are enhanced by insect 

pollinators and natural arthropod (Otieno et al., 2011). These groups of invertebrates deliver the 

ecosystem regulating service  contributing to the major provisioning services of biomass (food, 

fiber, forage or fuel) to humans by agriculture (MEA, 2005).  

Spiders, ladybugs, mantis, flies, and wasps play part in pest control (Cork, 2009).  These beneficial 

insects lead to improved yields by suppressing pests’ damage and maintains an ecological 

equilibrium, preventing herbivore insects from reaching pest status. Human interventions in 

ecosystems and the modern agricultural practices threaten this service through the loss of 

biodiversity (Wilby and Thomas, 2002). Chemical pesticides and herbicides that are used for pest 

and weeds control have negative impacts on the environment and on non-target organisms 

(Desneux et al., 2007). They result into the building up of resistance by insects (Belmain et al., 

2013). Also most of the synthetic pesticides are expensive for the small holder farmers to afford 

(Grzywacz et al., 2014).  

Therefore, insect pollinators and arthropod natural enemies will provide an alternative mechanism 

to the use of synthetic pesticides and would enable small holder farmers to increase bean 

productivity by reducing losses to pests and improve pollination processes. It has been reported by 



2 

 

Bianchi et al. (2006) and Ricketts et al. (2008) that the insect pollinators and arthropod natural 

enemies’ communities have been affected by structure of the surrounding landscape and 

management practices such as pesticide application, fertilizer application and tillage activities. The 

vegetative buffers in agricultural fields are critical in sustaining beneficial arthropods (Gurr et al., 

2005). Many insect predators and parasitoids depend on pollen and nectar for their reproductive 

success and therefore suppression of pests outbreaks (Heimpel & Jervis, 2005; Wackers & 

Steppuhn, 2003).  For instance, natural enemy species such as hoverflies and parasitoids depend 

critically on nectar and pollen for the survival and reproductive success (Lavandero et al., 2005). 

Good management practices in agro ecosystems are therefore an important factor in avoiding 

ecosystem disservices which include pesticide poisoning of non-target species, loss of wildlife 

habitat, nutrient runoff and sedimentation of waterways (Cortesero et al., 2000; Zang et al., 2007; 

Power, 2010). There are many challenges to the survival of predators, and parasitoids in farmland 

and one of these challenges is the existence of invasive plant species (Pimentel et al., 2000). Global 

climate change is another challenge and is expected to interfere with the links between soils, crops, 

and climate that have driven regional crop production practices (Ramankutty et al., 2002).  

Supporting and regulation services from predators and parasitoids are important for food provision 

from a variety of plant resources such as nectar, pollen and seeds (Wilkinson and Landis, 2005). 

Improving vegetation that attract beneficial insects in non-crop areas can give habitats for 

beneficial insects to mate, reproduce and increase the available food sources. This will eventually 

enhance pest control by increasing the diversity and natural enemy populations in some cases 

(Thies et al., 2003). Pest densities may also respond positively to landscape complexity and 

therefore habitat management is of great importance (Thies et al., 2005).  

Pest management in legume crop fields is a challenge to production despite technology 

advancement and improvements due to occurrence of new pests and development of resistance by 

the secondary pests. This makes it hard to control (Belmain et al., 2013). 

Integrated Pest Management (IPM) is now emphasized because of several factors which include 

the development of pest resistance to synthetic pesticides, health and environmental hazards of 

synthetic pesticides and the high costs of the synthetic pesticides.  
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Due to the challenges in pests’ management, it has become of utmost importance to call for a shift 

to practices that are more sustainable and that are human and environmentally friendly. Ecosystem 

services in crop protection are one of the ways to counteract the challenges. But the value of the 

ecosystem services provided by natural ecosystems to agriculture is often underappreciated.  The 

value of the ecosystem services is important in increasing bean crop production and therefore 

improve livelihoods. This study investigated the distribution of beneficial invertebrates and plants 

and their conducive environmental conditions in bean fields in Moshi rural, along the slopes of 

Mt. Kilimanjaro Northern Tanzania 

1.2 Problem statement and justification of study 

 

Overuse and misuse of synthetics for crop protection in bean fields due to pests and diseases has 

led to considerable environmental problems such as negative effects on wildlife, crop pollinators, 

natural enemies and development of resistance by pests. Natural ecosystem services provided by 

beneficial insects (pollinators and natural enemies of pests) and pesticidal plants can be utilized as 

an alternative to chemical pesticides. But the significance of the majority of plants and insects for 

crop protection in bean fields is not adequately known. Therefore, this study aimed at investigating 

and exploring the distribution and existing beneficial invertebrates responsible for delivering 

ecosystem services in bean fields and their favourable environmental conditions in. Moshi rural, 

along the slopes of Mt. Kilimanjaro Northern Tanzania. 

1.3 Objectives 

1.3.1 Main objective 

 

The main objective of the study is to assess the ecosystem services for crop protection in bean 

fields among farming communities in Kilimanjaro, Northern Tanzania. 

1.3.2 Specific objectives 

Specific objectives involve; 

 Identifying and determining the abundance of beneficial insects and associated plants in 

bean fields.  
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 Assessing the environmental conditions in bean fields where beneficial insects and plants 

are found.  

 

1.4 Research questions 

 

 What beneficial invertebrate groups are found in bean fields?  

 What are the abundances of beneficial invertebrate groups present? 

 What are the plants associated with the beneficial invertebrate groups found in bean fields? 

 Which environmental conditions favour beneficial insects and plants in bean fields?  

 

1.5 Significance of the study 

The information obtained in this study will contribute to understanding of beneficial insects and 

the associated plants in the bean fields, environmental conditions where the beneficial insects and 

the associated plants are found, provide room for proper recommendation of plants and associated 

insect pollinators that are natural enemies of pests and documenting insects and associated plants 

in the bean fields and their impact on crop protection practices. 
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CHAPTER TWO 

THE POTENTIAL OF COMMON BENEFICIAL INSECTS AND STRATEGIES FOR 

MAINTAINING THEM IN BEAN FIELDS OF SUB SAHARAN AFRICA1 

Abstract 

 

Beneficial insects provide natural ecosystem services such as biological control of pests, soil 

formation, nutrient cycling and pollination of plants. Beneficial insects include pollinators 

important in the pollination process of all plants, and natural enemies of pests such as parasitoids 

and predators which are important in the suppression of pest damage to crops. Knowledge on 

management techniques to attract beneficial insects in the agricultural fields is a way forward to 

enhance agro ecosystems for increased crop production. Therefore, proper understanding and 

identification of natural enemies, as well as pollinators in agricultural fields is essential in 

promoting biological control and pollination activity. Natural enemies and pollinators, within 

legume fields, play a key role in ensuring sustainable production, especially in smallholder farms. 

There is a limited understanding of beneficial insects and the ecosystem services they offer to the 

agricultural production process in much of sub-Saharan Africa. This paper reviewed and provides 

existing knowledge on beneficial insects in bean fields. This will give the basis for research on 

beneficial insects in bean fields and practices that encourage their populations. 

Keywords: Ecosystem services, biological control, natural enemies, pollinators, pest management 

 

 

 

 

 

                                                           
1 American Journal of Plant Sciences, 7, (3), 425-436 
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2.1 Introduction  

The Millennium Ecosystem Assessment (MEA), categorizes ecosystem services into four groups 

which are; provisioning services (timber, medicinal plants, and fish);  regulating services (climate 

control, pollutants removal, disasters protection); cultural services (spiritual value from sacred 

groves, aesthetic beauty) and supporting services (soils formation, nutrient recycling, natural pest 

control and pollination) (MEA, 2005). Beneficial insects which mainly include natural enemies 

and pollinators provide ecosystem services such as pollination and pest-diseases management. 

These services are essential in plants’ life and enhancement of crop productivity.  

To map the temporal and spatial provision of ecosystem services, the knowledge of ecosystem and 

biodiversity is potential for sustainable ecosystem services and avoiding the disservices from 

agricultural fields (Lead et al., 2009). Valuation of the ecosystem services is the step forward 

towards ensuring ecosystem services sustainability (Pascal et al., 2010). 

In integrated pest management (IPM) strategy, natural enemies can be employed together with 

other methods such a chemical, cultural and genetic methods for maximum control. For chemical 

control methods, selective insecticides can be employed with fewer effects on natural enemies. 

Landscape manipulation will also enhance biological control in agricultural fields (Gurr & 

Kvedaras, 2010). 

Natural enemies are a diverse group of organisms that include predators, parasitic insects, 

nematodes and microorganisms. Predators which are often large, active and conspicuous in their 

behaviour, consume many insect prey in their lifetime (Lee & Landis, 2001). Common predators 

of insect pests include praying mantis, spiders, earwigs, true bugs, ladybird beetles, ground beetles, 

lacewings, and hoverfly larvae (Cork et al., 2009). Parasites of insects (parasitoids) are insects 

which develop within their pest hosts (Lee & Landis, 2001). The parasitic mechanism is by laying 

eggs in or on the body of another insect and when the parasite egg hatches the young parasite larva 

feeds on the host insect (pest) and kills it. These are mostly wasps or flies of small sizes and most 

of them are host specific (Irtwange, 2006). Parasitic insects are therefore parasitic only in their 

immature (larvae) stage. While the immature parasitoid kills only one host during its development, 

each individual predator kills many preys. 
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The predatory beetles are the most diverse group of insects in the world constituting of about 40% 

of all known insects species (Mahr et al., 2008). Beetles in the order Coleoptera consist of different 

families but of importance in crop protection are families Carabidae (ground beetles) and 

Coccinelidae (lady beetles). Coccinelidae are the important group of natural enemies (Mahr et al., 

2008).  Praying mantis (mantodae) are generalists which attack most pests, natural enemies and 

each other. Nymphs and adults of mantodae are both predatory (SCLT, 2009). Predatory bugs (true 

bugs) of the order Hemiptera include damsel bugs, big-eyed bugs, minute pirate bugs, mirid bugs, 

stink bugs, assassin bugs and ambush bugs. Both adults and nymphs of the order Hemiptera are 

predators. These are all generalist feeders and may eat some beneficial insects. According to Brun 

(2014), Green bugs feed on plants and brown feed on insects. Lacewings in the order Neuroptera 

present many favourable traits such as wide prey range and high voracity (New et al., 2001).  

Predatory flies of the order Diptera include hover flies, dance flies, long-legged flies, robber flies 

and tachinid flies. Stinging wasps of the two major families of Vespidae and Sphecidae include 

paper wasps, yellow jackets, and hunting wasps. Most of these wasps construct a cell or a nest in 

which they lay eggs while others dig a tunnel in the soil (Brun, 2014). Spiders of the families 

Salticidae, Thomisidae, Oxyopidae, and Araneidae will target a large range of flying and crawling 

insects. Green tree ant Oecophylla smaragdina (Family Formicidae) and Red meat ant 

Iridomyrmex sanguineus (Family Formicidae) will target a large range of slow moving insects 

such as caterpillars, beetles and others  (Chin & Brown, 2010). 

Natural enemies as the agents of biological control regulate pest numbers in many circumstances 

(Belmain et al., 2013). They can directly cause pest mortality and can indirectly interfere with the 

feeding activities of pest species and therefore, reduce damage to crops (Letourneau & Altieri, 

1999).   

Most of the natural enemies play a secondary role of pollinating food crops and flowering plants. 

Key pollinators include bees (honey bees and wild bees), butterflies, moths and flies (Nicholls & 

Altieri, 2013). These natural enemies and pollinators within the environment, especially in the 

agricultural fields, play key roles in ensuring sustainable production. Legumes being one of the 

important crop cultivated by smallholder farmers for food security and nutrition quality especially 

in the sub-Saharan Africa, is among the beneficiary of these insects. There is however, a limited 

understanding of beneficial insects and the ecosystem services they offer to agricultural production 
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process including bean farms in much of sub-Saharan Africa. To ensure sustainability in such 

production systems, there is a need to identify and promote management of these beneficial insects. 

This review aims at exploring the existing knowledge and information on beneficial insects in bean 

fields which will provide the basis for further investigation and recommend adequate management 

practices. 

2.2 Natural enemies in bean fields 

Some natural enemies of pests in common beans have been studied.  They include predatory bugs 

(assassin bugs), hover flies, ground beetles, lady beetles, lacewings, predatory and parasitic flies, 

spiders and parasitic wasps (Rondon & Clough, 2008).  

2.2.1 Assassin bug (Hemiptera: Reduviidae) 

The assassin bug is large compared with other predatory bugs. Most range in colour from light 

brownish-green to dark-brown. The species is known as “Assassin bug” or “the masked bed bug 

hunter” (Javahery, 2013). The front legs are enlarged for grasping prey. They often live more than 

one season and consume large numbers of small insects and mites. The adult female lays 

cylindrical brown eggs in clusters. Some representative members of this family include thread-

legged bugs, ambush bugs and the wheel bug. Both nymph (Plate 1) and adults are predatory of 

most insects (Stewart et al., 2007).  They have been reported to prefer most crops which include 

legumes (e.g. peanut, soybean, sesame, lucerne, mung bean) cocoa, rice, mango, hibiscus and 

melaleuca (Chin & Brown, 2010).   

Assassin bugs are generalist predators that may feed on leafhoppers, plant bugs, caterpillars and 

their eggs and larvae (Lee & Landis, 2001). They ambush their prey which capture and pierce with 

their strong rostrum. Salivary secretion paralyses the prey and dissolves its internal tissues into a 

liquid which is sucked up by the bug (Chin & Brown, 2010). Greater understanding of their 

potential prey and the environments that are more favourable for assassin bugs may contribute 

significantly in promoting their populations in the bean fields.  
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Plate 1: Assassin bug nymph (Source: Field picture)  

2.2.2 Hoverflies (Diptera: Syrphidae) 

Hoverflies (Plate 1) are also known as flower flies because of their behaviour of frequently visiting 

flowers and feed on nectar and pollen making them good pollinators. They resemble wasps in 

colour, but hoverflies excel in the behaviour of hovering compared with wasps.  Eggs are usually 

deposited on or near the host insect and develop to adult in 2 to 6 weeks (Lee & Landis, 2001). 

The body of the larva tapers towards the head and are generally white, brownish or green in colour.  

Adults often seen in flowers are stout or slender-bodied with a large head and eyes. Whereas some 

species of hoverfly larvae live in rotting vegetation, others are aquatic such as the rat-tailed 

maggots and others live in stagnant, polluted water. Plants which attract the adult hoverflies 

include baby-blue-eyes, bishop’s weed, buckwheat, California lilacs, candytuft,  caraway,  

ceanothus, coreopsis, coriander, cosmos, coyote brush, daisy,  dill, fennel, gloriosa  holly, 

knotweed, leaved cherry, marigolds meadow foam, parsley, Queen Anne’s lace,  scabiosa, 

soapbark tree,  spearmint, sunflower, sweet alyssum, tansy, yarrow. Also, they prefer decaying 

vegetation (CES, 2010). 

The hoverfly larvae feed voraciously on aphids, thrips, mites, and other small insects. The larvae 

are predatory and the adults hover on flowers in search of nectar and pollen for survival 

consequently playing the role of pollinators (Stewart et al., 2007).  More research is therefore 

needed to determine the management practices that will support hoverflies, their predatory and 

pollination activities in bean fields. Their presence at the right times in the field and at reasonable 

proximity to the farm is essential for effective pollination and pest control services.   
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Plate 2: Adult hoverfly (Source: Field picture) 

2.2.3 Ground beetles (Coleoptera: Carabidae) 

According to Alston (2011) and James (2014), ground beetles (carabids) live in soil and detritus, 

though some, particularly the Lebia species and some caterpillar hunters forage in the plant canopy. 

They tend to be more active at night and hide under crop debris and in cracks in the soil during the 

day. Ground beetles need undisturbed areas to overwinter. If disrupted by insecticides, their 

populations are slow to rebound as they have long life cycles.   They are usually brown or black, 

but a few are metallic blue or green. Carabids are attracted by permanent planting, amaranth, white 

clover and mulch and live in arable crops and heavier soils, trees and shrubs. Most of them climb 

into vegetation at night since they largely nocturnal (Mahr et al., 2008).  Beetles of the genus 

Calosoma are known as caterpillar hunters because they are voracious predators of caterpillars. 

Adults and larvae of most species are predators of cutworms, ants, maggots, earthworms, slugs, 

and other beetles and most of the species are generalists (Chin & Brown, 2010). Knowledge of 

predatory activities of the Carabids and their requirements at different life stages is important in 

increasing their efficiency in the control of pests in bean fields and therefore increase the bean 

yields. As the Carabids are ground-dwellers, reduced tillage and higher soil temperatures through 

cover crops or mulches would be some of the ways to conserve them.  

2.2.4 Lady beetles (Coleoptera: Coccinellidae) 

There are several species of lady beetles, but the most important ones are the transverse, 

convergent, seven-spot, multi-coloured, and mite-eating lady beetles (Cunningham et al., 2007).  

Lady beetles (Plate 3) are predators and are very important in the suppression of pests and 
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therefore, should be attracted and conserved for more effective and sustainable management of 

pests. Both the adult and larval stages of lady beetles are predators. The larvae of the lady beetles 

look like a very small alligator with alligator shape,” soft bodied and elongate and undergoes a 

complete metamorphosis.  Development from egg to adult takes 30 to 40 days. Most species tend 

to specialize feeding on aphids. They are thought to be oval and the colourvaries from pink to red 

to orange to black. The number and patterns of spots also vary. They are attracted by plant pollen 

and nectar  producing plants which include angelica, black locust, buckthorn, buckwheat,  

caraway, cowpea, crocuses, dill,  fennel, goldenrod, grains, hairy vetch, knotweed, mustard,  native 

grasses , parsley, Queen Anne’s lace, salt bush, spearmint, sunflower, tansy,  white clover, and 

yarrow (Getanjaly et al., 2015). They also need floral resources such as plant pollen and nectar 

resources as well for their survival for instance, the spotted lady beetles need pollen (spring beauty, 

dandelion) after overwintering (Alston, 2011; Lee & Landis, 2001).   

Although most species are generalists, adults and larva of lady beetles destroy the aphids, mites, 

thrips, scale insects, mealy bugs, and insect eggs overwintering (Lee & Landis, 2001). Information 

on supplemental food resources for ladybugs is the way forward towards promoting their 

populations and extend their predatory and pollination activities. 

 

Plate 3: Adult lady beetle (Source: CES, 2010) 
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2.2.5 Brown lacewing (Neuroptera: Hemerobiidae) and Green lacewing (Neuroptera:   

        Chrysopidae) 

Lacewings have long antenna and golden eyes and are more active in warm weather.  Brown 

lacewings are larger but less common than Green lacewings. The eggs of Green lacewings are laid 

singly or in batches, each on a long, hair-like stalk, presumably to keep the egg away from 

substrate-based predators and also to reduce the chances of cannibalism among the larvae know as 

aphid lions (New et al., 2001).  Both the larvae and adults brown lacewing are predatory (Getanjaly 

et al., 2015).  Development from egg to adult takes to about 25 days and adults live for about 30 

days. The adult lacewings are delicate, slender-bodied. The larvae of green lacewing which have 

pincer-like mouthparts are parasitic. They prefer tree and shrub crops and flowering crops and 

vegetation nearby will encourage adults to stay as they feed on nectar and pollen. Many species of 

lacewings are found naturally in orchards. Plants that attract and conserve Lacewing are the Carrot 

family, sunflower family, buckwheat, holly leaf cherry, corn (Lee & Landis, 2001).  

Lacewing larvae prey on insect eggs, leafhoppers, red-banded thrips, mites, immature mealy bugs, 

moth eggs and small caterpillars. Adult Green lacewing are not predaceous while adult brown 

lacewings are. Larvae have large piercing mandibles for capturing prey. Green lacewing adults 

feed on nectar and pollen (Getanjaly et al., 2015). There is limited knowledge of the variations of 

lacewing populations in relation to the environmental factors such as rainfall and temperature. 

Exploring these variations will help in conserving the lacewings. 

2.2.6 Long-legged flies (Diptera: Dolichopodidae) 

Long-legged flies (Plate 4) are metallic green to blue, yellow, brown or black in colour with 

distinctive long legs preferring moist areas, especially in gardens. . The development of the larvae 

takes place in the soil, on dead organic matter or in tree crevices.  Field margins and crops attract 

the adults which are strong flyers (AHDB, 2014).    

Both the larvae and the adults are predators or scavengers and prey on aphids, thrips, young 

caterpillars, mites, detritus and soil (Mahr et al., 2008).  Little is known on the long-legged flies 

and their roles in agricultural fields especially in bean fields. More information on the long-legged 

flies and the role(s) they play in control of pests is therefore required. 
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Plate 4: adult long-legged fly (Source: Field picture)  

2.2.7 Robber flies (Diptera: Asilidae) 

Robber flies are large (Plate 5) predators commonly found in soil or rotting wood. The eggs are 

laid in the soil or attached to foliage, bark or in the seed heads of grasses. The larvae are cylindrical, 

elongate and tapered at each end and have a small distinct head. Suitable crops or vegetation for 

Robber flies is native vegetation, permanent hedgerow as well as various crops (Chin & Brown, 

2010).    

Robber flies capture their prey while in flight because of their prominent eyes, long legs and 

tapered slender abdomen. The flies use their proboscis to inject toxins and enzymes into the body 

of the prey which dissolves the contents to be sucked out. They consume a wide range of insects 

including flies, wasps, grasshoppers, leafhoppers, beetles, and butterflies. Robber fly larvae live 

in the soil and feed on small insects (Mahr et al., 2008). There is a need of studying the dynamics 

of the predatory activities of the robber flies in biological control systems a situation that is crucial 

for pest control in bean fields. 
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Plate 5: Adult robber fly (Source:Field picture) 

2.2.8 Tachinid flies (Diptera: Tachinidae) 

Tachinid flies (Tachinidae family) resemble houseflies but are relatively bigger. Tachinids are 

usually they are dark gray or striped, robust, and hairy, with stout bristles at the tip of their 

abdomen. Small eggs are usually deposited on, or near the host insects. The larvae are endoparasite 

of insects. The complete life cycle takes about 4 weeks. Adult tachinid flies feed on pollen, and 

nectar and prefers various crops and situations independent of crop type. They are found wherever 

hosts are found (SCLT, 2009).  

Young larvae of tachinid flies bore their way into their caterpillar hosts and feed on internal organs 

until the host dies and the larva reemerges to pupate.  The larvae parasitize green clover worm, 

bean leaf beetle, beetle larvae, grasshoppers and caterpillars (PAN, 2014).  These large parasitoids 

vary in their preferred host, so it is important to establish the alternative prey/host for tachinid flies 

at some points of their life cycles. Judicious pesticide use will help in conservation process (Lee 

& Landis, 2001). More studies are needed on alternative prey/hosts for tachinid flies and 

environmentally benign practices that support them. 

2.2.9 Spiders (Araneae) 

Spiders are generalist predators providing an enormous pest control service. They occupy a variety 

of habitats with correspondingly different behaviours and prey preferences. They are found in the 

soil, low vegetation or woody plants. Adult spiders have silk-producing organs with neither 

antennae nor wings. The eggs are in silken sacs protected by the female. Diversity of spiders is 
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more in undisturbed natural environments than in agricultural settings. They prefer less disturbed 

perennial crops (forests, orchards, vineyards) than annual crops (CES, 2010).     

Spiders feed on a wide range of insects which include red-banded thrips, plant hoppers, caterpillars 

and moths. Crab spiders (Plate 6) for instance, secure their prey by ambush and stealth. 

Camouflaged, they lie in wait for prey. Some species slowly change colour to match their flower 

perch. They also stalk their prey on the ground. Thus, each spider species will catch certain prey 

type based on its method of prey capture and preferred habitat. They have usually one generation 

per year (Brun, 2014). Better understanding of their habitats and prey therefore will promote their 

populations in agricultural fields such as bean fields. 

 

Plate 6: Crab spider (Source: Field Picture)                      

2.2.10 Trichogramma wasps (Hymenoptera: Trichogrammatidae) 

These are tiny wasp parasites and appear like moving dots or dust (Bessin, & Obrycki, 2011).  

Parasitized eggs of the hosts, turns black in colour and, therefore, making it relatively easy to detect 

the presence of adults as they are too small to be seen in the fields (Brier et al., 2012) in the absence 

of black colour.   

Trichogramma wasps attack eggs of other insects by injecting eggs into them. They are important 

parasites of butterflies and moths. These wasps parasitize the eggs of armyworms, corn earworms, 

cutworms, European corn borers, Encarsia formosa, Orius sp., Geocoris sp., and Doru luteipes. 

Their larvae develop inside the hosts, consume the contents and pupate. Mature adults will exit the 

egg and eventually seek a suitable host eggs (Fernandes et al., 2010). Trichogrammatoidea 

eldanae, is potential in the control of bean pod borer Maruca vitrata (Belmain et al., 2013). 
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These tiny parasitoids are potential in the control of bean pest particularly the bean pod borer 

Maruca vitrata. Further research on their parasitic activities and the favourable environments is 

the way forward towards preserving them, hence, promoting biological control in bean fields. 

2.3 Pollinators  

Most of the predators and parasitoids feed on nectar or pollen and so play a secondary beneficial 

role of pollinating the flowers. These parasitoids and predators which display this double-role 

include honey bees, hover flies, predatory bugs, lady beetles, lacewings, predatory wasps, and 

predatory flies. The honey bees, is the most important group of pollinators. Wild bees, butterflies 

and moths (order Lepidoptera) also play a great role in pollination and they are mostly attracted in 

the field by coneflower, columbine, asters and blazing star (Nicholls & Altieri, 2013). Pollinators 

face many challenges in the modern world. Habitat loss, disease, parasites, and environmental 

contaminants have all contributed to the decline of many species of pollinators (Elmqvist et al., 

2010). Additional floral resources are sometimes needed by pollinators as their life cycles are longer 

than the flowering periods of the targeted plant crops (Altieri et al., 2015). Therefore more research 

is needed on the dynamics of the pollinator populations in relation to their habitats and their 

supplemental food sources. 

2.3.1 Honey bees (Hymenoptera:Apidae) 

Honey bees (Plate 7) are commonly kept in domestic beehives or found in and live in wild while 

in large colonies. They nest underground, in twigs and debris, or in dead trees (USDA, 2013). 

Adult honey bees look like hoverflies. They pollinate a number of herbs, wildflowers, trees and 

many crops through feeding on nectar and pollen. Bees spend their adult lives gathering, 

transporting and feeding their immature offspring and this makes them excellent pollinators  

(Hopwood, 2010).  Pollination activities of the honey bees are enhanced by fixing the hives to 

fields hence increased abundance and management (Blaauw & Isaacs, 2014). They produce 

honey from nectar. For just a teaspoonful of honey, honey bees use four workers in their entire 

lives. Some useful products such as royal jelly, propolis and beeswax are produced by honey 

bees (Martins, 2014). Whereas most of the pesticides particularly carbaryl and fipronil affect 

bees, cooler weather is preferable for the bees to forage in the flower especially in the early 

morning (Chin & Brown, 2010).    



17 

 

Honey bees are important pollinators of Fabaceae crop species. Use of chemical pesticides will 

destroy them. Thus, good knowledge on the ways to conserve the honey bees is important in 

enhancing their pollination activity. The use of botanical pesticides for instance, would help in 

conserving the honey bees and therefore increase their beneficial role of pollinating the crops 

especially of the Fabaceae family. 

 

Plate 7: Honey bee (Source: Field picture)  

2.3.2 Butterflies (Lepidoptera: Rhopalocera) and moths (Lepidoptera: Psychidae) 

Butterflies and moths are pollinators. Their larvae are caterpillars and sometimes caterpillars 

behave as pests. The presence of scales on the external parts of the body, particularly the wings 

make them different from other insects. Male and female butterflies attract each other by sight 

while moths attract each other by scent (AHDB, 2014).  Butterflies have immense appeal. Red 

flowers with short tubes are preferred by butterflies while white or pale with strong fragrance are 

preferred by moths.  Most of the moths are day-flying, but the nectar-feeding moths are nocturnal. 

Nectar-feeding butterflies are day-flying   (Hopwood, 2010).  

Butterflies and moths are pollinators, and are an ideal flagship species for conservation. But their 

larvae are often pests. Further research on the biology of these insects at different stages of their 

life cycles would help in improving their pollination activities in Fabaceae crop species without 

necessarily having negative impacts in the fields. 
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2.4 Strategies for maintaining beneficial insects in bean fields 

2.4.1 Establishing mixed cultures 

 

This is the practice of growing more than one plant species in one farm in the same season (Ramet 

et al., 2002). Letourneau and Altieri (1999) reported that the diversification of agricultural fields 

by practising mixed cropping system that allows more different crop varieties or species within 

the same field, will enhance beneficial insect diversity and discourage pests. This is because when 

a herbivore finds no plant to feed on, it will spend more time and energy searching for food and, 

therefore, reduce the extent of damage the pest causes to the plant and in some cases encourages 

migration to another area in search of a suitable food source. Gurr and Kvedaras (2010) reported 

the decrease in insect pest populations’ when beans were intercropped with maize in diversified 

cropping systems. Intercropping with insectary plants can be used to enhance the activity of 

predators and parasitoids by providing habitat and necessary floral resources.  

Kasina et al. (2006) reported that when African marigold (Tagetes erecta) and Coriander 

(Coriandrum sativum) were intercropped with snap beans the populations of flower thrips were 

greatly reduced. He further reported that intercropping will attract or repels pests from the crop 

and promote populations of natural enemies. Investigations of different mixed cropping systems 

in bean fields could enhance the abundance, host-finding and pollination efficiency. 

2.4.2 Habitat manipulation 

Manipulation of the field margin by maintaining vegetation with sufficient foliage in bean fields 

which provide nesting sites, restoration of native plants in the adjacent natural areas will enhance 

the diversity of beneficial arthropods in the edges of the main crop (Otieno et al., 2011). For 

instance, most wasps construct a cell or a nest which they lay eggs. Encouraging the number of 

nest locations for wasps in the bean fields, for instance, will help in maintaining more colonies to 

develop in the area and hence bean crops will benefit from biological control and pollination 

activities (Brun, 2014). A field with a good diversity of local, native flora will attract a good 

diversity of local, beneficial arthropods and also will provide natural overwintering sites and 

flowering resources for many beneficial insects (Pickett, 1998; Sigsgaard et al., 2013).   
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Schmidt and Tscharntke (2005) reported on the existence of positive correlation between the 

proportions of non-crop habitat in the surrounding landscape and the spider density. Ricketts et 

al., (2004) reported that the forest with a number of wild bees could provide pollination services 

that were of greater value to the nearby coffee field compared to the services the forest could 

provide for the forested land itself. Few studies have demonstrated the importance of habitat 

management practices and the ways beneficial insects benefit from the practices. It is therefore, 

important to demonstrate and establish how habitat manipulation practices in bean fields may 

influence the abundance and efficiency of beneficial insects. 

2.4.3 Incorporating cover crops  

These are plants incorporated together with the crop plants for improvement of soil fertility soil 

structure, preventing soil erosion and for management of weeds and pests (Wang, 2012). Cover 

crops have been reported to enhance populations of beneficial insects especially for biological 

control of insect pests (Brun, 2014).  Some best nectar source plants are sometimes incorporated 

in bean fields. Examples are wild carrot family (also known as Umbelliferae or Apiaceae), which 

include dill, fennel, tansy, Queen Anne’s lace, caraway, coriander, and parsnip. They have small, 

open flowers that are accessible to the tiny mouthparts of small, parasitic wasps. Fennel is 

attractive to small parasitic wasps and its flowers are also attractive to syrphid flies, lacewings, 

mantids, lampyrids (lightning bugs) and ladybugs (Zehnder, 2013). Irvin et al. (1999) reported that 

coriander and buckwheat which can be incorporated in bean fields increased the longevity of a 

parasitoid Dolichogenidea tasmanica (Braconidae) could also attract adult lacewing. Adult 

lacewing (Chrysoperla externa) Coriander as well as infested rose (Salamanca et al., 2015). The 

study by Hogg et al. (2011) unveiled that sweet alyssum attracted a large number of adult 

hoverflies.  

Despite their effectiveness in biological control, the potential of cover plants in IPM has not been 

fully explored. Thus, detailed knowledge of the way the cover plants affect the natural enemies 

and pollinators in cropping systems is essential for sustainable control of insect pests especially in 

bean fields.  
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2.4.4 Banker plants  

 

These are plants grown for a specific purpose of encouraging development and sustaining the 

reproducing beneficial insects by producing alternative resources and consequently suppression of 

pests on crop plants due to higher diversity of natural enemies (Capinera, 2005; Frank 2010). The 

banker plants are introduced in green house system (Frank, 2010). Nagasaka et al. (2010) reported 

that  cereal plants can be used as banker plants for sustaining populations of wasps for the 

biological control of aphids. A study by Knox (2003) showed that banker plants are infested with 

herbivores that serve as alternate hosts or prey for a specific parasitoid or predator but do not cause 

damage to the crop intended for harvesting. Having a crape myrtle plant (Lagerstroemia indica) 

in the bean field will attract crape myrtle aphids (Tinocallis kahawaluokalani) to the plant and in 

turn, beneficial insects which are parasitoids or predators of aphids such as lady beetles will come 

to the plant and destroy them. Pineda and Marcos-Garcia 2008 reported that the strategy of using 

banker plants presents a lot of challenges as it is hard to sustain the predators for egg laying and 

reproduction. Therefore, more research is needed to employ mechanisms which will help the 

banker plants maintain the populations of natural enemies to eggs laying and reproductive stages. 

Also, more knowledge is needed to provide an understanding of the different banker plants that 

can be incorporated in bean fields. Such knowledge is essential in improving the efficiency of 

beneficial arthropods’ activities. 

2.4.5 Field protection (Wind barrier) 

Bugg and Waddington (1994) reported that excessive wind prevented foraging by adult hoverflies. 

Thus, protection of natural enemies and pollinators in bean fields can be provided by hedgerows, 

windbreaks, or shelter-belts which can also serve as shelters to field crops leading to locally 

elevated temperatures in the sheltered areas. Thomas et al. (1991) reported that hedgerows could 

also serve as alternative habitat for natural enemies. Including non-crop plants in agricultural fields 

such as bean fields can also help to moderate environmental conditions such as temperature and 

humidity (Mahr et al., 2008).  Other studies have indicated limited importance of establishing field 

protection in agricultural fields especially in bean fields. It is therefore of utmost importance to 

investigate the potential of field protection practices and the ways beneficial arthropods benefit 

from them. 
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2.5 Research needs and conclusions 

Natural enemies and pollinators in bean fields play an important role in increasing bean 

productivity. Proper identification and understanding of natural enemies, as well as pollinators is 

the first step in implementing biological control and enhance pollination activity. It is important to 

realize the key benefits of ecosystem services. Much of sub-Saharan Africa has a limited 

understanding of the pollination and natural pest management services provided by invertebrate 

populations in and around agricultural fields. Natural enemies and pollinators need overwintering 

sites, floral resources, protection from heat and desiccation and food prey. Providing favourable 

environment would help to maintain the beneficial insects throughout their life cycles. Different 

Integrated Pest Management (IPM) strategies which are environmentally benign should be 

employed. Avoiding indiscriminate use of chemical pesticides and switching to the use of 

botanicals is one of the beneficial practices that can be incorporated in bean fields for conservation 

of natural enemies and pollinators. It is important to identify and determine the abundance of 

beneficial insects in bean fields as important agents in the provision of the needed ecosystem 

services for bean production. 
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CHAPTER THREE 

ABUNDANCE OF BENEFICIAL INSECTS AND THEIR ASSOCIATED PLANTS 

UNDER DIFFERENT ENVIRONMENTAL CONDITIONS IN BEAN FIELDS, 

NORTHERN TANZANIA. 

Abstract 

The benefits provided by functions of natural ecosystems in bean fields such as natural pest control 

offered by arthropods natural enemies and pollination offered by insect pollinators are very 

important in increasing bean productivity for the small holder farmers. The aim of this study was 

to investigate and explore the abundance of beneficial insects and their associated plants with their 

favourable environmental conditions in bean field, in Moshi rural, along the slopes of Mt. 

Kilimanjaro. There were four farms chosen on the basis of elevation (lower, middle and higher). 

Other criteria were crop diversity, forestation level and cropping intensity. Five pan traps were 

placed in the field margins and other five traps were placed in the crops for collection of beneficial 

insects. The sample collection was done on a monthly basis.  The insects’ pollinators and natural 

enemies of pests were identified to the functional group level. Insects’ visits to plants were 

monitored and appropriate photos were taken. Also plants associated with beneficial insects in 

bean field were collected, dried, identified and mounted. The type, richness and diversity of most 

of invertebrate groups were affected by elevation, seasons, presence or absence of margin plant 

species, temperature and rainfall (P ≤ .05). From the study we recommend the devising agro-

environment strategies to support insect pollinators and natural enemies, preservation of field 

margins and edges and cultivation of plant species that attract beneficial insects. 

Keywords: Ecosystem services, agroecosystems, natural pest control, natural enemies, pollinators. 
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3.1 Introduction 

 

The use of synthetic pesticides has threatened non target organisms, the natural predators and 

parasites of pests and organisms that are beneficial to health and balance of ecosystem.  The decline 

of the wild pollinators for instance, has been documented in many regions of the globe such as in 

Europe and North America (Aizen & Harder, 2009; Goulson et al., 2008). One of the reasons for 

the decline is the pesticide use which causes direct and indirect effects on beneficial insects’ 

populations (Potts et al., 2010; WHO, 2003). Most available field crop insecticides have broad 

spectrum activity and kill beneficial and pollinating insects.  They cause negative impacts on 

survival, growth, development, reproduction (sex ratio, fecundity, longevity and fertility), and 

behaviour (motility, orientation, feeding, oviposition and learning) of beneficial insects (Fernandes 

et al., 2010). The ecosystem offers services that are potential to agricultural productivity as an 

alternative to use of chemical synthetic pesticides. The ecosystem services provided by natural 

ecosystem services include maintenance of soil structure and fertility, nutrient cycling, 

hydrological services, regulating services, natural pest control and pollination (Power, 2010).  Crop 

pollination and natural pest control are the best ecosystem services performed by insects (Losey 

and Vaughan, 2006). Pollination services offer the value that is direct to humans which include 

increase  in agricultural productivity whether  market- based  or  subsistence  crops, forage,  fibre,  

medicinal products  and other products such as  timbers. It also offers the indirect value which is 

the increase in reproduction of wild plants that contribute to other ecosystem services. The 

ecosystem services can be promoted by the field margins along the borders of crop fields are 

therefore important in provision of ecological and environmental services that are crucial for 

agricultural productivity. The structure of the surrounding landscape influences pest abundance 

and natural enemy effectiveness. Most natural enemies are dependent on the habitat outside the 

cropping areas (Power, 2010). Diverse habitats will offer more favourable environmental 

conditions, food resources such as pollen, nectar, honeydew and an alternative source of prey when 

the target pest is scarce (Altieri, 1999). Modifying the environment by maintaining shrubs and 

bush plantings will help in increasing populations of beneficial insects (UCIPMP, 2006). Physical 

environmental conditions also affect natural enemy activity. The issues of weather, geography and 

soil conditions increase or decrease beneficial insects’ populations depending on their physical 

tolerance and severity (Mahr et al., 2008). Including non-crop plants in agricultural fields can 
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moderate environmental conditions such as temperature and humidity. They can also serve as 

alternative habitat for natural enemies (Thomas et al., 1991).  

Predators and parasitoids provide ecosystem services that can directly substitute the use of 

pesticides in bean fields. They can reduce populations of pest insects, thereby reducing the need 

for pesticides in bean fields. Insect pollinators contribute to the pollination services eventually 

leading to increase in crop yields. Despite the critical contribution of natural enemies and 

pollinators to crop yields, there is still a limited understanding insect pollinators and natural 

enemies of pests in and around agricultural fields in much of sub-Saharan Africa. This study 

focused on bean fields among farming communities in Kilimanjaro, Northern Tanzania. 

3.2 Materials and methods 

3.2.2 Study site  

 

The study was conducted in Marangu farmlands along the slopes of Mt Kilimanjaro from April to 

October, 2015 during the growing season of beans. This place is located in Moshi rural, 

Kilimanjaro, Northern Tanzania at 3° 17' 0" South, 37° 31' 0" East. Subsistence monoculture and 

mixed farming is the main source of livelihood in the area. Majority of Marangu residents are 

farmers growing crops such as maize, beans, bananas, vegetables and coffee. In addition to crops, 

farmers usually keep cattle, sheep, goats and chicken. The climate in Marangu is warm and 

temperate, with much less rainfall in winter compared with summer. The average annual rainfall 

in Marangu is 1,596 mm and the average annual temperature is 19.8 °C.  

3.2.3 Study design and data collection 

 

Four farms were selected on the basis of elevation, crops diversity (mixed crop farming), 

forestation level (farming in grasslands, woodlands and bush land areas), severity of land  

degradation, cropping intensity (most land converted to farming with little bush land, farm-fallow 

mosaic, small areas of farming with mostly bush/fallow land). These criteria were chosen in order 

to assess the effects of different factors such as margin species and environmental conditions in a 

given elevation on the population dynamics of invertebrate groups. Farm 1 was located at the lower 

zone (1007 m.a.s.l) and composed of mixed cropping (vegetables, sugarcane, trees, maize, and 

beans). Farm 2 was located at the lower zone (1007 m.a.s.l) and was dominated with beans 
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intercropped with maize while farm 3 was considered to be in the middle zone (1401m.a.s.l) and 

dominated by cocoyam, coffee, bananas and the bush land nearby. Farm 4 was considered to be at 

the upper zone (1750 m.a.s.l), a part of it is mixed crop farming of vegetables, beans, maize, coffee 

and banana and the other was beans mono-cropping. 

There were two locations in each farm and for each location; there were 5 pan traps, each trapping 

site consisting of the yellow, blue and white pans (Plate 8). See table 1 below; 

Table 1: Study design summary 

 

 

Location 1 was composed of abundant margin species such as weeds, shrubs, trees and location 2 

was composed of field crops such as maize and beans. Pan traps for natural enemies, pollinators 

and pests consisting of three pans per trap coloured white, blue and yellow were set over the course 

of the growing season from May to October. The traps were set up at the same place each time, 

using stakes at a similar height to that of bean plants. Each stake was numbered one to ten with 

Site Locatio

ns/Farm 

No of pan 

traps per  

site/location 

No of 

colours per 

trapping site 

Type of 

colour per 

trapping site 

Physiog

raphic 

position 

Elevatio

n 

(m.a.s.l) 

Cropping 

system 

Crops 

Farm 

1 

2 5 3 yellow, 

blue, white 

lower 

zone 

1007 mixed 

cropping 

vegetables, 

sugarcane, 

trees, 

maize, and 

beans 

Farm 

2 

2 5 3 yellow, 

blue, white 

lower 

zone  

1007 Intercrop

ping 

system 

Beans, 

maize 

Farm 

3 

2 5 3 yellow, 

blue, white 

middle 

zone 

1401 mixed 

cropping 

cocoyam, 

coffee, 

bananas 

and the 

bush land 

Farm 

4 

2 5 3 yellow, 

blue, white 

upper 

zone 

1750 mixed 

farming 

vegetables, 

beans, 

maize, 

coffee and 

banana 

              mono-

cropping 

beans 
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pan traps being at least 20 m apart from each other. Each pan was filled with 300 ml of water and 

then a drop of unscented detergent was added.  The time for the pan trap setting was recorded. The 

catch was collected 24 hours after the set up. Beneficial insects were identified and the insect 

content was stored in labelled tubes with alcohol and the samples stored in the laboratory. Anything 

unusual when picking up the trap such as clearing of the field margin species was recorded. 

  

Plate 8: A pan trap (Source: Field picture)  

Plants associated with beneficial insects were collected, dried, identified and mounted (Plate 9). 

This was done after surveying plant diversity in 2m2 plots around the pan trapping and observations 

of the beneficial insects’ visits to the plants were made at 20 minutes intervals. A table of the 

common plant species associated with beneficial insects was developed. The rainfall and 

temperature readings were also recorded throughout the sampling period (Table 13). 

 

Plate 9: Mounted plant specimen (Ageratum conyzoides) (Source: Field picture) 
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3.3 Statistical analyses 

 

Principal components analysis (PCA) was used to reduce the overall dimensions of the data set to 

the major components. A general linear model (GLM) was performed using the first two principal 

components as output variables to identify which explanatory variables influenced the community 

composition most strongly. Further GLM was then performed on the overall dataset to highlight 

the beneficial invertebrate groups showing most sensitivity to the different variables such as 

elevation, month, location, temperature and rainfall. The Tukey test was used to separate the mean 

by pairwise comparison (Tukey, P ≤ .05). 

3.4 Results 

 

A total of 1646 insects were categorized across the 13 beneficial invertebrates (Table 2). Results 

showed that the commonest groups were long-legged flies (dolichopodidae) and tachinid flies 

(tachinidae) with 685 and 313 individuals captured during the sampling period respectively. 

Table 2: Beneficial invertebrate groups of interest in this study 

Group Type of service Definition of group 

Ants Predation, but possibly antagonistic Hymenoptera: Formicidae 

Predatory bugs Predation Hemiptera: Reduviidae 

Bees Pollination All Hymenoptera: 

Anthophila 

Butterflies Pollination, but possibly larval pests Lepidoptera:Rhopalocera 

Hoverflies Pollination (adults), predation 

(larvae) 

Diptera: Syrphidae 

Lacewings Predation (larvae) All Neuroptera 

Lady beetles Predation (adults and larvae) Coleoptera: Coccinellidae 

Long-legged flies Predation Diptera: Dolichopodidae 

Net-winged 

beetles 

Predation Coleoptera: Lycidae 

Robber flies Predation Diptera:Asilidae 

Spiders Predation All Aranae 

Tachinid flies Parasitism Diptera: Tachinidae 

Wasps Predation, parasitism, some 

pollination 

All Hymenoptera that are  

     not bees, ants or sawflies 
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3.4.1. Effects of elevation and sampling month on different beneficial invertebrates 

The data showed that most the functional groups studied were affected (P≤ .05) by elevation and 

month (Table 3 and Table 4). For example, the abundance of long-legged fly, predatory bugs, 

spider, lacewing, ant and bee were significantly (P≤ .05) affected by elevation. Similarly, the 

abundance of tachinidae,  long-legged fly, robber fly, predatory bugs, lady beetle, lacewing, net 

winged beetle, butterfly, syrphid fly, wasp and bee were affected (P≤ .05) by month.  

Post-hoc multiple comparisons showed that there were significant (P ≤ .05) differences of some 

invertebrate groups across different elevations (Table 5). The data showed that the abundance of 

predatory bugs at an elevation of 1007 and 1401m.a.s.l were higher (P ≤ .05) compared with those 

at 1750 m.a.s.l. Similarly, the abundance of long legged flies were significantly (P ≤ .05) higher 

at 1401m.a.s.l compared with 1750 and 1007 m.a.s.l. Results also showed that the abundance of 

ants and bees were greater (P ≤ .05) at 1007 m.a.s.l compared with those observed at 1401m.a.s.l 

and 1750 m.a.s.l.   

Table 3: GLM outputs on effects of elevation (1007, 1401, 1750m.a.s.l) on different beneficial 

invertebrates  

Source Dependent 

Variable 

Type III 

Sum Of 

Squares 

df Mean 

Square 

F-value Sig. 

Elevation Tachinid fly 4.63 2 2.31 0.46 0.63 
 Long legged fly 651.04 2 325.52 35.99 0.00 
 Robber fly 2.55 2 1.27 1.95 0.15 
 Assassin bug 1.99 2 1.00 4.35 0.01 
 Ladybeetle 0.22 2 0.11 0.37 0.69 
 Spider 0.44 2 0.22 3.34 0.04 
 Lacewing 1.21 2 0.60 3.92 0.02 
 Net winged 

beetle 

0.42 2 0.21 1.95 0.15 

 Butterfly 1.01 2 0.50 1.01 0.37 
 Ant 8.77 2 4.39 6.55 0.00 
 Syrphid fly 1.05 2 0.53 1.67 0.19 
 Wasp 0.45 2 0.23 0.43 0.65 

 Bee 15.47 2 7.74 9.20 0.00 

df = Degree of freedom, F = F value; Sig. = Significant.  The mean difference is significant at the 

.05 level.* 
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Table 4: GLM outputs on effects of month of sampling (May, June, July, August, September 

and October) on different beneficial invertebrate groups  

Source Dependent 

Variable 

Type III Sum of 

Squares 

df Mean Square F-value Sig. 

Month Tachinid fly 466.47 5 93.29 30.17 0.00 
 Long legged fly 136.45 5 27.29 2.40 0.04 
 Robber fly 41.60 5 8.32 16.79 0.00 
 Assassin bug 8.21 5 1.64 8.02 0.00 
 Ladybeetle 16.69 5 3.34 14.26 0.00 
 Spider 0.44 5 0.09 1.33 0.25 
 Lacewing 6.62 5 1.32 9.98 0.00 
 Net winged beetle 2.08 5 0.42 4.13 0.00 

 Butterfly 34.46 5 6.89 19.18 0.00 
 Ant 6.71 5 1.34 1.95 0.09 
 Syrphid fly 15.83 5 3.17 12.36 0.00 
 Wasp 13.96 5 2.79 5.96 0.00 
       

df = Degree of freedom, F = F value; Sig. = Significant.  The mean difference is significant at the 

.05 level.* 
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Table 5: Multiple comparisons of effects of elevations on invertebrate groups 

Dependent 

Variable 

(I) elevation (J) elevation Mean 

Difference (I-J) 

Std. Error Sig. 

Long legged fly 1007 1401 -3.7917 0.4755 0.0000 
    1750 0.0436 0.4782 0.9950 
  1401 1007 3.7917 0.4755 0.0000 
    1750 3.8353 0.5514 0.0000 
  1750 1007 -0.0436 0.4782 0.9950 
    1401 -3.8353 0.5514 0.0000 

Assassin bug 1007 1401 0.0167 0.0756 0.9740 
    1750 0.2167 0.0760 0.0130 
  1401 1007 -0.0167 0.0756 0.9740 
    1750 0.2000 0.0877 0.0600 
  1750 1007 -0.2167 0.0760 0.0130 
    1401 -0.2000 0.0877 0.0600 

Ant 1007 1401 0.3917 0.1294 0.0080 
    1750 0.3742 0.1302 0.0120 
  1401 1007 -0.3917 0.1294 0.0080 
    1750 -0.0175 0.1501 0.9930 
  1750 1007 -0.3742 0.1302 0.0120 
    1401 0.0175 0.1501 0.9930 

Bee 1007 1401 0.5500 0.1450 0.0010 
    1750 0.4588 0.1458 0.0050 
  1401 1007 -0.5500 0.1450 0.0010 
    1750 -0.0912 0.1681 0.8500 
  1750 1007 -0.4588 0.1458 0.0050 

    1401 0.0912 0.1681 0.8500 

 

The results of PCA indicated that the first (1) principal component which describes Syrphidae was 

positively correlated with abundances of natural enemies and the second (2) principal component 

which does not describe Syrphidae was more positively correlated with pollinators and ants. Thus, 

as a gross generalization, the first principal component could indicate a rough proxy for natural 

enemies’ abundance whereas the second principal component could indicate pollinator abundance 

but not Syrphidae. The data from this study also showed that the two principal components were 

affected (P ≤ .05) by elevation (Table 6) 
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Table 6: GLM outputs on effects of elevation the two principal components  

Source Dependent 

Variable 

Type III Sum 

of Squares 

df Mean 

Square 

F-value Sig. 

Elevation (m) FAC1_1 4.019 2 2.009 6.05 0.000 

  FAC2_1 3.969 2 1.985 28.74 0.000 

df = Degree of freedom, F = F value; Sig. = Significant.  The mean difference is significant at the 

.05 level.* 

 

Table 7 shows that the first and second principal components varied (P ≤ 0.05) with month. In 

case of the first principal component, there was a declining (P ≤ .05) pattern as the season passed 

reflecting the general decrease in abundance of most groups (see Appendix 1). The second 

principal component showed a significant (P ≤ .05) decrease in abundance of bee and ants from 

May to June but then an increase (P ≤ .05) from July to October (see Appendix 2).  

Table 7: GLM outputs on effects of month of sampling on the two principal components  

Source Dependent 

Variable 

Type III Sum 

of Squares 

df Mean 

Square 

F Sig. 

Month FAC1_1 26.034 5 5.207 15.680 0.000 

 FAC2_1 1.672 5 0.334 4.843 0.000 

df = Degree of freedom, F = F value; Sig. = Significant.  The mean difference is significant at the 

.05 level.* 

Results showed that when PCA 1 was plotted against month the trap catches for each month 

clustered together, indicating greater differences of invertebrate composition within the same site 

in different months, compared with between different sites in the same month (see Appendix 1). 

But in PCA 2 in some months the trap catches were not clustered together indicating variation of 

invertebrate composition between different months at the same site (see Appendix 2).  

 All the two principal components also showed significant (P ≤ .05) interactive effect of elevation 

and month (Table 8), indicating that the change in community composition over time varied with 

the elevation. 
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Table 8: Interactive effects of elevation and month on the two principal components  

Source Dependent Type III Sum df Mean 

Square 

F Sig. 

 variable of squares     

elevationm * month FAC1_1 8.187 10 0.819 2.476 0.008 

 FAC2_1 3.262 10 0.326 4.745 0.000 

df = Degree of freedom, F = F value; Sig. = Significant.  The mean difference is significant at the 

.05 level.* 

Generally, the data showed that the abundance of tachinidae was high in May at 1401ma.s.l. 

However, tachinidae was completely absent in September in almost all fields. Whereas tachinidae 

was completely absent in farm 4 in October, in other farms the abundance was low (Fig 1). There 

were abundant of margin plants such as Phaulopsis imbricata (Plate 10) 

 

Fig 1: Abundance of tachinidae at different elevations throughout the sampling period. 
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Plate 10: Abundant field margin species (Source: Field picture)  

Results showed that at farm three at an elevation of 1401m.a.s.l,  dolichopodidae was high (P ≤ 

.05) in all months compared with other farms (Fig 2). The farm was dominated by cocoyam, 

coffee, bananas and the bush land nearby. 

 

Fig 2: Abundance of dolichopodidae at different elevations throughout the sampling period. 
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Abundance of Predatory bugs was observed as high (P ≤ .05) in May at elevations 1007 and 1401 

m.a.s.l. but they were completely absent in all months at 1750 m.a.s.l absent in July, August and 

September at 1401m.a.s.l and at lower elevation (1007 m.a.s.l) in July (Fig 3). There was clearing 

of the field margins in some months (Plate 11). 

 

Fig 3: Abundance of predatory bugs at different elevations throughout the sampling period. 

 

Plate 11. The cleared field margin (Source: Field picture) 

A reduction in numbers of Syrphidae during the monitoring period from May to October was 
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observed. Low numbers of adults were observed in July. Syrphidae were completely absent in 

July, August and September in all four farms (Fig 4). In May, margin plants were more abundant 

(Plate12). 

 

Fig 4: Abundance of Syrphid fly at different elevations throughout the sampling period 

 

Plate 12: Abundant forage for Syrphid fly (Source: Field picture) 

Ants were observed to decrease in abundance as the elevation increased. For example, they were 

rare at high elevations (Fig 5).  .  
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Fig 5: Abundance of ant at different elevations throughout the sampling period. 

At high elevations in May there were large numbers of bees in the crop. But low numbers of bees 

were observed at higher elevations at some months.  At low elevation (1007m.a.s.l) the abundance 

of bees was high in all months in both field margin and field crops (Fig 6).  

 

Fig 6: Abundance of bee at different elevations throughout the sampling period. 

3.4.2. Effects of field location (margin, crop) on different beneficial invertebrate groups 

Most groups were more likely to be captured in the field margins than in the crop itself (Figures 

7, 8, 9, 10). This was significant in the case of Dolichopodidae F1= 4.707, p = 0.031); predatory 
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bugs (GLM, F1 = 9.033, p =0.003) and wasp (GLM, F1 = 10.574, p=0.001) (Table 9). The 

abundance of bee was high in both the field margins and in the crops (Fig 11). 

Table 9:  GLM outputs on effects of locations on different beneficial invertebrate groups 

Source Dependent 

variable 

Type III 

Sum of 

squares 

df Mean 

Square 

F Sig. 

Location Tachinid fly 11.449 1 11.449 2.308 0.13 

 Long legged fly 54.25 1 54.25 4.707 0.03 

 Robber fly 0.222 1 0.222 0.336 0.56 

 Assassin bug 2.055 1 2.055 9.033 0.00 

 Ladybeetle 0.353 1 0.353 1.178 0.28 

 Spider 0.036 1 0.036 0.534 0.47 

 Lacewing 0.04 1 0.04 0.251 0.62 

 

Net winged 

beetle 0.271 1 0.271 2.534 0.11 

 Butterfly 0.046 1 0.046 0.093 0.76 

 Ant 0.059 1 0.059 0.084 0.77 

 Syrphid fly 0.845 1 0.845 2.68 0.1 

 Wasp 5.258 1 5.258 10.57 0.00 

  Bee 0.635 1 0.635 0.706 0.4 

df = Degree of freedom, F = F value; Sig. = Significant.  The mean difference is significant at the .05 level.* 

 

Fig 7: Abundance of dolichopodidae at different field locations throughout the sampling period. 
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Fig 8: Abundance of Tachinidae at different locations in the field throughout the sampling 

period 

 

Fig 9: Abundance of wasps at different locations in the field throughout the sampling period. 
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Fig 10: Abundance of predatory bugs at different locations in the field throughout the sampling 

period 

 

Fig 11:  Abundance of Bees at different locations throughout the sampling period. 

 

The first principal component also indicated differences between the margin and the crop itself 

(F1= 8.541, p = 0.000) (Table 10). This shows that most natural enemies were abundant in the 

field margins than in the crops. 
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Table 10: GLM outputs on effects of field location on the two principal components 

Source Dependent Type III Sum df 

Mean 

square F Sig. 

 Variable of Squares     

location FAC1_1 8.284 1 8.284 8.541 0.000 

 FAC2_1 0.418 1 0.418 0.415 0.520 

df = Degree of freedom, F = F value; Sig. = Significant.  The mean difference is significant  

at the .05 level.* 

3.4.3. Plants associated with beneficial insects in bean fields 

 

Several plant species were found associated with natural enemies and pollinators in all four farms. 

Key field margin plants were identified in each farm. Extent and diversity of visits were recorded. 

Ageratum conyzoides, Conyza bonariensis, Stachytarpheta cayennensis, Ocimum bassilicum, 

Bidens pilosa (Plate 14) and Galinsoga parviflora were frequently visited by pollinators (bees, 

syrphid flies and butterflies). Bidens pilosa and Galinsoga parviflora were occasionally visited by 

wasps. Phaulopsis imbricata was associated with assassin bug. Euphorbia heterophylla was 

observed to harbour wasps (Plate 13). Achyranthes aspera and Commelinna benghalensis were 

also frequently visited by bees. Justicia bracteata were occasionally visited by bees, wasps and 

butterflies. Spiders and Tachinid flies were also occasionally observed to visit Commelinna 

benghalensis. Lady beetles were associated with Commelinna benghalensis (see Appendix 3). 
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Plate 13: The Euphorbia heterophylla was associated with the paper wasp (natural enemy and 

pollinator) (Source: Field picture). 

 

 

Plate 14: The Bidens pilosa associated with hover fly (pollinator as mature insect, predator as 

larvae). (Source: Field picture) 

The GLM indicated that beneficial invertebrate groups were significantly affected by temperature 

and rainfall (P ≤ .05). Different elevations differed in temperature and rainfall readings (Table 

12). Figure 12 shows that higher rainfalls of 4.1mm, 4.6mm, 5mm and 5.3mm favoured 

significantly (P ≤ .05) most of the invertebrate beneficial groups such as wasps, robber flies, 

tachinid flies, hoverflies, lacewings, lady beetles and assassin bugs (Table 11).  Generally, higher 

rainfalls favoured most of the beneficial invertebrates compared with lower rainfall. 
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Table 11: GLM outputs on effects of rainfall on the abundance of different beneficial 

invertebrate groups 

Source Dependent  Type III Sum  df Mean Square F Sig. 

  variable of Squares         

Rainfall Tachinid fly 455.457 1 455.457 147.224 0.000 

 Long legged fly 6.396 1 6.396 0.706 0.400 

 Robber fly 24.893 1 24.893 45.125 0.000 

 Assassin bug 6.352 1 6.352 31.348 0.000 

 Ladybeetle 11.549 1 11.549 45.62 0.000 

 Spider 0.09 1 0.09 1.368 0.240 

 Lacewing 2.432 1 2.432 16.883 0.000 

 Net winged beetle 1.146 1 1.146 11.212 0.000 

 Butterfly 19.647 1 19.647 47.336 0.000 

 Ant 2.03 1 2.03 3.057 0.080 

 Syrphid fly 11.462 1 11.462 42.74 0.000 

 Wasp 10.37 1 10.37 21.705 0.000 

  Bee 3.015 1 3.015 3.628 0.060 

df = Degree of freedom, F = F value; Sig. = Significant.  The mean difference is significant at the .05 level.* 

 

 

Fig 12: Effects of rainfall on the abundance of different beneficial invertebrate groups 

Table 12 shows that most invertebrate groups such as lacewings, lady beetles, robber flies, tachinid 

flies, hoverflies,   bees and assassin were significantly (P ≤ .05) abundant at lower temperatures of 
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18°C, 20°C, 22°C and 23°C compared with higher temperatures of 24°C to 31°C (Fig 13). 

Generally lower temperatures favoured most of the beneficial insects compared with higher 

temperature. 

Table 12:  GLM outputs on effects of temperature on different beneficial invertebrate groups  

Source Dependent  Type III Sum  df 

Mean 

Square F Sig. 

  variable of Squares         

Temperature Tachinid fly 268.887 1 268.887 69.166 0.000 

 Long legged fly 21.132 1 21.132 2.35 0.127 

 Robber fly 7.957 1 7.957 12.757 0.000 

 Assassin bug 2.188 1 2.188 9.93 0.002 

 Ladybeetle 4.896 1 4.896 17.395 0.000 

 Spider 0.004 1 0.004 0.061 0.805 

 Lacewing 1.111 1 1.111 7.422 0.007 

 Net winged beetle 0.622 1 0.622 5.959 0.015 

 Butterfly 4.402 1 4.402 9.173 0.003 

 Ant 0.8 1 0.8 1.195 0.275 

 Syrphid fly 3.607 1 3.607 11.96 0.001 

 Wasp 2.278 1 2.278 4.448 0.036 

  Bee 4.807 1 4.807 5.837 0.016 

df = Degree of freedom, F = F value; Sig. = Significant. The mean difference is significant at the .05 level.* 
 

 

Fig 13: Effects of temperature on different beneficial invertebrate groups 
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Table 13: Temperature and rainfall readings corresponding to different elevations  

 

Farm 

 

Elevation(m) Month Average 

Temperature 

(°C) 

    rainfall (mm)  

1,2  1007 5 4.6 22 

   6 4.1 23 

   7 0.8 24 

   8 0.9 26 

   9 0.6 30 

   10 0 31 

3  1401 5 5 20 

   6 4.3 21 

   7 2 19 

   8 1.8 23 

   9 1.2 27 

   10 1.2 29 

4  1750 5 5.3 18 

   6 4.3 21 

   7 2.7 17 

   8 2.5 21 

   9 1.6 23 

   10 1.2 24 
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3.5 Discussions and Conclusions  

 

In this study, it was found that elevation, month, location in the fields and environmental conditions 

(rainfall and temperature) had the potential to influence invertebrate communities. Generally, the 

abundance of tachinidae was high in May at the elevation of 1401ma.s.l. This might correspond to 

the richness and diversity of plant species in fields at this particular time. The same was reported 

by  Gurr et al. (2005) that the un-cropped field margins in agricultural fields are important in 

promoting populations of beneficial arthropods. The low number or complete absence of 

tachinidae in September and October in all fields might correspond to the low rainfall and higher 

temperatures in this period of the year and this might not be favourable for tachinidae.  This is 

confirmed by Lambkin et al. (2011) and Strong et al. (2011) that the presence or absence of fly in 

a given altitude or seasons is affected by the environmental factors such as temperature and rainfall. 

Dolichopodidae was high at farm three (1401m.a.s.l) compared with other farms. The farm was 

dominated by Colocasia esculenta and moist environment with densely vegetation which might 

be the reason for the increasing abundance of dolichopodidae at this elevation. Mahr et al. (2008) 

also reported that the long legged flies preferred gardens with moist areas. Hillocks (1998) showed 

that large numbers of long legged flies were found in the habitats with weeds diversity adjacent to 

the field compared with the middle of the field itself. The earlier study by Lambkin et al. (2011) 

confirms that the abundances of these flies are affected by the environmental determinants at a 

particular season and altitude.  

The high abundance of predatory bugs at lower and middle elevation in May might be due to high 

abundance of weedy plants that were associated with them (Phaulopsis imbricata) and also 

presence of abundant prey (e.g. pod borers). This is in consistent with an earlier study  by Nguluu 

et al., (2013) which showed  that pod borers were more abundant in low midland altitude (1103—

1182 m) and as a result food for sustaining these bugs were present. Hodkinson (2005) unveiled 

that increasing the altitude will decrease predation by insects due to decrease in prey abundance.  

Lack of the alternative plant   resources could be the reason for the absence of predatory bugs at 

higher elevations due to the destruction of field margin through grazing and cutting vegetation for 

animal feeds. This corresponds to previous study by (Sanchez et al., 2003) which revealed  the 

importance of the flowering field margins adjacent to crop fields in providing necessary resources 
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for natural enemies and pollinators even when there are no crop flowers. Surrounding agricultural 

habitats have positive effects on provision of resources to highly mobile predators (Rand and 

Tscharntke, 2007). 

Low numbers of adults Syrphidae in July indicate possibly low numbers of larvae during the 

growing period (April). However, many other natural enemies (dolichopodidae) are recorded at 

higher elevations that can help in aphid control. 

The presence of Syrphidae in May might also coincide with the presence of abundant forage. The 

absence in July, August and September in all four farms might also be due to destruction of the 

field margins and therefore lack of forage. Also their absence might correspond to the 

environmental conditions at this particular time of the year (low rainfall and higher temperatures). 

Lavandero et al., (2005) reported that the survival and reproductive success of many hoverflies 

and parasitoids species depend greatly on nectar and pollen. This is confirmed by Blaauw and 

Isaacs (2014) that when the floral resources are added adjacent to agricultural fields the populations 

of hoverflies are promoted in the field. 

Ants decreased in abundance with increasing elevation. Generally there were lower temperatures 

and higher rainfall at upper elevation. This might be the cause of their decreasing in abundance. 

Lambkin et al. (2011) reported on the effects of environmental determinants such as vegetation, 

humidity, rainfall, temperatures and moisture on abundance beneficial arthropods. 

The large numbers of bees in the crop at high elevations in May is an encouraging sign as beans 

are in flower stage and therefore foraging is available at this time. Therefore, during this month, 

availability of pollinators would coincide with availability of forage. The low numbers of bees 

present at higher elevations at some months may present a challenge to high-altitude farmers. The 

higher numbers of bees at low elevation (1007m.a.s.l) might correspond to the abundance and 

richness of plant in the field margins as well as weeds in field crops but also a kind of vegetation 

that surrounded the fields where vegetables were often grown at different times of the year. This 

could be a factor for attracting bees in the fields. Low numbers of bees at middle and upper 

elevations might correspond to the environmental conditions which are generally lower 

temperatures and higher rainfall compared with the low elevation at that particular period of the 

year and in some areas might correspond to the destruction of the field margins. The results from 
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Heard et al. (2007) support this that bee density was influenced by habitats restored with floral 

resources. 

In some cases, there were significantly higher populations of key insect groups such as long legged 

flies, assassin bug and wasps in the field margins than in the crop itself.  This accords with other 

studies and makes intuitive sense, as the margins tend to have more of a diversity of cover levels, 

plant species and micro-habitats than the more homogenous crop. This raises questions about how 

far into a field the benefits conferred by the increased biodiversity of a margin may extend, and 

whether there are management changes that can be made to improve this. Previous studies have 

reported that populations of beneficial arthropods increased in habitats with higher plant diversity 

compared with that of low diversity (Altieri 2002; Thomas et al., 1991 and Wallin 1986).  Large 

numbers of predatory arthropods such as spiders, damsel bugs and long legged flies were found in 

habitats with diversity of weeds than in the middle of the farm (Hillocks, 1998). 

The number of bees found in the crop field was observed to be higher than those in the margins in 

May, August and September. This might be due to the availability of forage as beans are in 

flowering stage in May, but also the abundance and diversity of weedy plants in field crops and 

therefore forage was available at this time. The weedy plants in the fields associated with bees 

were such as Bidens pilosa, Galinsoga parviflora. The type of vegetation (vegetables) that 

surrounded the field also could have an impact on higher numbers of bees. This is supported by 

the study from Blaauw and Isaacs, (2014) which showed that pollination services can be 

discouraged when there is monoculture due to lacking of floral diversity.  

Temperature was also found to affect most groups of invertebrates. These were tachinid flies, 

robber fly, predatory bugs, lady beetle, lacewing, net winged beetle, butterfly, syrphid, bee and 

wasp.  Goldsworthy and Joyce (2001) reported that abundance of predators was affected by higher 

temperatures. Rainfall also affected significantly the tachinid flies, robber fly, predatory bugs, lady 

beetle, lacewing, net winged beetle, butterfly, syrphid and wasp. These findings further confirmed 

the results by Zang et al. (2016) which highlighted temperature as one of the critical environmental 

factor which affects the biology of parasitoids.  This is in consistent with Fand & Suroshe (2015) 

who reported that the environmental conditions such as temperature and rainfall can significantly 

have impacts on the biological traits of natural enemies. 
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Several plant species were found associated with natural enemies and pollinators in all four farms. 

This is in consistent with the study by Ngatimin and Widarawati (2013) which reported on most 

of weeds supporting beneficial insects such as bees. Gurr et al. (2005) reported that vegetative 

buffers or uncropped field margins in agricultural fields are critical in sustaining beneficial 

arthropods. Many insect predators and parasitoids depend on pollen and nectar for their 

reproductive success and therefore suppression of pests’ outbreaks (Heimpel & Jervis, 2005; 

Wackers & Steppuhn, 2003). Thus it is important to find proper ways of sustaining their 

environments.  
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CHAPTER 4 

4.1 General discussions 

 

The aim of the study was to identify and determine the abundance of beneficial insects and 

associated plants and assessing the environmental conditions in bean fields where beneficial 

insects and their associated plants are found among farming communities in Kilimanjaro, Northern 

Tanzania. 

The data show that bean fields in Moshi rural, Northern Tanzania have a diversity of invertebrate 

groups present. Many of these groups are associated with ecosystems services delivery, 

particularly pollination and pest management functions. However, sites showed variability, both 

between sites, in terms of the abundance and richness of invertebrates present, but also at the same 

site but at different times of year. An important difference between sites in this study was the 

elevation above sea level, with the long-legged flies, lacewings, ants, bees, spiders and predatory 

bugs being particularly sensitive to elevation.  According to Lambkin et al., (2011) the variability 

of the invertebrates groups at different altitude is due to different environmental factors in that 

particular season.  

The field margins adjacent to the field could be important sources of natural enemies and 

pollinators that could enhance natural pest control and pollination activities into crop fields 

(Tscharntke et al., 2007).  Most of the field margin plant species provide a home base for beneficial 

insects’ populations by providing forage and sustaining them. Flowering field margins adjacent to 

crop fields are very important in maintaining the populations of insect predators, parasitoids and 

pollinators by providing necessary resources for natural enemies and pollinators even when crop 

flowers are not present (Sanchez et al., 2003). They serve to increase faunal abundance and 

biodiversity, which increase the potential for ecosystem services to growers. A field with good 

diversity of local, native flora will attract a good diversity of local, beneficial arthropods and also 

will provide natural overwintering sites for many beneficial insects (Altieri, 1999). Coppices, 

shrubs, diverse field margins are offering habitat conditions for predators and parasitoids which 

kill a significant part of plant pests (Altieri, 1999). Habitats adjacent to crop fields could help in 

improvement of the survival, development and fecundity of natural enemies, by adding important 

floral resources (Tylianakis et al., 2004).   
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The abundance of bees was higher at high elevations in May in the crop than in margin.  This 

might correspond to abundant forage as the crops are in flowering stage at this time of the season. 

Heard et al. (2007) reported on the influence of habitats with floral resources on abundance of 

bees. This is further confirmed by Kearns and Oliveras (2009) that the presence of diversity of 

flower forage and nesting places affects the abundance and diversity of bees. Low numbers of 

adult Syrphidae later in the year however is a concern as the adults present in July will be the result 

of larvae present on the site in May and June, so low numbers of adults in July indicates possibly 

low numbers of larvae during the growing period. The absence of diversity of nectar and pollen 

provision plants might have suppressed the populations of hoverflies in this season. Lavandero et 

al. (2005) reported on dependence of hoverflies and parasitoids on nectar and pollen for the 

survival and reproductive success. Many insect natural enemies are dependent on the availability 

of suitable food, shelter, mating sites, oviposition sites, overwintering sites and proper humidity 

for survival, and these resources are often limiting in crop fields (Heimpel & Jervis, 2005). 

However, many other natural enemies are recorded at highest numbers earlier in the season, and 

while some other groups (e.g. lacewings) are important pest controllers primarily as larvae, others 

for instance dolichopodidae are most valuable as adults.  

This study particularly highlights the potential role of dolichopodidae for pest regulation in this 

system, a group that is often overlooked in this context. It also raises questions about the possible 

role of tachinidae. These large parasitoids vary in their preferred host, so may be parasitoids of 

beneficial as easily as of pests. However, they are most often parasitoids of Lepidoptera and sawfly 

larvae, which are more likely to be pests in these contexts, and therefore their importance as pest 

controllers in this system may be profound. This is supported by Sampaio et al. (2008) that, the 

potential of tachinidae in biological control is not explored to the utmost. It is therefore of great 

importance to provide special attention to these parasitoids to promote further natural pest control. 

Similarly, predatory bugs appear to be relatively abundant and may be important for the pest 

regulation in this system. Sampaio et al., (2008) showed that understanding the biosystematics and 

ecology of reduviidae could help in conserving them.   

Other groups have more equivocal roles. While butterflies can be pollinators, and are an ideal 

flagship species for conservation, their larvae are often pests, and the adults are not considered 

major pollinators of most Fabaceae crop species. The low numbers of some groups present at 
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higher elevations may present a challenge to high-altitude farmers. While there may be 

correspondingly lower pest numbers (or not), the farmers here may need to make more changes in 

order to receive equivalent ecosystems services benefits compared to their lower-elevation 

counterparts.  

The study highlights the importance of environmental conditions (rainfall and temperature). The 

abundance of most beneficial insect groups was affected by rainfall and temperature; particularly 

sensitive to predatory bugs, hoverflies, lady beetles, robber flies, tachinid flies. Strong et al. (2011) 

and Singh et al. (2013) reported that environmental requirements such as vegetation, humidity, 

rainfall, temperatures are crucial in influencing the composition and abundances of most of the 

invertebrate group. Knowing the environmental conditions of the particular time of the year and 

in a given altitude would help the farmers to adjust themselves accordingly in the course of times. 

4.2 Conclusions 

 

These early results highlight the variability of invertebrate communities throughout the year, at 

different locations and altitudes and the range of possible natural enemies and pollinators present. 

The importance of field margin plants for supporting larger numbers of several key groups and the 

favourable environmental conditions (temperature and rainfall) is also highlighted. Determination 

of spatial arrangements in habitat manipulation to enhance the abundance of beneficial arthropods 

is important in promoting natural pest control and pollination in crop fields. Thus the open-

mindedness environmental stakeholders   could adopt when devising agro-environment strategies 

to support the invertebrate communities. Thus, rebuilding landscape diversity within agricultural 

systems, so that resources are provided to support a diverse suite of beneficial insects and plants 

will maintain agroecosystem and so, maximize ecosystem services by beneficial insects.  

4.3 Recommendations 

 

The findings of this study indicate that both environmental conditions of the particular time of the 

year in a given altitude and field margin species contribute to the abundance of insect pollinators 

and natural enemies. There is a need for more studies on enhancement of knowledge on the basic 

ecology of crop pollination and natural pest control under different environmental conditions. This 

is crucial in promoting the activities of pollinators and natural enemies. Assessment of detrimental 

effects of weeds to crop yields is important as farmers may become reluctant to employ the 
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techniques in habitats manipulation. Also it is important to identify the foraging plants for both 

beneficial insects and pests and understanding the importance of agricultural landscape complexity 

on the abundance of specialist and generalist natural enemies and their ability to suppress pest prey 

as natural enemies may prefer prey other than pest species. 

Educational and support programs for the use of best management practices should be 

implemented. In addition, farmers should be rewarded for proactive management of field margins, 

such as buffer zones to protect water and delivery of broad environmental benefits and be 

encouraged to put greater commitment to expand the proactive management of field margins and 

other on-farm areas, to enhance biodiversity within farmed landscapes.  
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Appendices 

Appendix 1: Principal Component 1 of the dataset, plotted by month of sampling. 

 

 

Appendix 2: Principal Component 2 of the dataset, plotted by month of sampling. 
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Appendix 3: Key field margin plant species associated with beneficial insects 

Farm Plants Extent of  invertebrates’  visits to the plants      

 

  

Total 

extent Diversity 

  Tachnid Long Robber Assassin Lady Spider 

Net 

winged Lacewing Butter Ant Syrphid 

 

Wasp Bee of visits 

of    

visits 

  fly 

legged 

fly fly bug beetle  beetle  fly  fly 

 

    

1 Euphobia heterophyla 0 0 0 0 1 0 0 0 0 0 1  2 2 6 2 

1 Phaulopsis imbricata 1 1 1 2 0 0 0 0 0 0 0  0 0 5 2 

1 Galinsoga parviflora 0 0 0 0 0 0 0 0 2 0 2  1 2 7 2 

1 Bidens pilosa 0 0 0 0 0 0 0 0 2 0 2  1 2 5 2 

1 Ageratum  conyzoides 0 0 0 0 0 0 0 0 2 0 2  0 2 6 1 

2 Justicia bracteata 0 0 1 0 0 0 0 0 1 0 0  1 1 4 2 

2 Achyranthes aspera 0 0 0 0 0 0 0 0 0 0 0  0 2 2 1 

2 Commelinna benghalensis 1 0 0 0 1 1 0 0 2 1 0  0 2 8 2 

2 Senna spectabilis 0 1 0 0 0 0 2 0 0 0 0  0 0 3 1 

2 Ocimum bassilicum 0 0 0 0 0 0 0 0 2 0 0  0 2 4 1 

3 Stachytarpheta cayennensis 0 0 0 0 0 0 0 0 2 0 0  0 2 4 1 

3 Colocasia esculenta 0 0 0 0 0 0 0 0 1 0 0  1 1 3 1 

3 Ageratum  conyzoides 0 0 0 0 0 0 0 0 2 0 2  0 2 6 1 

3 Phaulopsis imbricata 1 1 1 2 0 0 0 0 0 0 0  0 0 5 2 

3 Galinsoga parviflora 0 0 0 0 0 0 0 0 2 0 2  1 2 7 2 

4 Conyza bonariensis 0 1 0 0 0 0 0 0 2 0 0  0 2 5 1 

4 Panicum maximum 1 1 0 0 0 0 0 0 1 0 0  0 0 3 1 

4 Ageratum  conyzoides 0 0 0 0 0 0 0 0 2 0 2  0 2 6 1 

4 Galinsoga parviflora 0 0 0 0 0 0 0 0 2 0 2  1 2 7 2 

4 Commelinna benghalensis 1 0 0 0 1 1 0 0 2 1 0  0 2 8 2 

Note:  

Farm 1 was located at the lower zone (1007m.a.s.l) and was composed of mixed cropping (Vegetables, sugarcane, trees, maize, and beans).  

Farm 2 was located at the lower zone (1007 m.a.s.l) and was dominated with beans intercropped with maize. 

Farm 3 was considered to be in the middle zone (1401m.a.s.l). There were mixed farming and the bush land nearby. 

Farm 4 was considered to be at the upper zone (1750m.a.s.l), a part of it is mixed crop farming and the other was beans mono-cropping. 

Extent of visitations (visits made by one invertebrate group) 

 0= 0 visit, 1= 1-2 visits, 2= 3 and more visits 

Diversity of visits (visits made by different groups of invertebrate) 

 

 


