CHAPTER ONE

1.0 GENERAL INTRODUCTION

1.1 Background information

Over the last two decades diversification into hwgliue horticultural crop production has been
pushed as an economic development strategy foSabbran Africa (Ekesi, 2010). Horticulture
offers one of the most important opportunities énployment creation, affording access to
education and health care and providing women agéttnomic opportunities in rural economies
where the highest production of fruit and vegetabitgps takes place (Ekesi, 2010). In 2009,
horticultural exports from Kenya alone were worth Killion, making it the biggest foreign
exchange earner and contributing roughly one-tiftlthe economy of the country (McConnell,
2010). Fruit production constitutes an importanirse of income generation for both small and
large-scale farmers in Kenya and several Africannt@es providing food and nutritional
security, creating job opportunities and improvimgglth by providing essential micronutrients

and vitamins (FAO, 2004; FPEAK, 2005).

Globally, mangoesMangifera indicalL.) dominated world production of tropical fruigs 31.5
million metric tons in 2009, comprising 40% of gédkropical fruit output (TAPP, 2010). In
tropical regions, mango is a particularly importémit and an important source of income for a
large number of small scale farmers especially fricA (Vayssie rest al, 2008). Export of
mangoes and mangosteens from the continent wasdvatiover $35 million in 2008 (FAO,
2009). In Africa, over 80% of the produce comesrfremallholders for both domestic and urban

export markets of which the European Union is thegomexport destination (ICIPE, 2006).



However, fruit production in sub-Saharan Africa £33s limited by many abiotic and biotic
constraints. Ranking high amongst the biotic factserthe heavy infestation by a range of insect
pests of which the fruit fly species (Diptera: Taptlae) are considered the most important

(White and Elson-Harris, 1992).

Fruit flies are recognized worldwide as the mospomiant threat to the horticultural industry
(Lux et al, 2003; Rwomushana, 2008; Ekesi, 2010), and cdarsege worth millions of dollars
to fruits annually (NAQS, 2007). Due to the phytagbus nature, many species in the family
Tephritidae inflict heavy losses on fruit and vedee crops (White & Elson-Harris, 1992) with
losses ranging from 40-100% from small-scale tgdarea farming systems (Ekesial, 2006;
Ekesi and Billah, 2007; Van Mek. al.,2007; Chang, 2008; Cugad al, 2009; Ekesi, 2010).
They are also one of the greatest impediments @shfproduce exports worldwide due to
guarantine restrictions attributed to the inse€isajng, 2008). Sub-Saharan Africa (SSA) is the
aboriginal home to 915 fruit fly species from 14éngra, out of which 299 species develop in
either wild or cultivated fruits. They belong majinib four generaBactrocera, CeratitisDacus,
and Trirhithrum (Ekesi, 2010). On mango, the results of surveyssscEastern and Sothern
Africa (ESA) shows the crop is attacked severalveatruit fly species suclCeratitis cosyra

(Walker), C. fasciventrigKarsch) C. rosa(Karsch) C. anonaeandC. Capitata(Wiedemann)

With the intensification of fruit trade, the Afrinacontinent has become highly vulnerable to
introduction of alien invasive fruit fly speciegjrther threatening the exploitation of foreign
markets and jeopardizing the lucrative trade ishr&uits and vegetables from the region (Ekesi
et al, 2010; Mwatawalat al, 2009). Examples include the introductionBzfctrocera zonata

into Egypt in 1997, the detection Bf invadensn Kenya in 2003 and the Solanum fruit By



latifrons in Tanzania in 2003. The melon fB. cucurbitaehas also been in Africa for years

without a clear date of introduction (Ekesial., 2010).

Among the invasive fruit fly specie®. invadensis thought to be responsible for causing
extensive economic losses to horticultural cropsughout Africa since its first detection in the
continent in 2003 (Ekest al, 2010). The pest has now spread across mostAf(Bkesi and
Billah 2007) and has been reported from 28 diffecsuntries including Angola, Benin, Burkina
Faso, Cameroon, Comoros Island, Democratic RepwabliCongo, Equatorial Guinea, Ghana,
Guinea, Ivory Coast, Mali, Niger, Nigeria, Senedgigrra Leone, Sudan, Tanzania, Togo and
Uganda (Drewet al. 2005; Vayssie rest al, 2005; Ekeset al, 2006; Ekesi and Billah, 2007).
Bactrocera invadendias been reported from over 30 plant species teitmost preferred
cultivated host plant is mangbl. indica L. (Anacardiaceae), while Marul&clerocarya birrea
(A.Rich) Hochst. (Anacardiaceae) and tropical althoferminalia catappda.. (Combretaceae)
are the most infested non-cultivated plants (Eketsial., 2006; Mwatawalaet al, 2006;
Mohamedet al, 2010). Consequently, this invasive fruit fly pespresents a new major threat to
Africa’s huge potential for commercial horticultunecessary for both the export and domestic

markets.

1.2 Justification

Exotic insect pests typically arrive in new areathout their natural enemies (Mohametal.,
2006). This enables the insect pest to cause éxéetiamage to crops in the new region, as there
are no co-evolved natural enemies to control ifgutetion. In over 6,000 kg of fruits collected
across East Africa, no parasitoid was reportectlatig B. invadengEkesiet al, 2009). The

lack of natural enemies to suppré&ssinvadendn its invaded range is contributing to the high



pest status of the insect, causing huge damagertecuitural crops and most especially the
mango industry (Lwet al, 2003; Drewet al., 2005; Ekeskt al, 2006). As an invasive species,
it lends itself appropriately to classical biolagliaccontrol through the importation of natural

enemies from its aboriginal home (Mohanstdal.,2006).

Fopius arisanugSonan) anddiachasmimorpha longicaudatghshmead) have been introduced
and released as classical biological control agehfsuit flies in many regions of the world
(Wharton & Gilstrap, 1983; Messinget al, 1993; Ovruski et al, 2000). Fopius caudatus
(Szépligeti) andDiachasmimorpha fullaway(Silvestri) have also been identified as potential

indigenous parasitoids against mango fruit flieaydsiéregt al.,2004).

Owing to the successful use Bf arisanusandD. longicaudataas effective biocontrol agents
against fruit flies, ICIPE through its African Frutly Programme (AFFP) imported these two
Braconid parasitoids from Hawaii in 2006 for evdioia and field releases agair3t invadens
and other indigenous fruit fly pests. Results frpne-release bioassays have shown that
arisanushas the potential to effectively contrBl invadengMohamedet al, 2010) whileD.

longicaudatais effective against some nati@eratitis species (Mohameet al.,2008).

The introduction of parasitoids into new areasaigirfg more stringent regulatory hurdles than
earlier biological control programs (Kroder and Kieg, 2010) and althoudh arisanusandD.
longicaudatahave been shown to be effective biocontrol agag&snstB. invadengMohamed

et al., 2008), research must also address the possibflitydirect effects, including interaction
between the introduced parasitoids and indigenatisa enemies (Kroder and Messing, 2010).

A first step in achieving this is to identify thedigenous parasitoid fauna present in localities



where the parasitoids will be released and in #se ©fB. invadensn Kenya, emphasis should
be in major mango producing areas of the countgmferature is often the most important
abiotic factor in the acclimatization of introducedtural enemies (Loni, 1997). It is therefore
necessary that the effect of temperature on theldement, longevity and parasitism rates of the
introduced parasitoids reared 8n invadensis assessed. There is also no information on the
performance oF. arisanusandD. longicaudatavhen evaluated in a tritrophic system, involving
different host fruits withB. invadensas the target pest. As visual and chemical cueatlgr
influence host location by Braconid parasitoidgj(lido et al, 1991, Bautista and Harris, 1996;
Bautistaet al.,2004) as well as parasitism rates (Altugamal. 2004), it is imperative that this
study is conducted. Lastly, the African Weaver a@tscophylla longinodabound in mango
plantations on the continent and have recently begted as effective biocontrol agents against
fruit flies through the release of chemical cueat theter oviposition by fruit flies and larval
predation (Van Meleet al; 2007; 2009). However, no information exists on thieraction
betweenO. longinodaand the introduced parasitoids and the subse@ifatt of the interaction

on parasitoid performance.

Therefore, this study aimed at gaining insigho itite indigenous tephritid fauna present in the
major mango growing areas in Kenya as well as &urtimderstanding the effect of specific
biotic and abiotic factors and their interactiomstbe overall performance &f arisanusandD.
longicaudata as part of the wider strategy to develop sustdnenanagement strategies r

invadens



1.3 Objectives of the study
The overall objective of this study was to evaluate performance of two introduced parasitoids
(D. longicaudataand F. arisanug againstB. invadensand their interaction with indigenous

natural enemies. The specific objectives were to:

1. Determine the indigenous tephritid parasitoidthe Coast and Eastern provinces of Kenya

2. Evaluate the performance of the introduced ftafds (F. arisanus and D. longicaudatan

a tritrophic system involving the host fruit, frdily and parasitoid.

3. Determine the effect of temperature on passsitates, developmental time and longevity

of the introduced parasitoids.

4. Assess the level of interaction betw€earisanusand the predatory an®S, longinodaand

its subsequent effect on parasitoid perfoigean

1.4 Hypotheses

The following hypotheses were tested;

a) Indigenous tephritid parasitoids exist in the maj@ngo growing areas in Kenya.

b) Temperature influences parasitism rates, develofghéme and adult longevity of
the introduced parasitoids.

c) Host fruit substrate affects the performance ofitil@duced parasitoids when reared
from B. invadens.

d) Interactions betweerr. arisanusand the predatory ant€). longinodaimpacts
negatively on the performance of the parasitoid.
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CHAPTER TWO

2.0 LITERATURE REVIEW

2.1 MANGO

2.1.1 Production and trade

Mangoes Mangifera indical.) belong to the genuglangiferg consisting of numerous species
of tropical fruiting trees in the flowering plardrhily Anacardiaceae (Bally, 2006). The genus
Mangiferaoriginates in tropical Asia, with the greatest n@mobf species found in Borneo, Java,
Sumatra, and the Malay Peninsula (Bally, 2006). ¢¢ams now cultivated throughout the
tropical and subtropical world for commercial frpitoduction, as a garden tree, and as a shade
tree for stock (Bally, 2006). Nearly half of the niet's mangoes are cultivated in India alone

(Jedeleet al, 2003)

World production of tropical fruits was estimatedaaer 82.7 million tonnes in 2008 (FAO,
2009). Mangoes dominated world production of trapitruit at 31.5 million metric tons,
comprising 40% of global tropical fruit output (FA@O009). Asia is by far the largest producing
region for tropical fruits, followed by Latin Amea and the Caribbean, Africa and Oceania. In
2008, Asia was the largest producer of mangoesuating for 74% of world production. Latin
America and the Caribbean had a share of 16%, @&ft2%, and the balance was produced in
Oceania (FAO, 2009). India is the world's largesdpcer of mangoes and accounted for 13.6 of
the total 34.9 million tons of mango fruits proddaa 2008 (FAO, 2009). It has been estimated
that there are over 1000 commercial varieties dhalnwhere mangoes are often called the "king
of fruits" (HASS, 1992). Other major producing ctngs are China, Thailand, Indonesia,

Mexico, Pakistan and Brazil (Table 2.1). The aggtegroduction of the top 10 countries is
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responsible for roughly 80% of worldwide productidrhough India is the largest producer of
mangoes in the world, it accounts for less thanp®reent of the global mango trade; consuming
most of its own output (USAID, 2006). The Unitedates and European Union together
accounted for 75% of world mango imports in 2008@F 2009). In 2009, based on growing
demand, the United States Department of Agricul{W®DA) predicted that US mango imports

would grow nearly 7% to 450,000 tons by 2010 (TAE®10).

In Africa, Nigeria produces the largest amount @ngoes, with approximately 730,000 metric
tonnes annually (Yusuf and Salau, 2007). Other majango producing countries on the
continent include Sudan, Egypt, Madagascar and draaz(Yusuf and Salau, 2007). Mango
exports from Africa are estimated between 35,080,000 metric tonnes and worth over USD
35 million annually (FAO, 2009). The European Unienthe largest destination market for

mangoes exported from Africa, followed by the Mil@ast (Luwet al, 2003).

The importance and contribution of mango to theneomes of producing and exporting
countries cannot be overemphasized. In 2009, Intha, leading exporter of mangoes and
mangosteens earned approximately US$210,556,000 éxports (FAO, 2010). Mexico, The
Netherlands, Brazil and Thailand, (the four majepaters of mangoes and mangosteens
following India) earned US$136,942,000, US$124,608, US$97,686,000 and US$71,410,000

respectively in 2009 (FAO, 2010).



Table 2.1Top mango producing countries of the world

COUNTRY Production (Metric tonnes)
India 13557100
China 4140290
Thailand 2469810
Indonesia 2243440
Pakistan 1728000
Mexico 1509270
Brazil 1197690
Nigeria 831489
Bangladesh 828161
Philippines 771441

Source: FAO stat (2010)

2.1.2 Uses

The different parts of the mango tree can be potseveral uses. The fruit flesh of a ripe mango
is very sweet, with a unique taste that nevertiselasies from variety to variety. The texture of
the flesh varies between cultivars, some havingfia gulpy texture similar to an over-ripe plum,
while others have firmer flesh like a cantaloupeawocado. In some cultivars, the flesh has a
fibrous texture. Mango is an excellent nutritiosalurce, containing many vitamins, minerals,
and antioxidants, as well as enzymes such as magmeind lactase which aid in digestion and
intestinal health. It is rich in a variety of phgtemicals and nutrients that qualify it as a model

"superfruit”, a term used to highlight the potehtiaalth value of certain edible fruits. Mango
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peel contains pigments that may have antioxidaopgaties (Berardinet al, 2005; Ajila and
Prasada, 2008) including carotenoids, such as ithtamin, beta-carotene, lutein and alpha-
carotene (Gouadet al, 2007), polyphenols such as quercetin, kaempfgadlic acid, caffeic
acid, catechins, tannins, and the unique mangdwast mangiferin (Singat al, 2004; Andreu

et al, 2005; Mahattanatawest al, 2006). These polyphenols may counteract freeakdin
various disease mechanisms (Percatal, 2006; Rodrigueet al, 2006). Mango is also used to
make juices, both in ripe and unripe form. Dwarfsemi-dwarf varieties serve as ornamental
plants and can be grown in containers. The batke@Mmango tree is used for medicinal purposes
and the leaves are used to feed livestock in mads f Africa. It is also utilized as a ‘shade

tree’ in most parts of the world.

2.2 FRUIT FLIES

2.2.1 Classification and description

There are over 4000 tephritid fruit fly speciestrlsited throughout the tropical, sub-tropical
and temperate regions of the world (White and EMarris, 1992). The family Tephritidae
includes 4,448 recognized species and subspecidruibfflies worldwide, grouped in 484
genera. The actual number of species is much higisemany remain undescribed (Norrborn,
2004). Within the order Diptera, the family Teplude belongs to the suborder Brachycera,
infraorder Muscomorpha (= Cyclorrhapha), sectiohi8iphora, and superfamily Tephritoidea
(McAlpine, 1989). Taxonomic classification of teftits into subfamilies has been controversial
from old to date (White, 2000). The five subfanslieecognised and described are the
Toxotrypaninae, Trypetinae, Ceratitinae, Tephrginand Dacinae. Trypetinae includes

RhagoletisLoew, CarpomyiaCosta andPlioreceptaKorneyev. The Toxotrypaninae includes
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AnastrephaSchiner andlroxotrypanaGerstacker species (Rwomushana, 2008). The Geaatit
are the commonest pests in Africa and include #wepCeratitis Macleay andTrirhithrum
Bezzi. Pest species under Ceratitinae include ithiim coffeae Bezzi which mostly attacks
coffee as well a€eratitis cosyra(Walker) andC. capitata(Wiedemann). The Tephritinae are
not known to attack horticultural crops and somecgs have potential for use as biological
control agents against obnoxious weeds (White almbnEHarris, 1992). Two genera are
described in the subfamily Dacina®acus (Fabricus) andBactrocera The species of
Bactroceraare of Asian/Pacific origin, except for a few Afzin species (White and Hancock,
1997). Tephritid fruit flies are one of the mosbeomically important groups of insects (Ekesi
and Billah, 2006) and species diversity is greateshe tropics (Norrborn, 2010). They are also
among the most attractive and biologically interegDiptera, having patterned wings and often
brightly coloured patterned bodies, which may bedus mimicry of jumping spiders or wasps
and in elaborate courtship and other behavioursrffdon, 2004). Plate 2.1 shows some of the

major species of fruit flies that attack horticuéticrops in Africa.

11



Ceratitis (Pterandrus) fasc zzi)

Ceratitis fasciventrigKarsch) Ceratitispitata (Wiedemann)
© R.S. Copeland © Scott Bauer

S b
s ,
=i 15N N E‘ v -

Bactrocera cucurbita¢Coquillett) Bactrocera invadéDrew et al)

©USDA © R.S. Copeland

Ceratitis ‘r'd'a(Karséh) ' Ceratitis cosyr@wWalker)
© outdoorphoto.co.za © G. Goergen

Plate 2.1Some major species of fruit flies attacking hottiatal crops in Africa
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2.2.2 Biology of Dacinae fruit flies

Adult females lay their eggs beneath the surfaagehing fruits or ripened fruits, depending on
the host plant attacked (Rwomushana, 2008) (Pl& Zhey settle on the surface of the fruit
and use their sharp ovipositors to pierce intofthé to a depth of about 2-5 mm and deposit
their eggs (Ekesi and Billah, 2006). The time spekptfemales during oviposition varies
(Rwomushana, 2008). For exame tyroni (Froggatt) takes about 1-3 min per ovipositiorhwit
a maximum daily oviposition rate of 80 eggs/femalay (Yonowet al, 2004) whileB. jarvisi
(Tryon) which lays more eggs per clutch takes abb6t min (Fitt, 1984). The duration of
oviposition of B. invadensis still not clear (Rwomushana, 2008) although &verage daily
clutch size for this species has been estimaté&.ateggs (Ekest al, 2006). The eggs are laid
singly or in clusters and egg size and structu@nvsbome variation from species to species.
There is, however, a correlation between egg siebady size or ovariole number (Fitt, 1984).
There is no evidence that Dacine fruit flies depaniepideitic oviposition-deterring pheromone

after egg laying (Fitt, 1984).

Depending on the temperature conditions, the eggshhwithin 3-12 days into tiny white

maggots (Ekesi and Billah, 2006) (Plate 2.2). Thevde are typical acephalic cyclorrhaphan
maggots with an involuted head, three thoracic segsn and eight abdominal segments
(Fletcher, 1987). Larvae feed on the yeast orgas@mmd fungi growing in the fruit and vegetable
materials, and through their feeding efforts, tlsepn turn their food into a semi-liquid mess.
When fully grown larvae are ready to pupate, thegvé the rotten fruit for drier areas, and
usually burrow several centimetres into the satt,(E981; Dimouet al, 2003). The puparia are

found buried in the soil, 2-5 cm beneath the hdasntp(Plate 2.2). The duration of the pupal

stage can be 10-20 days depending on climatic tondi (Ekesi and Billah, 2006). When
13



pupation is complete, a winged fly emerges and lsréovthe soil surface. The time required to
complete one life cycle is mainly dependent on témaperature of the growth medium and

surrounding air, with developmental time shortenintl increasing temperature.

—r

Adult stage

Plate 2.2Biology of a typical fruit fly species (Diptera: pleritidae)

Newly emerged adults require a carbohydrate soancewater in order to survive. They also
search for a protein source for egg maturation sneénhance their reproductive potential
(Christenson and Foote, 1960; Fletcher, 1987). m@abiuit flies normally mate at dusk under

low light intensity (Arakakaet al, 1984) although mating behaviour has rarely lmeserved in
14



the field (Rwomushana, 2008). Tropical species ld generaBactrocera and Dacus are
multivoltine, producing several generations perryédnese species may produce up to six
overlapping generations per season (Bateman, 18¥®) potential for heavy fruit losses is very

high.

2.2.3 Host plants of fruit flies

Most fruit-infesting flies are highly polyphagousfesting a wide range of cultivated and wild
host fruits. Members of the genGeratitis attack a wide variety of commercial indigenous and
exotic fruits (Liquidoet al, 1991; De Meyeet al, 2002).Ceratitis capitata(Wiedemann) has
been reared from over 55 plant species (Copedral, 2002).Ceratitis rosaKarsch andC.
cosyra (Walker) also have a relatively wide host rangeAinica, althoughC. cosyrais less
polyphagous and primarily considered a mango pdakiama and Muraya, 1994; Luat al,
2003). In Kenya,C. cosyraand C. rosa have been recorded from 9 and 28 plant species
respectively, particularly the plant family Annoeae (Copelandt al, 2006).Ceratitis anonae
Graham attacks several plants in the Annonaceaeaddae and Sapotaceae families (Copeland
et al, 2006). Hosts fruits dE. fasciventriBezzi are similar to those @f. rosa(De Meyeret al.,

1996; 1998).

Fruit flies of the genuBactrocera particularly theB. dorsaliscomplex, are also known to have
wide host plant ranges (Clarlet al, 2005). The only exception is the olive fruit,f§. oleae
(Gmelin) which feeds on only one plant: the wild @mmercially cultivated oliveQlea
europaeal. and has the capacity to ruin 100% of an olivepcby damaging the fruit
(Wikipedia, 2010). The key plant families contamithe B. dorsalis complex hosts include

Rutaceae, Sapotaceae, Solanaceae, Annonaceae, rdhaeeae, Clusiaceae, Lauraceae,
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Moraceae and Myrtaceae (Tsuretaal, 1997; Clarkeet al, 2005). Three species within tBe
dorsalis complex are known for their extreme polyphadactrocera papayaeDrew &
Hancock, with 209 recorded larval hosts across lahtgfamilies,B. dorsaliswith 124 host
species across 42 families @Bdcaramboladbrew & Hancock with 77 host fruit species across
27 families (Hollingsworthet al, 2003; Clarkeet al, 2005).Bactrocera invadenswhich is
believed to be a member of tiiee dorsaliscomplex, has been reported from over 30 plant

species (Ekest al.2006; Mwatawalat al.,2006; Rwomushanet al.,2008).

2.2.4 Economic importance

Tephritid fruit flies cause devastating direct Esg0 many fresh fruit and vegetable crops
(IAEA, 2003; Ekesi and Billah, 2006). In additiofew insects have greater impact on
international marketing and world trade in agriatdl produce than tephritid fruit flies. With
expanding international trade, fruit flies as majolarantine pests of fruit and vegetable crops
have taken on added importance (IAEA, 2003). Varispecies of fruit fly cause damage to fruit
and other plant crops. The genBactrocera especially is of worldwide notoriety for its
destructive impact on agriculture. Other importgenera includeCeratitis, Anastrephaand

Rhagoletis

Fruit flies are a threat to the horticultural inttysvherever they occur. In California, fruit flies
are considered a major threat to the state's $8Bi@n agricultural industry (CDFA, 2007). A
permanent infestation of the Mediterranean fruyt Ceratitis capitatawould cost California
agriculture an estimated $1 billion each year iduped crop yields, export sanctions and
eradication costs (CDFA, 2007). In 1990, the Catif@ Department of Food and Agriculture

(CDFA) identified 35 commaodities as possible ‘Mdéy hosts. If accurate, the ‘Med fly’ could
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have potentially affected $6.5 billion worth of tioualtural produce, of which $1.71 billion was
to be exported (Siebert and Pradhan, 1991). Thadtmpn the value of production and export
markets, therefore, was definitely significant. Ttegal field costs, including the cost of
pesticides and their application, were estimatethige from $349.6 million to $731.9 million
(Siebert and Pradhan, 1991). In Australia, totaftibglture exports (including fresh fruit,
vegetable, nuts and plants including flowers) wakied at $751million in 2008 (HAL, 2010)

and losses due to fruit flies is estimated at $3dbon annually (Drew, 2002).

Infestation by fruit flies is also a major constrtato local fruit production in Africa, causing
losses of between 30 and 70% in mangoes in EagtaAfEkesi, 2010). The damage to fleshy
fruits is mainly caused by a limited number of hygpolyphagous species, belonging to the
genusBactrocera,Ceratitis and Dacus In 2005, fruit flies ruined up to 40% of Africatao-
million tonnes mango harvest (IRIN, 2008). Subsgnipact on the income of producers has
also been reported with grave consequences on i, food security and export potential
(CIRAD, 2007). In South Africa, the Natal fruit flf. rosaKarsch ranks second in importance
only to the Mediterranean fruit fiy;. capitata and at times it is an even more serious pest. For
example, 50-100% of plums were reportedly infested South African locality despite control
measures that were applied (CDFA, 2007). The dedisluruit export industry is of great
economic importance to South Africa and almost 9ilan cartons are exported annually, with
total earnings of approximately US $1 billion panam (OABS, 2005). The Western Cape in
South Africa is the most important region for theoquction of deciduous fruits, with
approximately 58,000 hectares under cultivation BSA 2005). The region is host to two
species of Tephritid fruit flies of economic impamte, the Mediterranean fruit fl. capitata

and the Natal fruit flyC. rosawhich attack a wide variety of subtropical, tragdjand deciduous
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fruits (Annecke & Moran, 1982). Both species ar¢éennational quarantine pests with the
potential to restrict international fruit trade WwiSouth Africa. It has been estimated that crop
losses and control costs due to fruit flies in ¥iestern Cape alone exceed US$3.2 million per
annum (Mumford and Tween, 1997). While the economipact of Tephritid fruit flies
countrywide has not been determined, the impadherSouth African export fruit industry of a
guarantine embargo on South African fruits due he presence of fruit flies would be
devastating (Barnest al,, 2007). The economic importance of the fruitdleannot be evaluated
entirely from the standpoint of the actual damagethte various crops affected (Mau and
Kessing, 1992). It must also be considered fromstaadpoint of quarantine as quarantine laws
aimed at preventing the entry and establishmeffliasf in new areas have been established and

are vigorously enforced (Mau and Kessing, 1992).

2.2.5Bactrocera invadens

In 2003, a newBactroceraspecies was detected in Kenya coast (ktial., 2003) and it was
reported from Tanzania shortly afterwards (Mwatanlal., 2004). Taxonomic study showed
that it was an unknown exotic species later desdriasBactrocera invadendy Drew et al.
(2005), probably introduced from Asia (plate 2\8)thin 2 years of its detection in East Africa,
it was reported from 16 countries throughout theicah continent (Drewvet al., 2005). It has
been reported by Ekest al, (2009) thaB. invadensvas rapidly displacing indigeno@eratitis
species. The pest has now spread across most &3Aecountries and now reported from 28
countries on the continent including Angola, Beruirkina Faso, Cameroon, Comoros Island,
Democratic Republic of Congo, Equatorial Guineaa&h Guinea, Ivory Coast, Mali, Niger,
Nigeria, Senegal, Sierra Leone, Sudan, Tanzanigo Tand Uganda (Drevet al, 2005;

Vayssie ret al, 2005; Ekesi and Billah, 2007) (Table 2.2).
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Bactrocera invadendias been reported from over 30 plant species heitntost preferred
cultivated host plant is mangdJ. indica L., while Marula, S. birrea (A. Rich) Hochst.
(Anacardiaceae) and tropical almofid,catappal. (Combretaceae) are the most infested non-
cultivated plants (Ekeset al. 2006; Mwatawaleet al., 2006; Rwomushanat al., 2008). The
invasion byB. invadenshas compounded the existing fruit fly problem tivais largely due to
Ceratitis species (CIRAD, 2007). It has seriously compronhigetential African fruit exports to
Europe, as well as production for local consumptioi regional markets. Plate 2.4 and 2.5
show healthy mangoes and one damaged binvadensinfestation. Heavy losses are being
incurred by exporters whose fruit shipments inféstéh this quarantine pest are intercepted and
destroyed at the entry of the EU markets (CIRAD)7)0 Kenya is currently not able to export
its mangoes and avocados to several countries.Ulgasdan bananas are exported than before.

Ghana's citrus and avocados face the same fatd,(BRD8).

Bactrocera invadenshas been described by the Inter-African PhytoaanitCouncil as a
‘devastating quarantine pest’ (Drewal.,2005) and damage on mango has increased to between
40-80% with higher losses occurring in lowland aredereB. invadends now the dominant
fruit fly pest (Ekeskt al.,2006). Sincd. invadenss classified as a quarantine pest, the situation
is particularly critical for mango exports from WeAfrica to the EU (CIRAD, 2007). When
goods are intercepted, the economic losses argeséveer € 30,000 for the destruction of a
container of mangoes). A single seizure can totddistroy the efforts of an entire export season

(CIRAD, 2007).

19



Plate 2.3Adult B. invadendlies

Plate 2.4 Healthy mango fruits Plate 2.5 Mango damaged bB. invadens

© M.Billah
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Table 2.2African countries invaded . invadensand years of detection

Date of invasion Country
2003 Kenya, Tanzania, Guinea, Guinea Bissau
2004 West Africa, reported by IITA in Benin
2004 Cameroon, Angola, Benin
Senegal, Burkina Faso, Chad
Sudan , Congo, DR. Congo
Uganda , Togo
2005 Ghana, Niger, Nigeria
2007 Mozambique, Liberia, Mali
2009 Burundi
2010 South Africa
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2.2.6 Management of fruit flies

Several control methods have been employed in theagement of fruit flies and new
technologies continue to be developed. These ieclbnitoring and trapping of fruit fly
populations, the use chemical and bio-pesticidesedlsas protein baits, cultural methods such
as orchard sanitation and fruit bagging, biologioahtrol involving the use of parasitoids and
predators and the Sterile Insect Technique (SIAd, the Male Annihilation Technique (MAT).
In recent times, Integrated Pest Management (IlRM)hich a combination of the most suitable
control methods is adopted for the managementuiff fiiy pests, is seen as the most effective

technique for reducing fruit fly populations.

2.2.6.1 Monitoring of fruit flies

2.2.6.1.1 Monitoring through trapping

Trapping is usually used for detection and monigrof fruit fly populations, although some
level of control is achieved when properly implent@eh Traps used for fruit fly monitoring are
usually dependent upon the nature of the attragtABA, 2003). Some of the commonly used
traps include the Lynfield trap, Jackson trap, r&eitrap, McPhail trap, Tephri trap and the
Multilure trap (Plate 2.6). Studies have been edrout over the last decade to evaluate a range
of trap types to establish the best trap/attractamtbination for the management of different
species of fruit flies (Heatht al, 1997; Corneliugt al, 1999; Katsoyannost al, 2000). The
use of traps for monitoring and/or reduction ofitfifly populations have been widely reported
(Nilakhe et al, 1993; Penrose, 1993; Midgardenal, 2004). The drawback with traps is their
susceptibility to environmental factors. Temperatuwainfall, wind speed and direction influence
attractant release (from lures) and insect flighdny insects fly and respond to semiochemicals

during specific times of the day (dawn, midday, kjusight, etc.), and only if temperatures at
22



that time exceed a minimum level (Weinzietl al., 2005). Wind speed and direction also
determine the extent of insect movement from suming areas to traps within a field or
orchard (Weinzierkt al, 2005). To be effective, traps must be used mhgoation with good

orchard sanitation.
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Jackson trap

Plate 2.6 Some traps used for monitoring of fruitlfes
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2.2.6.1.2 Monitoring through fruit collection

Fruit fly monitoring can also be done by collectimgyd and cultivated fruits from orchards,

forests, etc. and identifying the fruit flies trexherge from puparia collected from these fruits.
Since most of the parapheromones used in fruitrflgping attract only female flies, the rearing
of fruit flies from field-collected fruit is currdly the only monitoring technique that provides an
indication of the presence of female flies (DEEBD,L0). These fruit collections provide data on
the location of breeding populations of fruit fli@ghich can then be targeted for eradication flies

(DEEDI, 2010).

2.2.6.2 Fruit bagging

One of the most effective mechanical control meshisdbagging the fruit to prevent oviposition
by female fruit flies (Mau and Kessing, 1992) (Bl&t7). This results in fruit fly and pesticide
free fruits with good cosmetic appeal (Rwomushemnal, 2008). Notwithstanding the presence
of fruit flies in the orchard, wrapping or bagginglividual fruits with paper bags to exclude
adult fruit flies from laying eggs on the fruitsasway of producing fruits that are free from fruit
fly attack (Ekesi and Billah, 2006). To be effeetivhe fruits must be wrapped or bagged well
before fruit fly attack, that is, at least one ntortefore harvest (Ekesi and Billah, 2006).
Although it is labour intensive, given the largemher of fruits to be bagged and the huge size of
mango orchards, it is an effective method for higthue fruit produced for export or fruits

produced in backyard gardens for family use (Ekesl Billah, 2006).
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Plate 2.7 Bagging of mango fruits in an orchard tgrevent fruit fly infestation

© M.K. Billah

2.2.6.3 Orchard sanitation

The principal cultural control method used for eohing fruit flies is orchard sanitation (Ekesi
and Billah, 2006). Breeding of fruit flies in unwed fruits is probably one of the biggest
sources of damaging populations (Liquido, 1991)chard sanitation, which entails the
collection and destruction of all unmarketable amested fruits found on the tree and fallen
fruits containing fruit fly maggots on the grouraén contribute significantly to the reduction of
fruit fly populations in orchards (Ekesi and Billa2006). Infested fruits should be buried deep
under the soil surface (Dhilloet al, 2005) with an addition of sufficient lime (Maund
Kessing, 1992) to kill larvae. Larvae have beenvkmto burrow to the surface in loose soil and

therefore infested fruits should be buried at I&stm deep (Mau and Kessing, 1992; Ekesi and
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Billah, 2006). Fallen fruits may also be placeglastic bags and bags exposed to the sun to Kkill
any emerging larvae (Plate 2.8). In areas where&vithehl orchards are in close proximity to
each other, it is important that all orchards obserop hygiene if results are to be achieved.
Early and regular harvesting of fruits also reduftesd sources from which large populations
may develop by keeping the quantity of ripe fraitsthe trees to a minimum (Mau and Kessing,

1992).

Plate 2.8 Destruction of fallen fruits infested byfruit flies by placing them plastic bags,

tying the bags and exposing them to the sun © M.Killah

2.2.6.4 Use of protein baits

Chemical sprays have not been completely effedtivprotecting fruits from fruit fly attack
(Mau and Kessing, 1992). Egg laying requires onfgva minutes and chemical residues do not
kill adults within this time frame. Proteinaceouquid attractants in insecticide sprays is a

recommended method of controlling adult fruit flggulations in the vicinity of crops. Certain
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protein hydrolysates are now known to contain th&itive elements required by fruit flies to
mature their eggs and protein baits work on thespse (Christenson and Fotte, 1960; Fletcher,
1987). The bait insecticide sprays are appliedoad leaf plants that serve as refuge for fruit fly
adults. Baits serve to encourage the adults (eslhet@males) to feed on the spray residue and
get killed (Mau and Kessing, 1992). Protein baits/ralso be used as components of traps which
are used to monitor and suppress fruit fly popatei (Rwomushana, 2008). The important
element of bait sprays is that it involves ‘spatagfing’ and overall coverage of the plants is not
required. This saves time, labour and materialskvhll translate into considerable spot savings
and can reduce the amount of insecticide appligtidarop thereby limiting non-target effects.
Bait spray components include the insecticides maidor chlorpyrifos and yeast autolysate as
the attractant (Dominiak, 2007). GF-120 NF Natusslya spinosad-based fruit fly bait (Dow
AgroSciences LLC, Indianapolis, IN), is one of thest effective bait sprays on the market and
was developed as a replacement for malathion-baisegdly baits. GF-120 is NF is the bait,
incorporated with Spinosad, a mixture of spinosyxisand D derived from the naturally
occurring soil actinomycete Saccharopolyspora sandertz and Yao (Sparlk al, 1998) It
has been classified as an environmentally and dtogecally reduced-risk insecticide (Cleveland
et al.,2001; Copping and Menn, 2000). Bait sprays, howesdfer from reduced effectiveness
during periods of heavy rains and high fruit flepsure. Also, BAT works well if large areas are

treated as in area-wide control programmes and agmtynbaiting schemes.

2.2.6.5 Male Annihilation Technique
The Male Annihilation Technique (MAT) is a fruityfcontrol method that removes male insects
thus reducing the male population, by distributarg appropriate amount of male attractant

combined with a killing agent in the entire targeea continuously for a given length of time
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(Mirani, 2007; Ghaninet. al, 2010). Fibreboard squares that have been soaKkack-toxicant,

a mixture of an attractant (usually methyl-eugeaoi)l an insecticide are distributed manually in
targeted areas (Mirani, 2007). This adversely #&ffe¢be male: female ratio and reduces the
insect’'s chances of mating and females produce rig@nageny (Ghanimet. al, 2010). As a
result, the wild population in the target area ohed and the insects are/may be eradicated in the

end (Cunningham, 1989; Zaheeruddin, 2007).

One of the first applications of MAT involved suss&ul eradication of a heavy infestation of
oriental fruit fly, B. dorsalis from the island of Rota, Mariana Islands. Thisswachieved
through the use of cane-fibre squares saturatdu avdolution of methyl eugenol which were
either suspended on trees or dropped from theSgin(eret al., 1965). MAT was also used to
completely eradicatB. dorsalisfrom all parts of Japan by 1986 under an eradingtrogramme
initiated in 1968 on Kikai Island (Shiga, 1992)bé&iboard blocks impregnated with methyl
eugenol and various insecticides (e.g., Naled, Mada and Fipronil) had also been used to
successfully eradicate the Asian papaya fruit Bypapayae(Drew & Hancock) in Australia
(Cantrellet al, 2002) andactroceraspecies in Nauru (Allwoodt al, 2002). While attempts at
MAT on isolated islands where immigration of flissnot a problem could be successful, such

attempts in non-isolated situations appear to b#antive (Rwomushana, 2008).

2.2.6.6 Use of chemical pesticides

Insecticides are widely used for fruit fly manageméecause of their effectiveness, rapid
curative action, simplicity of application and ataplity to most situations but the practice is
complicated by several human and environmental rdazéRwomushana, 2008). In fruit fly

management, cover sprays of both the fruits ariddelis practised (Rwomushana, 2008). Adult
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flies are killed when they come into contact witle insecticide or residues which are left on the
fruit and foliage. Some insecticides have systeaution and are absorbed into fruits to kill
larvae and eggs that may be present (Heahal, 1987). Maximum residue level problems no
longer permit this kind of practise in the modegealn orchards that have no control of
breeding populations of flies in the general aceager sprays such as Trichlorfon, Fenthion, and
Dimethoate provide control against invasions by vigrafemales from invasions from
surrounding areas (Dominiak, 2007; Fletcher andeB®anh, 1982). However, the effect of
insecticides on non-target organisms, beneficisédts and residues in the harvested fruits are
major limitations to their use (Rwomushana, 20@&)nsumers worldwide are also increasingly
becoming conscious of chemical residues in frditss is a challenge to most growers because
most tropical fruits are susceptible to fruit fliaad require high protection at maturity stage
(Rwomushana, 2008). In many African countries whiewt quality is rarely examined at
domestic markets, consumers are often exposedcessixe chemical residues in fruits to the

detriment of their health (Rwomushana, 2008).

2.2.6.7 Biological Control

Biological control has become an integral partraégrated Pest Management (IPM); the most
recommended control strategy for reducing yieldsdssby fruit flies (White and Elson-Harris
1992; Allwood and Drew, 1997). Biological contrdl fouit flies usually involves the use of

entomopathogens, parasitoids and predators.

2.2.6.7.1 The use of entomopathogenic fungi
The use of entomopathogenic fungi as an importantponent of the fruit fly IPM strategy
targeting pupariating larvae, puparia and adulta relatively new technique for this group of
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insects, but it is receiving increasing attentioorldwide (Ekesiet al, 2002, 2003; Ekest al,
2005; Ekeskt al, 2007; Lacey and Shapiro 2007; Quesada-Moetgd, 2008; Sookaet al.,
2008; Dimbiet al, 2009). To target pupariating larvae and pupdhnia fungus is usually applied
by hand along the drip line of the fruit tree cap@nd gently raked into the soil (Ekeial,
2011). A significant reduction in adult emergendedidferent fruit fly species following soill
inoculation withMetarhizium anisopliagMetch) Sorok has been reported both in laboraéoiy
field cage conditions (Ekest al, 2003, 2005, 2007; Ouna 2010). Ekesial, (2011) also
reported significant reduction in the population Bxfinvadens in mango orchards whh
anisopliaeand GF-120 spinosad bait spray were applied semetiuslyMetarhizium anisopliae
has also been observed not to have any major adediect on non-target fruit fly parasitoids

and was able to persist in the soil for more tham year (Ekesét al, 2005).

2.2.6.7.2 Use of parasitoids

Fopius arisanusand Diachasmimorpha longicaudatare a few of the parasitoids used in
classical biological control of fruit flies in sena parts of the world (Wharton & Gilstrap, 1983;
Messing et al, 1993; Ovruskiet al, 2000) (Plates 2.9 and 2.1®ppius caudatugSzépligeti)

F. ceratitivourousWhartonand D. fullawayi (Silvestri) have also been reported as potential
indigenous parasitoids against fruit flies (Vaysss¢et al.,, 2004). Fopius arisanus
(Hymenopetera: Braconidae) is an egg-pupal pardsab tephritid fruit flies (Rousset al.,
2005). It oviposits in eggs of tephritid fruit fieand emerges from the puparia of its host, killing
the host in the procesBopius arisanusvas first introduced into Hawaii in the late 19%l@rom
Malaysia (Van den Bosch and Haramoto, 1951) andesyuently became the dominant fruit fly
parasitoid in Hawaii (Haramoto and Bess, 1970; Watgal.,, 1984), causing substantial

reduction in fruit fly populations (Vargas al.,1993). Haramoto and Bess (1970) reported that
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the mean number of fruit fly pupaB.(dorsalisandC. capitatg collected from coffee berries in
Kona, Hawaii, decreased from 23.6 pupae per 10&{(8.7% parasitized) in 1949 to 5.2 pupae
(66.8% parasitized) in 1969. Purchetlal, (1998) reported thd. arisanusaccounted for 90%
of all parasitoids recovered froB1 dorsalisin the field in Hawaii. The interaction &f arisanus
with other components of IPM programmes has algm lmwcumented. In particular, it has been
reported that it was not responsive to proteinsb@fargaset al, 2002). Hence, the application
of bait sprays containing spinosad or Phloxine BJocapitatapopulation suppression has little
harmful effect on the parasitoid (Vargessal., 2001), highlighting the need for IPM in fruit fly
suppression. Despite its potential effectivenEsgrisanushas been rarely used in other parts of

the world as a biological control agent againshtija pests (Rousset al.,2005).

Fopius ceratitivorusis a newly discovered species (Wharton, 1999).ikdnbther parasitoids
previously used in Medfly biological contrdF. ceratitivoruswas originally collected from
“Medfly” in its purported aboriginal home of Eastrisa (Lopezet al., 2003). Shipments of
Ceratitis spp puparia from Kenya to a newly constructed quananfiacility in Guatemala
yielded bothF. ceratitivorusand its congenelf;. caudatus(Szepligeti) (Lopezt al., 2003).

Quarantine tests showed thatceratitivorushas the potential to contribute to biological coht
of the Mediterranean fruit flyC. capitata(Lopezet al.,2003).Fopius caudatusvas recorded as

a parasitoid o€C. capitata(Wharton, 1999), but little is known about thelbgy of this species.

Species of the geniBiachasmimorphaave been introduced for the classical biologoceitrol
of fruit fly pests in several parts of the world if@fton, 1989). In Hawaii, species suchlas
longicaudata (Ashmead) andD. tyroni (Cameron) successfully established during theyearl

1950’s (Besset al., 1961; Clauseret al., 1965; Wonget al., 1984). Diachasmimorpha
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longicaudatais a solitary fruit fly endoparasitoid from the mdustralian region, where it
parasitizes at least 14 species of fruit flieshie genuBactrocera(Wharton and Gilstrap, 1983).

It oviposits in the larvae of its hosts and emeifgas the puparia, killing the host in the process.
Following introductions into different countried, longicaudatahas been reported parasitizing
Anastrephaspp.,C. capitata andB. dorsalis(Whartonet al, 1981; Wonget al, 1984; Alujaet

al., 1990). Augmentative biological control, the masiease of parasitoids at appropriate times
and places, has been proposed as a new approadtuitoity suppression (Knipling, 1992).
Diachasmimorpha longicaudata considered a good candidate for this kind ofticd, since it

is already established and methods for its masguptmn and release have been developed in
different parts of the world (Sivinski, 1996; Buratsal, 1996). Sivinsket al.,(1996) reported a
substantial reduction in mean trap capturéAnéstrepha suspengaoew) in Florida, in areas
whereD. longicaudatawas released through augmentative biological obtiachasmimorpha
fullawayi, a West African Braconid egg-larval parasitoidnfr&eratitis spp, is effective on
Medfly in Hawaii (Clausen, 1956; Wharton and Gagty 1983).It has also been identified as

potential indigenous parasitoid against fruit fieAfrica (Vayssiéregt al., 2004).
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Plate 2.9F. arisanusfemales ovipositing iB. invadensggs in a mango fruit

Plate 2.10D. longicaudataemales ovipositing iB. invadengarvae in artificial diet medium
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2.2.6.7.3 Use of predatory ants

Only two species oDecophylla(Hymenoptera: Formicidae) exist, namely the Asiaaver ant
Oecophylla smaragdina(Fabricius) and the African weaver anQecophylla longinoda
(Latreille) (Van Meleet al, 2009). The dominant arboregaecophyllacolonizes a wide range of
trees and effectively controls tree pests (Van Meglé Cuc, 2000; Van Mele, 2008). The highly
organized predatory behavior of weaver ants, tleebensive foraging throughout the area
occupied by a colony, and their potential to expatal new areas explain their success in killing
or deterring many potential pests including sevéeaf-eating hemipteran, lepidopteran and
coleopteran pests of citrus, mango, litchi, cocand cashew (Haung and Yang, 1987, Way and
Khoo 1992; Khoeet al, 1993; Pengt al, 1995). The ant workers hunt diurnally in grougscl
preys that are detected visually from a relativelyg distance are seized by an appendage and
immobilized. This behaviour permits the ants totaeg small and large insects and even other

animals (Holldobler and Wilson, 1990).

Research has shown that the Adzecophyllaspecies can deter insect herbivores or plantsater
through info-chemical action (Vayssieretsal.,2009). In Africa,0. longinodahas being used as

a biocontrol agent against agricultural pests sashmirids on cocoa and cashew (Van
Wijngaardenet al, 2007; Dwomohet al, 2008). Due to their pronounced territoriality,
permanent surveillance (all year round, day andhthigand very efficient recruitmenD.
longinodaresponds quickly to any increase in prey numb¥iesygsiereset al., 2009). Apart
from direct control mechanisms, including the ptedaon or deterrence of insect pests during
direct encounters, indirect mechanisms have recéetn discovered involving the detection of
the territories of enemy ants (Vayssiemdsal., 2009). Results from a study carried out by

Vayssierest al., (2009) showed that the presence of weaver antsaingo trees reduced the
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damage caused by the fruit fly family Tephritiddeotugh predation of adult fruit flies (rare),
predation of third-stage larvae (quite frequent)at@® 2.11), and especially, the effect of
pheromones left by the ants on the fruit so thait flies are repelled and are discouraged from
egg-laying. The presence of weaver ants resultesigmficant reduction in fruit damage. Since
fruit fly population dynamics and fithess are imfhced greatly by sexual, feeding and
oviposition behaviours, which mainly take placetire canopies, it is to be expected that
arboreal ant species will directly and indirecthflience these behaviours (Van Maeal.,
2009). The use 00. longinodacolonies is suitable for perennial cropping systeém SSA
because they are efficient against fruit fly peste of the widespread threats, constantly present
in tropical agricultural systems (Van Meade al.,2009). To this end, smallholder mango farmers
in West Africa are being encouraged to undertakieiies that increase the population build up

of O. longinodain their orchards.

Pupation of economically important fruit flies takplace in the soil, after final-instar larvae
have left the infested fruit. Wonet al., (1984) reported that Argentine ground-nesting ants
Linepithema humiléHymenoptera: Formicidae) cause a mortality ratapgroximately 39% of
puparia and teneral adult Mediterranean fruit flies. newly-emerged adults). They concluded

that ant predation can be considerable but inadedqaaegulate fruit fly populations.
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Plate 2.110ecophyllaants preying on fruit fly larvae

2.2.6.8 Sterile Insect Technique (SIT)

The sterile insect technique (SIT) is arguably mhaest ecologically-compatible means of pest
control in existence (Dyclet al, 2005). It is not a stand-alone technology, sbuld be
integrated with other pest management techniquesnirarea-wide programme (Dye&k al,
2005; Agricultural Research Council, 2008). Thehteque was invented by Knipling and
colleagues to eradicate the screwwor@gchliomyia hominivoraXCoquerel) in the United
States (Knipling, 1959). It is a method that hasrbesed successfully for area wide population
suppression and eradication of fruit flies (Gilmof@89). The SIT is a genetic method of
control. Sterility is induced in the sperm withoaffecting sperm function and capacity to
compete with other sperm in a lethality describedhe dominant lethal mutations (Robinson,

2002a). The primary lesion that is responsible dominant lethal mutation is a break in
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chromosome that is induced by irradiation. A bre@alchromosome in mature sperm remains
until after the sperm has entered an egg. Followiiisgn, nuclear division begins and the break
in chromosome drastically affects viability of teenbryo as development proceeds (Robinson

2002a).

The result of a sexual encounter of sterile witlhdwimnsects is that no progeny are produced,
consequently reducing the population to extinciipyck et al, 2005). The method is usually
effective after the fly population has been greatiguced by other means, because it only takes
one fertile male fly to inseminate a number of ferfdies (Gilmore, 1989). Early examples of
SIT application against fruit flies was with the lore fly on Mariana Islands (Steinet al.,
1965). Current management strategies to minimigethreat of invasion of. capitatainclude
release of sterile male flies as part of prevewgasIT programs which are operational in
California, Florida, and Texas (Hendrichs, 199@).the western cape of South Africa, the
release of sterile ‘Med flies’ now protects some0D8 ha of commercial fruit in three

production areas (Barnes and Venter, 2006).

The SIT is also used to control wild Mediterrandeuit fly introductions in California and

Florida in the U.S. (Barrgt al., 2003). A successful programme to control Mediteeem fruit

fly (Medfly) involving Israel, Jordan and the Pdlagan Authority resulted in a 50-fold increase
in export revenue from horticultural crops (FAO03D. A 1997 study showed that total annual
losses from ‘Medfly’ damage to fruit and vegetahileshe region amounted to nearly US $300
million (FAO, 2005). By integrating SIT with othesuppression methods, reduction in fruit
infestation and insecticide use has been signifideor example, Israeli exports of Medfly-free

produce have increased from less than US$1 milioh998 to US$50 million in 2005 (FAO,
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2005). The use of SIT is a complicated procedugeirang sophisticated skills, high degree of
technical expertise and funding (Dyek al, 2005). The process of implementing SIT requires
seven components; suppression of density, massngeasterilization, shipment, release,

evaluation and quality control.

2.3 Response of parasitoids to synomones from hdstits

Efficient host searching by hymenopterous paradstdd control plant pests is an important
component of the biocontrol augmentation paradigew{s and Martin, 1990) which involves
environmental clues, physiological states of bdie parasitoid and the host, and genetic
plasticity in host recognition and behavior (Jat@l, 2000). Opiine parasitoids of Tephritidae
respond to synomones from host fruits (Rowedsa., 2007). Ripe, infested, and/or decomposing
fruit is attractive to female braconids and olfagteues are an important component of that

attraction (Jangt al, 2000).

Field studies sugges$t. arisanusfemales respond positively to synomones of martarboal
families (Rousset al, 2007). SimilarlyD. longicaudatawas reported to be attracted to odours
of various plant species (Greaeayal. 1977; Messing and Jang, 1992). Messing and Jarg2)19
conducted field cage experiments in which the adve effect of fruit color and odor dp.
longicaudata captures were also reported. Various studies hdse ahown a greater
attractiveness for opiine parasitoids of plantestéd by their hosts compared with uninfested
ones (Rousset al, 2007). For example, Cherg al. (1992) demonstrated thBt longicaudata

in a wind tunnel would orient more strongly to gadxuit infested by fruit fly larvaeBactrocera

dorsalis(Hendel), than uninfested guava. Eleral., (2000) also observed thBt longicaudata
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prefers fruits infested by its hosts and Messha@l, (1996) reported the same phenomenon for

P. fletcheri

2.4 Effect of climate on the success of classicablogical control

In ecosystems, the tritrophic interactions betwpkamts, herbivorous insects, and their natural
enemies (predators, parasitoids, and pathogens)t resem a long coevolutionary process
specific to a particular environment and relativetigble climatic conditions (Hane¢ al, 2007).
Therefore, changes in climate affects tritrophteiiactions in diverse ways.

Climatic adaptation has been listed among ther@ifer selecting potential biocontrol agents
(van Lenteren, 1986). The failure of exotic paradd to establish during biological control
programmes may be attributed to many factors, bwrg the most important is the lack of
adaptation of a species to new climatic conditiisBach, 1958; 1965). The effects of climate
are sometimes clearly seen when a particular rlagmemy species simply does not establish
beyond clearly identifiable climatic zones (Samwaysl, 1999). Climate may also reduce the
potential for population growth of a natural enemithin the area of its geographical
distribution. This idea has been tested especisitli regard to the impacts of environmental
factors (Samwayst al, 1999). Parasitoids depend on a series of adlapsato the ecology and
physiology of their hosts and host plants for seaiand are thus likely highly susceptible to
changes in environmental conditions (Haetal, 2007). Thus, the successful establishment of
natural enemies in a new geographic area dependsvamal factors, including their adaptability
to the new environment. Of the several climatictdeg influencing the success of biological

control programmes, temperature is the most imparta
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2.4.1 Temperature

Temperature is the single most important envirortalefactor influencing insect behaviour,
distribution, development, survival, and reprodocti(Petzoldt and Seaman, 2007). Some
researchers even believe that the effect of teryreran insects largely overwhelms the effects
of other environmental factors (Bad¢ al, 2002). Temperature is a physical factor as agla
stimulus for insects. While insects normally depelaster at higher temperatures (Wageteal.,
1984), optima, maxima, and minima differ among sggeand an understanding of these traits
has important consequences for establishing nagmeies in new environments (Mohanstd

al., 2006).

Temperature is the most important abiotic factoithia acclimatization of introduced natural
enemies (Loni 1997). Generally, low temperature Ib@sn used as a criterion to evaluate the
safety of the introduction of natural enemies inaw geographic areas (Hayesal, 2005).
Temperature influences the establishment of paidsitin several parts of the world. The
Australian distribution of the opiine fruit fly pasitoid, F. arisanus is limited by low winter
temperature (Snowball and Lukins 1964). AnotheiingpiDoryctobracon crawfordi(Viereck)
(Hymenoptera: Braconidae), has been shown to be semsitive to high temperatures than its
host, Anastrepha ludengéLoew) (Diptera: Tephritidae) (Darby 1933). Additally, releases of
both wild and mass-reardeisyttalia concolor(Sze pligeti) in some parts of Italy have failed
(Raspi & Loni 1994), possibly due to poor tempemtadaptability. Temperature may therefore
affect the establishment and success of introdypeedsitoids by influencing parasitism rates,

developmental period and adult longevity.
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CHAPTER THREE

3.0 GENERAL MATERIALS AND METHODS

3.1 Rearing ofB. invadens

The initial cohort ofB. invadendlies originated from a natural population of istied mango
fruits collected from a local market in Nairobi, i§@ in 2003. The larvae were subsequently
reared on a solid carrot-based artificial diet e tlaboratory according to the procedure
described by Ekeset al, (2007). In 2008, the larvae were successfuiyndferred from the
carrot-based solid diet onto the fruit fly liquicetildeveloped by Chargt al. (2004; 2006) (Plate
3.1). The colony has been maintained for over 18fegations at the Animal Rearing and
Containment Unit (ARCU) aicipe, Nairobi-Kenya. The colony was rejuvenated evet}26
months by the incorporation of wild populationsieBl were provided with water on pumice
granules and fed on a diet containing enzymatistyewadrolysate powder and sugar at the ratio
of 3:1 (Mohameckt al., 2008). Rearing conditions were maintained at 2B8&, 50 + 8% RH

and photoperiod of L12: D12.
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Egg stage Larval stag

Adult flies Puparia stage

Plate 3.1Rearing oB. invadensusing artificial liquid diet
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3.2 Rearing of parasitoids

The initial cohort ofD. longicaudatawas obtained from the University of Hawaii at Maria
Honolulu, Hawaii (USA), where they were reared Bndorsalis The wasps were kept in
guarantine aicipe at room temperature (25-26 °C) and were rearetti@iarvae oB. invadens
using a procedure described by Mohareedl., (2008). Early third instar larvae &. invadens
were placed in an oviposition unit consisting ahadified Petri dish (diameter 9 cm, depth 0.5
cm), with a tightly fitting organza lid. The ovigtien units were offered to wasps kept in a
rearing cage (14 x 14 x 20 cm) for 24 h (Plate.3TAe number of wasps in the cage ranged
between 30 and 50. Thereafter, host larvae wensfeered to Petri dishes (8.6 cm diameter) and
provided with fresh carrot diet as earlier desaibEhe Petri dishes were then placed in a plastic
bowl (10.3 cm diameter, 6 cm depth) with a layesard at the bottom to serve as a substrate for
pupation. The sand was kept moist by gently spoawater on it using a small hand sprayer for
a few seconds to prevent pupal desiccation. Whenatvae attained maturation they popped
into the sand to pupariate, and those which fadgdmp into the sand were assisted using a pair
of soft forceps. A hole of 10 cm diameter was cuthie lid of the bowl and covered with a very
fine net. On the seventh day after pupation, theapa were collected from the sand and placed
in Petri dishes (8.6 cm diameter) for emergencadflt flies and parasitoids. The emerging
parasitoids were added to the parasitoid colongtéP8.3). Parasitoids were maintained at a
photoperiod of 12: 12 h (L: D) and were providedhine drops of pure honey and water in wet

cotton wool.

The initial cohort ofF. arisanuswas also obtained from the University of HawaiiMénoa,
Honolulu, Hawaii, where they have been maintaine& odorsalisfor over 200 generations. The

wasps were kept under quarantine at the InterraltiGentre of Insect Physiology and Ecology
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(icipe), and were reared on 5-20 hour d@d invadenseggs using a procedure described in
Mohamedet al, (2010). Mango domes (mango fruit skin that hasséed and pulp scooped out)
were offered tdB. invadendor egg laying in the evening of the day precedimgr exposure to
the parasitoids. Pieces of the mango dome (5 x Ywemne placed on double layers of sponge
pieces (Spontex make, Nairobi, Kenya) of similanelsions to that of the mango peel pieces
and 3 mm height each, placed in oviposition urts0(5 cm, diameter x depth), and covered
with a tight-fitting organza lid. The ovipositiomits were then exposed for 8 hFo arisanus
wasps held in a cubical cage (35 cm3). Thereatteroviposition units were removed and the
mango peel pieces with the eggs were placed omllatet in a plastic bowl (10.3 x 6 cm,
diameter x depth). The diet was kept moist anderephed as necessary. When the larvae
attained their full size, the diet was washed bwbugh a sieve. The mature larvae were then
placed back in the plastic bowl with a layer of dam the bottom to serve as the pupation
medium. A hole of 10 cm diameter was cut in theolidhe bowl and covered with a fine net for
ventilation. The sand was kept moist to preventgpuaiesiccation until emergence of adult flies
and parasitoids. The parasitoids and flies thatrgetewere released into a rearing cage (3% cm
and the flies were later killed in 70% ethanol. Tparasitoids were maintained at room
temperature of 25-26 °C and photoperiod of 12 b2 h D, and provided with fine drops of pure

honey and water in wet cotton wool.
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Plate 3.2B. invadensggs exposed . arisanusfemales using oviposition units

Plate 3.3F.arisanusadults emerging from puparia placed in a Perspge c
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3.3 Collection ofB. invadens eggs

Eggs ofB. invadensised for the various experiments were collectéulgus similar procedure as
described in Rwomushare al (2008). MatureB. invadendemales were offered a ripe mango
dome. The domes were placed over a 9 cm diameterdizh lined with moistened filter paper.
Domes were maintained in 30 x 30 x 30 cm Perspgesat 28 + 1°C, 50 + 8% RH. Several
perforations were made on the outside of the dosimeguan entomological pin (38 mm long, 0.3
mm diameter) to facilitate oviposition. The domesrevexposed t8. invadensadults at about
16:00 GMT on the day preceding the bioassay (RHdie The eggs (less than 18 hrs old) were
collected and used for experiments immediatelyriéet morning. For the experiments on the
effect of host fruit substrates on parasitoid peniance, adulB. invadensflies were offered
perforated plastic containers lined with paper tosgaked in fruit juice. The plastic containers
were inverted and placed in Perspex cages contpiadult B. invadensflies (Plate 3.4).
Subsequent procedures were the same as describee. &astic bottles were used instead of

mango domes since mango was one of the host tlgtsates tested.
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Plate 3.5B. invadengemales ovipositing in a perforated mango dome
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CHAPTER FOUR

4.0 INVENTORY OF HYMENOPTERAN PARASITOIDS ASSOCIATE D WITH
TEPHRITID INFESTING FRUIT FLIES (DIPTERA: TEPHRITID AE) IN THE COAST
AND EASTERN PROVINCE OF KENYA

4.1 INTRODUCTION

Tephritid fruit flies pose an enormous threat taitfland vegetable crops throughout the world
(Purcellet al, 1998, White and Elson-Harris 1992), causing kigare and post-harvest losses
that negatively impact on the economy and expansidoth domestic and international trade of
fruits (Clausen, 1978). The problem is aggravatethe tropics by the prevailing warm weather
conditions, which is conducive for overlapping frugy patterns, resulting in several generations
of economically important fruit flies and the pati@hfor year round infestation (Rwomushaeta
al., 2008). In Africa, the damage caused by fruédlis felt at all levels of the production chain.
The situation is particularly worse for smallholdarmers who produce the bulk of fruit and

vegetable crops and cannot afford expensive comtealsures (Mohamedd al.,2008).

Before 2003, indigenous fruit flies especidally cosyradestroyed an average of 40% (~ 1.9Mt)
of total mangoes produced yearly in Africa (Lek al, 2003). AlthoughC. cosyrawas the
dominant fruit fly pest of mangd;. fasciventris C. rosg C. anonaeand C. capitata also
contributed to the damage. The arrival of the inweadruit fly species,B. invadenson the
African continent in 2003 has further aggravateslftiit fly problem in the sub-region (Drest
al., 2005).Bactrocera invadenginitially thought to beBactrocera dorsaligHendel) although a
member of the dorsalis complex of fruit flies), wiast recorded in Africa from the Kenyan

coast in 2003 (Lwet al., 2003). This new invasive species has spread sapithoss the sub-
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Saharan region and has been reported from oveth28 countries (Drevet al, 2005; Ekeset
al., 2006; Umetet al, 2004). It is multivoltine and highly fecund (Eket al, 2006) and may be
partly responsible for the displacement of indigeanango fruit fly species (Manrakhan and
Lux, 2006, Ekeskt al, 2009). Being an invasive speci®s,invadendends itself to classical
biological control and this resulted in the imptida of two co-evolved parasitoids, arisanus
andD. longicaudatafrom Hawaii by the ICIPE-led African Fruit Fly Rsramme for evaluation

and final release against the pest in Africa.).

Although several explorations and surveys have loeered out in East Africa on the diversity
of tephritid parasitoids (Bianchi and Krauss, 19G¥eathead, 1972; Whartet al, 2000), there
is still very little published information on thavdrsity of fruit fly parasitoids in the region.
Also, parasitoids from Africa including several spgs of Psyttalia and Fopius have and
continue to attract much interest for use as biokdgcontrol agents in other parts of the world
(Silvestri 1913; Messing 1999; Whartat al, 2000; Lopezet al, 2003; Simeet al, 2006).
Therefore, the need for further surveys and infeioneon the diversity of tephritid parasitoids in

the region cannot be overemphasized.

Many ecologists view the intentional introductioaf alien species into complex biological
communities as a threat to their structure and whycs (Simeet al, 2008). Major concerns
include the irreversibility of introductions, potexl for host switching, dispersal into
nonagricultural habitats, lack of research on ledfltacy and ecological impacts, possibility of
evolutionary adaptation to new hosts, and diffiguttf predicting interaction outcomes in

complex systems (Howarth, 1983; Howarth, 1991; lsoeidal, 1997, Louda and Stiling, 2004;
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Lynch and Thomas2000). AlthoughF. arisanusandD. longicaudatahave been shown to be
effective biocontrol agents againBt invadens(Mohamedet al., 2008), research must also
address the possibility of indirect effects, inchgl interaction between the introduced
parasitoids and indigenous natural enemies. Tis¢ $tep to filling this knowledge gap is to
establish the indigenous parasitoid guild, esplgcialmango growing areas in Kenya, where the

introduced parasitoids would be first released.

The objective of this preliminary study therefongs to conduct an inventory of Hymenopteran
parasitoids in the major mango growing province¥Kefiya to provide baseline data for future
biological control efforts. These include the imtuation of F. arisanusandD. longicaudata

redistribution and augmentative release of nataagitoids into favorable environment and the
possibility of exporting fruit fly parasitoids tatteer countries affected by the fruit fly species

attacked by the native parasitoids.
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4.2 MATERIALS AND METHODS

4.2.1 Sampling Sites

Host fruit survey was carried out from January, 288 May, 2010 in the Kwale district of the
Coast province and the Embu and Meru districtshef Eastern province. Eastern and Coast
provinces are the two major mango growing aredéeimya, accounting for 54 and 22% of total

mango production in the country in 2003 (FAO, 2006)

The Coast Province comprises the Indian Oceanalostsip with the capital city at Mombasa. It
is inhabited by the Mijikenda and Swabhili, amondpess. The province covers an area of
83,603 km2. It has a warm and humid climate and kiasa, the capital city, is approximately
17m above sea level. Average annual temperatumss fikam a minimum of 22.4 °C to a
maximum of 30.3 °C. Mango production in the proeing dominated by local varieties, namely,
Ngowe (70%), Boribo, Batawi and a few minor onelse Thain exotic variety grown is Apple,
which is mainly cultivated in Lamu, Malindi and Kil districts. There are two distinct
harvesting seasons. In the Malindi and Kilifi diss of Coast Province, the two harvests yield
an almost equal quantity. In the whole of Coaswitae, every district reported some mango

harvesting for at least seven months in a year (ME&NS, 2011).

The Eastern Province of Kenya is one of the sevewiqces of Kenya. Its northern boundary is
with Ethiopia; the North Eastern Province and Cdasivince lie to the east and south; and the
remainder of Kenya's provinces, including Centnavihce, run along its western border. The
provincial capital is Embu. The province is priradig inhabited by the Meru and Kamba and
several pastoralist communities. In terms of aitaa,the second largest province (159,891 km?2).
The province has a semi-arid to arid climate. Botal and exotic varieties of mango are grown
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in the Eastern Province. The local varieties arevdy Dodo, Boribo and Batawi. The exotic
varieties include Apple, Kent, Keit, Tommy Atkingan Dyke, Haden, Sensation, Sabre, Sabine,
Pafin, Maya, Kenston and Gesine. The districts vitgher percentage of improved mango
varieties are Thika, Embu, Mbeere, Meru Centralkidi, Machakos and Meru South, while
Mwingi and Kitui have very small areas cultivatedhnimproved varieties (FAO, 2006). In the
two provinces, mango production is primarily rag@df Where water is available, new orchards
under irrigation have been established for produactif exotic varieties for export (MOSPANS,

2011).

In selection of sampling sites, priority was part&kly given to locations within the provinces
which had a large diversity of fruit species. Fautilability and diversity were the main factors
that influenced the selection of sites. As manytmns that met the above criteria within the
province were selected. At the Coast Province, §amocations included forested areas on the
fringes of the Indian Ocean and Shimba hills. k& Bastern Province (representing the highland
region of the country), sampling locations wereiedup to the fringes of Mount Kenya forest
(Fig 4.1). At each location, approximate latitulbmgitude and altitude were taken using a global

positioning system device.
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4.2.2 Fruit collection, Handling and Processing

Fruits were collected, handled and processed wsingethodology similar to that described by
Rwomushaneaet al, (2008). Fruits were collected from backyard gas] cultivated fields,
woodlands, forested areas, roadside shrubs, antecped reserves. Some fruits not encountered
at the sampling sites were purchased from roadsat&ets, and attempts were made to establish
their places of origin. Fruit samples included rifgeoverripe fruits, and those with visible
symptoms of fruit fly damage both from the tree &moin the ground as “windfalls.” Although
attempts were made to sample large quantities @f &ait species, it was not possible in some
cases due to unavailability of fruits. However,0ef§ were made to collect a minimum of 10
fruits per plant species. Plate 4.1 shows sombeofrtiits sampled during the survey at the Coast
province. Fruits collected from the different plapecies were separately placed in perforated
polyethylene bags in the field and transportechéortearest rearing facility. The rearing facilities
were located in each ecozone where fruits wereectatl and included the International Centre
of Insect Physiology and Ecologicipe)-Muhaka field station for the Coast Province amel t

icipe Headquarters, in Nairobi for Eastern Provincegam

At the rearing facility, the fruits were countedgighed, and secured in well-aerated rectangular
plastic containers. Small fruits (<5 cm in diamgteere held together in 1.5-liter rectangular
transparent plastic containers (20 x 12.5 x 8 dfenpoly, Nairobi, Kenya). Larger fruist (>5
cm in diameter) were held in groups of two or thire8-liter rectangular plastic containers (20 x
12.5 x 15 cm). Fruits larger than10 cm diametexéne held in cylindrical plastic buckets (25 x
30 cm). The rim of the containers was covered aifine netting material held in place by the
perforated cover of the containers that was capabletaining tephritid flies and associated

parasitoids. The fruit containers were placed agdaones having 40-60 mm of moistened
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sterilized sand at the bottom. The sand served astthe pupation medium for the larvae that
exited the fruit in addition to soaking up fruitigaes. Fruits were held at ambient conditions for
4—-6 weeks, depending on the fruit species. Readggs were checked daily, and puparia were
picked from the sand with a pair of soft forcepsumted and placed in petri dishes with
moistened filter paper. In some situations, pupaticcurred inside the fruit, and in this case
decaying fruits were dissected to completely rec@lepuparia. The petri dishes with puparia

were held in ventilated, transparent Perspex c@&fes 20 x 20 cm) until eclosion.

Emerging tephritids were provided with an artiflaiet that consisted of a volumetric mixture
of 1:3 enzymatic yeast hydrolysate and sugar, aagnwas provided in pumice granules. Flies
were allowed to feed for 4 days until full adulivé®pment and body colorations were attained.
They were then killed by placing them in a freeaed later preserved in 70% alcohol. Emerged
parasitoids that emerged were kept alive by progdioney drops at the top of the Perspex
cages and cotton wool soaked in water served asv#tter source. Fruit fly specimens and
samples of parasitoids were sent toitlyge Biosystematics unit for identification and anothogr

of parasitoid specimens were shipped to the Biesyatics Unit of the Zoology Department,
University of Ghana for identification by Dr. MaxWe. Billah. The collected plant samples
were identified using the keys of Kenya trees, Bhrand lianas (Beentje, 1994). Photographs
were also taken of each plant or fruit sampledidoira plant identification. Plant nomenclature

used conformed to the International Plant NamesXrthtabase (IPNI 2004).
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Cocciniaspp

Solanum incanum Chassalia culivif

Plate 4.1Fruits of some plant species sampled during theesuat the Coast Province.
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4.3 Data handling

Percent parasitism was calculated as a/(a + b),x&B8re a = number of recovered parasitoids
and b = number of emerged adult flies in each sar(fplecket al, 1986). Infestation rate was
calculated as the number of pupae per kg fruit égmyreset al, 2010). Host/parasitoid
associations were based on assumptions that madasiteared from a fruit sample were
attacking only hosts that were also reared as sdidin that sample (Vayssieres al, 2010).
We considered these associations only as an appat®en, as many factors, such as the ability
of parasitoids to select preferred hosts and emtaiien by unsuitable hosts, increase the level
of uncertainty in this regard (Vayssiemsal, 2010). Discriptive statitistics was mainly uged

show the main features of the data collected duhegurvey.

4.4 Results

A total of 27,095 fruits from 29 plant species ahd plant families were sampled during the
survey period. The numbers of sampled fruits pantp$pecies during the survey are shown in
Table 4.1. During the survey, fruit fly parasitoidslonging to four families of Hymenoptera
were recovered: BraconidaRdytallia cosyragPsytallia c.f. concolarP. perproxima(Silvestri),
Diachasmimorpha fullaway{Silvestri) and othePsytallia spp (could only be identified up to
genus level)], Eulophidad étrastichus giffardianuSilvestri), Chalcididae (chalcid wasps) and

Ichneumonidae (ichneumonids).
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Table 4.1 Plant species and total number of fruits sample@aast and Eastern Province from

January 2009 — May 2010.

PROVINCE PLANT FAMILY PLANT SPECIES TOTAL NO. OF
FRUITS SAMPLED

COAST Oleaceae Jasminum fluminense 530
Phyllanthaceae Phyllanthus spp. 4383
Rubiaceae Polysphaeria parvifolia 2761
Thymeleaceae Synaptolepsis kirkii 606
Rutaceae Citrus recticulata 316
Anacardiaceae Scelocarya birrea 375
Rubiaceae Chassalia curviflora 6727
Anacardiaceae Mangifera indica 168
Colchicaceae Gloriosa superb 7085
Rutaceae Citrus sinensis 55
Combretaceae Terminalia cattapa 194
Anacardiaceae Sorindea madagascariensis 1407
Annonaceae Anona senegalensis 117
Solanaceae Solanum incanum 576
Anacardiaceae Lannea weltischii 60

EASTERN Solanaceae Solanum incanum 57
Solanaceae Solanum villosum 199
Lauraceae Persea Americana 30
Myrtaceae Psidium guajava 50
Rosaceae Robus occidentalis 117
Salicaceae Dovyalis caffra 80
Anacardiaceae Mangifera indica 183
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Table 4.1cont’'d

PROVINCE

PLANT FAMILY

PLANT SPECIES

TOTAL NO. OF
FRUITS SAMPLED

Cucurbitaceae
Caricaceae
Combretaceae
Cucurbitaceae
Solanaceae
Cucurbitae

Rutaceae

Cucurbita maxima
Carica papaya
Terminalia mantaly
Citrullus lanatus
Solanum lycopersicum
Cucumis dispaceus

Citrus sinensis

12
25
68
16
79
73
45
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At the Coast Province, infestation rate varied framlow as 3.6 puparia/ kg of fruiCifrus
reticulata to as high as 350 puparia/kg of frug. (kirki). The majority of parasitoids recovered
were braconids (84.7%). The most abundant of tleed@rids were th@syttaliaspp (66.5 %),
followed by D. fullawayi (0.8%) and the unidentified Braconids accounted 18.1%. The
family Eulophidae Tetrastichus giffardianu$ilvestri) contributed 3.0% of the total parasi®i
recovered, 6.4 % belonged to the family Chalcidaidehalcid wasps), whilst the family
Ichneumonidae (ichneumonids) accounted for 5.9%es&hproportions are based on the total

samples recovered.

The majority of parasitoids were recovered fromitéruof non-cultivated plants (99.6%)
Chassalia curviflora Wall. accounted for 35.6%hyllanthus sp26.7%),Synaptolepis kirkiji
Oliv. (12.3%),Gloriosa superbalLinn. (11.5%),Polysphaeria parvifoliaHiern. (9.3%)Lannea
welwitschii Hiern. andJasminum fluminensé&/ell. accounted for 2.1% each whilBérminalia

cattapa Linn. accounted for 0.4% of total number of paoads recovered (Fig. 4.2).

Percent parasitism also varied across the fruipgagrcollected. The highest parasitism rate was
recorded orP. parviforlia (33.3%) whilst the lowest was 2.0%, recordedTenminalia cattapa
(Table 4.2). Then number of parasitoids per kgt falso ranged from a highest of 40 recorded

onC. curviflorato a lowest of 0.2 recorded dn cattapa

Six fruit fly species namely. nigerrinum, T. coffeae, C. capitata, C. cosyBacucurbitae and
B. invadenswere recovered from fruit samples at the CoastwiRce. Bactrocera invadens

accounted for 55.8% of all fruit fly samples receadefollowed byC. cosyra(17.1%),T. coffae
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(14.7%),C. capitata(8.8%),B. cucurbitag(2.2%) andT. nigerrinum(1.3%) (Fig. 4.3). Number
of fruit flies per kg of fruit was highest o8. kirkii (265.0) and lowest of. reticulata(2.4)

(Table 4.3).

At the Eastern Province, fruit infestation rateiedrfrom a low of 1.4 puparia/ kg of fruit db.
sinensis(L.) Osbeck, to a high of 800.0 puparia/per kdrait on R. occidentaligL.) (data not
shown). All parasitoids recovered during the surweyePsytallia species withC. arabica(L.)
contributing 95.4% of total parasitoids recoveretlofived by M. indica at 2.8%.Cucurbita
maxima(Duchesne) anduglans cineredL.) both yieldedPsyttalia phaeostigmand accounted
for 0.9% each of the total number of parasitoid®vered (Fig. 4.4). Parasitism rates also varied
across the fruit samples collected. The highesaigusm rate was 47.9%, recorded frQuoffea
arabica whilst the lowest was 0.9%, recorded fravh indica (Table 4.2). The number of
parasitoids per kg of fruit also ranged from a hgh22.7 C. arabicg to a low of 0.5

(Mangifera indica (Table 4.2).

The following seven fruit fly species in order dfumdance were recovered from fruit samples at
the Eastern Provinc&actrocera invaden§ 47.1%) of all fruit fly samples recovered, cosyra
(24.1%), C. capitata (10.6%), T. coffae (8.1%), Dacus spp(6.6%), C. rosa (2.7%) andC.
robivora (0.7%) (Fig. 4.5). Number of fruit flies per kg fotiit ranged from 0.2 irC. sinensigo

200.0 inR. occidentaligTable 4.3).
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Table 4.2Host plants, parasitoid/kg of fruit and total atiam for different parasitoid species

recovered from the Coast and Eastern Province of/&e

Province/ Parasitism  No. of Parasitoids
Locality Plant Species Parasitoids recovered (%) /kg of fruit
COAST
Muhaka Jasminum fluminense Psyttalia spp. 11.6 3.8
Phyllanthus spp. Psyttalia spp, 12.4 6.3
other braconids
Polysphaeria parvifolia  Psyttalia spp 20.0 2.1
Chassalia curviflora Psytallia spp, 13.1 40.0
Ichneumonids
Gloriosa superba Psytallia spp 17.2 0.7
Kibarani Polysphaeria parvifolia  Psytallia spp 33.3 3.7
Chassalia curviflora Psytallia peproxima, 16.8 8.5
chalcid wasps
Synaptolepis Kirkii Psytallia spp, 26.3 20.0
other braconids
Gloriosa superba Psytallia concolor, 14.9 3.5
other braconids
Phyllanthus spp. Psytallia spp, 28.8 115
Ichneumonids
Kigaleni Phyllanthus spp. P. peproxima, Psytallia 25.0 4.0
c.f. concolor
Gloriosa superba P. peproxima, 10.9 1.7
Other braconids
Synaptolepis kirkii Psytallia spp 15.9 9.2
Chassalia curviflora Psytallia spp 28.0 4.7
Kinondo Terminalia cattapa D. fullawayi 2.0 0.2
Mabokoni  Chassalia curviflora Psytallia spp 17.9 3.1
Mkambani Chassalia curviflora Psytallia spp 17.5 2.1
Buga Lannea welwitschii other braconids 21.7 25.0
Shimba Chassalia curviflora Psytallia spp, Tetrastichus 20.8 2.6
Hills giffardianus
EASTERN
Kiamiriru Coffea arabica Psytallia spp 47.9 22.7
Gachanka Mangifera indica Psytallia spp 1.0 0.5
Kithoka Coffea arabica Psytallia spp 17.3 9
Muringo Cucurbita maxima Psytallia phaeostigma 11.1 1.3
Giaki Juglans cinerea Psytallia phaeostigma 2.9 0.6
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Table 4.3Host plants, infestation rate and number of fkgsdf fruit and fruit fly species

recovered from fruits sampled in Coast and Ead®eonince

Province / Plant species Pupae/  Fruit flies No. of flies
Locality Kg of fruit Recovered /kg of fruit
COAST
Muhaka Jasminum fluminense 42.3 T. coffeae, C. cosyra 29.2
Phyllanthus spp 55.5 C. cosyra, T. coffeae 44.3
Polysphaeria parvifolia 14.6 T. coffeae, C. cosyra 8.3
Chassalia curviflora 106.0 T. coffeae, C. cosyra 36.0
Gloriosa superba 8.4 C. capitata, T. coffae 3.5
Anona cherimola 25.2 B. invadens 154
Sclerocarya birrea 76.9 B. Invadens, C. Cosyra 47.4
Kibarani Phyllanthus spp 55.4 C. cosyra 36.9
Gloriosa superba 32.5 C. capitata, T. coffeae 20.0
Polysphaeria parvifolia 13.7 T. coffeae, C. cosyra 7.4
Chassalia curviflora 55.1 T. coffeae, C. capitata 42.0
Synaptolepis kirkii 100.0 C. cosyra, C. capitata 56.0
Mangifera indica 21.9 B. invadens 17.3
Kigaleni Phyllanthus spp 19.6 T. coffeae, C. cosyra 12.1
Gloriosa superba 22.8 T. nigerrimum, T. coffae 13.8
Synaptolepis kirkii 70.8 C. cosyra, T. coffae 48.3
Chassalia curviflora 28.7 T. coffee, C. cosyra 12.0
Buga Mangifera indica 18.1 B. invadens 14.3
Coccinia spp 21.3 B. curcubitae, 14.6
B. invadens
Milu farm Citrus sinensis 21.2 B. invadens, C. capitata 9.1
Citrus reticulata 7.7 B. invadens, C. capitata 5.2
Citrus sinensis 29.7 B. invadens, C. capitata 20.3
Mangifera indica 32.7 B. invadens 23.2
Mangifera indica 29.2 B. invadens 25.3
Citrus reticulata 3.6 B. invadens, C. capitata 2.4
Kinondo Coccinia spp 48.9 B. curcubitae, 33.3
B. invadens
Synaptolepis kirkii 350.0 T. coffee, C. cosyra 265.0
Terminalia cattapa 14.4 B. invadens 8.1
Maweni Sclerocarya birrea 77.3 B. invadens, C. Cosyra 70.9
Mkambani Chassalia curviflora 16.8 C. cosyra 9.7
Mkambani Sclerocarya birrea 58.4 B. invadens, C. Cosyra 44.2
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Table 4.3 cont'd

Province / Plant species Pupae/  Fruit flies No. of flies
Locality Kg of fruit Recovered /kg of fruit
Mabokoni Annona senegalensis 114 B.invadens 4.5
Mabokoni Chassalia curviflora 26.3 C. cosyra 14.4
Shimba Hills Chassalia curviflora 16.2 T. coffee, C. capitata 10.0
Diani Coccinia spp 33.3 B. cucurbitae, 25.6
B. invadens
Diani Forest Sorindea 8.7 B. invadens 6.5
madagascariensis
EASTERN
Meru forest Robus occidentalis 800.0 C. rubivora 200.0
Mpakone Dovyalis caffra 70.5 C. cosyra, C. capitata, 45.7
C. rosa
Kiamiriru Coffea Arabica 171.0 T. coffee 24.7
Gachanka Mangifera indica 78.8 C. cosyra, C. rosa, 54.1
B. invadens
Muringo Mangifera indica 1.9 C. cosyra, B. invadens 1.3
Muringo Mangifera indica 110.9 C. cosyra, B. invadens 59.4
Muringo Juglans cinerea 446.7 Dacus spp. 66.7
Muringo Cucurbita maxima 54.7 Dacus spp. 10.0
Miriga Mangifera indica 50.0 C. cosyra, B. invadens 21.3
Kithoka Citrullus lanatus 67.9 Dacus spp. 7.9
Kithoka Mangifera indica 64.0 C. cosyra, C. rosa, 48.5
B. invadens
Kithoka Coffea Arabica 121.3 C. capitata, T. coffae 43.0
Giaki Terminalia mantaly 660.0 C. Capitata 140.0
Mbuuta Cucumis dispaceas 9.3 Dacus spp. 6.2
Mbuuta Citrus sinensis 1.4 B. invadens 0.2
Mbuuta Mangifera indica 49.8 C. cosyra, B. invadens 43.5
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Table 4.4Fruit flies and associated parasitoid species r@al/from plant species sampled at

the Coast and Eastern Provinces

PROVINCE LOCALITY PLANT SPECIES

FRUIT FLIES

PARASIT OIDS

COAST

Muhaka

Kibarani

Kigaleni

Kinondo

Mabokoni
Mkambani
Buga
Shimba Hills

Jasminum fluminense

Phyllanthus spp

Polysphaeria parvifolia

Gloriosa superba

Chassalia curviflora

Polysphaeria parvifolia

Chassalia curviflora
Synaptolepis kirkii
Gloriosa superba
Phyllanthus spp

Gloriosa superba

Synaptolepis kirkii
Chassalia curviflora
Phyllanthus spp

Synaptolepis kirkii
Terminalia cattapa
Chassalia curviflora
Chassalia curviflora
Lannea welwitschii

Chassalia curviflora

T. nigerrimum, T.
coffeae,

T. coffeae, C. cosyra

C. cosyra, T. coffeae

T. coffeae, C. cosyra

C. cosyra, C. capitata

T. coffeae, C. cosyra
T. coffeae, C. cosyra

T. coffae, C. capitata

C. cosyra, C. capitata

T. coffeae, C.capitata

C. cosyra

T. coffeae, C. cosyra
T. coffeae, C. cosyra

T. coffeae, C. cosyra

. invadens
. cosyra
. cosyra

. coffeae

= 4 0O O w -

PsytsiR

Psytallia, sipiper Braconids
Pligtaspp
Psytallg s
Psy#&adipp, Ichneumonids
PHigaspp
P. pgxima, Chalcid wasps
Psytabipp,other Braconids

Psytallifa @oncolor, Braconids

Psytallia spp, Ichneum®sni

P. peproxima,other Braconids

Psytadiog
Psy&adpp

P. peproxPn@oncolor,

. coffeae, C. cosyraPsyttalia spp, other Braconids
D. fullawayi

Psytallia spp

Psytallia spp

Braconids

. coffeae,C. capitata T.aiffianus, Psytallia spp.
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Table 4.4ctd

PROVINCE LOCALITY PLANT SPECIES FRUIT FLIES PARASIT OIDS
EASTERN  Kiamiriru Coffea arabica T. coffee Psytallia spp
Gachanka Mangifera indica C. cosyra, C. rosa, B. Psytallia spp
invadens
Muringo Cucurbita maxima Dacus spp Psytallia phaeostigma
Chege Coffeae arabica T. coffee, C. capitata  Psytallig sp
Giaki Juglans cinerea Dacus spp Psytallia phaeostigma
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4.5 DISCUSSION

The survey vyielded 345 parasitoids belonging tor fdifferent families of Hymenoptera
(Braconidae, Eulophidae, Chalcidoidea and Ichneuda@) with genu$syttaliapredominating

in both the Coastal and Eastern Province of Kefiya species oPsyttalig P. perproximaand

P. concolorwere identified from parasitoid samples at the SEéd&ovince Psyttaliais a fairly
large, Old World genus; with about 50 describedccigse The highed®syttaliadiversity occurs

in the region from Africa east through India andu®east Asia; and there are several species of
in SSA that are difficult to differentiate (Rugmaaneset al, 2009). In Kenya, Copelaret al,
(2006) sampled two fruit specie€drdyla Africanaand Lettowianthus stellatysfrom the

Muhaka forest and Mrima Hill of Coastal provincelarcordedPsytalliaspp from both fruits.

Psyttalia perproximaccounted for 11.0% of total parasitoid samplesvered from the Coast
Province.Trirhithrum nigerrimumandT. coffeaewere the main fruit fly species that emerged
from pupae that yieldeB. perproxima althoughC. cosyraandC. capitatawere also recovered.

It is known that fruit fly parasitoids, in generaiay develop on several tephritids but they often
have a specific, preferred host (Wharton, 198%yttalia perproximawvas originally described
from Benin from fruits infested by tephritids (S#stri, 1913). Previous studies have documented
attack ofP. perproximafrom different fruit fly species. In Kenya, therpaitoid was reared from
Trirhithrum teres(Munro), T. nigerrimum andT. senexXMunro), and in Ghana, Manrakhah
al., (2010) reared it from an unknown host. In samplesiinated byT. coffeag Stecket al,
(1986) also reported attack B perproximus.In other studiesP. perproximahas also been
reported fromC. capitata(Manrakhanet al, 2010),C. cosyra (Vayssiereset al, 2010) and

Dacus spdWharton and Gilstrap, 1983).
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Psytallia cf. concoloraccounted for 6.8% of total parasitoid samplesvered from the Coast
Province and it was reared from two plant spec@s,superbaand Phyllanthus spp We
recoveredC. cosyra C. capitataand T. coffeaefrom puparia yielding?. concolor Psyttalia
concolorhas been previously reared in Kenya from coffe@dgsampled from Ruiru, Koru and
Rurima (Whartoret al, 2000).It has also been reared frdBactrocera oleag¢Rossi) collected
from Olea europaea cuspidata Kenya (Copelaneét al, 2004). Most recently, it was reared
from C. capitata collected from coffee berries in South Africa (Makhanet al, 2010).
Psyttalia concolorhas been introduced throughout much of the wosldhbiological control
programs against various pest tephrititlsvas introduced in Bolivia in 1968 to conti@ératitis
capitata (Bennett and Squire, 1972). However, because fgkeiss ofPsyttaliaare difficult to
discriminate, it is possible that more than twocspe of Psyttaliaare included in those samples

identified up to genus level, including eitlfercosyraeor P. humilis(Silvestri).

Diachasmimorpha fullawaywas recovered fronT. cattapaand accounted for 0.8% of total
parasitoids recovered at the Coast Provif@minalia cattapaalso yielded onlyB. invadens
flies. No fruit fly parasitoid has been reared frorer 5,450 fruit samples including cattapa
collected across Eastern and Southern Africa dimeeletection oB. invadensn coastal Kenya
in 2003. Since onlyB. invadenswas recovered fronT. catappain the study and onlyp.
fullawayi was recovered from the host plant, it is possib& the parasitoid could have either
emerged fromB. invadenspuparia or from an indigenous fruit fly speciesishhwas not
recovered from the puparia obtained from the hsitplf it is true for the former scenario, this

will be the first record of an indigenous parasitparasitizingB. invadensin Kenya. Additional
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host fruit survey and laboratory host acceptabdityl suitability are warranted to ascertain the

role of D. fullawayiin managing. invadens

Diachasmimorpha fullawayis widespread in the Afrotropical Region, and bagn recorded
from Senegal to Nigeria in the West, across Corgdeénya, and was also reported from
Reunion (Silvestri 1913, 1914, Clausetnal, 1965, Wharton and Gilstrap 1983, Wharttral,
2000). In Kenya, Copelanét al., (2006) recorded. fullawayi from several fruit fly species
attacking different host plants. It readily devedop ‘Medfly’, which is a native host of this
species in Kenya (Whartcet al.,2000). RecentlyD. fullawayi was also recovered from mango
fruits that yieldedC. cosyraand B. invadensin Benin (Vayssierest al., 2010). It was
successfully introduced to Hawaii, where it was agithe several parasitoid species providing

satisfactory control of medfly on different cropWillard and Mason, 1937).

Seven individuals of. giffardianus(Hymenoptera: Eulophidae) were recovered fl@nassalia
curviflora that also yielded. coffeaeandC. capitataand accounted for 3.0% of total parasitoid
samples from the Coast Provindetrastichus giffardianus cosmopolitan in distribution, but is
most commonly associated with fruit-infesting Teptiae of African origin (LaSalle and
Wharton, 2002).Tetrastichus giffardianusas previously been reared from tephritid flies on
coffee sampled at Ruiru, Koru and Rurima in Kenyéhértonet al, 2000). It was also reared
from C. anonaeandC. fasciventrisn Kenya (Copelan@t al, 2006). Vayssierest al, (2010)
and Manrakhamt al, (2010) also reported. giffardianusfrom C. capitatain Benin and South

Africa, respectively.

72



Fourteen ichneumon wasps (Hymenoptera: Ichneumehidare recovered fror@. curviflora
andPhyllanthus spghat also yielded . coffeaeand C. cosyraand accounted for 5.9% of total
parasitoids recovered at the Coast Province. lunislear whether the ichneumonid wasps
recovered from this study parasitized tephritidsvere hyperparasitoids of other Braconid wasps
which emerged from the same fruits. Members offéingily Braconidae and Ichneumonidae are
very closely related and some species look simiitathe Ichneumons there is an extra vein on
the forewing, creating a cell which cannot be fowndBraconids (CSIRO, 1991). An estimated
12100 species of Ichneumonidae occur in the Afpatiad region (Africa south of the Sahara and
including Madagascar) (Townes & Townes 1973), ofcllonly 1927 have been described (Yu,
1998). Quantitative studies of ichneumonid speciesness are scarce in Africa. A limited
number of assessments have been conducted in Seam& and Uganda (Owen & Owen 1974);
Namibia (van Nooret al. 2000); Gabon (van Noort 2004); Central African Rap, Tanzania
and South Africa (van Noort unpublished.). Vertidiis therefore known about the ichneumonid
faunas of the majority of African countries. Ichnenids have been used successfully as
biocontrol agents and given the largely undocuntefaena there is a huge potential for their

use in biocontrol programmes (Gupta 1991).

Chalcid wasps (Hymenoptera: Chalcidoidea) accouftted.7% of parasitoid samples from the
Coast Province and were recovered from fruitsCofcurviflora Although T. coffeaeand C.

capitatawere also recovered, it cannot be stated categilyrithat these were hosts of Chalcid
wasps recovered from this study since individu&l®sytallia cf. concolomwere also recovered
from the same fruit samples. Most chalcidids arétasy, primary larval endoparasitoids,

although some ectoparasitic and hyperparasiticisp@ce known. They have a wide host range
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including parasitoids of Lepidoptera, although ©pkera and Diptera also are commonly
attacked. Hyperparasitic species attack tachindlkaaconid primary parasitoids. It is therefore
possible that the chalcidids recovered from thisdgtwere hyperparasitoids of Braconidae

recovered from the same fruits although additiatadlies are needed to clarify this observation.

Collections from the Eastern Province were domuphdig Psyttalia species with berries of.
arabicaaccounting for 95.4% of total parasitoids recodef@irhithrum coffeaeandC. capitata
were the fruit fly species associated wRByttalia species that emerged from coffee berries.
SeveralPsyttalia spp have been previously reared in Kenya from cofferid® sampled from
Ruiru, Koru and Rurima (Whartagt al, 2000). Two individuals oP. phaeostigmavere reared
from Dacusspp onC. maximaandJ. cineria In previous studies?. phaeostigmavere reared
from D. ciliatus infesting cucurbits in Kenya and South Africa, asdo Dacus demmerezi
(Bezzi) in Mauritius (Wharton and Gilstrap, 1988Jthough introduced and released in Hawaii

and Mauiritius, it failed to establish.

Bactrocera invadensvas the fruit fly species mostly recovered fromitfisamples, accounting
for 55.8% and 47.1% of total fly samples recovehemm the Coast and Eastern Province,
respectively. In survey carried out by Copelatdal, (2006) to assess the distribution, host
plants and parasitoids of African fruit flies in klaka and Mrima region of Coast Province, the
authors reporte@. cosyraandC. rosaas the predominant fruit fly pests in the regidowever,

in this study, althouglR. cosyraco-occur withB. invadensn most of the fruit samples collected,
the later was by far the most abundant. This corfithe recent observation by Rwomusheana
al., (2008) and Ekeset al (2009) thatB. invadenshas rapidly displaced indigenous fruit fly

species in Kenya to become the dominant fruit #gtpIn this studyB. invadensvas recovered
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from Coccinia spp(Cucurbitaceae) at the Coast Province. Rwomuskears (2008) did not
report fruits of the family Cucurbitaceae as hadtthe pest, and this may be the first record of
B. invadensnfesting cucurbits in Kenya. According to Rwomashet al (2008),B. invadenss

an emerging polyphagous pest that may be capablsusfaining its population through

reproduction on a range of cultivated and wildtBui

Psyttalia parasitoids reared from mangb®gngifera indical. (Anacardiaceae)) and marula
(Sclerocarya birrea(A. Rich) (Anacardiaceae)) have been typicallyniifeed asP. cosyrae
(Billah et al, 2005). The parasitoid is mostly reared fr@mcosyrawhich infests these fruits. In
this study, 62.1% of all flies recovered frogh birrea were B. invadens whilst C. cosyra
accounted for 37.9%. No parasitoid was recoverewh firuits of Sclerocarya birreasuggesting
that the gradual displacement@f cosyraby B. invadenss negatively affecting the reproductive

potential ofP. cosyraesince it is unable to develop withih invadendarvae.

Although classical and augmentative biological canprograms have reduced tephritid fruit fly
pest populations in other parts of the world (WiiarL989; Wonget al, 1991; Sivinskiet al,
1996), biological control of tephritids using patasls has not been applied on a commercial
scale in Africa. The diversity of fruit fly parasitls documented in this study shows that native
parasitoids species hold considerable promise mtribaiting to the overall management of fruit
flies either through augmentation and conservatigoroach. The huge losses being incurred by
the horticultural industry on the continent as suteof the arrival of the invasive fruit flyB.
invadenshas led to the introduction and evaluation of teevolved parasitoids;. arisanus
and D. longicaudataagainst the pest. However, their interaction witdigenous tephritid

parasitoids is still unknown. Many ecologists vidwe intentional introductions of alien species
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into complex biological communities as a threatheir structure and dynamics (Sire¢ al,
2008) and therefore knowledge of indigenous tephrgarasitoids, their abundance and
parasitism rates especially in the areas wherentheduced parasitoids will be first released is
very important. Our results therefore provide intpot baseline information on the parasitoid
fauna in key mango production localities in Kenyad aset the scene for studies related to
interaction of the exotic parasitoid species aralrihtive species documented here before their
field releases in Kenya. This study also highligihts need for future conservation effort of the
indigenous tephritid parasitoids in localities ardAative host plants close to mango orchards
where they can build up their population and exagact on the fruit fly species before they

move into the orchards.
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CHAPTER FIVE

5.0 EFFECT OF TEMPERATURE ON DEVELOPMENTAL TIME, PA RASITISM

RATES AND LONGEVITY OF FOPIUS ARISANUS AND DIACHASMIMORPHA
LONGICAUDATA REARED ON BACTROCERA INVADENS

5.1 INTRODUCTION

Tephritid fruit flies within the genuBactroceraMacquart are recognized worldwide as among
the most destructive insect pests of fruits (Witel Elson-Harris, 1992; Clarlet al., 2005).
They cause enormous damage to fruits through dfesding by the developing larvae and
indirect losses are also associated with the qtiagrrestrictions imposed by importing
countries to prevent entry and establishment ofanted fruit flies (Rwomushared al.,2008).

In addition to the plethora of native fruit fly geghat occur in Africa, several members of the
genus Bactrocera have also invaded the continent (Mohametdal., 2010). These include
Bactrocera cucurbitae(Coquillett), Bactrocera zonata(Hashemet al, 2001), Bactrocera
invadensDrew, Tsuruta and White (Lugt al, 2003; Drewet al, 2005), and most recently

Bactrocera latifrongHendel) (Mwatawal&t al, 2007).

Bactrocera invadensvas first detected at the Kenyan coast in 200X @fu al, 2003a). Since
the first record, the pest has now be reported fooer 28 African countries (Drew et al. 2005;
Vayssieres, Goergen, Lokossou, Dossa, and Akportifyp;22008, Ekesket al, 2006). B.
invadenscontinues to seriously threaten the mango industrgll localities where it has been
reported with significant loss of export marketattis having a huge negative impact on the
horticulture industry. It has a wide thermal toleza range, with an upper developmental

threshold of 35 °C and a lower developmental troksbf 8.8 °C (Rwomusharet al., 2008).
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Exotic insect pests typically arrive in new areaghowut their natural enemies, raising the
possibility for classical biological control thrdughe importation of old association natural
enemies from the pest's aboriginal home (Mohareeal., 2006). In 2006, the International
Centre of Insect Physiology and Ecologgige) through its African Fruit Fly Programme
imported two braconid parasitoids, arisanus(Sonan) (Hymenoptera: Braconidae), dbd
longicaudata(Ashmead) (Hymenoptera: Braconidae) from Hawaiidealuation and potential
release againsB. invadens Both F. arisanusand D. longicaudataare koinobiont solitary
parasitoids of fruit flies. They have been credifed the most successful biological control
programmes ever undertaken against tephritid fiieg (Van den Boschkt al, 1951; Newell and
Haramoto 1968). In recent studies, Mohameéeal., (2010) reported over 70% parasitismFof
arisanuson B. invadenswhen reared on artificial diet. Earlier, Mohameidal, (2008) also

reported 15% parasitism BX. longicaudataon B. invadenson artificial diet.

Climatic adaptation has been listed among ther@ifer selecting potential biocontrol agents
(van Lenteren 1986) and temperature is often thet nimportant factor in acclimatization of

introduced natural enemies (Loni 1997). Temperagitke single most important environmental
factor influencing insect behaviour, distributiodevelopment, survival, and reproduction
(Petzoldt and Seaman, 2007). Although laboratargliss has demonstrated the efficacy of both
F. arisanusandD. longicaudataagainstB. invadensand some of the major indigenous fruit fly
species (Mohamedt al, 2008; 2010), little information exists on thdeet of temperature on

the development, parasitism rates and adult lomge¥ithe two parasitoid species when reared
from B. invadens Such information should provide guidance on feituelease programme

targeting different agro-ecological zones wherepst is prevalent. The overall objective of this

study therefore, was to determine the effect ofpemrature on the parasitism rates, adult
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longevity and developmental time &f arisanusand D. longicaudataon B. invadenswhen

reared on mango.

5.2 BIOASSAYS
5.2.1 Developmental time and Parasitism rates

5.2.1.1Fopius arisanus

Ten mated experienced, fem&earisanuswasps (10-day old) weiliatroduced into a perspex
cage (12 x 12 x 12 cm). With the aid of a fine cBsnieair brush, 200 eggs &. invadensvere
counted onto a rectangular peel of mango dome (% 2rom). Each mango peel was transferred
onto an oviposition unit lined with moistened dauldayer of sponge of about the same
dimensions as the mango peel, with the eggs fatiagorganza lid (Mohameet al, 2010).
Oviposition units were introduced into the perspages containing the 20 mated experierteed
arisanusfemales. The wasps were allowed to parasitizeetposedB. invadenseggs for 24
hours, after which the oviposition units were reew¥rom the cages and the rectangular mango
peels (with previously exposed eggs) were trarsfieinto Petri dishes containing mango pulp
(Plate 5.1). The mango peels were placed on thp eoburing that the side of each dome
carrying the previously exposed eggs was in diceettact with the pulp. This was done to
facilitate larval feeding immediately after egg diahg. Petri dishes were covered and
immediately transferred to thermostatically conéol environmental chambers (MLR-153,
Sanyo, Japan) set at five constant temperatur&s 6€C, 20 °C, 25 °C, 30 °C and 35 °C (£1°C)
and 60 £ 8% RH, 12:12 L: D photoperiod. At egg ewa, Petri dish covers were removed and
the dishes were separately transferred into lakggtangular plastic rearing containers (20 cm x

10 cm x 10 cm) containing a thin layer of moistriiteed sand at the bottom for pupation. The
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top of the plastic containers were covered witina hetting material and fitted with a plastic lid
to allow for ventilation (Plate 5.2). The contaimewere maintained at the same constant
temperature in the environmental chambers. Matteethird instar larvae left the fruit pulpd
libitum and jumped into the sand in the larger contait@ngupate. Those that failed to jump
were assisted using a pair of soft forceps. Aftedays, the containers were observed for puparia
and the puparia were thereafter separated from dailg by sifting. Puparia were held in
perspex cages (20 x 15 x 15cm) and maintainedeasdime five constant temperatures until
eclosion. The following parameters were measureyeldpmental time, number of puparia
recovered, total number of emerged parasitoids, rmmdber of unemerged puparia. For each
temperature, there were five replicates and eaopeeature was tested twice. Test temperatures

were assigned randomly to various environmentakuni

5.2.1.2Diachasmimorpha longicaudata

For D. longicaudata 50 late second instar larvae (reared on artiflgaid diet) were counted
into mango pulps in oviposition units, which werevered with organza lids. Larvae were
transferred into the mango pulp using a blunt fpscéo minimize damage. Thereafter, the
oviposition units were introduced into perspex cagentaining five mated experienced females
of D. longicaudata After exposure time of 24 hrs, the ovipositiontsinvere removed and the
larvae transferred into Petri dishes containingtframount of mango pulp. Petri dishes were
covered and immediately transferred to thermosthyiccontrolled environmental chambers
(MLR-153, Sanyo, Japan) set at five constant teatpess of 15 °C, 20 °C, 25 °C, 30 °C and 35
°C (¥1°C) and 60 £ 8% RH, 12:12 L: D photoperiodbSequent procedures were the same as

described foF. arisanusabove. Parameters measured were the same Rsdosanus
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To establish the lower development thresholdsdehelopmental time (i.e. the time required for

50% of adult parasitoids to emerge after eggs weapmosed to wasps) was determined at the
series of constant temperatures and the developimate estimated (i.e., 1/developmental time)
(Dent and Walton, 1997; Samied al, 2006). Percent parasitism was calculated bydaigi the

total number of emerged parasitoids by the totatlmer of puparia recovered and multiplying by

100.
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Plate 5.1Mango pulp in petri dishes and sterilized sandhatiiottom of plastic containers

served as larval food and pupation medium respsgtiv

Plate 5.2Pupation container inside one of the environmesttambers set at 25°C.
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5.2.2 Adult longevity

To determine the longevity &f. arisanusandD. longicaudatareared orB. invadens50 newly
emerged adults of each parasitoid (25 of each wex¢ placed in 5 separate perspex cages
(15%15x15cm). The perspex cages were immediatahsterred into thermostatically controlled
environmental chambers (MLR-153, Sanyo, Japamgtsigte constant temperatures of 15 °C, 20
°C, 25 °C, 30 °C and 35 °C (x1°C) and 60 + 8% RBt12 L: D photoperiod. Parasitoids were
provided with honey streaks and cotton wool sodkedater served as the water source. Male
and female mortality for both parasitoids was rdedron a daily basis. The total length of time
(days) taken for all parasitoids of each sex to ufider the prevailing temperature was also
recorded. This length of time (days) was assumetti@sdult longevity of each sex of the two
parasitoid species at a specific temperature. &cln eonstant temperature tested, the experiment

was replicated 3 times.

In all experiments, the Completely Randomized De¢{¢RD) was used.

5.3 Data analysis

Regression analysis was used to estimate lowela@went thresholds for the parasitoids and to
establish the strength of the relationship betweenstant temperature, puparia recovered,
parasitism rates and adult longevity. The averagaber of degree-days required to complete
pre-imaginal development of the parasitoids wasneséd as 1/slope and the lower temperature
threshold for development was estimated as thaexdapt (Dent & Walton 1997). To examine
the effects of temperature on life history paramstelata for developmental time, puparia
recovered, parasitism rates and adult longevity swdgected to one-way analysis of variance

(ANOVA) using the General Linear Models proceduféSAS (SAS Institute 2000). Legt0.5
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and arcsine square root transformation were usgzeotively, on counts and percentages before
statistical analyses (Sokal and Rohlf, 1981). Wheatment effects were significant (i.e., P

<0.05), means were separated using Student-NewmalsK8NK) test.

5.4 RESULTS

5.4.1Effect of temperature on developmental time

Both F. arisanusandD. longicaudatavere able to complete development at all the teatpees
tested except at 35 °C, at which no puparia wasvered. Temperature had a significant effect
on developmental time of. arisanus decreasing significantly as temperature increg$ed
=4054.0; df = 3, 36; R/0.0001 and F =3824.0; df = 3, 36:<P.0001) for males and females,
respectively. Mean developmental time Forarisanusmales ranged between 67.40 + 0.4 days at
15 °C and 18.40 = 0.2 at 30 °C. Female mean dexetafal time was between 71.60 + 0.4 days

at 15 °C and 20.2 + 0.2 days at 30 °C (Table 5.1).

Temperature also had a significant effect on theeld@pmental time ofD. longicaudata
decreasing significantly with increasing temperat(fFf =3173.0; df = 3, 36; R/0.0001 and F
=4691.0; df = 3, 36; R/0.0001) for males and females respectively. M#sarelopmental time
for males ranged from 62.70 + 0.6 days at 15 °@4qd0 + 0.2 days at 30 °C and 66.20 £ 0.4

days at 15 °C to 16.50 £ 0.17 days at 30°C for fem@@able 5.1).

The linear regression model showed a strong peslinear relationship between temperature
and development rate 6. arisanus(R?= 0.998) (fig. 5.1) with a lower development threish
of 13.5 °C. It required 500 DD fdf. arisanusto complete development. FBr. longicaudata

the linear regression model also showed a strosgiy® linear relationship between temperature
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and development rate ¥R 0.993) (fig. 5.2) with a lower development threlshof 12.0 °C. It

required 333.3 DD foD. longicaudatato complete development.

Table 5.1 Effect of temperature on developmental timeFofarisanusand D. longicaudata
reared fronB. invadens

F. arisanus D. longicaudata
Temperature (x1°C) Males Females Males Females
15 67.40+0.4a 71.6+0.4a 62.7+0.6a 66.2+0.4a
20 34.9+0.4b 37.0£0.4b 29.7+£0.3b 32.7+0.3b
25 23.4+0.3c 25.2+0.2c 16.5+0.2c 18.7+0.2c
30 18.4+0.2d 20.2+0.2d 14.7+0.2d 16.5+0.2d
35 0 0 0 0

* Means followed by the same letter in the samermwl are not significantly different 0.05),

Student-Newman-Keul's (SNK) test.

5.4.2Effect of temperature on puparia recovered
For both parasitoid species, puparia were recovatredl temperatures tested except at 35 °C.

Temperature had a significant effect on the nunolbgruparia recovered (F =48.0; df =3, 36; P

<0.0001 and for. arisanus.Temperature also had a significant effect on nundbgouparia

recovered foD. longicaudata(F =46.9; df =3, 36; R 0.0001)

For F. arisanus the highest number of puparia was recovered &tC28136.7 + 3.08) and the

lowest at 15 °C (92.1 £ 2.91). The number of pupadcovered at 20 and 30 °C were not

significantly different but the numbers differedrsificantly with that recovered at 15 and 25 °C

(Table 5.2). The highest percentage of unemergedrna forF. arisanuswas recorded at 15 °C

whilst the lowest percentage was recorded at 2%Tdble 5.2). Polynomial regression model
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showed a strong positive relationship between teatpes and percent puparia recoveredHor

arisanus(R’= 0.90) (Fig 5.3).

The number of puparia recovered was significantffieicbnt across all four temperatures tested
for D. longicaudataand was highest at 25 °C (44.60 + 0.86) and lowed45°C (31.80 + 1.03)
(Table 5.3). The polynomial regression model atsmaged a strong positive relationship between
temperature and percent puparia recovered (R96) (Fig 4.3). The highest percentage of
unemerged puparia f@. longicaudatawas recorded for at 15° C whilst the lowest petages

were recorded at 25 °C (Table 5.3).

Percent puparia recovered was also significantfferdint across the temperatures tested:
arisanus(F =46.0; df =3, 36; R0.0001) andD. longicaudata (F =47.9; df =3, 36; R 0.0001).
Percent puparia recovered was highest at 25°C §68.8.54 and 89.20 + 1.72) and lowest at
15°C (46.05 + 1.46 and 63.60 £ 2.06) fararisanusandD. longicaudatarespectively (Table
5.2 and 5.3). Temperature had a significant eféecthe number of unemerged puparia across
the temperatures tested as clearly shown by asabfspercent unemerged puparia values (F
=30.22; df =3, 36; P<0.00land F =15.35; df =3, 36; P <0.001) for F. arisanusand D.

longicaudatayespectively.
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TABLE 5.2 Effect of temperature (Mean + SE) on puparia reced, parasitism rates and

percent unemerged pupariakapius arisanuonB. invadens

Temperature  Puparia Total Parasitism Sex ratio Unemerged
(+1.0°C) recovered (%) Parasitoid rate (%) (Proportion  puparia (%)
number of females)

15 46.05+ 1.46a 42.60+1.54a 46.42+1.43a 0.6H2a 26.44 +0.51a
20 59.50+1.37b 75.50+3.06b 63.33+1.74b 0.4608b 18.29 +0.88b
25 68.35+1.54c 97.50+4.73c 71.08+2.46¢c 0.880Ra 15.16 +0.97c
30 63.05+1.10b 69.30+£2.61b 55.06+2.18d 0.B/02a 22.55+1.03d
35 0 0 0 0 0

Means followed by the same letter in the same colare not significantly different (R/0.05)
Student-Newman-Keul's (SNK) test.

TABLE 5.3 Effect of temperature (Mean = SE) on puparia reced, parasitism rates and
percent unemerged pupariaifichasmimorpha longicaudatan B. invadens

Temperature Puparia Total Parasitoid  Parasitism Sex ratio Unemerged
(x1.0°C) recovered number rate (%) (Proportion  puparia (%)
(%) of females)

15 63.60 £ 2.06a 8.70 +0.70a 27.74 +2.53a 0.53 £0.03a 36.60 + 1.26a
20 80.20 £ 0.96b  20.90 £ 1.62b 52.15+3.99b 0.8204a 25.92+1.69b
25 89.20+1.72c  21.80+1.20b 48.85+2.37b 0.B90Ba 25.80 +1.16b
30 69.40 £1.43d  13.40 £ 0.64c 38.67£1.71c 0.830Ra 31.08 +0.85c
35 0 0 0 0 0

* Means followed by the same letter in the samermol are not significantly different 0.05)
Student-Newman-Keul's (SNK) test.
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5.4.3Effect of temperature on parasitism rates

With the exception of 35 °C, adult parasitoids webgained from the other four temperatures
tested. Temperature had a significant effect onrttmber of parasitoids that emergde (
arisanus F =67.97; df =3, 36; R0.0001), D. longicaudata F =42.97; df =3, 36; R 0.0001).
The highest number of parasitoids was obtainedb&t (97.50 + 4.73 and 21.8 = 1.2) fer
arisanusandD. longicaudatarespectively whilst the lowest parasitoid numbeese recorded at
15 °C . arisanus 42.6 + 1.54), D. longicaudata 8.7 £ 0.7) (Tables 5.2 and 5.3). The total
number of parasitoids that emerged was not sigmiflg different at 20 and 30°C fét. arisanus
and at 20 and 25°C fdp. longicaudata The polynomial regression model showed a strong
positive relationship between temperature and pemperasitism (R=0.97 and R=0.99) forF.

arisanusandD. longicaudatarespectively (Fig. 5.4).

Percent parasitism was significantly different asrthe temperatures tested (F =27.60; df =3, 36;
P < 0.0001 and F =16.03; df =3, 36; P < 0.0001) for F. arisanusand D. longicaudata
respectively. Percent parasitism was highest a€2%1.08 + 2.46) foF. arisanusand at 20°C
(52.15 = 3.99) forD. longicaudata(Tables 5.2 and 5.3). It was lowest at 15°C fothbo
parasitoids. Percent parasitism was significaniffieint across all the five temperatures tested
for F. arisanusbut was not significantly different between 20 &&fC for D. longicaudata

(Table 5.2 and 5.3).

5.4.4 Effect of temperature on adult longevity
Adult longevity ofF. arisanuswas significantly influenced by temperature (F £87 df =4, 10;
P <0.0001 and F =326.6; df =4, 10; P <0.0001 for males and females respectively. There was no

significant difference in adult longevity & arisanus(both males and females) at 15 and 20°C.
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Longevity at 15 and 20°C was however significamtifferent from that obtained at 25, 30 and
35°C (Table 5.4). Longevity df. arisanusadults was shortest at 35°C (7.7£0.3 and 11.4&0.7
males and females respectively) and longest at 1330.0+1.2 and131.0+£3.8 for males and

females, respectively) (Table 5.4).

Temperature significantly affected the lifespabofongicaudataadults (F =646.6; df =4, 10; P
<0.0001 and F =1553.0; df =4, 10;<®.0001 for males and females respectively). Sintar
results obtained foF. arisanus there was no significant difference in adult lewigy of D.
longicaudata(both males and females) at 15 and 20 °C. Howedwergevity at 15 and 20 °C
significantly differed from that obtained at 25, 83d 35°C (Table 5.4). Adult longevity far.
longicaudatawas shortest at 35 °C (5.7+0.7 and 8.3+0.3 foresrahd females respectively) and

longest at 15 °C (119.0+2.1 and142.7+2.3 for matesfemales respectively) (Table 5.4).

The linear regression model further confirmed argirrelationship between temperature and
adult longevity for both parasitoids as shown bg th values E. arisanus 0.93) and .
longicaudata 0.94) (figs. 5.5 and 5.6). For both parasitofgsyales lived significantly longer

than males at all temperatures tested (Table 5.4).
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Table 5.4Mean £ S.E. adult longevity ¢f. arisanusandD. longicaudatareared orB. invadens
at five constant temperatures.

Temperature F. arisanus D. longicaudata

Male Female Male Female
15 110.0+1.2Aa 131.0+3.8Ab 119.0+2.1Aa 142.7+2.3Ab
20 106.3+2.4Aa 127.7+4.3Ab 114.0+3.6Aa 140.0+1.2Ab
25 77.3+2.9Ba 102.0+£3.1Bb 71.7+0.9Ba 92.7+1.8Bb
30 28.0t1.7Ca 38.0+1.5Cb 22.3+1.5Ca 32.3+1.5Cb
35 7.7+0.3Da 11.4+0.7Db 5.7+0.7Da 8.3+0.3Cb

* Means followed by the same capital letter in slaene column are not significantly different.
Means followed by the same small letter in the semaeare not significantly different (£0.05)
Student-Newman-Keul's (SNK) test.
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5.5 DISCUSSION

Results from this study showed that temperaturaifgigntly influences parasitism rates and
developmental time df. arisanusandD. longicaudata.This is consistent with similar studies
carried out for most tephritid fruit fly parasitgigHurtrelet al, 2001; Samirat al, 2006; Daane
et al, 2008; Rousset al, 2009; Kroder and Messing, 2010). From this stiadyemperature
range of 20 to 30 °C was found to be most suitdtiethe development oF. arisanus In
previous studies, Rwomushaegal, (2008) reported that larval development andisahof B.
invadenswas highest within this temperature rangepius arisanuss therefore expected to
effectively parasitize and successfully developf®. invadenssince its optimal temperature for
development lies exactly within that of its tarpeist. The emergence bf arisanusadults was
significantly lower at 15 °C and no emergence o@xiat 35 °C from this study and the results

are consistent with observations from its targett i invadengRwomushanat al, 2008).

A lower developmental threshold of 13.5 °C was iatd for F. arisanusin this study. This is
higher than the lower threshold of 8.8°C establisHer the egg stage oB. invadens
(Rwomushaneaet. al, 2008). This implies that the pest will be aldesticcessfully develop at
lower temperatures than the parasitoid. This ispaoticularly surprising aB. arisanustends to

be less abundant at cooler, high elevation sitesn@y¥ét al, 1983; 1984) which could be partly
attributed to its inability to achieve successfalvelopment at lower temperatures. Temperature
sensitivity was also reported in mass-redfedrisanus in which cohorts chilled for 1 hour and
destined for aerial release techniques showed I®werival than those that were not chilled
prior to release (Baeza-Lariat al, 2002).Fopius ceratitivorous (originally collected from
>1600 m elevation in central Kenya: Whartemnal, 2000) has been reported to have a broader

temperature tolerance th&narisanus(Kroder and Messing, 2010).
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Based on a combination of shorter developmentatdiand high parasitism rates, the optimal
temperature for development Bf arisanusfrom this study was found to be at 25 °C. This is
consistent with the optimal temperature statedtierlaboratory rearing of this parasitoid from
other tephritid pests. For example, Montaftaal (2009) reared~. arisanuson Anastrepha
ludens(Loew) at a temperature of 22 + 2 °C, whilst Rousisal., (2006) reared it oBactrocera
zonata(Saunders) at a temperature of 25 + 2 °C, bothho¢h are very close to the optimum of

25 =1 °C, obtained from this study whEnarisanuswas reared oB. invadens

Temperature had a significant influence on pasasitiates of. arisanuson B. invadenq46-
71%). Rousseet al, (2009) reported that temperature was stronglyetated with parasitism
rates ofF. arisanus They further concluded that the foraging motiwatof F. arisanusfemales
seems to be determined by temperature, though litynpthyed a role as well. Ambient
temperature has also been reported to have aisatiimpact on the wasps’ interest in infested
fruits, with increasing activity at higher tempenas (Kroder and Messing, 2010). Kroder and
Messing also reported higher parasitism rates aarth 30 °C forF. arisanus In this study
however, significantly higher parasitism rates wezeorded at 20 and 25 °C fbr arisanus
This study also showed significantly higher parssit rates at 25 °C compared to 30 °C,
compared to that reported by Kroder and Messing{p0vhere parasitism rates at 25 °C and 30
°C temperatures were not significantly differenteife was barely any parasitism at 18 °C in the
study conducted by Kroder and Messing (2010). imdtudy,F. arisanuswas able to achieve up
to 46.4% parasitism oB. invadensat 15 °C. These differences may be attributethécdifferent
methodologies employed in both studies. Whilst gitvals were allowed to parasitiz®.
invadenseggs before the eggs were introduced into enviestiah chambers set at the different

temperatures in this study, parasitism By arisanus females took place within the
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environmental chambers set at the different tentpera in the studies by Kroder and Messing
(2010). Also,F. arisanuswas reared og. capitatain the studies by Kroder and Messing whilst
the parasitoid was reared &n invadendn this study. The different host insects on whilch
parasitoid was reared on in the separate studigshmae further accounted for the differences in
results observed at temperatures below 20 °C. Thabdée temperature range 20-30 °C which
resulted in higher parasitism rates is consisteih wtudies carried out for other Braconid
parasitoids. For example, Garcia-Mar&n al, 2008 reported that optimum parasitism was
realized forChelonus oculato(F.), an egg-larval parasitoid of noctuid lepidoptespecies at 20

and 30 °C.

At 20 °C, the pre-imago developmental period~ofarisanusmales and females at was 35 and
37 days respectively. These values were closeabréported by Calvittet al, (2002) at the
same temperature (33+1.7 and 35x1.0 days)Ffoarisanusmales and females respectively
reared orB. oleae Pre-imago developmental periodrefarisanusat 30 °C (18.4 + 0.2 and 20.2
+ 0.2 days) for males and females respectivelyndiddiffer much from the 20.0+0.4 and 21.8
1.1 days reported for males and females respegtofdts congener-. ceratitivorousreared on

C. capitataat 28 + 2 °C (Bokonon-Gan# al.,2005).

The most suitable temperature range for developmamd optimum parasitism oD.
longicaudataon B. invadenswvas found to be at 20 — 25 ° C. Results are cmisvith those

reported for its congeneb, tyroni (Hurtrelet al, 2001).
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Parasitism rates were significantly higher at 2@ @ °C, compared to 30 °C. Although the
highest parasitism rate was realized at 20 °C, Idpueental time at this temperature was
significantly longer than at 25 °C. Based on a coaiion of shorter developmental times and
high parasitism rates, the optimal temperaturedievelopment oD. longicaudatafrom this
study was 25 °C. Cancino and Montoya (2006) reddintpngicaudataon C. capitataargued
that a temperature of 26 °C in the emergence r@&aus to a shorter wait for adult emergence,
thus reducing the need for space and keeping th@itcans suitable for activities such as mating
and feeding during the initial emergence periodeylfurther state that when immature stages
are developed at 26 °C, adults emerge in the reduime, facilitating the coordination of
shipments for mass releases. It confirms findimgsfthis study which showed no significant
difference in parasitism rates at 20 and 25 °Casignificantly longer developmental time at 20
°C compared to 25 °C. The optimum temperature of@%&lso falls within the range of 24 — 27
°C reported by Lawrencet al (1976) as suitable for the developmentDoongicaudataeggs

into adults omnastrepha suspengkeoew).

Findings from this study are also consistent withattreported by Simet al, (2006) that
moderate temperatures (22 — 25 °C) are optimahidevelopment of both. longicaudataand

its congenerD. kraussi on B. oleae€lhe developmental time of 16.5 £ 0.2 and 18.72tdays
for males and females respectively recorded at 2b8hot differ much from that reported by
Simeet al, (2006) of 17.0 £ 0.7 and 20.8 + 0.9 days foremand females respectively. It also
did not deviate much from that reported by Paladinal, 2010 of 16.0 days (both sexes pooled)

for D. longicaudatareared orC. capitataat 25 °C.
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D. longicaudatawas able to complete development and emerged jngparia at 30°C. This is
contrary to the findings of Simet al (2006) who reported thd&. longicaudatawas unable to

complete development at this temperatur&onleae Hurtrelet al, (2001) also reported that no
parasitoids emerged at 29 and 30 °C wilentyroni was reared orCeratitis capitata The

different results obtained may be due to differsnoehost insects and methodology.

The lower threshold for development®f longicaudatan this study was found to be at 12.0°C.
This is higher than the 9.19 °C found fr tyroni on C. capitata(Hurtrel et al, 2001). The
value is however comparable to that recorded foeroBraconid larval-pupal parasitoids. For
example, Mohameet al, (2006) recorded a lower developmental thresiodld1.9 °C when
Psytallia cosyraavas reared of. cosyraeand Loni (1997) established a lower thresholdlo? 1
°C for P. concolor The lower temperature threshold of 12.0 °CDodongicaudatais however
slightly higher than the 9.4 °C, found for the knstage of its target pesB. invadens
suggesting that the target pest will be able tcettgvat relatively lower temperatures compared
to the parasitoid. The degree days require®blpngicaudata(333.3) to complete development

also did not deviate greatly from that recordeddotyroni (322.6) (Hurtrekt al, 2001).

Adult longevity of bothF. arisanusand D. longicaudatawas significantly influenced by
temperature, with longevity significantly shorter tagher temperatures (30 and 35 °C) and
longest at lower temperatures (15 and 20 °C). Hgative effect of higher temperatures on the
survival or longevity of Braconid parasitoids islixdocumented. For example, Mohametdal.,
(2006) reported that longevity &fsyttaliacosyraewas greater at 25 °C than at 27 and 30 °C for
both males and females. In this study, adult femalebothF. arisanusandD. longicaudata

lived significantly longer compared to males attalnperatures tested. This is consistent with
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results reported by several authors for hymenopterarasitoids (Ramadaat al, 1989;
Bokonon-Ganteet al, 2005; Mohamedet al, 2006). Some opiine parasitoids may reabsorb
mature eggs when deprived of hosts, which may résuhcreased longevity of non-ovipositing
females (Ramadaet al, 1989). For example, Willard (1920) observed thattvely ovipositing
females ofP. fletcherilived about 1 month, which was far shorter tham2k3-month life span of
those kept from ovipositing. The adult longevitgaoeded in the present study was, in general,
higher than that reported for other Braconid p&oads. The different environmental conditions
and host species used can mainly explain the diffss between our results and the ones
obtained by other authors. Furthermore, parasitosgsl in this study were well fed and watered
on a daily basis, compared to other studies whemasgoids were starved. Also, female
parasitoids used in this study were non-oviposjtedactor that has been reported to increase
longevity due to the re-absorption of matured ef@mmadaret al, 1989). All these factors

could have contributed to the increased adult leitgebserved for parasitoids in this study.

Failure of exotic parasitoids to establish durimgdgical control programmes may be attributed
to many factors, but among the most important & ldtk of adaptation of a species to new
climatic conditions (DeBach, 1958, 1965). Temparis regarded as one of the most important
factors in acclimatization of introduced naturakemes (Loni, 1997). While insects normally
develop faster at higher temperatures (Wagnhe., 1984), optima, maxima, and minima differ
among species and an understanding of these li@tsmportant consequences for establishing
natural enemies in new environments. Our resultaotstrate that botlr. arisanusand D.
longicaudataare able to complete development, survive anceaehhigh levels of parasitism on
B. invadenaunder the temperature conditions as prevalengin-acological zones suitable for

horticultural production and should be able to dbote to the overall suppression of this
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invasive pest specieBopius arisanuss capable of adapting to the warm lowland regmhgst

D. longicaudatais likely to adapt to the cooler highland regiafithe sub region. However, the
extrapolation of these findings into field conditimmust be done with caution. Indeed, extremes
of temperatures are unlikely to occur for extengdedods of time and all fruit fly developmental
stages are sheltered from excessive of temperéfiletcher, 1987). Overall, findings from this
study provide some guidance for future mass reafialgl releases and modeling the impact of
F. arisanusandD. longicaudataon B. invadensit must be stated that other climatic factorshsuc
as humidity, rainfall and windspeed will also afféiee adaptability of these parasitoids to the

various regions and their effects need to be etaduas well.
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CHAPTER SIX

6.0 EFFECT OF HOST FRUIT SUBSTRATE ON THE PREFERENCE AND
PERFORMANCE OF TWO INTRODUCED PARASITOIDS, FOPIUS ARISANUSAND
DIACHASMIMORPHA LONGICAUDATA ON BACTROCERA INVADENS

6.1 INTRODUCTION

Tephritid fruit flies cause devastating losses tesH fruit and vegetable crops and with
expanding international trade have taken on adagxbitance as major quarantine pests (White
and Elson-Harris 1992; IAEA 2003). Of the 1.9 moill tonnes of mangos produced in Africa
annually, about 40% is lost due to damage causdculiyflies (Lux et al, 2003). In addition to
the native fruit fly pest complex (mainf@eratitis and Dacus species), which African farmers
have struggled to control, four Asian species efgenuBactroceraMacquart have invaded the
continent, with two species appearing within a spB years, further compounding the problem
(Mohamedet al.,2008). Bactrocera invadensghe most devastating of the four invasive species
infests over 39 plant species but maniangifera indicaL. (Anacardiaceae) is the most
preferred host (Ekest @l., 2006). In Africa, farmers normally resort to tiige of conventional
insecticides to help reduce losses caused by fiieg with limited effect (Van Mele and

Vayssieres, 2007).

Following the invasion of the continent . invadensand the lack of efficient indigenous
parasitoids species to suppress the invasive pestgmedet al, 2008; 2010), two Braconid
parasitoidsF. arisanusandD. longicaudatavere imported from Hawaii by the icipe-led African
Fruit Fly Programme for evaluation and subsequeletase again®. invadensn Africa. Fopius

arisanusand D. longicaudataare two parasitoids that have been used in chdsbiological
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control of different species of fruit flies in seakparts of the world (Wharton & Gilstrap, 1983;

Messing et al, 1993; Ovruskiet al, 2000).

Tritrophic level interactions among the parasitdite host, and the host plant influence both
search and recognition behaviors (Lewisal, 1990; Tumlinsoret al, 1993). The use of
volatiles emanating from host fruits for host lacatbehavior has been demonstrated in several
parasitoid species that attack late instars ofreg¢gpecies of tephritid flies (Greaeyal, 1977,

Ebenet al, 2000; Jangt al, 2000; Hennemaet al, 2002; Altuzaet al, 2004).

Results from laboratory experiments carried outMphamedet al, (2008; 2010) have shown
that the introduced parasitoid§. (arisanusand D. longicaudaty are effective againsB.
invadensand other indigenous fruit flies. Although infornmst abounds on the effect of
tritrophic interactions on the performanceFofarisanusandD. longicaudataon several fruit fly
species, no such information exists BirinvadensSince host fruit volatiles play an important
role in parasitoid host location and parasitisnis mecessary to determine the effect of different
host fruits on the overall performance of the idtroed parasitoids dB. invadensn a tritrophic
system. The objective of this study was thereforevaluate the effect of tritrophic interactions

on the performance &f. arisanusandD. longicaudatawith B. invadenss the target pest.
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6.2 MATERIALS AND METHODS

6.2.1Host fruits

The following host fruits were utilized for the hdsuit preference studies: manghl.(indica),
Pawpaw (C. papaya), Guava (P. guajava@yyeet oranged. sinensiy Marula . birreg and
Tropical almond T. cattapa. To determine the effect of host fruit on pamisitperformance,
four cultivated fruits (mangd®awpaw, GuavaSweet orange and a wild host fruit, Custard apple
(Annona reticulata were used. Due to methodological problems (icargty of fruits and
difficulty of obtaining sufficient quantity of frulipulp for the experiments (see belo),birrea

andT. catappawere not included in the parasitoid performanizdsr

6.2.2 Egg and larval collection

Eggs ofB. invadenswere collected from the stock colony by providingerted plastic cups to
mature female flies. The inner parts of the plastips were lined with filter paper sprayed with
mango juice and covered at the top with aluminiwih fThey were placed on 9-cm diameter
Petri dishes lined with moistened filter paper. iEptastic cup was pierced several times with an
entomological pin (38 mm long, 0.3 mm diameter)fdacilitate oviposition. The cups were
exposed to the ovipositing female flies at aboub@& on the day preceding the test. Eggs were
collected from the cups the morning after; usingastened fine camel’s hair brush. Larvae of
B. invadenexposed td. longicaudatavere directly picked from artificial liquid diet owhich

they were being raised) using a soft forceps.
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6.2.3 Bioassays

6.2.3.1 Effect of host fruit substrate on parasital preference

This experiment was conducted using a ‘choice’wget Fruit peels (4 x 3 cm) from mango,
pawpaw, citrus, guava, marula and tropical almomdewcut and placed on a double layer of
sponge pieces (Spontex make, Nairobi, Kenya) aarsterred to an oviposition unit (Mohamed
et al, 2010). Using a camel’'s hairbrush, 20 egg8.ohvadens(5-20 hour old) were counted
onto each fruit peel in the oviposition unit and tinits were thereafter covered with tight-fitting
organza lids. Thirty mated, experienced female waSp-10 days old) oF. arisanuswere

transferred into a Perspex rearing cage (60 cmon3@ 15 cm).

The oviposition units were inverted and then introetl into the rearing cage containing the
parasitoids to avoid differential attraction by mwasps to different oviposition units based on
the sequence of their introduction in the experitmlecage (Mohamedt al, 2008). Thereafter,

the oviposition units were re-inverted after allitsnhad been introduced into the cage.
Oviposition units (each with a different fruit peelere arranged in two rows of three across the

length of the perspex cage.

Observations on parasitoid behaviour were initidbedhin later by recording the number of
female wasps searching and/or ovipositin@ininvadenson each fruit peel at 15-min intervals
for 3 hours. New fruit peels and a new cohort ofapdoids was used in each replicate. A
separate bioassay (involving all the fruits witke #txception of mango) was also conducted. This

was carried out to ascertain the effect of mangpamasitoid preference in the first bioassay as it
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was the fruit on whiclB. invadenseggs had been exposed Fo arisanusin the laboratory

rearing of the parasitoid over several generations.

For D. longicaudata 20 late 2 instar larvae were counted into small Petri dist&3 cm
diameter by 0.5 cm depth) containing the pulp afhefuit (mango, pawpaw, guava, citrus,
marula). Tropical almond was excluded becauseuls was usually very fibrous and dry, and
therefore difficult to obtain a juicy fruit pulp bef it. Each fruit pulp was then covered with a
flattened peel of the same fruit (3.5 cm diamet€ne peels were perforated several times using
an entomological pin to aid oviposition. The Pelishes were then introduced into a Perspex
cage (60 cm x 30cm x 15cm) containing 30 mated,eeepcedD. longicaudatafemales.
Observations on parasitoid behaviour were initigdechin later and the number of searching
and/or ovipositing female wasps was recorded amitbintervals for 3 h. Experiments were

replicated 10 times in a completely randomizedgtesi

6.2.3.2 Effect of host fruit on puparia recovery ad parasitism rates

Cut peels (4 x 3 cm) of mango, pawpaw, citrus, guavd custard apple were placed on double
layers of sponge pieces (Spontex make, Nairobi,y&emand placed in the oviposition units.
Using a camel’s hairbrush, 200 eggsBofinvadenswere counted onto each fruit peel and the
oviposition units thereafter covered with tightifig organza lids. Ten mated, experienced
female wasps of. arisanus(7—10 day old) were introduced into 5 differentdpex cages (12
cm x 12 cm x 12 cm). Each oviposition unit wasadtrced into one of these perspex cages and
10 F. arisanusfemales were allowed foraging and parasitizin@ oinvadensggs for 24 hours.

The oviposition units were removed thereafter dredinhdividual fruit peels with the eggs were
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placed on pulps of the same fruit in Petri distkes. example, the citrus peel with parasitiBed

invadenseggs was placed on citrus pulp.

The Petri dishes were placed in plastic contaimétis (12 x 9 x 5.5 cm) with a layer of sand at
the bottom to aid larval pupation. The plastic eamtrs were covered with a fine net and a lid.
As the quantity of pulp depleted as result of lafeading, it was replenished with fresh fruit
pulp as necessary. When the larvae attained thiisitze, they jumpead libituminto the sand
provided for pupation. Those larvae that failedjump were aided with the help of a soft
forceps. Puparia were sieved from the sand andihddrspex cages (12 cm x 12 cm x 12 cm)
for fly and/or parasitoid emergence. The total nemiif wasps (males and females) as well as
the developmental time (number of days from expwsarparasitoids until 50% of parasitoids
emerged) was recorded against each fruit. The e®pet was conducted in a Completely

Randomized Design and replicated 10 times.

For D. longicaudata 50 late 2 instar larvae were counted into small Petri distg&3 cm
diameter 0.5 cm depth), each containing fruit gulango, pawpaw, guava, citrus, marula). Each
fruit pulp was then covered with a peel of the sdré@ (3.5 cm diameter). The peels were
perforated several times using an entomologicaltpiaid oviposition. The Petri dishes were
then introduced into individual Perspex cages (12crfi2cm x 12cm) containing 5 mated
experienced. longicaudatafemales for 24 hours. Subsequent procedures heresdame as

described foF. arisanusabove.
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6.2.4 Data collection and analysis

The mean number of female parasitoids searchingpamdipositing across the different host
fruits at each 15 minute interval over the 3 hobsesvation period was calculated. The
observational means were then divided by the mesnber of female parasitoids used in the
bioassay and multiplied by 100 to obtain the Mearcéntage. Percent parasitism was obtained
by dividing the total number of adult parasitoidsguced for each replicate by the total number
of puparia recovered and multiplying by 100. Sdioréproportion of females) was calculated by

dividing the number of emerged female parasitoydthke total number of emerged parasitoids.

Logl0 (x + 0.5) and arcsine square root transfaonatvere used on counts and percentages,
respectively (Sokal and Rohlf 1981) before beinbjetted to one-way analysis of variance.
When treatment effects were significant (i.e. P.85) treatment mean values were separated

using Student—-Newman—Keuls (SNK) test.

6.3 RESULTS

6.3.1 Effect of host fruit substrate on parasitoicbehaviour

All the fruits tested were attractive to the feasabfF. arisanusandD. longicaudata Figures
6.1, 6.2 and 6.3 depict the mean percentage ofléemasps searching and/or ovipositingBn
invadenseggs on the different host fruits over a threeh@)r exposure period. Host fruit had a
significant effect on the total numberef arisanusfemales searching and/or ovipositing in eggs
of B. invadengF= 65.9, df= 5, 66, P= 0.0001(mango included) Brd31.8, df= 4, 55 and P=
0.0001 (mango excluded) (Table 6.1). The highesnber of females searching and/or

ovipositing was recorded on mango (50.7+3.5) amddwest on marula (10.3+1.0) and tropical
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almond (8.2+0.7), respectively. When mango was wsad from the bioassay, the highest
number ofF. arisanusfemales searching and/or ovipositing was recoaegawpaw (36.7+2.8)
and the lowest on tropical almond (13.3+0.9) artdusi (12.7+1.0), respectively (Table 6.1).
Host fruit also had a significant effect on theatatumber oD. longicaudatafemales searching
and/or ovipositing in larvae @. invadengF= 46.3, df= 4, 55 and P= 0.0001) (Table 6.1 Th
highest number of females searching and/or ovipgsivas recorded on mango (31.8+0.9) and

the lowest on marula (16.2+1.1) and guava (18.54J.&ble 6.1).

6.3.2 Effect of host fruit on puparia recovery, paasitism rate and developmental time

Puparia and adult parasitoids were recovered frach ef the host fruits tested in the study. Host
fruit substrate had a significant effect on pupaeeovered (F =77.1, df =4, 4B=0.0001) and
parasitism rate (F =139.6, df =4, 45;0.0001) off. arisanus It also had a significant effect on
developmental time (F =18.4, df =4, 45:0.0001). Pawpaw and mango yielded the highest
numbers of puparia (130.7 £ 4.8 and 128.2 + 4.0)swithe lowest number of puparia was
recovered from custard apple (90.2 = 3.8) (Tabl).6Parasitism rate was also highest in
pawpaw and mango (63.2 + 1.7 and 62.3 + 2.2, réispé0 and lowest in custard apple (11.2 £
1.4). Developmental time was significantly longeraustard apple and citrus (24.1 + 0.3 and

24.0 £ 0.3 days, respectively) compared to mangepaw and guava (Table 6.2).

For D. longicaudatahost fruit substrate did not have a significdfea on puparia recovered (F
=1.98, df =4, 45P =0.113) It, however, had a significant effect on parasitiste (F =12.0, df
=4, 45,P=0.0001) and developmental time (F =5.0, df =4, B80.002). Parasitism rate was
significantly higher in mango and pawpaw (41.2 3 @nd 34.4 + 3.6) compared to guava, citrus

and custard apple (Table 6.3). Developmental tinras womparable among all the host fruits
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tested but longest in custard apple (19.4 + 0.Z)Yapnd shortest in pawpaw (18.0 £ 0.3 days)

(Table 6.3).

Table 6.1 Mean number of female parasitoid respondentsdsaay and/or ovipositing) oB.
invadenseggs and larvae on six different host fruits

F. arisanus D. longicaudata
Fruit + Mango Mango
Mango 50.7 = 3.5a 22.3+0.9b
Pawpaw 257+15b 36.7+2.8a 9220.9b
Guava 16.3+19c 243+1.7b H8(b5¢c
Citrus 16.7+1.5c 12.7+1.0c 81.0.9a
Marula 10.3+1.0cd 27.2+1.8b 16.2+1.1c
Tropical almond 8.2+0.7d 13.3+0.9c

Means followed by the same letter in the same colanme not significantly different (P <0.05),
Student Newman-Keul’s test.
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Table 6.2. Mean puparia recovered, parasitism rate and dpwedatal time ofF. arisanus
reared on different host fruit substrate followsgposure to eggs &. invadens

Host fruit Puparia % puparia Total Parasitism Developmental
recovered recovered parasitoid no. rate (%) time (days)
Mango 128.2 £ 4.0a 64.1+2.0a 80.4+5.0a 62.242 21.6 +0.3a
Pawpaw 130.7 £ 4.8a 654+24a 825x34a 63dZa 21.7x0.3a
Citrus 54.4 +2.2b 27.2+1.1b 154+1.2b 28.64b2 24.0£0.3b
Guava 111.8+2.7c 559+14b 63.3%+2.5cC 56.6r41 22.5+0.3a
Custard apple 90.2 + 3.8d 451+19b 10.0+x1.2d 1.2%1.4c 24.1+0.3b

Means followed by the same letter in the same colame not significantly different (P <0.05),
Student-Newman-Keul's test.

Table 6.3 Mean puparia recovered, parasitism rate and dpwedatal time oD. longicaudata
reared on different host fruits following expostodarvae oB. invadens

Host fruit Puparia % puparia Total Parasitism Developmental
recovered recovered parasitoid no. rate (%) time (days)
Mango 40.3£0.8a 80.6+1.6ab 16.6+0.9a 41.283a2 18.5+0.2bc
Pawpaw 41.0£0.9a 82.0+£1.8ab 14.0 +1.4a 3846a 18.0x0.3c
Guava 38.1+1.4a 76.2+28ab 9.0+0.8b 24.0448 2.18.4 £ 0.3bc
Citrus 41.3+1.8a 82.6 + 3.5a 89+1.1b 21.53b2. 19.2 + 0.3ab
Custard apple 36.7 £0.8a 73.4+1.5b 7.0+£0.8b .312.4b 19.4+0.2a

Means followed by the same letter in the same colanme not significantly different (P <0.05),
Student-Newman-Keul's test.
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6.4 DISCUSSION

Results from this study showed a significant effefchost fruits on preference and performance
of females ofF. arisanusandD. longicaudata The differential attraction of female parasitoids
fruit volatiles, observed in the behavioural expemt, indicates that both parasitd&males
have an innate response toward olfactory cues aedflwit volatiles during host location
process. Our findings support results of earliaerdigts which demonstrate that Braconid
parasitoids use fruit volatiles during host locatlehaviour (Leyvat al, 1991; Liquido, 1991;
Messing and Wong 1992; Ebehal, 2000; Bautistat al, 2004; Altuzaret al, 2004; Rousset

al., 2007). Rousset al (2007) reported that observed preferences teréifit host fruits by
parasitoids may be as a result of variations inceatrations of volatiles between the fruit

species (Rousss al., 2007).

Mango was the most preferred host fruitfhyarisanusin this study, followed by pawpaw and to
a lesser extent guava and citrus. Rowdtsa., (2007) reported that. arisanusfemales respond
positively to synomones from infested mango frulisf the response was not significantly
different to synomones from guava. Altuzdral. (2004) also reported that significantly mdie
arisanus females flew upwind and landed on guava compacedittus fruits in a ‘choice
situation’. On the other hand Bautista al., (2004) observed no significant difference in the

preference oF. arisanusto five host fruits infested with eggs of the mrefty, B. cucurbitae

The significantly high number df. arisanusfemales that searched and/or ovipositedin
invadenseggs on mango in our study may be explained byattethat mango had been used in
the rearing of the parasitoid over several germanatin the laboratory. However, when mango

was excluded from the various host plants speegted, pawpaw recorded significantly higher
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number of searching/ovipositing females than gu#vis. probable that the presence of mango
(on whichB. invadensggs have been exposed to the wasps for severatag®ns) may have
probably masked the effect of volatiles emanatiognfthe other fruits. Overall, the contrasting
results could be attributed to either host plamicggs, volatiles concentration emitted from host
fruits peels during the experimental period as waslimethodological differences in the various
studies. Terminalia cattaparecorded the lowest number By arisanussearchings and/or
ovipositions in this study. This is perhaps suipgsgiven that high parasitism rates By
arisanuson B. dorsalisandB. zonatainfestingT. cattapafruits has been reported in Hawaii and
Reunion islands respectively (Eitam and Vargasy2Quilici et al, 2008). However, given that
host fruit preference behavioural studies wereiedrout under a ‘choice experimental set up’,
the presence of the other five host fruits may haflaenced the number &f. arisanusfemales
attracted toT. cattapa Unfortunately,T. cattapafruits were not included in our ‘no-choice’

parasitism experiment; hence no parasitism rates wlgtained for this fruit in the present study.

Diachasmimorpha longicaudat@males were attracted to larvaeBofinvadendn all the fruits
peels tested although citrus was the most prefdalemlved by mango and pawpaw and marula
was the least preferred. Leyghal, (1991) reported that citrus volatiles attraciédost twice as
manyD. longicaudatafemale parasitoids as volatiles of mango, or pe@chthe contrary Eben
et al, (2000) reported no preference for infested maagwr grapefruits when the volatiles of
both fruits were presented simultaneouslytdongicaudatafemales. In another study, Jaeg
al., (2000) reported thdd. longicaudatafemales were five times more likely to land onlyel
plastic spheres emitting the odor of ripe guavd than to spheres emitting clean air. Jabgl,

(2000) further stated th&. longicaudatafemales may be instinctively attracted to foliagel to
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fruit odor but that landing (arrestment) and ovipos are influenced more by odor than by the
appearance of fruit or foliage. It would appeart tbaes related to both visual (yellow citrus
peels) in addition to olfaction contributed to thigher preference dd. longicaudatafor citrus
over and above the other fruits tested in our stiwlya related larval parasitoi®, fletcher;
female parasitoids showed a higher preference donrmber and zucchini compared to tomato
and egg plant (Baustitt al, 2004). In general, our findings on the attratwdD. longicaudata
to fruit volatiles from mango, pawpaw, citrus anghga therefore agree with those of previous

authors.

Several reports also indicate that larval paradstaire more attracted to infested fruits compared
to uninfested ones. For example, Messh@l, (1996) demonstrated using an olfactometer that
the odour of decomposing foliage and fruit weremany stimuli for the host-searching
behaviour ofP. fletcheri Other studies have corroborated the relativetyh hpreference for
infested compared to uninfested fruits by Bracqadasitoids (Ebegt al, 2000; Carrascet al.,
2005; Rousset al, 2007). Though it is impossible to confirm thierh the current study (since
all the fruits tested were infested), it makes sefios parasitoids to orient more towards fruits
infested by their hosts as this is more likely &sult in the propagation of successive

generations.

Fruit substrate had a significant effect on pupeg@vered foF. arisanus Significantly higher
number of puparia was recovered from mango and pavwgompared to the other fruits. Citrus
yielded the least number of puparia. Bautista aadisl (1996) also reported significant effect of
fruit substrate on pupal recovery whignarisanuswas reared fromB. dorsalisandC. capitata

Chemicals in citrus peel are toxic to eggs andaaref tephritid fruit flies (Bautista and Harris,
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1996). This may have resulted in the poor develogned most B. invadenseggs, and

subsequently the very low number of puparia recayéom citrus foiF. arisanus

Mean number of puparia recovered fDr longicaudatawas comparable among all fruit
substrates tested and mean percent puparia redowvaszabove 70% for all fruits. The relatively
high number of puparia recovered for longicaudataacross all fruits may be attributed to the
low susceptibility ofB. invadenslarvae to mortality compared to eggs. The relagivew
number of puparia recovered fn arisanusexperiments compared & longicaudatamay also

be due to the fact th&. invadenswere exposed t®. longicaudatain citrus pulp as late"2
instar larvae whilst eggs were exposedrt@risanuson citrus peels, which Bautista and Harris
(1996) described as toxic to fruit fly eggs. Maitiaht the early developmental stages may have
been overcome through the provision of later dgwekental stages fd. invadengarasitism by

D. longicaudata

Fruit substrate also had a significant influence parasitism rates oF. arisanusand D.
longicaudata Parasitism rates bly. arisanuswere higher in pawpaw and mango compared to
guava, citrus and custard apple. Bautista & Ha(1896) reported that parasitization Bf
dorsalis by F. arisanuswas influenced by fruit substrate; percent pasamitwas significantly
higher when host was reared dfusa sapientuniinn, comparable when reared @arica
papayalLinn, T. cattapaandM. indicabut significantly lower when reared @itrus aurantifolia
Christm. Our results are consistent with the olm@as of these authors. Bautista & Harris
(1996) also suggested that chemicals in citrus geetoxic to eggs and larvae of tephritid fruit
flies which could probably be the reason for the fmarasitization oB. invadendy F. arisanus

in citrus fruits, as observed in this study. In theo study, Bautistat al, (2004) reported that
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eggs ofB. cucurbitagn zucchini,Cucurbita pepd.. were more heavily parasitized compared to

four other host fruits.

Differences in parasitism rates for different fsuinder field conditions have also been reported.
For example, Eitam and Vargas (2007) reported fogmitly lower parasitism rates fdt.
arisanusin commercial papaya compared to common guavao#met fruits for both tree and
ground collected samples. Similar studies @nlongicaudataconfirm that parasitization of
tephritid hosts is greatly influenced by fruit strate. For example, Ebest al, (2000) reported
thatD. longicaudatafemales reacted more strongly to the odour of mas@nd parasitism rates
were higher inAnastrepha ludengLoew) larvae reared in mango than in citrus. Tisis
consistent with results obtained in this study wehearasitism rate was significantly higheBn

invadengeared on mango compared to citrus.

Leyvaet al, (1991), however reported no significant differenn percentage parasitism Df
longicaudatawhen A. ludenswas reared on peach, mango and citrus, althougtem@age
parasitism was generally higher in mango comparemtitus. Rodriguez (1991) also found under
semi-natural and laboratory conditions that a highenber ofD. longicaudatafemales were
attracted to mangoes infested Ayobliqua than on oranges infested By ludens.However,
parasitism rates in the respective fruits weresmgnificantly different. Effect of fruit substrates
on parasitization by other larval-pupal Braconidss talso been documented. For example,
Bautistaet al, (2004) found that larvae &. cucurbitaein zucchini were heavily parasitized by

P. fletchericompared to those infesting other fruit types.
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In conclusion, the findings of this study confirhretfact that fruit substrates play a significant
role in the host location behaviour & arisanusand D. longicaudata and this greatly
influences the parasitization &f invadensParasitoid preference for certain fruits may bet
fully understood but it could be an important fadiwm consider during mass rearing and releases
of parasitoids in the natural habitat (Bautistaal, 2004). The potential effects, exerted by the
food substrate of fruit fly larvae on the quality mass reared and field released parasitoids
might be of considerable importance for the sucoéssological control programs (Ebet al,
2000). The information generated from this studyldserve as a basis for future mass rearing

and field releases &f. arisanusandD. longicaudatato suppress populations Bf invadens
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CHAPTER SEVEN

7.0 INTERACTIONS INVOLVING FOPIUSARISANUS, THE AFRICAN WEAVER

ANT, OECOPHYLLA LONGINODA AND BACTROCERA INVADENS

7.1 INTRODUCTION

Frugivorous tephritid fruit flies are major thre@t fruit and vegetable production and export
wherever they occur (White and Elson-Harris 1992cBll 1998). Most tephritid pest species of
economic importance belong to the gengrastrephaSchiner,BactroceraMacquart,Ceratitis
MacLeay,DacusFabricius andRhagoletisLoew (White and Elson-Harris 1992). In Africa, the
native Ceratitis genus, and invasivBactroceraare the most economically important, causing
substantial losses to fruits and vegetables as wa®lllimiting exports due to quarantine
restrictions. The presence of the invasive fryif Bactrocera invadensn the African continent
has major economic impacts (De Meyral, 2009), severely limiting the export of fruits to
large lucrative markets in South Africa, Europeg thliddle East, Japan and USA, due to

guarantine restrictions on fruit fly-infested fauitEkesi, 2010).

Being an alien pesB. invadendends itself particularly to classical biologicabntrol. Since
native parasitoid species are incapable of couctietpits immune system, the ideal alternative
is to identify a co-evolved parasitoid of this pastl reunite the parasitoid with the invasive fruit
fly species in Africa (Mohamedt al, 2008). In 2006F. arisanus an egg parasitoid credited
with outstanding successes of classical biologomadtrol of fruit flies in several parts of the
world (van den Bosch and Haramato 1951; Clauseal, 1965; Vargaset al, 1993) was

imported from Hawaii for testing and potential ekleases againBt invadensin preliminary
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laboratory studies, Mohamesd al, (2010) reported parasitism rates above 7098 .omvadens

and concluded thd&t. arisanuscould be a potent biocontrol agent against thé pes

Currently IITA in close collaboration wititipe are in the process commencing large-scale field
releases of. arisanusin several African countries threatened Byinvadensinvasion. The
success of a classical biological control agenteddp upon a number of factors and interaction
with resident species in the introduced range msictered to be crucial. If resident organisms are
detrimental to the classical biological control mige.e. are causing biotic interference, then the
biocontrol agent’s establishment and/or efficacy b& inhibited (Goeden and Louda, 1976).
Biotic interference has been shown to reduce bicédgontrol efficacy in many situations and
recent reviews have implicated biotic interfereasecausing close to 20% of classical biological
control failures (Kimberling, 2004). Determining &ther biotic interference is likely to occur on
an introduced species should therefore increaspradictability of biological control. Although
biotic interference can occur via trophic interan, competition and/or through interactions
with protection mutualists, predation against apied biological control agents is the most

common form (Chacoat al, 2008).

There are numerous examples of predatory antsrugfguredators and parasites of different
insect pests (Cudjoet al, 1993; Wimp and Whitham, 2001; Jahn et al, 20@3)cophylla
longinodais reported not to attack parasites of their ag@enhemipterans but others can be
severely hampered (Buckley and Gullan, 1991; Way ldhoo, 1992). Althougl®. longinoda
andF. arisanushave been experimentally proven to provide a gamdrol of B. invadensthe
application of both control agents must not resubiotic interference among them. While most

of the adverse effects of predatory ants are assutivith trophobiotic relationships between the
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ants and their attended hemipteran pests, preliohservations have shown significant
aggression 00. longinodato F. arisanusespecially at high densities (Ekesial, unpublished

data).

When an herbivore is abundant and or affects aspecies and trophic levels, community
structure may be altered (Dickson and Whitham, 198&d sinceO. longinodaforage at
different levels of the ecosystem, there is thednfee a systematic study to assess interaction
betweenF. arisanusand O. longinodabefore recommendation on the combined use of both
biocontrol agents. The objective of this study éfere, was to evaluate possible biotic
interference byO. longinodain the overall performance &éf. arisanusas a biological control
agent againsB. invadensThe mechanisms underlying the controlBofinvadensas a result of

the predatory and deterrent activitie<bflonginodawas also investigated.

7.2 MATERIALS AND METHODS

7.2.1 Establishment and maintenance d@. longinoda colony

Nests ofO. longinoda(queen as well as worker nests) were obtained vunaka, in the Coast
Province, Kenya. The nests were carried in plasticainers (45 x 30 x 15 cm), with openings at
the side and on the lid which were covered witle firetting material to allow for ventilation.
They were transported from Muhakaitipe’s headquarters ilNairobi, Kenya. The nests were
removed from the plastic containers and carefulacgd on branches dficus benjaminal.
(Moraceae) grown in plastic bags in a greenhoudeenNleaves of the nests brought from the
field started drying up, the ants weaved new nasisg fresh leaves dficus benjaminaon
which they had been placed. The edges of the tablghich the potted plants were placed were

lined with sticky material (Tangle trap paste) teeyent other insects (especially the black
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predatory antsPheidole megacephgldrom climbing onto theicus seedlings and preying on
the weavemnts. The table stands were also placed in comgafitled with soapy water to further
deter other predatory insects from getting accesthe ants. The water in the containers was

replenished as necessary.

Ants were fed thrice a week with adult stem boreths, Chilo partellusS. by holding slightly
paralyzed moths very close to nests and allowingkeroants to grasp them firmly and finally,
transporting them into the nests. Additional foodrse were provided using cotton wool soaked
in saturated sugar solution and mounted on Pethiedi around nests to mimic honeydew in the
field. This was replaced after every 48 hrs, whHendoaked cotton wool dried up. The branches
and leaves of the seedlings were regularly cleafespider nests and other unnecessary debris
when necessary. Seedlings were watered reguladytlan soil anchoring their roots fertilized
every three months. Pruning of the plants was @dsge regularly to prevent branches and leaves
from touching the edges of the greenhouse to ma@nants escape access by other predatory

fauna.

7.2.2 Bioassays

7.2.2.1Effect of varying densities ofO. longinoda on B. invadens oviposition

To ascertain if the presence of O. longinoda detgyosition byB. invadensmango dome (half
cut mango with the seed and pulp scooped out amtbrpeed several times using an
entomological pin to facilitatd3. invadensoviposition) was placed on a Petri dish inside a
Perspex cage (12 x 12 x 12 cm). Weaver ants we ititroduced into the cages at varying
densities of 2, 4, 6, 8 and 10 per mango dome.€Hifir, five, experiencB. invadendemales

(10-14 day old) were released into the cages asdreations on fly behaviour were initiated 5
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min later after release. The total number of fenfbds probing and/or ovipositing in mango
domes was recorded at 15-min intervals for 3 hirsil&ly, the total number of times that fruit
fly probing and/or oviposition was interfered wils a result of the mere presence or physical
aggression byD. longinodawas also recorded. At termination of each repdictdtal fecundity
over the 3 hour of exposure was recorded acrosseaint densities tested. Each ant density was
replicated 6 times and a new cohort of ants amd fivas used in each replicate. Two observers

were involved in the collection of the behaviouttata.

7.2.2.2Effect of varying densities ofO. longinoda on oviposition and parasitism byfF.

arisanus

Weaver ants at densities of 2, 4, 6, 8 and 10 vedeased into a Perspex cage (12 x 12 x 12 cm).
Ten holes perforated with an entomological pin weaegle on the surface of one fully ripe whole
mango fruit (cultivar Apple). Five eggs Bf invadeng5-20 hour old) were counted and gently
transferred into each hole on the mangoes (totalbeu of eggs per fruit = making a total of 50
eggs). Each mango fruit (infested wiBh invadenseggs) was then placed in separate Perspex
cage. Thereafter, ten experiend¢edarisanusfemales were aspirated from the rearing cages into
the Perspex cage and observations on parasitoidvioein initiated 5 min later. Neither the
parasitoids nor their parents had any prior expegewith weaver ants. Parameters taken
included: the total number of parasitoids searcland/or ovipositing at 15-min intervals for 3
hrs, total number of times searching and/or ovipwsiby parasitoids was interfered with as a
result of the mere presence and/or predation kg; ant total parasitoid mortality (due to weaver
ant predation) at each ant density tested. Eacldemsity was replicated 6 times and a new
cohort of ants and parasitoids was used in eadicagp Two observers were involved in the

collection of the behavioural data.
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At the end of the 3 hrs of exposure, mangoes wareved from the cages and transferred into
separate plastic containers (20 x 15 x 15 cm). Adtéom of the containers was covered with
sterilized sand to aid larval pupation. The topgha containers were covered with a fine netting
material and a tight fitting hollow lid to aid véation. Containers were drained of mango juice
from time to time to prevent the sand from beconsnggy. When larvae reached full maturity,
they jumpedad libituminto the sand provided at the bottom of the cowta for pupariation.
Mangoes were split opened and larvae that failepingp were assisted using a soft forceps.
Puparia were later collected and held in Perspges<éor emergence of flies and/or parasitoids.

The total number of emerged parasitoids and/cs flias recorded for each ant density tested.

7.2.2.3Effect of cues deposited b. longinoda on mango fruit on oviposition and

parasitism by F. arisanus

Weaver ants could be induced to deposit their pheres on substrates (Jander and Jander,
1979). Since ant cues have been reported to detgosition by fruit flies (Van Meleet al,
(2009), this study examined the role of ant cuepré@venting oviposition and parasitism By
arisanus The methodology employed was similar to that deed in Van Meleet al, (2009).
Four mango fruits were perforated as described ebdwo of the mango fruits were then
transported to the greenhouse wh@rdonginodawere maintained. In the greenhouse, the two
mango fruits were put in a plastic container (201% x 15cm). Two nests (each with
approximately 250 weaver ants) were placed in #meescontainer. The top of the container was
covered with a fine mesh (22 x 18 cm) and tighlbsed to confine the ants to expose the mango
fruits to the ant pheromones. Ants were providethwsugar and water as source of food and

exposure was completed after 48 h. These mangoes referred to as ‘ant-exposed’ and the
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remaining two mangoes termed ‘ant-unexposed’. &t ¢hd of the exposure period, the ant-
exposed mangoes were carefully removed from thstiplaontainer with a large forceps to
minimize interference with the fruit surface andle&ole on the mango was inoculated with five
eggs ofB. invadeng50 eggs per fruit). Mangoes from the controlekposed) and treated (ant
exposed) were then placed in separate Perspex €&ges 12 x 12cm). Thereafter, ten
experiencedr. arisanusfemales were aspirated from rearing cages andfeard into the
Perspex cage and observations on parasitoid behlawitiated 5 min later. The number Bf
arisanusfemales searching and/or ovipositing on ant-exgp@s® ant-unexposed mangoes was
recorded over a three hour period. Neither the gitaids nor their parents had any prior
experience with weaver ants. The experiment wa$icedéed 6 times with a new cohort of
parasitoids used in each replicate. Two observezse wnvolved in the collection of the
behavioural data. All experiments were replicatedtsnes and the Completely Randomized

Design (CRD) was used.
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7.2.3 Data analysis
Means on the total number of female wasps sear@amdgpr ovipositing on ant-exposed and ant-
unexposed mangoes were subjected to Student’st Tidegest for significant difference in

parasitoid behaviour in relation to the two treatise

For the total number of eggs deposited in mangoesoby B. invadensfemales across the
different ant densities, Kruskal-Wallis one way AM® on ranks with pair wise multiple
comparisons based on Student-Neuman-Keul's test caased out. This analysis does not
require that the data sets be normal and theianeeis homogenous. All other data was Log10
(x+1) transformed to stabilize the variance andmadize the data. Analysis of variance was then
performed using the general linear model procedntkmean separations were undertaken using
the Student-Newman-Keul's test. Liner regressicalymis was done to establish the strength of
the association between ant density and the nuwibBr invadenseggs oviposited. The same

was done for the effect of ant density on parasitigtes of-. arisanus.
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7.3 RESULTS

7.3.1Effect of varying densities ofO. longinoda on B. invadens oviposition

Femalesof Bactrocera invadensearched and oviposited in all mango domes placettie
Perspex cages with different ant densities. Ansigrihad a significant effect on number Bf
invadensfemales searching and/or ovipositing (F =12.2=8f 30, P=0.0001). Significantly
higher number ofB. invadensfemales searched and/or oviposited in control expmats
(37.7+4.4) compared to the other treatments witk presence (Fig. 7.1). The least numbeB.of
invadendemales searching and/or ovipositing was recovdeein ant densities reached 8 and 10

(16.5+1.8 and 13.8+2.8, respectively) (Fig. 7.1).

Weaver ants also interfered with searching andvgposition byB. invadendemales through
deterrence (observed frequently) and predationefolsl occasionally). Ant density had a
significant effect on the level of interference eb®d (F =37.2, df =4, 25, P=0.0001). The level
of interference was significantly higher at thelggant densities of 6, 8 and 10 compared to the

lower ant densities of 2 and 4 (Fig. 7.2).

Ant density also had a significant effect on theltaumber of eggs laid by. invadendemales

(F =14.6, df =5, 30, P=0.0001). Number of eggs aydB. invadendemales was significantly
higher in controls with no ants (98.5 + 5.4) anchat density of 2 (95.8 + 6.2) compared to the
other treatments (Table 7.1). The lowest numbeegys laid was recorded when ant density
reached a maximum of 8 and 10 (Table 7.1). Theatimegression model showed a strong
relationship between ant density and the total remu eggs laid byB. invadensfemales

=0.923) (Fig. 7.3).
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Table 7.1Mean % (S.E.) total number of eggs deposited ingnatomes by. invadengemales
| at different ant densities tested after 3 hoursxgosure

Treatment Number of eggs oviposited
Control B. invaden®nly) 98.5+54a
2 ants 95.8 +6.2a
4 ants 62.0 £ 13.3b
6 ants 60.2 £ 4.8b
8 ants 21.8+10.7c
10 ants 22.8 +8.9c

Means followed by the same letter in the same colanme not significantly different (P <0.05),
Student-Newman-Keul's test.
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7.3.2Effect of varying densities ofO. longinoda on oviposition and parasitism byf.

arisanus

Females of. arisanussearched and oviposited in all mango domes plecPérspex cages with
varying numbers of ant densities. Ant density hadignificant effect on the number &
arisanusfemales searching and/or ovipositing (F =12.2:5if30, P=0.0001). The numberfef
arisanusfemales that searched and/or oviposited in comixpkeriments without ants (66.8+8.9)
and at the ant density of 2 (66.2+6.6) was sigaiftty higher compared to the other treatments
(Fig 7.4). The least number & arisanusfemales searching and/or ovipositing was recorded

when ant densities reached 8 and 10 (24.8+4.7 &vd2.4 respectively) (Fig. 7.4).

Oecophylla longinodalso interfered with searching and/or ovipositmynF. arisanusfemales
through deterrence and predation (both parametessreed frequently). Ant density had a
significant effect on the level of interference eh&d (F =22.7, df =4, 25, P=0.0001). The level
of interference was significantly higher at theli@gant densities of 6, 8 and 10 compared to the

lower ant densities of 2 and 4 (Fig. 7.5).

Ant density also had a significant effect on thaltemumber ofF. arisanusadults that emerged
from puparia collected from the different treatnseff =62.2, df =5, 30, P=0.0001). Total
number of emerged parasitoids was significantlyh@rgin controls without ants (18.0 = 3.2)
compared to the significantly low number of pam@sds that emerged at the higher ant densities
of 6, 8 and 10 (Table 7.2). The linear regressiadehshowed a strong relationship between ant

density and the total number of emergedrisanusadults (f =0.728) (Fig. 7.6).
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Predation of. arisanusfemales by weaver ants was frequently observemglioassays. This
resulted in varying levels of mortality &f. arisanusfemales across the different ant densities
tested. Mortality was significantly influenced bwtadensity (F =53.7, df =5, 30, P=0.0001).
Significantly high mortality levels were observddaat densities of 8 and 10 whilst there was no

mortality at the lowest ant densities of 0 (contraland 4 (Table 7.3).
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Fig 7.4 Mean % (S.E.) number df. arisanusfemales searching and/or ovipositing across the

different ant densities tested.
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Table 7.2Mean = (S.E.) total number of emergédarisanusadults following exposure tB.
invadenseggs at different ant densities tested

Treatment Number of emerged parasitoids
Control . arisanusonly) 18.0 + 3.2a
2 ants 6.8 £0.9b
4 ants 2.7+1.0c
6 ants 0.2+0.2d
8 ants 0.0+ 0.0d
10 ants 0.0 £0.0d

Means followed by the same letter in the same colanme not significantly different (P <0.05),
Student-Newman-Keul's test.

Table 7.3Mean = (S.E.) mortality oF. arisanusat different ant densities tested as a result of
predation

Treatment Mortality
Control . arisanusonly) 0.0 £0.0a
2 ants 0.0 £0.0a
4 ants 0.0 £0.0a
6 ants 13.30.2b
8 ants 23.3+0.2c
10 ants 28.3+0.3c

Means followed by the same letter in the same colanme not significantly different (P <0.05),
Student-Newman-Keul's test.
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7.3.3Effect of cues deposited b. longinoda on mango fruit on oviposition and parasitism

by F. arisanus

Fopius arisanusfemales searched and/or oviposited on both amssg and unexposed
mangoes. However, the number of parasitoids theatked and/or oviposited in ant-unexposed
mangoes was significantly higher compared to apbsgd mangoes (t = 44.1, df =143, P
<0.0001). Mean number of parasitoids that searchefba oviposited in both ant-exposed and

ant-unexposed mangoes over the three-hour obsamvagriod is shown in Fig 7.7.
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7.4 DISCUSSION

7.4.1 AntB. invadens interaction

The effectiveness of weaver ants in suppressingllpopns of several insect pests has been
widely reported (Varela, 1992; Pemrgal, 2004; Peng and Christian, 2005; van Wijngaaten
al., 2007 Dwomohet al, 2008; Van Meleet al, 2007, 2009 Vayssiereg al, 2009). Results
from the current study confirm the above. In therent study, significantly low number of eggs
were laid byB. invadendemales in the presence Of longinodacompared to controls (no ants
present). The number of eggs laid By invadensfemales also reduced significantly with
increasing ant density, indicating that ant densitythe trees should be an important factor in the

management of fruit flies b§. longinoda

Predation of adulB. invadensvas rarely observed in this study compared toiphydeterrence,
which was observed most frequent. Physical disiurb by the weaver ants during oviposition
by B. invadenss therefore largely responsible for the signifitalow number of eggs laid 3.
invadensespecially at higher ant densities. Dicke (2008 &ffenberget al, (2004) reported
that the direct mechanisms underlying weaver aoteption of plants against herbivores and
frugivores include predation on, or deterrencetlog organisms during direct encounters. The
results of this study are consistent with that reggbby Abel (2010) to the effect that direct
interaction betweem. invadensand O. longinodaunder field conditions primarily consists of
disturbance, as predation is hardly observed. \f@ysset al, (2009) reported that predation of
adult fruit flies byO. longinodais rare. Nielson (2010) simplifies the phenomehgrsaying that
“Since it takes several minutes for fruit fliesl&y eggs, when an ant comes along, the fly will
give up, or it will be eaten by the ant”. In Audimeand Southeast Asia, the use of weaver ants as

biocontrol agents has especially been effectivdrtot agriculture (Van Melet al, 2001; Peng
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and Christian, 2007). Fruit trees harboring weards produce higher quality fruits, show less
leaf damage by herbivores, and require fewer agipbos of synthetic pesticides (Van Mae
al., 2007; Peng and Christian, 2007; 2008). The tesilthis study confirm findings of several
others authors and if integrated into an IPM sgwteveaver ants in tandem with other control

measures have the potential to suppress fruitdpufations.

7.4.1 AntF.arisanus interaction

Findings from this study also show thé&. longinodainterferes with the searching and
oviposition behaviour oF. arisanusthrough predation on, or deterrence of, parastaidgring
direct encounters. Predation By longinodawas a very common occurrence in the interaction
between ants an#. arisanusfemales, compared to ant-fruit fly interactionsend physical
deterrence was the more the frequent parameterveaselt is probable that size may have
played a very important role in the predator-prefationship given the relatively smaller size of
the parasitoids compared to fruit flies. Also, p#@ds take relatively longer time in host
searching and oviposition compared to fruit fliesl dhe risk of predation by weaver ants is

likely to be higher.

Biotic interference by the weaver ants also redultesignificantly lower number d¥. arisanus
adults emerging from fruit fly puparia at 2 andrtsaper mango and no parasitoids emerged at
higher ant densities of 6, 8 and 10 and clearlyipie evidence that interference by ants could
have negative effect on oviposition by parasitoigsgd subsequently the number of emerged

parasitoids.

137



Predation byO. longinodaalso resulted in significant parasitoid mortaliggpecially at higher
ant densities. Although high levels of mortalitysmabserved in our study, extrapolation of the
results to field conditions must be done with aanuitiThe experiments were conducted in small
sized Perspex cages that gave parasitoids velgy ldbm to escape from weaver ant attacks.
Also, direct ant-parasitoid encounters are likaty te less frequent under field conditions
compared to results obtained from laboratory assayslucted in enclosed Perspex cages.
However, in fig-fig wasp system, a behaviorally naged indirect effect caused by the ant,
Crematogaster scutellaristesulted in significant preying on pollinator wasffschatz and
Hossaert-McKey, 2003). In rambutan fruit orchafre presence of O. smaragdina nests on the
trees significantly lowered the flower-visiting eabf the major pollinatofrigona minangkabau
but other arboreaCrematogasteants had no effect on the flower visitors (T<etjial, 2004).
The observed effect was attributeddecophyllas characteristic behavior associated with strong
territorial defence and aggression toward othemats (Holldobler 1983; Holldobler & Wilson
1990) which could be similar i®. longinodaF. arisanusinteractions. Suffice to say that, the
role of habitat complexity in modifying parasitoidompetitive success and consequent

coexistence warrants further investigations.

The presence of ant cues on mango fruits had afisgmt effect on the searching and
oviposition behaviour of parasitoids, as signifitarhigher number ofF. arisanusfemales
searched and oviposited in ant-unexposed mangaepazed to ant-exposed mangoes. The
parasitoids used in the ant cue experiments wevernexposed to the physical presence of
weaver ants. Therefore enemy avoidance by pardsiteinot attributable to learning, but is the

result of cues that trigger responses to poteptedator risk (Van Melet al, 2009).

138



The negative effect of ant pheromones on the bebawf other insects, particularly fruit flies
has been reported. Van Mae al, (2009) found that ant cues have a suppressiiegtesn fly
landings and time spent on fruits By cosyraandB. invadensut their study did not investigate
the effect of ant cues on oviposition Byinvadengemales. However Dicke (2000) suggests that
territorial ant pheromones may present reliablescokeant presence and predation risk, and
therefore can be exploited by potential prey. Qg et al. (2004) also propose that the
repellent effect on herbivores in Thai mangroveteays was as a result ddecophylla

pheromones.

In fruit fly-parasitoid system, field studies segg that-. arisanusfemales use chemical cues to
orient toward eggs of fruit flies (Liquido 1991)h@& significantly low number oF. arisanus
females searching and/or ovipositing in ant-expaseehgoes could therefore be attributed to
Oecophyllapheromones interfering or even masking the eféécthemical cues used Hy.
arisanus to orient towards fruit fly eggs, thereby makingfeisted ant—exposed fruits less
attractive to the parasitoids. The direct and ixtivays through whicl. longinodainterferes
with parasitoid searching and oviposition is likety have a negative impact on the overall
performance of. arisanusin the management @. invadens Indeed under field conditions
Oecophyllaants have been documented to have negative efiackeneficial fauna (Thomas,
1988; Tsujiet al, 2004) and the use @. longinodaandF. arisanuscould result in biotic
interference and potential failure Bf arisanusto establish in agro-ecosystems where the ants

are predominant.
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Fopius arisanusandO. longinodaare natural enemies with the potential to effetyivsuppress
populations ofB. invadensand other indigenous fruit flies. Although findsiadrom this study
and several others suggest t@atlonginodais an effective biocontrol agent for the suppr@ssi
of fruit flies, it interferes with the searching camviposition behaviour oF. arisanus This
negatively affects parasitism, as clearly docuneembethis study.Oecophylla longinodalso
preys on fruit fly larvae (Vayssiere al, 2009), and this may include parasitized larvae i
addition toF. arisanusadults as demonstrated in this study. Ovipostieterrence and predation
by O. longinodacould possibly have a detrimental effect on thaldshment and population
build up of F. arisanus and could render the parasitoid ineffective badigonal field cage
studies are needed to clarify the effect. In soramgitoid-ant systems, not all interactions
between the foragers and antagonist are neceststalyand some parasitoids may benefit from
learning the extent of the danger of such inteoastithat could lead to co-existence (Hubner and
Volkl, 1996). Further studies with regard to expatial learning inO. longinoda-F. arisanus
interactions are therefore necessary to informaresers on whether or not both biocontrol

agents can be accommodated in an IPM strateghédi¢ld suppression of fruit flies.
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CHAPTER EIGHT

8.0 SUMMARY OF RESULTS, CONCLUSIONS AND RECOMMENDAT IONS

8.1 SUMMARY OF RESULTS

Bactrocera invadensan invasive and devastating fruit fly pest ofaksorigin was first detected
in Kenya in 2003. Since its detection in 2003 aldhg coastline of KenyaB. invadenshas
spread to over 28 other countries across the Afraxatinent. It has been recorded from over 40

plant species but mango appears to be the mosrprdfhost plant.

SinceB. invadends an invasive pest, it lends itself to classlmalogical. In 2006, the African
Fruit Fly Programme (AFFP) imported two Braconidrgsitoids, F. arisanus and D.
longicaudatafrom Hawaii for evaluation againBt invadensand other indigenous fruit fly pests.
Results from laboratory studies have shown that parasitoids are effective biological control
agents for the control d@. invadensaand some indigenous fruit fly pests. For fieldeesles to be
approved however, the interaction between the dinited parasitoids and indigenous natural
enemies, the thermotolerance levels of the intreduparasitoids, as well as their overall
performance across the major host fruits attackgdBb invadensneeds to be evaluated.
Consequently, the study documents the indigenotesipaid fauna present in the major mango
growing areas in Kenya where the introduced parasitare to be released and later documented
the effect of temperature, as well as host fruitsttate on the overall performanceFofarisanus
andD. longicaudataand to investigate possible interaction betweenintreduced parasitoids
and indigenous natural enemies. It also documessgsarch related to the performance of the
introduced parasitoids dB. invadensacross major host fruits of the pest, as welhaseffect of

temperature on the development, longevity and paasrates of the introduced parasitoids.
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Finally, bioassays were carried out to investighe interaction betweeh. arisanusand O.
longinoda an indigenous natural enemy that abounds in maj@ngo growing areas on the

continent and the effect of such an interactiothenoverall performance of the parasitoid.

A survey of the indigenous parasitoid fauna in th&or mango growing areas of Kenya (the
Coast and Eastern Provinces) was carried out sstatep to assessing the interaction between
the introduced and indigenous parasitoid fauna. Mh@r mango growing areas were targeted
because these localities would be the first pofnparasitoid releases, as mango is the most
preferred host plant @&. invadensA total of 345 parasitoids belonging to four drént families

of Hymenoptera (Braconidae, Eulophidae, Chalcidmided Ichneumonidae) were recovered
during the survey with the genuasytallia predominating in both the Coastal and Eastern
Province of Kenya. A wide range of tephritid frdiy pests were also recovered from fruits
surveyed withB. invadenspredominating in both the Coastal and Eastern iRtev No
parasitoid emerged from fruits that yieldBd invadens confirming earlier studies suggesting
that indigenous parasitoid fauna are unable toessfally complete development i invadens
due to their inability to overcome the immune systef the pest. The greater majority of
parasitoids were recovered from fruits of non-ealted plant species, with the exceptionCof
arabica Parasitism rates were also very low in most ca€dsarly, indigenous tephritid
parasitoids are present in the major mango are&®mya as reported in this study and several
others. But the relative concentration of most gedious tephritid parasitoids on wild host
plants, their relatively low parasitism rates, adlwas their inability to successfully develop and
emerge out of the most devastating fruit fly pesttbe continentB. invadensmakes them

relatively inefficient in most of the mango growiageas in Kenya. Therefore, the introduction

142



and subsequent release of a co-evolved parasitd@d iovadenss clearly warranted. This study
therefore provides important baseline informatiom the parasitoid fauna in key mango
production localities in Kenya and sets the scemesfudies related to interaction of the exotic
parasitoid species and the documented native spbei@re their field releases in Kenya. The
study also highlights the need for future conseéowatefforts of the indigenous tephritid
parasitoids in localities and/or native host plasitse to mango orchards where they can build

up their population and exert impact on the friyitspecies before they move into the orchards.

The effect of temperature on the development, leiigand parasitism rates &f arisanusand

D. longicaudatawas evaluated in the laboratory to gain firsthndwledge on the adaptability
and subsequent establishment of the introducedipaids to the varying temperatures across the
continent. Developmental time of both parasitoidaswound to be greatly influenced by
temperature with the duration decreasing as teryreraincreased. The longest total
development period for both parasitoids occurretl5atC and was shortest at 30 °C. This is not
surprising given that low temperature has been shtawslow development of many insects
including parasitoids. A linear regression modebvimed a reliable fit of development rate
versus temperature with lower development threshofd13.5 °C and 12.0 °C fdt. arisanus
and D. longicaudata respectively. Parasitism rates were also signiflga affected by
temperature. FOF. arisanus the highest parasitism rate was realized at 281t the highest
parasitism rate foD. longicaudatawas realized at both 20 and 25 °C. The lowestsiizsm rate
was recorded at 15 °C. This is consistent with dvstudies that have demonstrated the
significant effect of temperature on the behaviand performance of several Hymenopteran

parasitoids. Percent parasitism was optimal betv2@eand 30 °C for both parasitoids, the same
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temperature range that favours the developmentsofarget pestB. invadens Temperatures
above 30 °C were found to be detrimental to pasasitates. Based on a combination of shorter
developmental time and high parasitism rates, th#mal temperature for the rearing Bf
arisanusand D. longicaudataon B. invadensis 25 °C. This study demonstrates that bbth
arisanusandD. longicaudatahave the potential to develop and achieve higbl$eof parasitism
on B. invadenaunder the temperature conditions as prevalengin-acological zones suitable
for horticultural production and should be ablectmtribute to the overall suppression of this

invasive pest species.

Studies on the effect of host fruit substrate anlibhaviour and performancekrafarisanusand

D. longicaudataon B. invadenswvas also carried out. It has been widely repotted host fruit
substrate has a great influence on parasitoid helawand performance. It was therefore
imperative that the performance of the parasitomsnango, the most preferred host planBof
invadensas well as other alternative host plants of th&t pe evaluated. Host fruit substrate had
a significant effect on preference and parasitiates of both parasitoids. Mango was the most
preferred fruit byF. arisanuscompared to pawpaw, guava, citrus, tropical almand marula.
This was to be expected as mango was the hoststrogtrate used in the rearingFofarisanus

for several generations in the laboratory. In sgbeat experiments when mango was excluded
from the bioassay, pawpaw was the most preferngt] followed by marula, which was one of
the least preferred fruits when mango was includetthe first bioassay. It is probable that the
presence of mango (on whidh invadenseggs have been exposed to the wasps for several
generations) may have probably masked the effegblattiles emanating from the other fruits.

D. longicaudatafemales had a strong preference for citrus, faldvby mango and pawpaw.
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Parasitism rates for both arisanusandD. longicaudatawere also significantly high on mango
and pawpaw compared to other fruit substrates destee differential attraction of female
parasitoids to fruit odours, observed in the betanal experiment, indicates that both parasitoid
females have an innate response toward olfactary and use fruit volatiles during host location
process. The observed preferences to different fnaiss by the two parasitoids may be as a
result of variations in concentrations of volatilestween the fruit species. This subsequently
influenced parasitism rates and overall performapicéhe parasitoid. The effect of host fruit
substrate on the preference and performance ofraekiymenopteran parasitoids is widely
documented. This study further confirms the faat fruit substrates play a significant role in the
host location behaviour df. arisanusand D. longicaudata and this greatly influences the
parasitization oB. invadensParasitoid preference for certain fruits may imetfully understood
but it could be an important factor to considerimigirreleases of parasitoids in the natural

habitat.

The predatory African weaver an@, longinodahave been used as biological control agents for
the management of some insect pests attacking rimajptrees in Africa. Recently, studies have
shown that the presence ©f longinodain mango orchards resulted in better quality &rais a
result of a reduction in fruit fly damage, a consemace of the predatory and deterring behaviour
of the ants. The interaction betweénh longinodaand the introduced parasitoids and the
subsequent impact on the overall performance ofptrasitoids is however unknown. To this
end, studies on the interaction betwé&2nlonginodaand the egg-pupal parasitoié, arisanus
and the implications of such an interaction ongkegormance of the parasitoids was carried out

in the laboratory using Perspex cages.

145



Also, the mechanisms underlying the managemem. afivadendy O. longinodawas further
investigated. Ant density had a significant influenon the number oB. invadensfemales
searching and/or ovipositing in mango domes. b &lad a significant effect on the number of
eggs laid byB. invadendemales in mango domes. Significantly high numbiefemale flies
searched and oviposited in controls (ant absent),a lower ant densities but the number of
respondents significantly reduced at the highesstlansity of 10. This in turn, greatly influenced
the number of eggs deposited Byinvadengemales, with significantly low number of eggglai

in mango domes at the higher ant densities of 8l&hdnd significantly high numbers in the
controls and the lower ant density of@ecophylla longinodaignificantly reduced the number
of eggs deposited by. invadendemales through disturbance and/or deterrencelaom ofB.
invadensby O. longinodawas rarely observed. This study shows that tlesgmce ofO.
longinodadetersB. invadendrom oviposition. However ant density plays a vanportant role

in the level of control likely to be achieved usi@g longinodaas a biocontrol agent agairt
invadensA high population build up of weaver ants in marmmgchards is more likely to result in
considerable control of fruit flies due to incredsieterrence, deterrence and predation. Findings
from this study should however be interpreted wilution as the level of influence exerted by
O. longinodaon the behaviour dB. invadensnay not be necessarily replicated in the field due

to a reduction in direct ant-fly interactions, esp#y on fruits.

Findings from this study also show thé&. longinodainterferes with the searching and
oviposition behaviour oF. arisanusthrough predation on, or deterrence of, parastaidgring
direct encounters. Predation By longinodawas a very common occurrence in the interaction

between weaver ants aril arisanusfemales, compared to ant-fruit fly interactionseng

146



physical deterrence was the more frequent pararobsarved. It is probable that size may have
played a very important role in the predator-prefationship given the relatively smaller size of
the parasitoids compared to fruit flies. Also, s#@ds take relatively longer time in host
searching and oviposition compared to fruit fliesl dhe risk of predation by weaver ants is
therefore likely to be higher. Biotic interferenog the weaver ants also resulted in significantly
lower number ofF. arisanus adults emerging from fruit fly puparia, with no rpsitoids
emerging from experiments involving the higher dansities of 6, 8 and 10 but significantly
high number of parasitoids emerging from contralstg§ absent) ant at the lower ant densities of
2 and 4. Predation b9. longinodaalso resulted in significant parasitoid mortaligpecially at
higher ant densities. This may not necessarilyhieechse in field conditions where parasitoids
have a higher chance of escapf@glonginodaattacks compared to experiments carried out in
perspex cages. Also, direct interactions betw@enonginodaandF. arisanusfemales in the
field may not be as frequent as observed in laboyabtioassays conducted in perspex cages.
Therefore, extrapolation of results from this studio field conditions should be done with
caution. This study clearly shows that deterrennd @redation byO. longinoda which
negatively affects parasitism rates, is more likéty have a detrimental effect on the

establishment and population build upFofarisanus and could render the parasitoid ineffective.
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8.2 CONCLUSIONS

1) Indigenous tephritid parasitoids abound in thajam mango growing areas of Kenya.
However, parasitism rates are very low, and occamiy on fruit fly species of the genus
Ceratitis, compared to other genera and are also concentoatemhfested wild host plants
compared to cultivated oneBactrocera invadenscurrently the most devastating fruit fly in
Kenya,is rarely parasitized. These factors render indigsrparasitoids relatively ineffective in
controlling fruit fly populations, emphasizing theed for introduced parasitoids.

2) The developmental time and parasitism ratds. @risanusandD. longicaudatawere greatly
affected by temperature with the total developnaemation decreasing as temperature increased.
Temperature also had a significant influence onapaprecovered for both parasitoids.
Parasitism rates were optimum when parasitoids vezneed within the temperature range of 20-
30 °C. Temperatures above 30 °C and below 15 °@ detrimental to the development of both
parasitoids.

3) Host fruit substrate had a significant effecttbe preference and performanceFofarisanus
andD. longicaudata Host fruit substrate also had a significant ieflae on puparia recovered
for both parasitoids. In choice experiments, mamwgs the most preferred fruit by arisanus
whilst D. longicaudatapreferred citrus the most. Parasitism rates fah qmarasitoids were
significantly higher on mango and pawpaw compacetthé other fruits tested.

4) The activities of the weaver an@, longinodainterfered with the behaviour &. invadens
resulting in significantly less number of eggs lgetviposited by the pest in mangoes. Although
weaver ant activity was beneficial in deterringitfrilies from ovipositing, it also interfered
negatively with the behaviour oF. arisanus and subsequently its overall performance.

Deterrence and predation K. longinoda which negatively affected parasitism rates, igeno
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likely to have a detrimental effect on the estdishent and population build up &f arisanus

and could render the parasitoid ineffective.

8.3 RECOMMENDATIONS FOR FUTURE STUDIES

1) This study provides important baseline information the parasitoid fauna in the major
mango provinces of Kenya. Additional survey isdezefor other localities. Subsequent studies
related to interaction of the exotic parasitoidsee and the native species documented in this
study before their field releases in Kenya needset@arried out. This study also highlights the
need for future conservation effort of the indigesdephritid parasitoids in localities and /or
native host plants close to mango orchards whexg ¢an build up their population and exert
impact on the fruit fly species before they mov® ithe orchards.

2. The temperature range required for the optimuevetbpmentF. arisanus and D.
longicaudataon B. invadendave been established. This information shouldegedearchers in
the mass rearing of both parasitoids for fieldasés. Also, the thermotolerance studies provide
a baseline data for the development of models ffedipting regions wherg. arisanusandD.
longicaudatacan potentially establish and impact on the pdmraof the fruit flies on the
African continent.

3. Information generated on the effect of hosttfauibstrate on the performanceFofarisanus
and D. longicaudatashould serve as a basis for future field releadfethe parasitoids. In
addition to the preferred host in which the pacidg thrive (i.e. mango and pawpaw),
alternative host plants such as guava and citraaldhoe able to sustain parasitoid population
during time of the year when mango and pawpaw #ré& bis will help in the initial build up of
the parasitoid population, which is essential fter éstablishment and eventual success on
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important horticultural crops. Since tritrophic eximents were conducted in the laboratory, it
would be necessary to replicate it under field cag@litions that simulate the wild environment,
using whole fruits.

4. Although O. longinodaimpacted negatively on the exotic parasitoid sggecin some
parasitoid-ant systems not all interactions betwienforagers and antagonist are necessarily
fatal. Some parasitoids may benefit from learnimg éxtent of the danger of such interactions
that could lead to co-existence. Further studieth wegard to experiential learning i@.
longinoda F. arisanusinteractions will inform researchers on whethemot both biocontrol
agents can be accommodated in an IPM strateghédii¢ld suppression of fruit flies.

5. In Africa, smallholder farmers usually resortthe use of pesticides for fruit fly control in
order to reduce fruit damage. With the introducteomd potential releases of the introduced
parasitoids, farmers should be educated on the toegidnificantly reduce the use of pesticides,
especially broad spectrum ones which are likelyatose significant parasitoid mortality.

6. Biological control using parasitoids is notelik to be a ‘stand alone’ management strategy
against fruit flies. In addition to the releasepafasitoids, growers should be educated on other
components of the IPM strategy including orcharditaéion, fruit bagging, male annihilation
technique, application of spot bait sprays, the afsentomopathogenic fungi and application of

the Augmentorium.
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APPENDICES

Appendix 1. Fruit sampling sites with approximate geo-referengesition and altitude

PROVINCE LOCALITY APPROXIMATE APPROXIMATE APPROXIMATE
LONGITUDE LATITUDE ALTITUDE (m)
Diani forest 04°20'03 S 39°34'10E 25
COAST Diani area 04° 1640 S 39°35 14 E 8
Kibarani 04° 18 38 S 39°30°05 E 338
Mkambani 04° 1336 S 39°36' 04 E 48
Muhaka area 04°20'15S 39°30'55 E 52
Muhaka forest 04°19'25S 39°32'25E 46
Shimba Hills 04° 1526 S 39°26’'05 E 385
Mabokoni 04°18' 29 S 39°31'07 E 87
Miilu farm 04°23'10 S 39° 3342 E 55
Buga 04°19'23 S 39°29'18 E 92
Kigaleni 04° 36’16 S 39°21'18 E 48
Kinondo 04°16'29 S 39° 34’54 E 6
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CONT'D

PROVINCE

EASTERN

LOCALITY

Rocky hill

Kinoru

Meru forest

Mpakone

Mpuri

Kiamiriru

Gachanka

Muringo

Miriga

Muthangatri

Kithoka

Giaki

Kimburini

Mbuuta

LONGITUDE

00°06’31S

00°02'46 S

00°03"18 S

00°02'41S

00°02'16 S

00°02'09 S

00°01'49 S

00°01'18 S

00°03"18 S

00°02'38 S

00° 06’23 S

00° 02’58 S

00°01'40 S

00°00' 04 S

188

LATITUDE

37°35' 55 E

37°38' 16 E

37°37' 34 E

37°36' 22 E

37°36°19E

37°36'37E

37°39'57E

37°41'12 E

37°42' 27 E

37°40'31 E

37°40'1E

37°45 40 E

37°49'3 E

37°53' 51 E

ALTITUDE (m)

1860

1710

1776

1888

1892

1845

1508

1390

1280

1441

1509

1152

1016

891



Appendix 2. Parasitoid composition from the survey at the CBasvince.

LOCALITY PLANT SPECIES Psyttaliaspp P.peproxima P.concolor D. Fullawayi
Muhaka Jasminum fluminense 5

Muhaka Phyllanthus rubifolia 8

Muhaka Polysphaeria parvifolia 5

Kinondo Synaptolepis kirkii 8

Kibarani Polysphaeria parvifolia 17

Kibarani Chassalia curviflora 24 11

Kibarani Synaptolepis kirkii 2

Kigaleni Phyllanthus rubifolia 1 10 12

Shimba hills  Chassalia curviflora 3 1
Kibarani Gloriosa superba 1 4

Muhaka Chassalia curviflora 4

Buga Lannea welwitschii

Muhaka Gloriosa superba 5

Kigaleni Gloriosa superba 1 5

Kigaleni Synaptolepis kirkii 11

Mkambani Chassalia curviflora 7

Kinondo Terminalia cattapa 1
Kigaleni Chassalia curviflora 7

Mabokoni Chassalia curviflora 5

Kibarani Phyllanthus rubifolia 1
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Appendix 2 CONTD. Parasitoid composition from survey at the Coasvifce CONT'D

LOCALITY PLANT SPECIES Braconids  T.giffardianus Ichneumonids Chalcid wasps

Muhaka Jasminum fluminense

Muhaka Phyllanthus rubifolia 17

Muhaka Polysphaeria parvifolia

Kinondo Synaptolepis kirkii

Kibarani Polysphaeria parvifolia

Kibarani Chassallia curviflora 15
Kibarani Synaptolepis kirkii 8

Kigaleni Phyllanthus rubifolia

Shimba hills  Chassalia curviflora 7
Kibarani Gloriosa superba 2

Muhaka Chassalia curviflora

Buga Lannea welwitschii 5

Muhaka Gloriosa superba

Kigaleni Gloriosa superba 9

Kigaleni Synaptolepis kirkii

Mkambani Chassalia curviflora

Kinondo Terminalia cattapa

Kigaleni Chassalia curviflora

Mabokoni Chassalia curviflora

Kibarani Phyllanthus rubifolia 14
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Appendix 3. Fruit fly composition from survey at the Coast Rnoe

LOCALITY FRUIT NAME T.niggerimum  T. coffeae C. capitata
Muhaka Jasminum fluminense 25

Muhaka Phyllanthus rubifolia 59

Muhaka Polysphaeria parvifolia 8

Kinondo Synaptolepis Kirkii 53

Milu farm Citrus reticulate 20
Maweni Sclerocarya birrea

Kibarani Polysphaeria parvifolia 21

Kibarani Chassalia curviflora 121 127
Kibarani Synaptolepis kirkii 13 7
Buga Mangifera indica

Kigaleni Phyllanthus rubifolia

Diani Coccinia spp

Buga Citrus reticulata 13
Shimba Hills Chassalia curviflora 42

Kibarani Gloriosa superba 24 16
Muhaka Chassalia curviflora 11

Milu farm Citrus sinensis 9
Milu farm Citrus reticulata 30
Milu farm Citrus sinensis 15
Milu farm Mangifera indica
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Appendix 3. CONT'D
LOCALITY FRUIT NAME T.niggerimum  T. coffeae C. Capitata
Kibarani Mangifera indica
Muhaka Gloriosa superba 10 14
Buga Mangifera indica
Kigaleni Gloriosa superba 44 41 38
Kigaleni Synaptolepis kirkii 28
Mkambani Chassalia curviflora
Kinondo Terminalia cattapa
Buga Coccinia spp
Muhaka Sclerocarya birrea
Kigaleni Chassalia curviflora 8
Mabokoni Chassalia curviflora
Diani Forest  Sorindea
madagascariensis
Mkambani Sclerocarya birrea
Mabokoni Annona senegalensis
Kibarani Phyllanthus rubifolia
Muhaka Anona cherimola
Buga Lannea welwitschii 18
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Appendix 3. Fruit fly composition from survey at the CoastWWnae CONT'D

LOCALITY FRUIT NAME C.cosyrae  B.invadens B. cucurbitae
Muhaka Jasminum fluminense 13

Muhaka Phyllanthus rubifolia 118

Muhaka Polysphaeria parvifolia 12

Kinondo Synaptolepis kirkii

Milu farm Citrus reticulate 33
Maweni Sclerocarya birrea 26 52
Kibarani Polysphaeria parvifolia 13

Kibarani Chassalia curviflora

Kibarani Synaptolepis kirkii 8

Buga Mangifera indica 594
Kigaleni Phyllanthus rubifolia 69

Diani Coccinia spp 10 13
Buga Citrus reticulate 7
Shimba Hills Chassalia curviflora

Kibarani Gloriosa superb

Muhaka Chassalia curviflora 7

Milu farm Citrus sinensis 6
Milu farm Citrus reticulate 12
Milu farm Citrus sinensis 13
Milu farm Mangifera indica 165
Milu farm Mangifera indica 286
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Appendix 3.

LOCALITY
Kibarani
Muhaka
Buga
Kigaleni
Kigaleni
Mkambani
Kinondo
Buga
Muhaka
Kigaleni
Mabokoni

Diani Forest

Mkambani
Mabokoni
Kibarani

Muhaka

CONT'D

FRUIT NAME
Mangifera indica
Gloriosa superb
Mangifera indica
Gloriosa superb
Synaptolepis kirkii
Chassalia curviflora
Terminalia cattapa
Coccinia spp
Sclerocarya birrea
Chassalia curviflora
Chassalia curviflora
Sorindea
madagascariensis
Sclerocarya birrea
Annona senegalensis
Phyllanthus rubifolia

Anona cherimola

C.cosyrae  B.invadens
140
130
30
33
50
24
63 122
10
23
15
86 113
10
48
22

B. cucurbitae

33
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Appendix 4. Fruit fly composition from survey at the Easternonce

LOCATION PLANT SPECIES C.cosyrae  C.Capitata C.rosa
Mpakone Dovyalis caffra 15 3 6
Kiamiriru Coffeae arabica

Gachanka Mangifera indica 231 1
Muringo Mbugi Mangifera indica 4

Muringo Mbugi Mangifera indica 27

Muringo Mbugi Juglans cinerea

Muringo Mbugi Cucurbita maxima

Miriga mieru Mangifera indica 14 1
Muthangari Coffeae arabica

Kithoka Citrullus lanatus

Kithoka Mangifera indica 30 29
Kithoka Coffeae arabica 135

Giaki Terminalia mantaly 7

Mbuuta Cucumis dispaceas

Mbuuta Citrus sinensis

Mbuuta Mangifera indica 9
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Appendix 4. Fruit fly composition from survey at the Easterovnce CONT’'D

LOCATION PLANT SPECIES B.invadens Dacusspp  T.coffeae
Mpakone Dovyalis caffra

Kiamiriru Coffeae arabica 74
Gachanka Mangifera indica 71

Muringo Mbugi Mangifera indica 3

Muringo Mbugi Mangifera indica 25

Muringo Mbugi Juglans cinerea 10

Muringo Mbugi Cucurbita maxima 8

Miriga mieru Mangifera indica 17

Muthangari Coffeae arabica

Kithoka Citrullus lanatus 25

Kithoka Mangifera indica 38

Kithoka Coffeae arabica 37
Giaki Terminalia mantaly

Mbuuta Cucumis dispaceas 14

Mbuuta Citrus sinensis 1

Mbuuta Mangifera indica 489
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