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ABSTRACT

The foraging behaviour of aphidophagous predattagspa key role in conservation biological
control. However for understanding the foraging aebur of syrphids most investigations have
focussed on prey-predator interactions using lamvhde overlooking the important aspect of
foraging of adult hoverflies. The larvae of the adly Episyrphus balteatus (DeGeer) (Diptera:
Syrphidae) are aphid predators while the adultedepn pollen and nectar for reproduction and
longevity, hence they depend on availability of wement flowering plants. However, in
agroecosystems, the spatial and temporal pattdriesops as well as accompanying flowering
plants change. This leads to a fluctuation in feesburces which may limit syrphid predatory
performance. Thus it is important to understand lood utilization affects the fitness of adult
hoverflies and how this affects conservation biaalfcontrol.

In the first part of the thesis the impact of raseuavailability on the fithess &. balteatus was
investigated using oilseed rape plants infestedh viBtevicoryne brassicae L. (Hemiptera:
Aphididae) while pollen and sugar supply was malaij@ad to simulate limitation in food
resources. Oviposition was evaluated while foragiagterns were video recorded. During pre-
oviposition period a lack of pollen and sugar fegdalone led to a complete absence of egg laying.
Episyrphus balteatus lived 2 fold longer when pollen and sugar wereilabée throughout
compared to feeding on sugar only. Feeding on pdallene resulted in similar longevity as when
feeding on pollen and sugar throughout. Fenalkalteatus visited food patches more frequently
during pre-oviposition period than during ovipasitiperiod. A similar trend was observed for the
residence time on food patches during both periddsese results demonstrate that pollen
availability is not only essential for oviposititwit also for enhanced survival.

In the second part of this study, the effects ollepofeeding frequency on the fithess Bf
balteatus were investigated. Pollen feeding intervals wesiged from 10 to 60 minutes per day,

every 2° 39 5" day and throughout as control. A broad beéwié faba. L) infested withAphis
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faba Scopoli (Hemiptera: Aphididae) was used to stinteulaviposition. From all the frequencies
tested the control and pollen availability evefil 8ay resulted in the shortest pre-oviposition
period, the highest fecundity and the longest osiipan duration. Hoverflies in those treatments
lived longest and had the highest dry weight. Gndbntrary, the lowest longevity was with pollen
every %" day. These results demonstrate the importancaibf access to pollen or everj*2ay
feeding.

In the third part, the influence of selected floimgrplants on the fithess @&. balteatus was
determined. Based on previous studies, seven fl@pecies were chosen: phacelRhdcelia
tanacetifolia, Hydrophyllaceae), buckwheaEggopyrum esculentum, Polygonaceae), cornflower
(Centaurea cyanus, Asteraceae), chamomiléVi@tricaria recutita, Asteraceae), white mustard
(Snapis alba, Brassicaceae), nettl&itica pilulifera, Urticaceae) and perennial ryegrakselium
perenne, Poaceae). A broad bean plant infested witliabae was used to stimulate oviposition.
Among the plants tested phacelia led to the shiopresoviposition period and highest fecundity.
The longevity of hoverflies was enhanced the mgstdrnflower and buckwheat. The size of
female hoverflies was not influenced by the différBower species, whereas feeding on phacelia
led to the highest dry weight. An analysis of polf@otein revealed that phacelia had the highest
protein content being 3 fold more than in nettle.

In conclusion, this study has demonstrated th&t ddigollen sources during pre-oviposition has a
negative impact on egg output and longevity. Furtfuge syrphids benefit from daily or at least
every second day access to pollen resources toeensaximum fitness. In improving biological
control, the use of phacelia, buckwheat and cowdloto provide food resources is highly
recommended for enhanced predatory efficiency.

Key words: foraging behaviour, hoverflies, fithess, biolagicontrol.



ZUSAMMENFASSUNG

Das Futtersuchverhalten von aphidophagen Pradatoienmt eine Schlisselrolle in der
.conservation biological control“ ein. Jedoch hattedie meisten Untersuchungen zum
Futtersuchverhalten von Schwebfliegen Rauber-Blu&zaktionen der Larven als Schwerpunkt,
wahrend das Verhalten der adulten Syrphiden, digeBl bendétigen, vernachlassigt wurde. Die
Larven vonEpisyrphus balteatus (DeGeer) (Diptera: Syrphidae) sind Blattlausraukbeihrend die
Adulten von Nektar und Pollen fir Reproduktion urebensdauer abhéangen. Allerdings ist in
Agrarokosystemen das Angebot an Kultur- und blikandegleitpflanzen zeitlichen und
raumlichen Schwankungen unterworfen, was die Legtler Schwebfliegen als Rauber begrenzen
kann. Daher ist es notwendig zu verstehen, wieNdizung von Nahrungsquellen die Fitness
adulter Schwebfliegen und die conservation biolalgtontrol” beeinflusst.

Im ersten Teil der Arbeit wurden die Auswirkungear ¥erfligbarkeit von Nahrungsressourcen auf
die die Fitness vork. balteatus untersucht, wobei Raps der nirevicoryne brassicae L.
(Hemiptera: Aphididae) befallen war verwendet wyurndéhrend das Pollen- und Zuckerangebot
verandert wurde, um Einschrankungen zu simuliel®@® Eiablage wurde erfasst und das
Futtersuchverhalten mit Videoaufzeichnungen anatysiwahrend der Praovipositionsperiode
fuhrte eine Futterung ohne Pollen (ausschliel3liabk&r) zum kompletten Ausfall der Eiablage.
Episyrphus balteatus lebte, im Vergleich zur Fitterung ausschliellich Zuicker, doppelt solange,
wenn Pollen und Zucker wéhrend der gesamten Zethawmlen waren. Futterung mit
ausschlief3lich Pollen fiihrte zu einem ahnlichenebngs. WeiblicheE. balteatus besuchten
Futterplatze haufiger wahrend der Praovipositionsde als wahrend der Eiablagephase. Ein
ahnlicher Trend wurde fir die Aufenthaltszeit aufttErplatzen beobachtet. Diese Ergebnisse
zeigen, dass Pollenverfugbarkeit nicht nur fur @mblage, sonder auch fir eine erhdhte

Uberlebensrate essentiell ist.
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Im zweiten Teil der Arbeit wurden die Auswirkungeler Frequenz von Pollengaben auf die
Fitness vorkE. balteatus untersucht. Die Intervalle des Pollenangebotegdan 10 bis 60 Minuten
pro Tag, jeweils am zweiten, dritten und funfterg,Teowie durchgangig als Kontrolle. MAphis
fabae Scopoli (Hemiptera: Aphididae) befallene Saubohfvaa faba. L) dienten zur Stimulation
der Eiablage. Von allen getesteten Intervallen tiihrdie Kontrolle und die Pollengabe jeden
zweiten Tag zu der kurzesten Praovipositionsperioage hochsten Fekunditat und der langsten
Eiablagedauer. AuRerdem hatten die Schwebfliegedibgen Intervallen die hdchste Lebensdauer
und das hochste Trockengewicht. Im Gegensatz ddmtefdie Pollengabe an jeden flinften Tag zu
der kiurzesten Lebensdauer. Diese Ergebnisse zalgenWichtigkeit einer taglichen oder
zweitaglichen Verfugbarkeit von Pollen.

Im dritten Teil der Arbeit wurde der Einfluss voarschiedenen Blitenpflanzen auf die Fitness von
E. balteatus untersucht. Ausgehend von friheren Studien wursieben Arten ausgewahlt:
Phazelia Phacelia tanacetifolia, Hydrophyllaceae), BuchweizenFdgopyrum esculentum,
Polygonaceae), KornblumeCéntaurea cyanus, Asteraceae), Kamille Matricaria recutita,
Asteraceae), WeilRer SenSifapis alba, Brassicaceae), Pillen-BrennnessHirtica pilulifera,
Urticaceae) und Deutsches Weidelgrasliim perenne, Poaceae). MitAphis fabae Scopoli
(Hemiptera: Aphididae) befallene Saubohn¥iti@ faba. L) dienten zur Stimulation der Eiablage.
Phazelia fuhrte zur kiirzesten Praovipositionsperioatd hochster Fekunditat. Die Lebensdauer der
Schwebfliegen wurde am meisten durch Kornblume Bodhweizen gefordert. Die Grof3e der
weiblichen Schwebfliegen wurde nicht durch die ghmsdenen Pflanzenarten beeinflusst,
wohingegen das Trockengewicht bei Aufnahme von @lfPollen am hoéchsten war. Eine
Analyse der Proteingehalte zeigte bei Phazeliahdighsten Gehalte, die bis zu dreimal héher
waren als bei Brennnesselpollen.

Diese Arbeit hat gezeigt, dass das Fehlen von iRelhrend der Préovipositionsperiode negative

Auswirkungen auf die Eiablage und Lebensdauer Ezobalteatus hat. Auf3erdem profitieren die
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Schwebfliegen von der Mdglichkeit, haufig auf Podieellen zugreifen zu kdnnen, was eine
maximale Fitness gewadhrleistet. Fiur die Optimieraley biologischen Schéadlingsbekampfung
wird die Verwendung von Phazelia, Buchweizen undnitume als Futterquellen empfohlen, um

die Effizienz der Antagonisten zu steigern.

Schlagworte Nahrungssuchverhalten, Schwebfliegen, Fitness, oloBische

Schadlingsbekampfung
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ABBREVIATIONS

ANOVA Analysis of variance

CBC Conservation biological control
HSD Highest Significant Difference
L Linnaeus

L: D Light: Darkness photoperiod
SAS Statistical Analysis System

SE Standard Error
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CHAPTER 1
GENERAL INTRODUCTION
Natural enemies of pest species play an importaetin population regulation of pest insects in
the field as well as in the greenhouse (Schoer®@0)l Natural enemies are promoted using
different approaches and key among them is consenvhiological control (CBC). This approach
focuses on the modification of the environmentraigct and enhance specific natural enemies by
improving their fecundity and longevity (Eilenbery al., 2001). However, successful CBC
requires a detailed knowledge of the biology andlagy of the antagonist (Lewis et al., 1997)
including the specific resources that antagonisednin the environment. Among aphidophagous
antagonists the syrphigpisyrphus balteatus (DeGeer) (Diptera: Syrphidae) is a potential agent
CBC. It is one of the most abundant species onlar@md in Europe (Dean, 1982). Their
voracious aphidophagous larvae have been identi#ge@conomically important owing to their
capability to halt aphid population growth in batteenhouses and the agricultural fields (Chamber
& Adams, 1986). The adult syrphids feed on pole nectar from flowers. Additionally, they
supplement their diet using honey dew from aphvds (Rijn et al., 2006). Non prey food such as
pollen and sugar can have a dramatic effect onelahgand fecundity of predators and parasitods.
Therefore the availability of pollen and sugarrigaial to the efficacy of syrphids with the absence
of food resources translating to dismal performandewever, little information exists on the
effects of pollen and sugar on the survival andlaging inE. balteatus. In adult syrphids pollen
provides proteins and amino acid (Rasmont et 805 both necessary to mature the ovaries of
hoverflies since they hatch with an immature repobide system, while nectar and honeydew
provide carbohydrates for movement and survivatv{Seet al., 1993). The effectiveness of
hoverflies as aphid predators depends on the guald availability of pollen and nectar (van Rijn
& Tanagoshi 1999; Winkler et al., 2006) but mosteistigations on their foraging behaviour have

focussed on the interaction between the prey amrdptiedator, while overlooking the relative



importance of pollen and nectar during the difféqgmysiological periods (Jervis & Kidd 1996). A
detailed understanding of how food supply affetis tithess of syrphids is needed. However,
studies on the food requirements during differemgsplogical period are scarce. Furthermore,
pollen supply is likely to affect egg laying in i@lfl situation (Schneider, 1948) and especially in
areas with intensive agriculture which are charastd by scarcity of suitable flowering plants
(Winkler et al., 2006). Therefore providing polleesources to hoverflies in the field or green
houses may be helpful in improving conservationdgical control. However, it is important to
understand how often syrphids need access to pafténsugar to achieve maximum efficiency.
Recently the feeding frequency and lifespan gaia haen examined for various parasitoids
(Azzouz et al., 2004; Wu et al., 2008) with postresults. From the parasitoids studies, continous
access to sugar resulted in more progenies anceddifgspan. While some studies have been
carried out on pollen and nectar feeding in syrph{dan Rijn et al., 2006), the role of feeding
frequency on the fitness has not been examinedetdtahding the feeding frequency requirements
of syrphids may provide information to in improvitige efficiency of syrphids in greenhouse.

The current conversion of natural habitats to adfuical monoculture has resulted in landscapes
that are depleted in flowering plants (Carreck &l\adns, 2002). Consequently, hoverflies have to
fly large distances between food resources andositipn sites. This phenomenon leads to energy
and time wastage that could otherwise have beahinggest suppression (Tylianakis et al., 2004).
Planting flower resources near agricultural fietday provide a possible solution to this problem
(Gurr et al., 2003). The flowering plants providdlen, nectar, alternative prey and shelter for the
predators (Landis et al., 2000) this in return rMegd to an enhanced survival, development and
reproduction of natural enemies (Heimpel & Jer2305; Berndt & Wratten, 2005). Such studies
are however rare particularly for predators such@aserflies. Based on this knowledge of flowers
attracting natural enemies, CBC strategies areentlyrfocusing on the use of flowers to boost the

population of natural enemies in the agriculturalds and in greenhouses (Haenke et al., 2009).



The selection of these flowering plants has lardedgn based on the attractiveness of different
flowers to hoverflies through human observationusing pan traps (Colley & Luna, 2000;
Ambrosino et al., 2006; Hogg et al., 2011). Howeveese criterions of floral resources selection
does not address whether the attractiveness cfetleeted flowers lead to an improved fitness of
the hoverflies that feed on them. Furthermore witHaboratory tests it is difficult to say which
pollen type will lead to maximum egg output and amted longevity or if all flower pollen types
are suitable to syrphids in equal measures (Hicketah, 1995).

This study generally focussed on the foraging decssof syrphids and conservation biological
control. Specifically experiments were undertakemvestigate how a limitation in pollen supply
affects the fecundity and survival of aphidophageygphid. Additionally the effect of feeding
frequency on pollen diet on the fithessEofbalteatus was investigated in the laboratory. Further
experiments on improving biological control werendacted in the laboratory to investigate how a

range of selected flower species affects the famd&. balteatus.



CHAPTER 2

THE IMPACT OF FOOD RESOURCES ON FITNESS OF THE SYRPHID EPISYRPHUS
BALTEATUS

Abstract
Syrphids effectiveness as predators of aphids aispen the supply and quality of pollen and nectar.

Pollen is required for reproduction and nectardorvival. Most investigations have focused on the
interaction between prey and the predator whilerloeking the importance of food foraging and
supply during the different physiological phasdsislimportant to know how pollen and nectar
supply affects the overall fitness of hoverfliese Wivestigated the impact of resource availabdity
the fitness ofE. balteatus. Individual mated female syrphids were releasedahcages with rape
plant infested withBrevicoryne brassicae. Pollen and sugar supply was manipulated to sitaula
limitation in food resources. As a control, pollend sugar were provided throughout the lifespan
while the treatments included: pollen only, sugdypwithdraw of pollen during pre-oviposition and
oviposition period. Oviposited eggs were countetlydand foraging patterns recorded with a video
observation system. Feeding on pollen and sugaugmout resulted in a 2 fold the amount of eggs
compared to different shortage treatments. Lackadien during pre - oviposition and feeding on
sugar only lead to a complete lack of egg layinge Righest longevity occurred if pollen and sugar
were available throughout being twice as long deefling on sugar only. Feeding on pollen alone
resulted in same longevity as when feeding pollhsugar throughout. Syrphids contacted the food
patch containing pollen quite often and for longkirations during pre-oviposition period. The
number of visits and durations then decreased guimposition period. These results demonstrate
that pollen availability is not only essential foriposition but also enhanced survival in hovesftlie
Consequently, lack of pollen sources during preposition period has a negative impact on egg
output and longevity.

Key words: Syrphidae, foraging behavior, pollen, nectar, osipon, fithess



2.1Introduction

In the agricultural landscapEpisyrphus balteatus is one of the most efficient aphid specific
predators and the most common hoverfly in centtabpe (Tenhumberg & Poehling, 1995). Like
many other natural enemies adult hoverflies reqoakken and nectar for development (Wéackers et
al., 2007) while it's larvae feed on aphids andeotboft bodied prey (Sadeghi & Gilbert, 2000).
Since larvae have only limited movement capacities survival of hoverflies in the agricultural
landscape depends largely on the female hoveffhiesying behavior, i.e. the location of food and
oviposition sites (Chandler, 1969). In general mdke lifespan can be characterized by three
physiological periods: A pre-oviposition period whilasts between a week (Geusen-Pfister, 1987)
to 10 days (Almohamad et al., 2007), a peak ovimssiperiod lasting about 10 to 14 days
(Almohamad et al., 2007) and later a slow decremsié death (Branquart & Hemptinne, 2000). In
total, adult hoverflies can survive for more thambnth (Kan, 1988). In the absence of pollen
hoverflies are not able to produce any eggs (Vgn Bi al., 2006) however without any food
shortage females can lay up to 4500 eggs duringritiee lifespan (Branquart & Hemptinne, 2000).
Literature on the food requirements during différgrysiological period is scarce. For adult
syrphids pollen provides proteins and amino acids(Ront et al., 2005) both necessary for sexual
maturation, while nectar and honeydew provide daydmates for energy provision, i.e. locomotory
activities (Jervis et al., 1993). Syrphids effeetiess as aphid predators depends on the supply and
quality of pollen and nectar (van Rijn & TanagostB99; Winkler et al.,, 2006) but most
investigations on their foraging behavior have beemcerned with the interaction between the prey
and the predator, while overlooking the relativepartance of pollen and nectar during the different
physiological periods (Jervis & Kidd, 1996). A dé&td understanding of how food supply affects the
fitness of syrphids is needed. The objective a$ tlvork was therefore to investigate how a

limitation in pollen supply affects the fecunditydasurvival of aphidophagous syrpltidbalteatus.



2.2 Materials and methods

2.2.1 Plant and insect culture

Broad beans \{icia faba. L., Fabaceae; Hangdown) and rape plarBsassica napus L.,
Brassicaceae) were grown in plastic pots insideugany. A stock rearing of adulf. balteatus
hoverflies was kept in flight cages (52 x 40 x @) cThey were fed ad libitum on grounded bee
pollen (Supplied by Imkerei Hohmann, Germany) angstalline sugar bought from supermarket.
Water was provided in Petri dishes on moist tigsaper. Broad bean plants infested wigbhis
fabae Scopoli (Homoptera: Aphididae) were placed in ¢hges for 8 hours every day to stimulate
oviposition. Frequently eggs were transferred &s{it boxes and larvae were fedMegoura viciae

(Harris) (Homoptera: Aphidae). Emerging adults wesed in the experiments.

2.2.2 Experimental setup

The experiments were conducted in 25 large netscéy& 2 x 2m) that were placed inside a green
house. The temperature ranged between 20— 28 °l& whie relative humidity was between
65 -85 %. On each net cage a single 3 days oleédnaaive female was released. Inside the
experimental cages, pollen and sugar availabiliggeamanipulated to simulate a limitation of food
resources. In the control, pollen and sugar weogiged throughout the lifespan while the treatment
involved: sugar alone, pollen alone, withdrawalpafllen during the pre-oviposition period and

withdrawal of pollen during the oviposition peri¢tiable 1).



Table 1. The summary of food regimes adopted talsita limited food resources. Unshaded regions

indicate absence of the corresponding food sowdeglthat period.

Pre- ovipositio

period (1-11)

Oviposition

period (11-25)

Senescence

period (> 25)

Pollen
Treatment 1 Sugar
Pollen
Treatment 2 Sugar
Pollen
Treatment 3 Sugar
Pollen
Treatment 4 Sugar
Pollen




Water was provided in a Petri dish on moist tispager. The bee pollen (supplied Imkerei
Hohmann, Germany) was crushed using a grinder (Mdtie;, IKA, Germany) while sugar was
added in crystalline form. Five milligram of eaatoll resource in a plastic Petri dish was placed
inside the net cages on the ground. Both food ressuwvere changed daily. Each of the five food
manipulations was simultaneously replicated in tages. To monitor the oviposition activity, each
net cage contained two rape plants (20 cm high) wieaie each infested with 50 cabbage aphids
Brevicoryne brassicae. After 24 hours, laid eggs were counted and plantsvhich eggs had been
laid were removed and replaced. A video observasgatem equipped with video cameras
(Meyhofer, 2001) was used to monitor the feedinigalveor on pollen and sugar patches in all cages
for the entire hoverfly life span. The computergraom Ethovision®XT (version 7.0, 2009, Noldus,
Wageningen, The Netherlands) was used to analge® vecordings. Mean number of eggs laid per
day for the entire life span, survival rates, fegdfrequencies and total feeding time (pollen and
sugar) were analyzed using analysis of variance &N, SAS® software Version 9.2, SAS
Institute, 2008). Prior to analysis the data wasetd for normality and homoscedasticity (Sokal &
Rolf, 1995). When F-values were significant at 5% level, Tukey’s test for multiple comparisons

was carried out.



2.3 Results

2.3.1 The effects of food resources on longevity Bf balteatus

Analysis of food impact on the longevity of femdte balteatus showed a significant difference
among the treatments (F = 22.24; df = 4; P < 0.q@ig. 1). Feeding throughout the life span on
sugar only (16 + 2.11 d) reduced the longevity igantly by more than half compared to provision
of sugar + pollen in the control (43 £2.07 d). Hower there was no significant difference in
longevity betweerk. balteatus feeding on pollen only and pollen + sugar (conttbfoughout the
life span (F=3.83;df =4; P=0.114). In contragithdrawal of pollen only during the pre-
oviposition period reduced longevity significanbty half (22 £ 1.10 d) (F = 3.09; df = 4; P = 0.006)
compared to the control, while withdrawal only ehgrithe oviposition period had no influence

(39 £ 2.03/ d) (F = 4.01; df = 4: P = 0.106) (FLj.
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Figure 1. The impact of food resources on longeuitf. balteatus. Bars indicate the standard
error. Different lower-case letters above columndicate significant differences (Tukey HSD, P<
0.05)



2.3.2 The impact of food resources on egg laying

Egg laying ofE. balteatus started earliest after 11 days in the controlttneat and two days later in
the treatments with access to pollen during theoprposition period. Life time fecundity of females
was significantly influenced by the different foo@atments (F = 5.10; df = 4; P = 0.008). No eggs
were laid IfE. balteatus was allowed to feed on sugar only throughout itespan span. The same
effect was noticed during the pre-oviposition péenbonly pollen was withdrawn (Fig. 2). Life time
fecundity was similar to the control (sugar + po)l§103.27 £ 8.15 eggs / d) E. balteatus had
access to pollen only throughout the entire lifersg95.14 +7.13 eggs/d) (F=2.47; df = 4;
P =0.274). In contrast life time fecundity wasmnsigantly reduced by half if only pollen was
withdrawn during the oviposition period (55.46 #%eggs/d) compared to the control

(103.27 + 8.15 eggs / d) (F= 5.89; df = 4; P <00)0

Z 1

Control (polen + Sugar only Pollen only No pollen during No pollen during
sugar) pre-oviposition oviposition

Figure 2. Mean number of eggs laid Bybalteatus when food resources were varied. Bars indicate
the standard error. Different lower-case lettesvabcolumns indicate significant differences (Tukey

HSD, P< 0.05)
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2.3.3 The activities ofE. balteatus on food patch

The video recordings of the behavior on the foottipavere analyzed for the pre-oviposition and
oviposition period separately with an aim to reldte allocation of female hoverfly activities taeth
different food treatments. In general fem&ebalteatus contacted the food patch more frequently
during the pre-oviposition period (6.36 +0.66 tadid) than during the oviposition period
(4.07 £ 0.60 visits / d). The same trend could bseoved for the residence time on the food patch
(Fig. 4 AB). During both periods, i.e. pre-ovipasit and oviposition, the food patch was visited at
similar frequencies (Fig. 3 AB) and residence tin(Eg. 4 AB) if pollen only was provided as
compared to the control (pollen + sugar). In casttraisiting frequencies of hoverflies and residenc
time on the patch were significantly reduced byragpnately 50 % if sugar only was provided
compared to the control during both physiologicatigds. For the analysis of visiting frequencies
and residence time during the pre-oviposition mevigthdrawal of pollen during pre-oviposition led
as expected to the same results as for the sudsgraml the control treatment (F=2. 94
df = 4; P=0.072)because food provision was identical (Fig. 3A, H@). Withdrawal of pollen
during the oviposition period reduced landing frelgeies and residence time on the food patch by
50 % compared to the control and to the same legein the sugar only treatment. Similar
differences could be observed if pollen was pradidaring the oviposition period for the first time
(withdrawal of pollen during the pre-oviposition rijmel): while food patch visiting frequencies
remained at the level of sugar only (Fig. 3 A) tbed patch residence times increased to the ldvel o

pollen only.
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2.4 Discussion

Our results show that the availability of protearsd carbohydrates in the diet of adtltalteatus
during certain physiological periods influence swval and lifetime fecundity. Feeding on pollen
only throughout an individual life-time resultedequal longevity and fecundity as compared to the
provision of both pollen and sugar (control). Lamkaccess to pollen during the pre-oviposition
period or feeding on sugar as the only food sowwompletely impaired the egg laying and
considerably reduced longevity. The results of gresent study suggest that changes in the
availability of food resources has a far reachifigot on egg laying behavior and survival of
syrphids and are in agreement with the finding§Mfittingham (1991) and van Rijn et al. (2006)
that the reproductive capacity and longevity ofdaters such as syrphids is dependent on
availability of suitable food resources. While gsifowers as a nectar and pollen source (van Rijn e
al., 2006) found that when flowers are availableirdythe pre-oviposition period only, females
produced eggs in the first week of reproductionweieer, in the following two weeks, almost no
eggs are produced by these females anymore. Ocotlteary, those with continuous flower access
continued to lay eggs. Similarly, in our finding$ien E. balteatus were allowed access to pollen
during pre-oviposition and denied the same thezeafhey still laid eggs albeit the numbers were
slightly lower. Lower oviposition rate may be andlication that bee collected pollen is not optimal
in fecundity compared to flower pollen. When hom&ges are transporting pollen on their legs they
add nectar. Later the liquid portion of the neetaaporates but the sugar portion remains. Therefore
it is probable that bee pollen contains large arhadirsugar than proteins. Most pollen ingestion
period by females occurs during the pre-oviposipeniod and this activity coincides with the time
of yolk deposition in the eggs (Haslett, 1989).|&vlprovides syrphid with nitrogen needed for
maturation of the ovaries and also to sustain tieelyction of eggs, hence pollen is an important
food resource which should be supplied throughtwt fifespan of a syrphid for continuous

oviposition and high efficiency in biological coalr In hoverflies, reproduction only occurs when
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pollen is available. For example femalesSphaerophoria scripta laid no eggs in the absence of
pollen food sources (Nengel & Drescher, 1991). iatr has been shown to affect egg development
in many insects (Rivero et al., 2001) and in owdgtwhenE. balteatus had no access to pollen
during pre-oviposition period they did not lay amggs and were unable to compensate even after
they accessed it later, although residence timeb @resumably food intake were increased.
Presumably if syrphids are denied protein durirtglgenesis, their egg chambers are degenerated
by apoptosis like it is the case in drosophila (Bew & Terashima, 2004Lomplete lack of egg
output was also observed whenbalteatus fed on sugar only throughout their lifespan cooraibing

the findings of (Schneider, 1969) who found thafphkids were unable to oviposit any eggs when
they were reared on honeydew or sucrose aloneaMerfiies it is believed that most pollen ingestion
period by females coincide with the time of yolkpdsition in the eggs until the oocytes occupies up
to 90 % of the follicle (Haslett, 1989) however tionous pollen supply is necessary to ensure
sustained egg production (Branquart & Hemptinn@020In this study, the longevity & balteatus
was hypothesized to be affected by food resourpplguWe found that the highest survival was
noted wherk. balteatus was supplied with pollen and sugar throughoutlifiespan. There was no
significant difference wherk. balteatus was supplied with pollen only or when pollen was
withdrawn during oviposition period. On the conyraa complete withdraw of pollen during the pre-
oviposition period significantly reduced the longgvin addition, feeding on sugar only eliciteceth
lowest survival rates. Other findings wigh scripta indicate that when females had pollen as an
additive, they lived 3 fold more than those withduin the absence of any food (water only) adult
female S scripta only survived for 1.9 days (Nengel & Drescher, 1P prolongation of adult
lifespan has been documented after providing sgigphiith pollen or a mixture of honey and 10 %
pollen (Hong & Hung, 2010). These findings agreethwur results whereby those female who fed
on pollen and sugar throughout their lifespan fedhighest longevity while those that fed on sugar

only had the lowest. From our study a comparisoiarading on the food patch has revealed higher
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landing rates on food patch containing pollen dyitime pre-oviposition period. Sugar only as a food
resource was half fold visited by the syrphids.sTisi probably because eggs are maturing at this
stage and therefore there are higher requirementzdtein sources. For example in syrpRidngia
campestris pollen requirements are normally high while yokpdsits are being laid down in eggs
(Haslet, 1989). Although carbohydrates are neetlatl atages, during pre-oviposition its role ig no
as important as proteins. On the contrary, landatgs on food patch went down during oviposition
period. Presumably this is owing to the low fooduieements and a priority shift to oviposition of
the already mature eggs. Our results show higlestirig duration during pre-oviposition compared
to oviposition period. Our findings supports thepous findings (van Rijn et al., 2006) which
suggest that female syrphids most probably focusoma foraging during the first week after
emergence, and thereafter they focus more on atigposites. From our study, little amount of time
was invested in visiting a food source with sugalyauring pre-oviposition and oviposition period.
Female hoverflies need sugar but the peak is abdiggnning and end of yolk deposition (Haslet,
1989). A decrease in the feeding time even on fpatth containing pollen was evident during
oviposition period. InEupeodes corollae pollen consumption is higher before any egg layamgl
then a decrease occurs (Whittingham, 1991). Inlaosian this study has demonstrated differences
in food requirements during different physiologipariods of hoverflies. Most importantly, we have
shown the essence of pollen availability duringg@vgoosition period. Furthermore, pollen should be
available throughout the diet of hoverflies to emssustained fecundity and prolonged longevity.
Other studies (Roulston & Cane, 2000) have indcc#éibat pollen also contains carbohydrates thus
implying its dual use to provide proteins and egyesgurces to syrphid$dowever further studies
should be undertaken to determine the fitness ®fréisulting offspring after the realized fecundity

from the different food manipulations.
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CHAPTER 3
RELATIONSHIP BETWEEN FEEDING FREQUENCY AND FITNESS OF

HOVERFLIES. DOES TIME INVESTED MAKE A DIFFERENCE?

Abstract

Hoverflies are important predators worldwide. Tia¢so play an important role of aphid control in
greenhouses. Larvae and adults feed on differemt $ources. While the larvae feed on aphids and
other soft-bodied insects their adults rely ongmoland nectar for reproduction and survival. In the
field suitable pollen for syrphids has been docuee@mo be a scarce resource in certain periods of
the year and especially in the agricultural aréas have limited available flowers. Therefore, the
role of pollen cannot be underestimated in seekirsgiccessful biological control. Furthermore a
detailed understanding of how pollen availabilitifeats the performance of hoverflies is
necessary. This study examined how pollen frequehayailability affects the fithess of hoverfly
Episyrphus balteatus. In a laboratory set up, pollen as a food resowas provided in varying
frequencies. The various treatments were: polles pvavided everyday for 10, 30 or 60 minutes.
Also pollen was provided every"® 39 or 8" day for a period of 8 hours and throughout the
lifespan (control). A broad bearVitia faba. L) infested with aphidAphis fabae Scopoli
(Hemiptera: Aphididae) was used to stimulate ouipms while water was provided on a Petri dish
on moist tissue paper. From all the frequenciepablen availability tested the treatments with
continuous pollen supply (control) and evef§ @ay resulted in the shortest pre-oviposition pkrio
Females with fewer feeding frequencies producesi dggs compared to those who had continuous
access to pollen. The highest mean number of eggsaid when hoverflies had access on every
day and every ™ day while the lowest was on ever} Slay pollen access. Hoverflies egg
deposition period was longer upon accessing palfeevery 2 day and throughout compared to
the other frequencies. The highest longevity wabkiesed by hoverflies which were fed
continuously (control) and on everyr every & day. On the contrary, hoverflies lived the
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shortest when they had pollen on eve‘ch&y or 10 minutes per day. Hoverflies had the ésgh
dry weight after accessing pollen on eve?§ @ay and throughout (control). The dry weight was
however similar between everj®@ay and every 3 day. On the contrary the dry weight was 2
fold less when they had pollen for 10 min and oarg\B" day. These results provide an insight
into the nutritional requirements @&. balteatus under laboratory conditions. Furthermore to
improve the efficiency oE balteatus in the greenhouse, a continuous supply of polleh sugar

sources is necessary, as infrequent feeding oppbetsileads to limited benefits.

Keywords: Hoverflies, feeding frequency, pollen, fithess
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3.1 Introduction

Hoverflies are important natural enemies of aplidspen field crops such as cereals. They can
also play an important role in controlling aphidsthe green houses. For instaicealteatus is
one of the most abundant species in Spain’s svepgtep greenhouses (Pineda & Marcos-Garcia,
2006). While larvae of these predators are exobgifeeding on animal prey and in particular on
aphids (Rojo et al., 1996) their adults need polen sugar (nectar) for their survival and
reproductive success. From previous studies (Kakaiteyhofer 2012, see chapter 2.....) pollen is
the most important ingredient to a female hovenflypromoting egg laying and also longevity.
Furthermore other studies have found similar figdirior instance almost three times as many
hoverflies were seen taking pollen as comparecetan implying that the former is quantatively
the more important resource for the syrphid faragya whole (Gilbert, 1985). Female hoverflies
hatch with an immature reproductive system and racséss proteins from pollen to mature their
ovaries (Chambers, 1988). In a field situation gmollsupply is likely to affect egg laying
(Schneider, 1948) and especially in areas withnsite agriculture which are characterized by
flower scarcity (Hickman & Wratten, 1996). Providipollen resources to hoverflies in the field or
green houses may be helpful in improving consemmahiological control. This however requires
an understanding of how food availability or ladktaffects syrphid fitness. In parasitoids, highe
feeding frequency on sugar has been shown to iserbeir longevity and reproduction (Azzouz et
al., 2004; Li et al., 2008). While some studiesenbeen carried out on pollen and nectar feeding in
syrphids (van Rijn et al., 2006), the role of fewfifrequency on their fithess has not been
examined. Understanding the feeding frequency rements of a syrphid may be helpful in
controlling aphids in the greenhouses. In the priestudy the effects of feeding frequency on

pollen diet on the fitness &. balteatus were investigated in the laboratory.
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3.2 Materials and methods

3.2.1 Plants and insects rearing

Broad beans\{icia faba. L) were grown in plastic pots inside a nurserystAck rearing of adult
hoverflies Episyrphus balteatus) was kept in flight cages (52 x 40 x 60 cm). Pupaee supplied
by Katz, Germany. After emergence hoverflies wexd 6n grounded bee pollen (supplied by
Imkerei Hohmann, Germany) and crystalline sugamghb@rom supermarket. Water was provided
in Petri dishes on moist tissue paper. Broad béamgp{icia faba L.) infested withAphis fabae
Scopoli (Homoptera: Aphididae) were placed in tlages for 8 hours every day to stimulate
oviposition. Frequently eggs were transferred @sit boxes and larvae were fed Megoura

viciae (Harris) (Homoptera: Aphidae). This rearing preaddadult for experiments.

3.2.2 Experimental set up

The experiments were conducted in 35 net cageswheg placed inside a climate room. The
temperature ranged between 20°-25°C while theiveldtumidity was between 65-85%. In each
net cage a single 3 days old mated naive femalael@ased. Inside the experimental cages, pollen
availability was provided in varying frequencie®llEn was provided every day for a period of 10
min, 30 min, 60 min, in the other treatments polesms provided every"2 day, every % day,
every 8" day and a positive control (pollen and sugar thhmwt) for a period of 8 hours. Water
was provided in a Petri dish on moist tissue papbe bee pollen (supplied Imkerei Hohmann,
Germany) was crushed using a grinder (Model AlG)endugar was in crystalline form (Supplied
by supermarket). Five milligram of pollen in a glasetri dish was placed inside the net cages.
Each of the different treatments was conducted Isameously in five cages. To monitor the
oviposition activity, each cage was provided withraad bean plant infested with 18¢his faba
aphids. After 24 hours, laid eggs were counted pladts on which eggs had been laid were
removed and replaced. In order to determine thalemnry weight a similar set up like previously

described (see 3.2.2) was used. On th® d&y hoverfly dry mass was recorded using a micro
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balance (Sartorius MC5) after drying the specimemven at 40° for 72 hours. Pre-oviposition
period, mean number of eggs laid per day for theeehfe span, oviposition period, longevity and
dry weight were analyzed using analysis of variaifddOVA, SAS® software Version 9.2, SAS
Institute, 2008). When F-values were significanttla 5 % level, Tukey's test for multiple

comparisons was carried out.

3.3 Results

3.3.1 Influence of feeding frequency on the pre-gvosition period

From this study the feeding frequency significaraffected the pre-oviposition period (F= 3.41,
df= 6, P= 0.003). Feeding on pollen for only 10 86 min and every"5day led to the longest
pre-oviposition period compared to the control ®®.19 d). However there were no significant
differences in pre-oviposition period between syaplwho had access to pollen every second day
(10 £ 0.49 d) compared to the control neither theeee differences between those who fed every

second day compared to those who fed on evéay (10.5 + d) (Fig. 1).
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Figure 1. The effect of feeding frequency on the-gviposition period oE. balteatus. Error bars
represent standard error (SE). Different lettedscate that treatments were significantly different

at the 95% confidence level

3.3.2 Effect of food frequency on the mean fecungit

An analysis of the hoverfly fecundity showed thaod frequency influenced the egg layingeof
balteatus (F = 5.89, df = 6, P = 0.041). Feeding on evéfydSed to the lowest fecundity being
more than 4 fold less compared to the control (82eggs /d). Ten min (25 £ 7.5 eggs / d) and
30 min (32 £ 3.8 eggs / d) feeding frequency dtilower fecundity being almost 3 fold less
compared to the control. On the contrary, feedingre second day (78 + 8 eggs/d) did not
significantly lower the number of eggs laid comphate the control (F= 1.83, df= 6, P= 0.710).
Access to pollen for 60 minutes per day led tolafbll decrease (45 + 6.5 eggs / d) in the number

of eggs laid by hoverflies compared to the corfigl 2
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Figure 2. Mean fecundity dE. balteatus fed on different frequencies of pollen and su@aror
bars represent standard error (SE). Different rettedicate that treatments were significantly

different at the 95% confidence level

3.3.3 Effect of feeding frequency on oviposition dation

The oviposition duration was significantly influestt by the feeding frequency (F = 9.46, df = 6,
P=0.025). Feeding for 10 min every day and ome®8 day reduced the oviposition duration to
almost 3 fold compared to the control (42.8 + 3.6Tdhe oviposition duration was 2 fold less when
hoverflies fed on pollen resources for 30 and 60 (0.5 + 1.5 d and 24.5 + 4.5 d respectively) in
comparison to the control. However, feeding on @f and ¥ day (34.5 + 2.6 and 37 + 3.1 d)

did not lower oviposition duration significantly mpared to the control (F = 6.19 df= 6, P = 0.261)

(Fig. 3)
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Figure 3. The effect of feeding frequency on ovipos duration. Error bars represent standard
error (SE). Different letters indicate that treafrtse were significantly different at the 95%

confidence level

3. 3.4 Effect of feeding frequency on longevity d&. balteatus

Analysis of feeding frequency on the longevity einfale E. balteatus showed a significant
difference among the treatments (F = 2.72, df= 6,07004). Feeding on ever Bay reduced the
longevity by half fold (26 = 1.5 d) compared to ttentrol (56.5 £ 6.5 d). 10 min per day feeding
reduced longevity to almost half compared to thetrad while those who fed 30 and 60 min per
day lived 35 + 4 and 37.5 + 4.5 d respectively. tBa contrary, feeding on ever§®2and 3 day
did not affect the longevity significantly comparedthe control (F = 10.71, df = 6, P = 0.061), the

hoverflies lived 49.5 £ 3.5 d and 52 + 5 d respatyi (Fig. 4).
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Figure 4. Average lifetime (mean +SE) Bf balteatus fed different feeding frequencies. Each

individual was fed on pollen and sugar. Differagitdrs indicate significant differences (P<0.05)

3.3.5 Effect of food frequencies on the dry weighdf E. balteatus

The dry weight of female hoverflies was affectedioy feeding frequency (F = 5.20, df = 6, P = 0.
006). Feeding every 10 min per day and on evéhd#&y reduced the dry weight by half fold
compared to the control (5.84 £ 0.11 g). Feeding3f® and 60 min resulted in lower dry weight
(3.02 +0.26 and 4.05 + 0.12 respectively) of thoverflies. Every ¥ day feeding resulted in

significantly similar dry weight (5.63 + 0.24 g)ropared to the control (Fig. 5).
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3.4 Discussion

The hoverfly E. balteatus needs different diets in the larval and adult ssagrhe larvae are
aphidophagous predators of aphids. The adult feedeztar and pollen from different flowers
(Gilbert, 1980). Non prey food (pollen and nectalgys a key role in enhancing the reproduction
success of the adults and hence the predatoryesitig of hoverflies. Hoverflies only mature eggs
after adult emergence and therefore they needipreteirces in ensuring egg maturation, high egg
load and continued egg laying (Chambers, 1988)eRdlas been shown to be a major factor in
affecting the number of eggs laid (Schneider, 1988)m previous studies it has been shown that
without pollen access, femaklte balteatus do not lay any eggs, furthermore their longevégiuces
drastically (Kahato & Meyhofer, 2012). Without afood shortage female hoverflies can lay eggs
from the onset of oviposition to death (Branquarti&mptinne, 2000) though the number reduces

in old age. Episyrphus balteatus can lay between 2000-4500 eggs in its lifetimea(Buart &
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Hemptinne, 2000). Unlike parasitoids the energyiemnents of hoverflies are not adequately
documented despite their role in conservation lgicl control. In our study we investigated the
fitness ofE. balteatus by varying the pollen frequency of availabilityuOstudy demonstrates the
importance of feeding frequency for hoverflies éiss. We show that pollen access on ev&tp2
every day lead to the best fitness that was cherraetl by a higher fecundity and a shorter pre-
oviposition duration. Additionally these two treants resulted in prolonged oviposition duration.
On the contrary, feeding on pollen for 10 minutes gay and on every"sday resulted to the
lower fecundity and longer pre-oviposition perio8imilarly the duration of egg laying
(oviposition) was shorter in these treatments. dPolfequirements are greatest during pre-
oviposition while yolk deposits are laid down inetleggs (Haslet, 1989). Pre-oviposition is
therefore likely to be influenced by the availalyilof protein. Probably from our results access to
pollen for only 10 minutes does not give the hdiesfenough amount time to ingest adequate
pollen that can result in high fecundity. Consetlye lower feeding frequency may lead to
inadequate ingestion of pollen therefore resultinglonger pre-oviposition. However further
studies on the amount of proteins needed by heesighould be undertaken.

In hoverflies egg production depends on the avaitiglof nutrients that limit oogenesis (Wheeler,
1996). Furthermore hoverflies need continuous padlecess for continued egg laying (Schneider,
1948). InMeteorus pulchricornis (Hymenoptera: Braconidae) a life time productidrpmgeny
increased with feeding frequency. An every day ifegdesulted in 50 % more progenies than
those with less frequent feeding (Wu et al., 2068)m our results the highest fecundity was as a
result of continuing availability of protein souscer at least on every"2day. The length of
oviposition duration is crucial in determining tlo@erall fecundity. Mostly longer oviposition
results in increased egg laying. From this studyliieg on pollen throughout and on eve?§/ @ay
resulted in the longest oviposition duration. Thias probably due to hoverflies living longer

compared to the other treatments.
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In studies with parasitoids, the longevity@dtesia glomerata (L.) (Hymenoptera: Braconidae) fed
on flowers every other day was not significantlffetently than those fed on flowers every day
(Lee & Heimpel, 2008). In our study, the lifetiméfemaleE. balteatus depended in part on the
quantative variation of pollen supply. When polfeaquency of availability was on every“r
daily this yielded the highest longevity valuesplpnging the average lifetime of females
hoverflies 2 fold compared to the other treatmedtdike in C. glomerata studies where survival
was poor when they were fed on flowers evéfyday, in hoverflies when they had pollen on every
3" day they were able to survive for a similar perlid@ the control. This may indicate that
hoverflies are able to store some food reservedorival albeit at low quantities. On the contrary
feeding on pollen for 10 minutes per day and ome88 day greatly reduced the longevity Bf
balteatus. Therefore from these results it is probable tiaterflies longevity and egg laying will
be limited in part by the quantity of available leal resources. However in the field other
parameters like host searching flight and ovipositctivity should be taken into account to get a
more realistic approximation of energy requireme@se probable reason is that pollen also
provides hoverflies with carbohydrates that enalalesrolonged lifetime. This contradicts the
commonly held observation that hoverflies acquirergy from nectar and honeydew only (Faegri
& Pijl, 1979) while pollen provides nitrogen, amiaoids and lipids. Dry weight can be used as an
indicator for potential fecundity. In our resulteverflies who had daily access to pollen and on
every 29 day had the highest dry weight. The dry weighs Wwawever low when hoverflies had
pollen access for 10 minutes and on evétylay. Higher dry weight may have been due to higher
amount of eggs that had matured after acquiringigimgrotein from pollen. In previous studies
heavier hoverflies also had higher fecundity themter hoverflies (Branquart & Hemptinne,
2000). Thus the frequency of pollen availabilityniscessary in ensuring maximum fecundity of
hoverflies. Knowledge on food requirements hasltedun the application of artificial food sprays

in different formulations to act as food supplenseior natural enemies (Wade et al., 2008). From
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our study, daily provision of pollen as a food sleppent in the field might have a potential in
conservation biological control. This may incre#ise level of natural enemies either by attracting
them to or aggregating around the pollen sourchs ay be more important in mono cultures
that are flowers depleted. Earlier studies (McEWeKidd, 1995) have advocated for frequent
replenishment of food resources to increase thgehaty and fecundity of lacewingShrysoperla
carnea (Stephens) (Neuroptera: Chrysopidae). From ourteesite best replacement interval for
pollen sources would be every second day sincdriggsiency produced similar results with pollen
provision throughout the lifespan (control) as égfuent feeding opportunities leads to minimal
benefits.

In conclusion our results provide insight into thetritional requirements of. balteatus under
laboratory conditions. Such information can be sidb#to improving the longevity and fecundity of
E. balteatus in the field and the greenhouses. Furthermore igimv of pollen sources in
agricultural fields that have limited flower speximay help in improving biological control of

aphids. This might be achieved by providing polBenrces near crops on every second day.
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CHAPTER 4
THE INFLUENCE OF SELECTED FLOWERING PLANTS ON THE F ITNESS OF THE
APHIDOPHAGOUS SYRPHID, EPISYRPHUS BALTEATUS (DEGEER) (DIPTERA:

SYRPHIDAE)

Abstract

Hoverflies depend on different food sources astadamd larvae. While adults need pollen and
nectar their larval stages forage on aphids. Pnogifloral resources in vicinity to the fields have
been documented to improve pest suppression. Hovleval resources need a careful selection to
avoid promoting pest species. Mostly, selectionflofvers for use in conservation biological
control has used attractiveness based on humamvalise such as visit frequencies. However,
studies on the effect of different flower speciesobalteatus fithess are rare. This study aimed at
investigating how fitness is influenced by seledteder species. Using cages/indoor experiments,
female hoverflies were offered the flowers of phiacebuckwheat, cornflower, chamomile,
mustard, stinging nettle or perennial rye grass@rdad bean plant infested wifkphis fabae was
placed in the cage to stimulate oviposition.

Our results revealed that phacelia promoted thetesstopre-oviposition period while feeding on
nettle elevated the pre-oviposition period. Alsoyérflies who fed on phacelia had the highest
fecundity while perennial rye grass resulted inltheest. Cornflower best enhanced longevity of
hoverflies as well as buckwheat while individuadeding on grass had the shortest. The size of
female hoverflies was not influenced by the différiower feeding. Feeding on phacelia resulted
in the heaviest hoverflies on the contrary fliespmmennial rye grass had the lowest weight. An
analysis of pollen protein revealed phacelia hadhilghest protein content being 3 fold more than
in nettle. Phacelia, cornflower and buckwheat imptbthe most important fithess parameters and

their use in biological control is highly recommedd A mixture of flowers with different
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phenologies such as phacelia, buckwheat and coraflshould be evaluated to determine how

they influence fitness.

Keywords: Hoverflies, floral resources, longevity, fecuydiSyrphidae, pollen, protein content,

fithess
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4.1 Introduction

In agricultural fields hoverflies are common natweaemies against aphids and other soft bodied
prey. In central Europépisyphus balteatus is one of the most common and economically
significant hoverfly species. The larvae Bfbalteatus are predators to more than 100 species of
aphids worldwide (Sadeghi & Gilbert, 2000). Theidulds however, need proteins for egg
maturation while sugar is essential for survival dight activities (Lavandero et al., 2005) that a
provided by pollen and nectar. Today agricultueaidscapes are often characterized by lack of
suitable flowering plants and hoverflies have tp Iirge distances between food resources and
oviposition sites. This phenomenon leads to enargl/time wastage which could otherwise have
been used in pest suppression (Tylianakis et @4 Planting flower resources near agricultural
fields may minimize this problem (Gurr et al., 2D0Bhrough consideration of the floral features
such as colour, the depth of corolla and nutritiomalue of pollen as important factors in
determining preferences of different flowers by é&dhes (Gilbert, 1981) it is possible to select
suitable flowers. Based on this knowledge, congemvaiological control strategies are focusing
on the use of flowers to increase the populatiomaifiral enemies in the fields (Haenke et al.,
2009). However, the selection of these flowerirand has largely been based on the attractiveness
of different flowers to hoverflies through humansebvation or using pan traps (Colley & Luna,
2000; Ambrosino et al., 2006; Hogg et al., 2011Faythermore harvestable floral resources have
been exploited in CBC with the dual benefits of remic gains such as cut flowers and also in
attracting hoverflies (Hogg et al., 2011 a). Thegategies however do not address whether the
attractiveness of the selected flowers leads ton@noved fecundity and longevity of the hoverflies
that feed on them. Some studies have shown thamaease in suitable flowering plants can
enhance pest suppression by improving differentefis components such as fecundity and
longevity of natural enemies (Heimpel & Jervis, 20Berndt & Wratten, 2005; Hogg et al., 2011

b). For instance females @folichogenidea tasmanica (Cameron) (Hymenoptera: Braconidae)
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lived 7 times longer with flowers than those withethile the males lived 3 times longer (Berndt
& Wratten, 2005). With alyssum flowers the mearetlihe fecundity was 8 folds more than
without. In addition flowering crops in the vicigitof agricultural fields can moderate
environmental conditions for instance humidity atetnperature and also provide alternative
habitats for natural enemies (Thomas et al., 198byever such studies are rare for hoverflies
(Laubertie et al., 2012), furthermore without ladtory tests it is difficult to say which pollen g/p
will led to maximum egg output or if all pollen typ are suitable to syrphids in equal measures
(Hickman et al., 1995). In this study we condudtdzbratory studies to investigate how a range of
selected flower species affects the fitnesk.dfalteatus. The selection of these flower species was
based on the results of earlier work (Hickman & Wéma 1996; Colley & Luna 2000; Carreck &
Williams 2002; Hogg et al., 2011). Phacelia hasvéics that are in flat-topped clusters in shades of
purple or occasionally white. Phacelia flowers @48eks after germination while the flowering
continues for 6 to 8 weeks. In the field the plotvers in mid summer to late summer (July to
September). It is widely thought that hoverfliesafge for phacelia pollen because they have a
short proboscis which is not long enough to remoeetar from the relatively deep corollae,
therefore the plant is most likely a pollen sounody to syrphids (White et al., 1995). Buckwheat
has 5 petaled flowers which are arranged in a comgp)@aceme that produces laterally flowered
cymose clusters. Its flowers are white to pink atoc (Cawoy et al., 2009). Flowering starts 4-6
weeks after sowing and goes on during 4 to 15 wdeldbrecq et al., 2005). In the field,
buckwheat blooms in July to August. Buckwheat paesi pollen, nectar and extra floral nectaries
to syrphids. The cornflower has blue flowers @& produced in flower heads with a ring of a few
large spreading ray floret that surround a cerditgdter of disc florets. Cornflower takes 10 to 12
weeks to produce flowers and stay in bloom for £kge In the field, cornflower blooms from June

to August. Cornflower has readily accessible pottethe syrphids.
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The German Chamomile flower head has a hollow ebrenter covered with tiny yellow florets
surrounded by white to cream colored florets. Keta2 weeks for chamomile to germinate. It
flowering season is May to August (Kuberappa et2807). German chamomile readily provides
syrphids with pollen.Snapis alba is an annual plant that is grown as green manues dodder
crop. White mustard has yellow flowers. Floweringgins 5 weeks after planting. In the field
white mustard blooms from June to August. FurtheemBoman nettle Y. pilulifera) and
Perennial Rye Grass.(perene) were included in the experiment as non prefefieedering plants
(Alhmedi et al., 2007). Roman nettle has green éiawand blooms from May to Auguslrtica
pilulifera is able to produce flowers faster than the commettie. However the food resources it
provides to hoverflies are not well documentedereRnial ryegrass has unbranched inflorescence
with spikelets on alternating sides edgeways on dten. The plant blooms from May to
November (Shen et al., 2007). The flowers are palow. In previous study some syrphids
species such ddelanostoma fasciatum (Macquart) entirely fed on anemophilous pollenrirgrass
families (Hickman et al., 1995). However preferemdéegrass pollen irE. balteatus is not well
documented. It is probable that perennial ryegsgwovide pollen to hoverflies when other
flowering plants are not blooming. Additionally,aapfrom phacelia, cornflower and perennial rye
grass all the other flowering plants were whiteyeltow and these colors have been shown to be
highly attractive to hoverflies (Cowgill et al., 98). From this study it was expected that hovesflie
will feed on flower species that increase theindgs most, as optimal foraging theory predicts
(Pyke, 1984). Fitness data were further facilitdbydanalyzing the protein content of the pollen

from the selected flower species.
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4.2 Materials and methods

4.2.1 Insect stock culture

Pupae ofE. balteatus were supplied by Katz Biotech AG, Germany. Theyenien placed on
Petri dishes inside net cages (24°C and 65-80%After emergence adult hoverflies. (pbalteatus)
were kept in flight cages (52 x40x 60 cm). They avéed on grounded bee pollen (supplied by
Imkerei Hohmann, Germany) and crystalline sugamghofrom supermarket. Water was provided
in Petri dishes on moist tissue paper. Broad béamtgp {icia faba L.) infested withAphis fabae
Scopoli (Homoptera: Aphididae) were placed in tlages for 8 hours every day to stimulate
oviposition. Frequently eggs were transferred @sit boxes and larvae were fed Miegoura

viciae (Harris) (Homoptera: Aphidae). This stock provigehllts for the experiments.

4.2.2 Experimental setup

Seven flower species were evaluated in this styghacelia Phacelia tanacetifolia Benth.,
Hydrophyllaceae Var. Angelia), buckwhe&agopyrum esculentum., Polygonaceae), cornflower
(Centaurea cyanus., Asteraceae), chamomiléétricaria recutita., Asteraceae), white mustard
(Snapis alba L., Brassicaceae) nettléJ(tica pilulifera L., Urticaceae ) and perennial ryegrass
(Lolium perenne L., Poaceae). Flowering plants were grown fromdsesnd maintained in a green
house until they bloomed. The experiments were gotad in large net (2 x 2 x 2 m) cages that
were placed inside a greenhouse. The temperatogedabetween 20 - 28 °C while the relative
humidity was between 65 — 85 %. In each net cagjegde 3 days old mated naifze balteatus that
had been maintained on a similar flower species {ile test candidate was released. Inside the
experimental cages 6 plants of an individual cam@idlower were placed. A broad bean plant
(Vicia faba) infested with 100Aphis fabae aphids was used to stimulate oviposition in easdec
and was replaced daily while the flowering plantsrevreplaced appropriately to provide fresh

flowers. In each cage water was provided in a R&th on moist tissue paper. The pre-oviposition
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duration, female longevity, number of eggs laid anlposition duration were measured. To
determine the size and dry mass of hoverflies alairset up like previously described was used
on the 18 day flower feeding was stopped for 8 hours to @\ving hoverflies with pollen in
their crops. The hoverflies were then killed ustagbon dioxide and their length was immediately
measured from the head to the tip of the abdomery @smicroscope (KEYENCE VHX-500FD).
The dry mass was recorded using a micro balanago(®s MC 5) after drying the specimen in
oven at 40 °C for 72 hours. Test on each candifiaeer was conducted simultaneously in five
cages. Data were analysed using a one way Anatys¥&ariance (ANOVA) with SAS software

version 9.2 (SAS Institute, 2008). Tukey’'s HSD teas$ carried out for multiple comparisons.

4.2.3 Chemical analysis of pollen from different iwers

Pollen was collected manually by tapping the flavand the resulting pollen was collected in a
Petri dish. The pollen was then dried immediatelgm oven at 30 °C for 72 hours. Pollen from the
selected flowers was analysed for protein usinglifee binding method (Bradford, 1976). One mg
of oven dried pollen samples was ground using d@anand a pestle. Nine sample of each flower
species were used in this experiment. To faciliggbeding 1 mg of aluminium powder was added
in each sample. Each of the samples was moisteitadiwo drops of 0.1 mol /L NaOH. After
grinding each pollen sample was retrieved in 1.5ah0.1 mol / L NaOH. The samples were then
kept in a refrigerator for a period of 24 hoursafivhich it was then placed in boiling water for 5
minutes and centrifuged for 15 minutes. The solak weparated with supernatant by pipetting.
The assay reagent was made by dissolving 100 nagarhassie Brilliant Blue G250 (supplied by
Sigma, Germany) in 50 mL of 95 % ethanol. The sotutvas then mixed with 100 mL of 85 %
(w / v) phosphoric acid. The resulting solution vedisited using distilled water to a final volume
of 1 liter. The reagent were then filtered throuwghatman no. 1 filter paper and then stored in

amber bottle at room temperature. Bovine serumnaibbyBSA) (supplied by Sigma, Germany) at
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a concentration of Img/mL (50 mg /50 mL) in dletll water was used as a stock solution. To
make a calibration curve, duplicate volumes of,11® 15, 20, 25, 30, 40 and 50 pL of 1mg / Ml
BSA standard solution were pipetted into 100 mnm tebes and made each up to 50 pL with
distilled water. Fifty microlitre of distilled watewvas pipetted into a further tube to provide the
reagent blank. 1, 45 ml of the protein reagent agded to each tube and the contents were then
mixed using vortex machine (Vortex genie 2, Scientidustries Inc., USA). Five minutes after
mixing, the absorption readings of samples anddsti@s were measured against the blank in 2.5
ml plastic cuvettes at 595 nm on a Beckman Du - §gé€xtrophotometer (Ippendorf, Germany).
The average weight of the protein was plotted agdhe corresponding absorbance resulting in a

standard curve that was used to determine theiprote@nknown samples.

4.3 Results

4.3.1 Effects of different flower species on thetfiess parameters ok. balteatus

The tested flowers species differently affected litnegevity of E. baltaetus (F = 7.24, df =6,

P =0.019). Cornflower greatly enhanced longevii¥ £ 5.5 d) but was not different compared to
buckwheat (47 £ 3.5 d). Longevity of hoverflies wasold shorter when they fed on perennial rye
grass (19 £ 2.5d) or nettle (21 £ 1.0 d) comparedornflower feeding (Figure 1). There was a
weak positive correlation between longevity of tieverflies and the protein content of pollen

from different flowers (r = 0.111118) (Figure 2).
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Figure 1. The effect of different flowers on the anefecundity and longevity dE. balteatus.

Treatments labeled with same letters are not sogmfly different (ANOVA, Tukey HSD:
P <0.05)
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Figure 2. Correlation between the longevity Ef balteatus and the pollen protein content of
buckwheat, phacelia, cornflower, chamomile, mustaettle and rye grass

Overall fecundity was significantly influenced Kyetflower species (F = 2.16, df = 6, P = 0.004).
The highest mean fecundity was realized when hbesrffed on phacelia flowers
(72 £ 5.2 eggs / d) laying more than 4 fold numbleeggs compared to nettle (17 + 1.2 eggs/ d)
and perennial rye grass (15 = 2.5 eggs / d) (Eiddr Fecundity did not differ when hoverflies fed
on either buckwheat or cornflower. There was angfnoositive correlation between the number of

eggs laid and the longevity of hoverflies (r = 8894) (Figure 3).
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Figure 3. Correlation between the number of egigisdad the longevity of female. Balteatus

Different flower species had a significant effeat gre-oviposition period dEpisyrphus balteatus

(F=7.46, df = 6, P = 0.027). The shortest prgzosition period was recorded when hoverflies fed
on phacelia (8 £ 1 d) or mustard (9 + 0.5 d) baitrgost 2 fold lower than when hoverflies fed on
nettle. Buckwheat, cornflower and perennial ryesgréead to a similar pre-oviposition period
(Figure 4). The duration of oviposition was longesten hoverflies fed on cornflower (F = 1.08,
df =6, P =0.036) while the lowest duration of masition occurred when hoverflies fed on
perennial rye grass (4 +2.2 d) or nettle (5 + dp%eing more than 8 fold lower than on

cornflower (41 £ 5.8 d) (Figure 4).

40



. Pre-oviposition period

18 -+ 50
A [[] Oviposition period
16 - 8 T 45
— a
L 4
0 14 A B b 40
+l b b
o + 35
& 12
o
~ -+ 30
2 101 ¢ o c
o + 25
c 8-
S D +20
‘M
g. + 15
(o]
b 4 & + 10
& E E
21 =
0 23 T T T 0
Buckwheat Phacelia Cornflower Chamomile Mustard Nettle Grass

Figure 4. The effect of different flowers on thesqmviposition and oviposition period &.
balteatus. Treatments labeled with same letters are notifgigntly different (ANOVA, Tukey
HDS: P <0.05)

Flower species significantly affected the dry weigh hoverflies (F =5.19, df =6, P =0.008).

Feeding on phacelia flowers led to the highest (a8l + 0.33 g) and was 2 fold more than in rye
grass (2.55 £ 0.31 g) or in nettle (2.31 = 0.11Tdje dry weight of females who fed on buckwheat
and cornflower was similar (Figure 5). There wamaitive correlation between the dry weight and

the number of eggs laid iy balteatus (r = 0.644404, Figure 6).
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Figure 5. The effect of different flowers on the dreight ofE. balteatus. Treatments labeled with
same letters are not significantly different (ANOVPukey HSD: P <0.05)

However, female size of the adult hoverflies did significantly differ between the flower species
(F=4.62, df =6, P =0.814). From this study miacpollen had the highest protein content (0.
524 pg/ mL ) being 2 fold more than in all the atflewer species apart from mustard and grass.
Although mustard and rye grass are not highly prefeplants they had higher protein content
0.355 ug/ mL and 0. 282 ug/ mL respectively thanhlghly attractive buckwheat and cornflower
had low protein content (Figure 7). However, thewmes a weak positive correlation between the

number of eggs laid and the protein contents frdfardnt flowers (r= 0.167559, Figure 8).
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4.4 Discussion

Female hoverflies hatch with an immature reprodgectsystem. Therefore during the pre-
oviposition period hoverflies need pollen and amacals for sexual maturation and sustained egg
production (Chambers, 1988). Moreover most of tbk yleposition is believed to occur during
pre-oviposition period hence the high protein regmients (Haslet, 1989). Studies with bee pollen
on the fecundity of hoverflies showed a pre-oviposiperiod of 11days (Kahato & Meyhofer in
press). In this study the fastest sexual maturatias realized when hoverflies fed on the flowers
of phacelia and mustard. Our findings are in agesgnwith those from Hickman & Wratten
(1996) who concluded that phacelia is an importpollen source for egg maturation of
aphidophagous species. Furthermore our polleneipraanalysis revealed that phacelia and
mustard had the highest level of protein contehitgs probable that access to higher protein
content was a contributing factor for the shortemed-oviposition period in hoverflies. The
amount of nectar and pollen availability to adutérflies can have a significant effect on egg load
(Whittingham, 1991). Phacelia produces pollen thaeadily accessible hence hoverflies are able
to take large amounts. In contrast, access tempalith lower protein content as for example nettle
and chamomile led to a longer pre-oviposition prithis may be due to slow sexual maturation
following lack of enough proteins in hoverflies die

From the different plants tested the highest memuarfdity was realized when hoverflies fed on
phacelia while perennial rye grass led to the ldwBéacelia has been documented to be an
attractive plant to hoverflies that feed on itsl@ol(Hickman & Wratten, 1996; White et al., 1995)
resulting in maximum and continued egg output (Heg@l., 2011 a). Other study with flowers
phacelia led to more than 2 fold mean ovipositate than buckwheat (Laubertie et al. (2012)). On
the converse, nettle led to lower fecundity andyewity and these results are comparable with the
finding of Hickman et al. (1995) who found netttelie less preferred by syrphids and Alhmedi et

al. (2007) who found a weak presence of predatamwetilies in all plots with nettle strips of
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Urtica diodica L species. This may be due to the relatively lairitional value exhibited by nettle
since it has low protein content. Additionally thleape of nettle flowers may have contributed to
lower fecundity since it has tubular flowers withetstamens hidden by hooded upper lip thus
making pollen access impossible to the short prabadE. balteatus.

Oviposition duration was highest in hoverflies wied on cornflower while nettle and perennial
rye grass had the lowest. In our study buckwheatmpted longer oviposition duration than
phacelia and this agrees with the findings of Latet al. (2012) who also found buckwheat to
have almost 2 fold longer oviposition duration thpdmacelia flowers. Oviposition duration is likely
linked to longevity of female hoverflies (Scott &aBow 1984) and since cornflower has pollen
and floral nectar that are accessible to hoverfies may have given them a higher longevity
potential compared to the other flowering plants.

Episyrphus balteatus that fed on cornflower lived the longest being @df more than in
chamomile, mustard, nettle and rye grass. Howeregdvity did not differ when hoverflies fed on
either buckwheat or cornflower. Both of these amive been documented to be highly attractive
to syrphids (Stephens et al., 1998; Colley & Lug@00) and have readily accessible pollen.
Morphologically buckwheat has short corollae (Mattet al., 2006) thus readily available pollen
and nectar to the short tonguEdbalteatus (Gilbert, 1981). Additionally cornflower have flar
and extra floral nectaries (Stettmer, 1993) thusviping more nectar compared to other flower
species. Richness in sugar content and consideahl®unt of proteins found in these two
flowering plants may account for the higher longgvipon feeding on them. In studies with bees
longevity increased also when protein concentradiotne pollen increased (Schmidt et al., 1987).
From our study though phacelia led to lower longgewhan buckwheat and cornflower, this
presumably was due to the deep corolla of pha¢Bkggen et al., 1999) thus their nectaries are

inaccessible t&. balteatus.
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In our findings the size of hoverflies was not afésl by the tested flower species. Presumably the
size of adult hoverflies is determined by the levkefeeding during the larval stages. It would be
expected that larger larvae result in larger aslrphids. It was evident from this present studt th
feeding on pollen and or nectar as an adult doesmmove the size of female hoverflies. From
this study the dry weight dE. balteatus differed according to the flower species. Feedimg
phacelia led to the highest dry weight of hovesflighile cornflower and buckwheat had similar
effect on dry weight. Phacelia feeding had resuitethe highest fecundity and this may explain
the higher dry weight. This finding agrees with Byaart & Hemptinne (2000) who found heavier
hoverflies had higher fecundity. On the conversdtle and perennial rye grass had the lowest dry
weight owing to the low egg numbers as a resujpadr nutritional value from these two flower

species.

Pollen protein contents

Although some authors have refuted the use of cpadlen proteins estimate to measure pollen
quality (Todd & Bretherick, 1942), it remains thaly chemical component of pollen that
influences most of the pollen consumer performgRmulston & Cane, 2000). Previous analysis
of pollen has shown a protein range of 2.5 to 6(B#chmann, 1986). In our study phacelia had
the highest protein (0.524 pg/ mL ) content beinigl@ more than in nettle and chamomile. Our
findings corroborates those of Torchio et al. (1)9&ho found phacelia to be rich in protein
content (58.9%) though our figures were slighthwdén. From this study cornflower had 0.245 ug/
mL protein and are consistent with the findingSeénsson & Wigren (1985) who found levels of
26.2 % protein content in cornflower. Flowers thave been documented to be highly visited such
as phacelia buckwheat and cornflower also showegtiehi protein content level than the non
preferred species. Furthermore they have greatgadtmon important fithess parameters such as

survival and fecundity of hoverflies. On the congreplants that are not highly visited such as
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perennial rye grass and nettle also had lower pratantent and consequently led to lower fitness.
The optimal foraging theory predicts that organismsst forage in a way that maximizes return.
Variances in protein reward may partly explain vgmacelia, buckwheat and cornflower are highly
preferred flowers b¥e. balteatus. However other factors such as flower morphologyeha role to
play. Although nettle and grass didn’t promote blest fitness, it is imperative that their presence
Is important in the agricultural fields. The romaettle is able to bloom in May, a period when
flowers are not readily available. Perennial ryegrs on the other hand blooming from May to
November. Most of the suitable flowers are already of bloom in November. Therefore it is
probable that these two plants are able to prowaitiernative flowers sources when the other
suitable and preferred plants are not floweringtit@rmore in agricultural landscapes there is less
competition of hoverflies with other insects suchlsees to forage on nettle and perennial rye
grass. From the flowering plants tested in thiglgtwe conclude that phacelia, buckwheat and
cornflower have shown the best potential to in@ehe fecundity and longevity &. balteatus
and their use in conservation biological controtyéh to this species of hoverfly is recommended.
In the field, cornflower blooms from June to AuguBherefore should be sowed in April since it
requires 10 weeks to start flowering so as to gleviowers in June. Buckwheat on the other hand
requires 6 weeks to produce flowers. It bloomingqakis in July to August and therefore should
be sowed in May to provide flowers in July when tloen flowers availability start decline. Last to
be sowed should be phacelia since it flowers frahy o September and it is therefore able to
provide suitable flowers when the other 2 planesaurt of season in September. However, testing
of flower mixture (Pontin et al., 2006) for examplleacelia and buckwheat or with cornflower is
highly recommended from this study. This can beeddor example by synchronizing the

flowering period taking into account their diffetdsilooming period.
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CHAPTER 5
GENERAL DISCUSSION
Episyrphus balteatus is one of the most specific aphid predators. Thevae feed on different
aphid spp and other soft bodied insects, while tadidgpend on pollen for reproduction and on
nectar as energy source. Unlike this study, mosthefinvestigations have dwelt on the pest-
predator relations while ignoring the more impottagpect of non prey food. Furthermore, there
are temporal changes of the flowering plants thinoud the year hence there are fluctuations of the
food resources. In some instances such as agmaultiionocultures that are characterized by
impoverished flower sources, pollen may be a lmgitfactor in the efficiency of syrphids. A
detailed understanding of the foraging decisiond te resulting effects on the fithess of the
hoverflies is therefore important in improving theonservation biological control. Such
information can be exploited to maximize the fime$ aphidophagous syrphids in the greenhouse
and mass rearing programs as well as in the fahdlitions.
Therefore to study the impact of food resourcestiom fithess ofE. balteatus, laboratory
experiments were carried out. Pollen as a fooduresowas manipulated to simulate a limitation
and the effects examined. To study the effectieeding frequency on the fitness of hoverflies
experiments with varying frequency on the avaiigbibf pollen were undertaken. In addition the
effects of different flowers on the fitness fbalteatus were investigated in the laboratory using
phacelia Phacelia tanacetifolia, buckwheat Fagopyrum esculentu), cornflower Centaurea
cyanus), chamomile Matricaria recutita), white mustard$inapis alba), nettle Urtica Pilulifera)
and perennial ryegrasksdlium perenne).
Our results show that the availability of protearsl carbohydrates in the diet of adtiltalteatus
during certain physiological periods influence sual and lifetime fecundity. Feeding on pollen
only throughout an individual life-time resulted similar longevity and fecundity as compared to

the provision of both pollen and sugar (controBck of access to pollen during the pre-oviposition
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period or feeding on sugar as the only food sowmepletely impaired the egg laying and
considerably reduced longevity. The results of phesent study suggest that changes in the
availability of food resources have a far reachefigct on egg laying behaviour and survival of
syrphids. This is consistent with the findings Wfhittingham, 1991; van Rijn et al.. 2006) that the
reproductive capacity and longevity of predatorshsas syrphids is dependent on availability of
suitable food resources. In our study wHenbalteatus had no access to pollen during pre-
oviposition period they did not lay any eggs andevanable to compensate even after they
accessed it later, although residence times ansuprably food intake were increased. In this
study, the longevity oE. balteatus was hypothesized to be affected by food resouwpelyg. We
found that the highest survival was noted wiierbalteatus was supplied with pollen and sugar
throughout the lifespan. There was no significaffecence wherk. balteatus was supplied with
pollen only or when pollen was withdrawn during agition period. On the contrary, a complete
withdraw of pollen during the pre-oviposition petisignificantly reduced the longevity. In
addition, feeding on sugar only elicited the lowsstvival rates. From our study a comparison of
landing on the food patch has revealed higher tantates on food patch containing pollen during
the pre-oviposition period. Sugar only as a foabuece was half fold visited by the syrphids. This
is probably because eggs are maturing at this stadeherefore there are higher requirements for
protein sources. For example in syrpRidngia campestris pollen requirements are normally high
while yolk deposits are being laid down in eggsgldg 1989). Although carbohydrates are needed
at all stages, during pre-oviposition its role & as important as proteins. On the contrary, lagndi
rates on food patch went down during ovipositiomiqee These results imply that in CBC
programs pollen availability should be observed: iRgtance, in green houses pollen should be
provided to hoverflies immediately after hatchingrelease since they hatch with an immature
ovary. This would lead to a continuous maturatibreggs batches therefore to leading to high

fecundity and survival.
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In studies looking at the effects of feeding freagieon the fitness of hoverflies the control and
every 2 day pollen feeding resulted in the shortest ovtpmg the highest fecundity and the
longest oviposition duration. Hoverflies lived thangest and had the highest dry weight upon
feeding on pollen throughout and on eveF§/ @ay. On the contrary, longevity was lowest when
they fed every 8 day. These results suggest the importance of girayipollen to hoverflies
throughout its lifespan or alternatively every setalay. In greenhouses and in mass rearing
programs, these results indicate that ad libituavigion of pollen is not necessary since the same
can be provided on every®ay with maximum fecundity and longevity.

Among the flowers tested in this study phacelia endtard led to the shortest pre-oviposition
period. The highest mean fecundity was realizednwinaverflies fed on phacelia while perennial
rye grass led to the lowest. Phacelia has beemuaied to be an attractive plant to hoverflies that
feed on its pollen (White et al., 1995) resultingnaximum and continued egg output. Oviposition
duration was highest in hoverflies who fed on clomér while nettle and perennial rye grass had
the lowest Episyrphus balteatus that fed on cornflower lived the longest beingoRIfmore than in
chamomile, mustard, nettle and rye grass. Howevregdvity did not differ when hoverflies fed on
either buckwheat or cornflower. Cornflower has @oland sugar sources that are easily accessible
to hoverflies this may have given them a highergbuity potential compared to the other
flowering plants. Feeding on phacelia led to tlghést dry weight of hoverflies while cornflower
and buckwheat had similar effect on dry weight. deha feeding had resulted in the highest
fecundity and this may explain the higher dry weighhis finding agrees with Branquart &
Hemptinne (2000) who found heavier hoverflies haghér fecundity. On the protein analysis of
pollen, phacelia had the highest protein contemigo8 fold more than in nettle and chamomile.
Flowers that have been documented to be highlytedssuch as phacelia buckwheat and
cornflower also showed higher protein content lebhan the non preferred species. Furthermore

they have greater impact on important fithess patara such as survival and fecundity of
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hoverflies. Thus for purposes of conservation lgaal control the utilization of phacelia,
buckwheat and cornflower is highly encouraged. sTé¢an be done by planting flowering strips
from the tested plants next to the crop or in clpseximity to agricultural fields to attract
hoverflies. From our experimental plants phacela hlready been tested in the field with some
studies reporting success (Hickman & Wratten, 1986% confirming our results. The other two
plants: cornflower and buckwheat should also be&etes field to confirm our results. It would
however be interesting to test flower mixtures aghtimem phacelia, buckwheat and cornflower.
This would check the existence of a complement#gcein different flowers as also observed by

Pontin et al., 2006 while using other flower spp.
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