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Abstract

Syrphids (Diptera, Syrphidae) have an important role in the biological
control of aphids in numerous crops. Most of the sweet pepper production in
Europe has its origin in southeastern Spain, and here Integrated Pest
Management (IPM) and organic farming systems are being applied in an
increasing surface. As a consequence of IPM, pesticides are reduced and
natural enemies releases are more frequent. The general objective of this thesis
is to study syrphids as aphid natural enemies in sweet pepper greenhouses, and
their integration in several pest control strategies usually applied in IPM and

organic farming.

In the second chapter we study the population dynamics of
aphidophagous syrphid species that naturally occur in the studied area and into
the greenhouses. For this purpose during three years we sampled weekly adult
and immature individuals. We found three syrphid species most abundant, in a
similar proportion: Eupeodes corollae, Episyrphus balteatus, and Sphaerophoria
rueppellii. They showed a temporal succession along the crop season in the
mentioned order. We also observed that E. balteatus is strongly negative
correlated with drought, E. corollae also but in a lesser extent, and S. rueppellii
is not affected by such drought. We suggest the commercialization of S.
rueppellii to be released on the southeast of Spain, since this area has semi-arid
and arid climatic conditions, with frequent drought periods. Another aspect we
observed is that Mediterranean greenhouses are semi-open structures, made
from plastic instead of glass, and frequently opened for ventilation. This
ventilation management is a way of enhancing natural populations of syrphids

into the greenhouses, and it should be considered in IPM systems.

In the third chapter we evaluate the effect of introducing additional floral
resources (coriander and sweet alyssum) in the greenhouse, on natural syrphid
populations. We compared the abundance of immature syrphids by direct
sampling on the plants, and the adult abundance by mean of visual census. In
both cases we observed a higher number of aphidophagous syrphids when floral

resources were introduced. Furthermore, we analyzed the pollen found in the gut
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1. Introduccion

El control biologico
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control cultural, la utilizacion de variedades resistentes a plagas, el uso de
plaguicidas de origen vegetal o mineral e incluso de plaguicidas de sintesis

(van Driesche & Heinz, 2004).

Por otro lado los sistemas de produccidon ecolédgica, a menudo
llamados bioldgicos, tienen una normativa distinta y pueden compartir
estrategias del control integrado. La principal diferencia es la prohibicion del
uso de plaguicidas de sintesis, que en produccion integrada estan
permitidos aunque se recomienda reducir su aplicacion. Se ha revisado
recientemente el control de plagas en cultivo ecoldgico (Zehnder et al.,
2007), basandose en el modelo de cuatro fases propuesto por Wyss et al.
(2005). La primera fase consiste en la utilizacion de variedades resistentes y
de practicas culturales, como por ejemplo el manejo de la ventilacion del
invernadero. La segunda fase consiste la aplicacion del control bioldgico por
conservacion, mediante manejo de la vegetacion. La tercera fase refleja el
control biolégico aumentativo, mediante la suelta de enemigos naturales. Y
la cuarta y ultima fase consiste en la aplicacion de plaguicidas de origen
vegetal y mineral. El presente trabajo de tesis integra el papel de los sirfidos

en el control de pulgones en estas cuatro fases.

El control cultural puede contribuir a la incidencia de las plagas y
sus enemigos naturales. En el caso de cultivos de invernadero, un ejemplo
es el manejo de la ventilacidon, que puede contribuir a la entrada de
enemigos naturales procedentes del exterior (Gabarra et al., 2004; Sanchez
& Lacasa, 2006). Otro ejemplo es el uso de plasticos absorbentes de UV,
bajo los cuales los insectos plaga no se pueden desplazar correctamente
(Diaz et al., 2006) mientras que los enemigos naturales no se ven afectados

(Doukas & Payne, 2007).

Otra estrategia es la utilizacion de recursos naturales para combatir
las plagas, y aqui entraria la utilizacion de plaguicidas de origen botanico
o mineral, los unicos permitidos en sistemas de produccion ecoldgica.

Ejemplos de plaguicidas de origen botanico que actualmente se utilizan



contra plagas son las piretrinas naturales, el extracto de ajo, el aceite de
neem, extractos de citricos o compuestos a base de algas. Los principales
plaguicidas de origen mineral son los jabones, realizados a partir de un
acido graso y una sal, como el jabdn potasico o el llamado “savon noir”.
Estos jabones estan especialmente indicados para homodpteros de cuerpo
blando, como pulgones y mosca blanca. Este tipo de control es frecuente en
paises en vias de desarrollo, y en agricultura ecoldgica de paises
industrializados. No obstante, pueden tener efectos nocivos sobre

determinados enemigos naturales, hecho que necesita ser evaluado.

Las estrategias de control biolégico mencionadas en el esquema

anterior, consisten en lo siguiente:

1) La estrategia mas simple que existe en la naturaleza es el control
natural. El concepto de plaga es un concepto antropocéntrico, ya que
implica un perjuicio para el ser humano. En un ecosistema natural sin
intervencion humana, lo que conocemos como enemigos naturales y plagas
forman parte de una red alimenticia en la que ambas partes estan en
equilibrio. En ecosistemas modificados por el hombre como son los
ecosistemas agricolas, también se da la presencia de enemigos naturales
que ocurren de forma natural, y que en determinados casos mantienen las
poblaciones de insectos plaga controladas (van Lenteren & Manzaroli,
1999). El problema surge cuando para determinadas plagas ese control no
es aceptable econdmicamente. El presente trabajo se origind como
consecuencia del control natural que los sirfidos afidéfagos parecian ejercer
durante 2001 en algunos invernaderos de pimiento de la cooperativa
SURINVER S.C.

2) Otra estrategia que en el pasado ha sido ignorada y a la que
actualmente se esta prestando una gran atencion es el control biolégico
por conservacion. Esta estrategia consiste en manipular el ambiente para
mejorar la efectividad de enemigos naturales ya establecidos. Dicha mejora

se puede conseguir potenciando las condiciones favorables o mitigando las



desfavorables. Un ejemplo es la adicidon de recursos que estan ausentes o
son insuficientes en el cultivo, como recursos alimenticios, hospedadores
alternativos o habitat refugio. Pero también puede ser la reduccion de
sustancias toxicas o de condiciones ambientales adversas para los

enemigos naturales (Landis et al., 2000).

EI | "#%$%' ($) *+, -.". es un tipo de control bioldgico por
conservacion que consiste en modificar un habitat para mejorar la
disponibilidad de recursos que requieren los enemigos naturales en

condiciones optimas (Landis et al. 2000).

a) Un modo de manejo de habitat es la introduccion de /$01/2&2'3&/")$2,
eficaz para aquellos insectos que se alimentan de polen y néctar en alguna
de sus fases de desarrollo, como sirfidos, himendpteros parasitoides,
crisopidos o antocdridos. De hecho se ha demostrado que la adicion de
recursos florales mejora el crecimiento, reproduccion desarrollo vy
supervivencia de algunas especies de depredadores y parasitoides (Landis
et al., 2000; Berndt & Wratten, 2005). Basado en esto, se ha demostrado
como la adicion de flores en los margenes o dentro del cultivo origina una
aumento de las poblaciones de enemigos naturales (Frank, 1999;
Sutherland et al., 2001; Pontin et al., 2006), e incluso un mejor control de las
plagas (White et al., 1995; Hickman & Wratten, 1996; Fitzgerald & Solomon,
2004). No obstante, hasta ahora todos los trabajos realizados han sido en

cultivos al aire libre, y nunca en invernadero.

b) Otro mecanismo es la 4/&5-2-6#' ($' 4/$2"2' ").$/#".-5" 2. Un
ejemplo es la estrategia de “plantas reservorio de pulgones” (en inglés
“banker plants”), la cual se desarrolld en invernaderos para el control de
pulgones mediante sueltas de parasitoides. Consiste en introducir plantas
de distinta especie que el cultivo infestadas con una especie de pulgdn que
no afecte negativamente al cultivo. Las plantas normalmente utilizadas son
cereales (trigo, avena o cebada), y por lo tanto los pulgones que las

colonicen solo afectaran a otras monocotileddneas, y no a los cultivos de



invernadero. De esta forma los parasitoides tienen un reservorio de presas
donde se pueden establecer previamente a la aparicion de pulgones en el
cultivo, y parasitarlos desde la primera fase de colonizacion. Es de gran
utilidad para el establecimiento de sueltas aumentativas (Hansen, 1983;
Bennison & Corless, 1993; Jacobson & Croft, 1998), pero su papel para
potenciar poblaciones naturales no ha sido estudiado. Ademas podrian ser
de gran utilidad para mejorar la efectividad de depredadores, como sirfidos

y coccinélidos (Calvo & Urbaneja, 2004).

3) EN"#®H& ()" &+)"',-. [#F P0" consiste en aumentar las
poblaciones de enemigos naturales introduciendo individuos extra en el
cultivo. Se denominan sueltas inoculativas cuando se espera que se
reproduzcan y que su descendencia controle la plaga durante un cierto
periodo, pero no de forma permanente. Por otra parte, las sueltas
inundativas se dan cuando los organismos introducidos son los que ejercen
el control, no su descendencia (Eilenberg et al., 2001). El control biolégico
aumentativo se ha podido desarrollar gracias a la disponibilidad comercial
de numerosas especies de enemigos naturales. La mayoria de las especies
comercializadas son muy efectivas, sin embargo otras como los sirfidos no
han sido bien estudiadas y su manejo requiere ser mejorado. Las especies
introducidas pueden ser exdticas (control bioldgico clasico), y en ocasiones
son muy efectivas durante los siguientes afos de su introduccion, pero con
el tiempo pierden su efectividad. Es el caso del parasitoide de pulgdn
Aphidius colemani, introducido en Espafa en 1993 (Jacas et al., 2006), pero

que actualmente ya es hiperparasitado por otras especies de Himendpteros.

Un aspecto negativo de este tipo de control es la situacion de
1/2%1, ! y*# #®+%. ), &3b 67 Gremio es el conjunto de especies que
comparten una presa comun, y Ola depredacion intragremial se da cuando
dichas especies derivan en una relacion tréfica entre ellas (Rosenheim et
al., 1995). La importancia de este fendmeno se debe a que puede ocasionar
un fracaso del control de la plaga (Rosenheim et al., 1995). La relacion entre

depredadores y parasitoides normalmente se estudia desde el punto de
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vista de los parasitoides, ya que pueden ser ingeridos por un depredador al
ingerir a la presa, pero un parasitoide es mucho mas especifico y no puede
parasitar a un depredador. No obstante, es existen otras relaciones
intragremiales como la repelencia a la hora de la oviposicion, fendmeno que

puede evitar posteriores situaciones de depredacion intragremial.

El cultivo de pimiento en invernadero

El pimiento dulce (Capsicum anuum L.) es una especie originaria
de Centroamérica, conocida en 1492 junto con el descubrimiento del Nuevo
Mundo. Su cultivo en Europa se realiza desde 1493, cuando la expedicion
de Cristébal Coldn regresdé a Espana (Nuez et al., 1998). Pertenece a la
familia de las Solanaceas, al igual que otras especies horticolas como el
tomate o la berenjena. Existen numerosas especies plaga que colonizan al
pimiento, y que desde el punto de vista comercial resultan perjudiciales.
Muchas de esas plagas son comunes a otras horticolas de la familia, y
algunas de ellas son polifagas y plaga de otras familias de horticolas.
Podriamos decir que las principales plagas de pimiento son: trips, mosca

blanca, lepiddpteros y pulgones.

Actualmente existen 1,5 millones de hectareas de cultivo de
pimiento en el mundo (FAO, 2006). La mayor parte de su produccion
mundial se realiza al aire libre, pero la superficie cultivada en invernadero
estd aumentando ya que en determinados casos la produccion en
invernadero puede aumentar con respecto al exterior en un 25%
(Ramakers, 2004). En Europa, el 50% de la produccion de pimiento procede
de Espafa, y aqui la mayor zona de produccion horticola es el sureste
esparniol englobando las provincias de Alicante, Murcia y Almeria, donde el

52% del pimiento se cultiva en invernadero.

El cultivo convencional de pimiento en invernadero supone la

utilizacion de plaguicidas sintéticos para combatir las distintas plagas. Sin

10



embargo, se ha producido un cambio a sistemas de produccion integrada,
en los que se realizan introducciones periddicas de varias especies de
enemigos naturales, se utilizan plaguicidas selectivos, y se reducen las
aplicaciones de dichos plaguicidas. Este cambio se ha visto motivado por
una serie de factores: 1) la aparicion de resistencia a plaguicidas en
especies plaga; 2) un aumento de la disponibilidad de enemigos naturales
en el mercado; 3) la iniciativa a nivel nacional de exportacion, y
concretamente la necesidad de cumplir con las normativas mas estrictas
sobre residuos toxicos en otros paises; 4) la demanda por parte de los

consumidores de productos seguros y de calidad certificada.

Actualmente se estd produciendo una conversion en los sistemas
de produccion a cultivo ecoldgico, motivado principalmente por la
prohibicion del bromuro de metilo. Esta sustancia quimica se utiliza para la
desinfeccion del suelo, y es la forma de eliminar eficazmente los nematodos
patégenos del mismo. El cultivo de pimiento en invernadero es el cultivo
horticola que se ve mas afectado por esta prohibicidn, sin embargo la
desinfeccion por solarizacion combinada con aplicacion de estiércol
(permitido en cultivo ecoldgico) puede resultar igual de efectiva (Caballero et
al., 2002). La desinfeccion natural del suelo es uno de los requisitos de
cultivo ecoldgico, y al no poder utilizar por ley el bromuro de metilo,
desaparece una de las barreras que los agricultores encuentran al cultivo

ecoldgico de pimiento en invernadero.

La zona de estudio se conoce como Campo de Cartagena, y
comprende la region de Murcia y sur de Alicante. Es un area de gran
tradicion agricola, que ha originado un paisaje muy heterogéneo de escasa
vegetacion natural y elevada diversidad de cultivos. Los cultivos son en su
mayoria de regadio, con produccion de horticolas y citricos. Los cultivos de
secano son escasos y normalmente se establecen durante periodos de
rotacion de cultivos, mientras que los cultivos de invernadero son muy
abundantes. El cultivo de pimiento comienza en Diciembre-Enero, a partir

de transplantes, y se mantiene hasta Julio-Agosto. La predominancia de
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sistemas de produccion integrado, y la época de cultivo son las principales
diferencias con la segunda zona mas importante de produccion de pimiento

en invernadero, Almeria.

Un aspecto importante de la zona de estudio, es la estructura de los
invernaderos. Aqui la mayoria son del tipo “Almeria”, formados por una capa
simple de polietileno blando, con estructura de madera o aluminio. La
ventilacion se realiza por medio de aperturas laterales y cenitales. Las
aperturas cenitales cuando estan presentes se encuentran todo el tiempo
abiertas, y en ocasiones cubiertas con una malla anti-trips. Las aperturas
laterales se cierran con el mismo polietileno durante la noche, y durante el
dia estan cubiertas por malla anti-trips. Esta malla aisla de la migracion de
plagas procedentes del exterior, pero el problema es que se encuentra
abierta con mayor frecuencia conforme las temperaturas aumentan y se
acerca la época de recoleccion. Esto es perjudicial para el control integrado
al facilitar la entrada al invernadero de insectos plaga (Sanchez & Lacasa,
2006). Pero también se produce una migracion de enemigos naturales,
como por ejemplo ocurre con insectos depredadores de mosca blanca

(Gabarra et al., 2004), y por lo tanto el control natural se ve favorecido.

Este tipo de invernaderos llamados “invernaderos mediterraneos”
se pueden considerar estructuras semiabiertas, a diferencia de los
invernaderos de cristal tipicos del norte y centro de Europa (Lindquist &
Short, 2004). Suponen el 92% de la superficie mundial de invernaderos (van
Lenteren & Woets, 1988), y son muy frecuentes en la areas Mediterraneas.
Puesto que la mayoria de los productos horticolas consumidos en la Union
Europea proceden de la cuenca Mediterranea (FAO, 2006), es necesaria la
investigacion en este tipo de invernaderos. Estos invernaderos requieren un
manejo diferente de los invernaderos del norte y centro de Europa, ya que
es posible que estrategias de control bioldgico efectivas en cultivos abiertos

sean de utilidad en invernaderos mediterraneos, y viceversa.
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proliferacion de hongos negrilla sobre la melaza que limitan la capacidad
fotosintética, y por otra parte a la transmision de virus patdégenos (por

ejemplo CMV y PVY) que causan un importante dafo fisioldgico a la planta.

Los ! "#%&' ()' & ! *+ * & %causan mas dafio que los trips, pero
han recibido menor atencion debido a la existencia de pirimicarb, un
plaguicida selectivo de pulgones (Ramakers, 2004). En sistemas de
produccidon convencional, al aplicar plaguicidas de forma preventiva sus
poblaciones se mantenian bajo el nivel de dafio, pero en sistemas de
produccion integrada y ecoldgica se estan convirtiendo en la plaga
dominante (Ramakers, 2004; Sanchez et al., 2007). Las especies mas
importantes son Myzus persicae Sulzer, Aulacorthum solani (Kaltenbach),

Aphis gossypii Glover y Macrosiphum euphorbiae (Thomas).

Los pulgones tienen un amplio rango de ' & +*$% )& ,".-# (,
muchos de los cuales ejercen un control natural, procedentes de
poblaciones nativas. El control bioldgico de pulgones en invernaderos de
pimiento se realiza principalmente con himendpteros parasitoides: Aphidius
colemani Viereck (Hymenoptera: Aphidiidae) contra M. persicae y A .
gossypii, y Aphidius ervi Haliday o Aphelinus abdominalis (Hymenoptera:
Aphelinidae) Dalman contra A. solani o M. euphorbiae. Ademas de forma
esporadica y sobre los focos de pulgdn, se introducen Chrysoperla carnea
Stephens (Neuroptera: Chrysopidae), Coccinella septempunctata L. y Adalia
bipunctata L. (Coleoptera: Coccinellidae), Aphidoletes aphidimyza (Rondani)
(Diptera, Cecidomyiidae) y Episyrphus balteatus (De Geer) (Diptera:
Syrphidae).

Los pulgones en la zona de estudio aparecen en Enero, al poco
tiempo de transplantar el pimiento, pero la ! .% # + 0,*1- de su control
comienza en Abril y continda durante toda la primavera hasta el comienzo
del verano, cuando las elevadas temperaturas disminuyen sus poblaciones.
En primavera, las condiciones climaticas son Optimas para las especies

clave de pulgdn, y este hecho junto a la aparicion de hiperparasitoides,
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atraviesan su pared corporal y lo levantan de la superficie de la planta
mientras extraen sus fluidos internos. Son muy voraces llegando a consumir
hasta 1000 pulgones durante su ciclo larvario (Tenhumberg, 1995; Rojo et
al. 1996) que dura una semana aproximadamente. De ahi su importancia en
control bioldgico, habiéndose demostrado su eficacia como enemigos
naturales de pulgén (Chambers & Adams 1986). Se ha sugerido su
idoneidad en sistemas de manejo integrado de plagas (Frechette et al.
2007), sin embargo su papel es subestimado frecuentemente debido a los
habitos nocturnos de las larvas, que durante el dia se encuentran

parcialmente ocultas en la vegetacion.

Existen numerosos trabajos sobre su importancia en distintos
cultivos de exterior, y las relaciones sirfido-pulgdn-planta hospedadora se
encuentran recogidas en Rojo et al. (2003). Los principales cultivos
estudiados han sido manzano (Mifiarro et al. 2005), trigo (Niehoff & Poehling
1995; Jansen 2000; Freier et al. 2007), lechuga (Morales, et al., 2007; Smith
& Chaney, 2007), y bréculi (Ambrosino et al., 2007). Pero los trabajos sobre
su importancia en invernadero son escasos y realizados en Norteamérica
(Bugg & Ellis, 1990). Por otro lado, la mayor parte de la investigacion
existente en Europa se ha realizado en el norte y centro de Europa
(Chambers & Adams, 1986; Tenhumberg & Poehling, 1995; Jansen, 2000),
y trabajos sobre sirfidos y control biolégico en areas mediterraneas son
escasos, destacando los trabajos en Espafa de Rojo (1995) y Pascual-
Villalobos (2006), y en ltalia de Burgio & Somaggio (2007).

El hecho de que los adultos se alimenten de recursos florales, ha
servido de base para el éxito de estrategias de manejo de habitat (White
et al., 1995; Hickman & Wratten, 1996; Frank, 1999; Sutherland et al., 2001;
Fitzgerald & Solomon, 2004; Pontin et al., 2006). El néctar actua como
fuente de carbohidratos, mientras que el polen es un recurso proteinico
necesario para la maduracion sexual (Schneider, 1969). Los sirfidos se ven
atraidos por flores de color amarillo y blanco, y corolas poco profundas.

Familias botanicas como Umbelifarae, Compositae y Cruciferae son
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ejemplos de flores visitadas frecuentemente por sirfidos. En cuanto a las
especies vegetales que se utilizan normalmente en estrategias de control
bioldgico por conservacion, destacan el hinojo, cilantro, mastuerzo maritmo,

facelia, y trigo sarraceno (Colley & Luna 2000, Ambrosino et al., 2006).

Las larvas de sirfidos son apodas y se desplazan pequefias
distancias en relacion con los adultos, los cuales en algunas especies son
migratorios (Arrignon et al., 2007; Hondelmann & Poehling, 2007). Por esta
razon las hembras depositan los huevos cerca de las colonias de pulgon, y
la seleccion del lugar de puesta condicionara el éxito de la progenie
(Sadeghi & Gilbert, 2000). De ahi que dichas hembras sean capaces de
detectar numerosos factores del lugar de puesta: 1) especies de pulgon
(Sadeghi & Gilbert, 2000); 2) especies de plantas, relacionado con la
presencia de metabolitos toxicos (Vanhaelen et al., 2001); 3) tamafio de la
colonia de pulgones, con una relacion asintdtica entre el nimero de huevos
depositados y el numero de pulgones (Chandler, 1968); 4) presencia de
melaza, actuando como estimulo (Bargen et al., 1998); 5) evitando la

presencia de huevos conespecificos (Scholz & Poehling, 2000).

Los métodos de muestreo de sirfidos varian segun el ecosistema
de estudio. Trabajos en agroecosistemas utilizan trampas amarillas
Moericke, y ocasionalmente trampas pegajosas amarillas. Sin embargo en
ecosistemas naturales el uso de trampas Malaise y de manga entomoldgica
son los mas frecuentes. No obstante, se ha demostrado que la frecuencia
con que los sirfidos son capturados en trampas Moericke depende de la
cantidad de recursos florales disponibles, y por lo tanto no serian
adecuadas para un elevado numero de estudios (Hickman et al., 2001;
Laubertie, 2006). Esto se debe a que su modo de accion se basa en la
atraccion que ejerce el color amarillo, al simular coloraciones florales. Por
otro lado, las trampas Malaise tradicionales capturan indiscriminadamente
un elevado numero de individuos y ocupan un espacio inapropiado para los

agroecosistemas. Existe un disefio de trampas Malaise modificadas (Platt et
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al., 1999) que aqui hemos evaluado en invernadero para el muestreo de

sirfidos.

Los sirfidos afidéfagos también estan disponibles comercialmente,
pero la unica especie que se distribuye es Episyrphus balteatus. Esta
especie es la mas abundante en numerosos cultivos del Norte y Centro de
Europa (Chambers & Adams, 1986; Tenhumberg & Poehling, 1995; Jansen,
2000; Freier et al., 2007), sin embargo en zonas Mediterraneas es posible
que no sea la mas abundante. Estudios de laboratorio (Hart et al., 1997) han
demostrado que su desarrollo a una temperatura constante superior a 25°C
ocasiona una mortalidad larvaria del 100%. En invernaderos mediterraneos
esta temperatura se supera frecuentemente, y uno de los objetivos de este

trabajo fue ver que ocurria en un area con una temperatura mayor a ésta.

2. Objetivos

El objetivo general de la presente tesis doctoral es el estudio de los
sirfidos como enemigos naturales de pulgones plaga en invernaderos de
pimiento, y su integracion en diversas estrategias de control utilizadas en
produccion integrada y ecoldgica. Se han desarrollado los siguientes

objetivos especificos:

- Control cultural: evaluar el papel del manejo de la ventilacion del

invernadero en las poblaciones de sirfidos.

- Control biolégico natural: evaluar la dindmica poblacional de las
especies de sirfidos que aparecen de forma natural en los invernaderos y su

relacion con las especies de pulgdn plaga del pimiento.

- Control biolégico por conservacion: evaluar el efecto de la introduccion
de recursos florales y de plantas reservorio de presas en los niveles

poblacionales de sirfidos.
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- Control aumentativo: evaluar el efecto de introducciones de Episyphus
balteatus en su abundancia en los invernaderos, y combinarlas con las 3
estrategias previamente mencionadas. Estudiar la compatibilidad de esta
especie con el parasitoide de pulgones Aphidius colemani, desde el punto

de vista del comportamiento de oviposicion del sirfido depredador.

- Plaguicidas vegetales y minerales: evaluar los efectos letales y
subletales en sirfidos de cuatro plaguicidas permitidos en agricultura

ecoldgica: extracto de ajo, piretrina natural, jabon potasico y “savon noir”.

3. Organizacion de la tesis

En el capitulo 1 de introduccion general se hace una revision de las
distintas estrategias de control bioldgico, algunas de las cuales son tratadas
en esta tesis, en el contexto de la produccion integrada y ecoldgica.
Posteriormente se revisan varios aspectos del cultivo de pimiento en
invernadero, enfatizando la situacion en el sistema de produccion en
Espana y en concreto en el area de estudio, y prestando especial atencion a
los pulgones como plaga y a sus enemigos naturales. Por ultimo se
presenta a los sirfidos, y los antecedentes que existen acerca de su papel
en el control bioldgico de pulgones. Esta tesis participa de la colaboracion
con la cooperativa SURINVER S.C., una de las mas grandes de Espana y
especializada en el cultivo de pimiento en invernadero. Esta cooperativa
estaba interesada en el control natural que los sirfidos ejercen sobre las
plagas de pulgones, ya que habian observado efectos positivos de este
control en algunos de sus invernaderos. Asi mismo, el trabajo se desarrollo
dentro del marco del proyecto “Control de pulgones de pimiento en
invernaderos en régimen de produccion integrada” (INIA, N°RTA03-101-C2),
siendo el investigador principal el Dr. Alfonso Hermoso de Mendoza

perteneciente al Instituto Valenciano de Investigaciones Agrarias (IVIA).
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integrada. No obstante sus efectos toxicos sobre los organismos
beneficiosos no se conocen bien, y sobre sirfidos no existe ninguna

informacion.

Por udltimo, en el capitulo 8 de sintesis se realiza una discusion
general de los principales resultados obtenidos, enmarcandola en los

diferentes objetivos propuestos.
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enemies from the surrounding environment, into the greenhouse. Gabarra et
al. (2004) have already suggested that greenhouse ventilation could be
managed to enhance the entry of whitefly predators. In this work we report
the first results of the effects of ventilation management on aphidophagous

syrphid populations.

The movement of adult hoverflies is usually assessed through the
use of traps (Laubertie, 2006), and in crops yellow water traps are most
commonly used. However, these colored traps have proven not to be as
effective as other techniques in assessing populations of hoverflies because
their selective attraction (Hickman et al., 2001; Laubertie, 2006). Moreover,
captures using colored water traps are very scarce in the greenhouse
(personal observation). Malaise traps are an effective method of capturing
adult syrphids, although they are not commonly used in agroecosystems,
due to their complexity, their size, and the high number of captures they
achieve, which can decrease natural enemy populations. Platt et al. (1999a)
designed a Malaise trap modified for insect monitoring in crops, which is also
effective for capturing adult hoverflies (Platt et al., 1999b). Here we present

the first results of use this modified Malaise trap in greenhouses.

The objectives of this work were to (1) identify the aphidophagous
syrphid species present in sweet pepper greenhouses in a Mediterranean
location, and characterize the population dynamics of the most abundant
species during the crop cycle, (2) evaluate the effectiveness of a modified
Malaise-type trap in monitoring syrphids in greenhouses, (3) assess the
population levels of adult hoverflies within- greenhouses and in their
immediate vicinity, and (4) evaluate the effect of ventilation management on

syrphid populations inside the greenhouses.
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2. Materials and Methods
2.1. Study Site
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management system, or an organic system. Agrochemicals were used when
required by the farmers, under the rules of the corresponding management
system. The region is a traditional agricultural zone and on the land
surrounding the greenhouses other crops are grown, both outdoors and
under cover. There was no natural vegetation present, and plants
developing in crop margins were removed manually, chemically or by

burning them.

M"H#$%&' () +#,-#.&8&%/012#$/%+23

To investigate which syrphid species were preying on the aphids
and their population dynamics, a study of the immature stages was carried
out. This part of the work was performed over a three-year period, between
2004 and 2006. The sampling methodology began with visiting greenhouses
with aphid infestations (indicated by growers), and the establishment of a
severity level, on a scale of one to four, related to the status of the majority
of the plants. Level 1 meant aphids were present, but only on the terminal
apex; level 2 corresponded to aphid presence on two parts of the plant, but
the plant as a whole was not infested; level 3 meant that aphids had infested
the whole plant, but without a clear reduction in growth; while level 4 showed
a clear growth decrease. Next the aphid species was identified, or a sample
was taken and then examined by a specialist. Nevertheless the effect of
syrphid presence on plant damage was not evaluated, since it was not one
of the aims of this work. Counts of immature syrphids were taken over the
entire area of the infestation, by rigorous observation of 200 leaves
(sampling unit) of the pepper plants, chosen at random. All the leaves with
eggs, larvae, or pupae of syrphids were collected into rearing cages (21 x 15
x 9 cm), as well as those leaves with such high numbers of aphids that
reliable counts could not be undertaken in situ. A single sample was taken in
each aphid-infested greenhouse, which changed every week: this translated

into working with between zero and seven replications per week. Collected
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material was reared in a climatic room (22°C, 60-70% relative humidity) until
the emergence of the syrphid adults, which were then identified to species
level by the authors. When needed, larvae were fed ad libitum with Myzus

persicae Sulzer (Hemiptera: Aphididae) from a stock culture.

2.3. Sampling of Syrphid Adults

During 2005 and 2006, a study of syrphid adults was performed
using modified Malaise traps. The aim was to compare the population levels
of syrphids inside and outside the greenhouses in a long-term study, as well
as to test the efficiency of these traps inside the greenhouses. The trap
design is based on the work of Platt et al. (1999a), with an aluminum
structure and a collecting container of 100 ml, where 70% ethanol was
introduced to kill and preserve the insects. Experimental design consisted of
placing one trap inside a greenhouse and one trap outside, in a total of four
locations separated from one another by more than one km, and surrounded

by a similar landscape.

2.4. Ventilation Management

During 2005 a short-term study was done over a seven-day period
between 7 June and 14 June, to assess the effects of ventilation
management on syrphid presence in greenhouses. A total of four
greenhouses were selected, and divided with an anti-thrips nylon net into
units of the same surface area (ca. 500m?). Two greenhouses were divided
into three parts, and two into two parts. The side walls were completely
opened in one greenhouse with three units and in one with two units. The
side walls were closed with a screen net on the other two greenhouses (one
with three units and one with two units), working with a total of five units for
each treatment. No aphid populations were present in any of the

greenhouses selected, because aphids can greatly influence syrphid
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behavior. Visual censuses of 15 minutes duration were carried out in random
order (enough time to walk along the whole unit), repeated twice per day.
The censuses consisted of walking between every two lines of pepper
plants, and shaking them simultaneously. All aphidophagous syrphid larvae

were counted.
2.5. Statistical Analyses

To compare differences in captures with Malaise traps inside and
outside the greenhouse, as well as between the two years of sampling, a
Mann-Whitney U-test has been applied because of the non-normality and
non-homogeneity of variances of the data even after common
transformations. Generalized Linear Model (GLM) with repeated measures
was used to determine the effect of ventilation management on syrphid
counts. Sampling days and day period were set as within-group factors, and
treatment as a between-group factor. Data satisfied the assumptions of
sphericity (Mauchly) and homogeneity of variances (Levene). All data were
analyzed with the SPSS statistical package (SPSS, 2004).

3. Results

3.1. Syrphid Species Composition and Phenology

During the three years of direct sampling from aphid colonies we
collected a total of 1999 larvae and puparia of syrphids, belonging to nine
different aphidophagous species (Table 1). The predominant three species
(97.8% of individuals) were Eupeodes corollae (F.) (37.3 %), Sphaerophoria
rueppellii (Wiedemann) (32.2 %) and Episyrphus balteatus (De Geer) (28.3
%). In 2004 a total of 1244 larvae were reared. The three predominant

species proved to make up similar proportions of the total catch (Table 1).

During 2004, the three predominant species (Fig. 1a) did not appear
in the greenhouses before week 15 (5 April), although aphid colonies had

already been present from week 3 (15 January). A temporal succession in
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the appearance of the three main species was observed. E. corollae
appeared first, exhibiting a maximum in week 15 (5 April) with a decrease in
larval numbers when the temperature increased. E. balteatus peaked in
week 21 (20 May), followed by S. rueppellii, which was most abundant
during weeks 23-26 (June). The last observation of hoverflies was in week

26, and the last aphid colony was sampled in week 27.

During 2005, the total number of syrphid larvae observed was 225,
80% less than was observed in 2004. The relative numbers of the three
main species changed also in 2005 (Table 1). E. balteatus was the least
abundant with only 1 % of the total catch, followed by E. corollae with the
same proportion as in 2004, and the most abundant species was S.
rueppellii with a relative abundance of 68%. We can observe (Fig. 1b) that
the population dynamics of these species follow the same pattern as in

2004, but with a reduced peak in the E. balteatus population.

In 2006 we counted a total of 530 syrphid larvae (Table 1),
intermediate between 2004 and 2005. In this year E. corollae was the most
abundant species, followed by S. rueppellii, and E. balteatus. The population
dynamics of these species were similar to previous years, but with a greater

peak for E. balteatus, when compared with 2005 (Fig. 1c).

Fig. 2 shows the potential evapotranspiration and precipitation over
the three years, indicating the drought conditions. In 2004 there was a rain
period between weeks 12 and 17, at the beginning of the spring. In 2005 the
rain period occurred earlier than in 2004 (between weeks 6 and 9), and with
less intensity than in 2004, leading to a drought period during the rest of the
period of crop development. In 2006 the precipitation level was similar to
2005, but the rain period was in spring as it was in 2004, between weeks 15
and 19.
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Fig. 1. Maximum temperature (°C) and
population dynamics of the main
aphidophagous syrphid species observed
as immature stages during the pepper
culture, in (a) 2004, (b) 2005 and (c) 2006.
Sampling unit consisted of the observation
of 200 leaves per greenhouse. Data are
means and standard errors.
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Data are means and standard errors.
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3.2. Aphid Species and Their Relationship with Syrphids

On the sweet pepper plants we found the aphid species M. persicae
(60%), Macrosiphum euphorbiae (Thomas) (27%), Aphis gossypii Glover
(12%) and Aulacorthum solani (Kaltenbach) (1%), with some differences
over the three years. Considering aphid attack severity (Table 2), 2004
registered the highest and most frequent infestations. The two lowest levels
of infestation were 80% in 2005, and 67% in 2006, respectively. A change in
the relative abundance of the two main aphid species was also observed
(Table 2), with a continuous increase for M. euphorbiae over the period of

study, coinciding with a decrease of M. persicae.

Table 2. Percentage of samples (%) of a three years sampling, with a severity level from 1 to
4, with presence or not of immature stages of syrphids, and with different aphid species.

Year  Number Severity level Syrphid Aphid species ?
of presence
samples
1 2 3 4 yes no Mp Me Ag As
2004 90 56 31.1 411 222 922 7.8 81.1 133 44 1.2
2005 45 444 356 156 4.4 444 556 489 20 311 0
2006 72 329 342 274 55 61.6 384 411 493 8.2 1.4

2 Mp, Myzus persicae; Me, Macrosiphum euphorbiae; Ag, Aphis gossypii; As, Aulacorthum solani

Table 3 shows the relationships reported for the first time between
syrphid species, aphid species and host plant (sweet pepper). All the
syrphids found feeding on aphids, with the exception of Scaeva pyrastri
(Linnaeus), have not previously been reported in the literature in connection
with sweet pepper. One new syrphid-aphid relationship was found, namely
predation by Paragus quadrifasciatus Meigen on Macrosiphum euphorbiae.

All the syrphid-aphid-host plant relationships observed were novel.

3.3. Malaise Trap Catches

The Malaise trap catches of aphidophagous syrphids showed a

species composition slightly different from that obtained by direct sampling
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Table 3. List of the new relationships found in this work between syrphid-host plant
(sweet pepper), syrphid-aphid (aphid), and the combination of both, syrphid-aphid-host
plant (comb.)

Syrphid sweet M. persicae M. A. gossypii A. solani
species pepper euphorbiae

aphid comb. aphid comb. aphid comb. aphid comb.

Episyrphus * R * R * R G - -
balteatus

Eupeodes * R * R * R * R *
corollae
Meliscaeva
auricollis
Paragus - - - - - R
quadrifasciatus

Scaeva * R * = = - - - -
albomaculata

Scaeva R R * R * - - - -
pyrastri

Sphaerophoria  * R * R * R * - -
rueppellii

Sphaerophoria  * R * - - - - - -
scripta

Syrphus * - = R * - - - R
vitripennis

-, relationship not observed in this work; R, already reported by other authors (Rojo et al., 2003);
*, new relationships reported here

(Table 1). The first difference was that adults of several species of the genus
Paragus were proportionally more frequent in Malaise trap catches from the
greenhouses than in catches from direct sampling. With regards to the three
main syrphid species, E. balteatus always made up a smaller proportion of
Malaise trap catches than catches from direct sampling. By contrast, the
proportion of Malaise trap catches represented by E. corollae and S.

rueppellii paralleled their representation in catches from direct sampling.

The population dynamics of the main aphidophagous species
observed in the catches from Malaise traps inside greenhouses in 2005 (Fig.
3a) and 2006 (Fig. 3b), show a similar pattern to that obtained from the
results of direct sampling of the developmental stages (Fig. 1). In both years

we observed clearly the same temporal succession of E. corollae and S.
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rueppellii. On the other hand, in 2006 the most important fact is that the
numbers of syrphids trapped outside the greenhouses (Fig. 3d) were almost

ten times greater than inside (Fig. 3a,b), and than in 2005 (Fig. 3c).
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Fig. 3. Population dynamics of the main aphidophagous syrphid species, captured
as adults by the modified Malaise trap during the pepper culture. Traps were placed
inside in (a) 2005 and (b) 2006, and outside the greenhouses in (c) 2005 and (d)
2006. In figure 3d the scale is ten times higher than in the rest figures. Data are
means and standard errors.

3.4. Movement of Hoverflies

For the species captured by Malaise trap (Fig. 4), we found a
significantly higher number of syrphids in the traps installed outside the
greenhouses than inside in 2005 (Z = -4.43; P < 0.001) and 2006 (Z = -5.76;
P < 0.001). The number of syrphids captured outside was significantly higher
in 2006 than in 2005 (Z = -2.15; P = 0.03), but the captures from inside the
greenhouse did not differ between years (Z =-1.30; P = 0.19).
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The ventilation management experiment (Fig. 5) shows that
significantly higher numbers of adult syrphids occur inside the greenhouses
when their side walls are open, than when the side walls are closed (F =
162.77; df = 1; P < 0.001). No significant differences were found between
the six days of sampling (F = 1.03; df = 5; P = 0.41), or between morning
and afternoon sampling (F = 0.28; df = 1; P = 0.61).

I"#$9%& (&&%6)*

This work confirms, for the first time, that natural populations of

aphidophagous syrphids can occur inside Mediterranean region
greenhouses with sweet pepper crops. We found that the most abundant
species were E. corollae, E. balteatus and S. rueppellii, and that the larvae
of these species succeed one another on the plants (Fig. 1), during the
crop's growing period. Several studies carried out in outdoor crops have
reported that sometimes E. balteatus appears before E. corollae (Rojo,

1995; Krause & Poehling, 1996). For this reason, and because both species
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are very common in central Europe, we believe that the succession
observed in E. corollae and E. balteatus is probably due to differences in the
local population levels, and not to migration or an increase in temperature.
Nevertheless, the later disappearance of E. balteatus and appearance of S.
rueppellii seems to be related to the climatic conditions, and more
specifically to the temperature increase (Fig. 1). Hart et al. (1997) observed
a high mortality of E. balteatus with temperatures over 25°C. The daily
maximum temperature recorded was over this limit from week 22 in 2004,
week 19 in 2005 and week 20 in 2006. This is concordant with the results
here proposed, where E. balteatus population level decreased around week

21 for the three years.

The order of abundance we observed was firstly E. corollae, then S.
rueppellii, and lastly E. balteatus (Table 1). This result is different from
studies performed in several countries from central Europe, which found that
E. balteatus was by far the most abundant species (Chambers & Adams,
1986; Tenhumberg & Poehling, 1995; Jansen, 2000; Freier et al., 2007). The
population dynamics of E. balteatus show great variation between years
(Figure 1). We would agree with the suggestion of Niehoff & Poehling
(1995), that this variability is due to climatic factors, and more specifically,
the drought. In Fig. 2, when the line of potential evapotranspiration crosses
the line of precipitation, drought is occurring (Lockwood, 1999). According to
this analysis, the driest year was 2005, followed by 2006, and then 2004.
The population levels of E. balteatus were negatively correlated with these
climatic data, being highest in 2004, intermediate in 2006, and lowest in
2005. The E. corollae population was also negatively affected by the
drought, following the same pattern as E. balteatus. Both species play an
important role in aphid pest control in central Europe (Chambers & Adams,
1986; Krause & Poehling, 1996), but our results suggest that E. corollae

seems to be more tolerant to the dry conditions than E. balteatus.

S. rueppellii provides a special case, being much more abundant

than the other species in the driest year (2005). Other studies in the
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southeast of Spain have also shown its importance in several outdoor crops
(Rojo & Marcos-Garcia, 1998; Pascual-Villalobos et al., 2006), but to our
knowledge this is the first work that shows its importance in greenhouse
conditions. S. rueppellii is widely distributed, but is especially abundant in
crops in the Mediterranean basin (Speight, 2005). We consider that of all the
species recorded, this is the best adapted to the dry and warm conditions
present in this Mediterranean area and in particular to the extreme
conditions present inside greenhouses. As only E. balteatus is in commercial
production, we believe that S. rueppellii would be a very interesting species
to make available commercially, mainly because of its abundance even in

drought conditions.

Aphid attack was also affected by the dry conditions, and we
observed the same pattern during the three years as for the syrphids E.
balteatus and E. corollae. This decrease in aphid populations in dry years
could also indirectly affect the syrphid population dynamics observed.
Nevertheless we did not perform any exclusion experiment to assess if the
impact of aphids on plants was reduced with syrphid presence. Most of the
aphid samples collected the first year were of Myzus persicae, but which
progressively decreased over the three years, while the proportion of
samples of Macrosiphum euphorbiae progressively increased (Table 2). This
change has consequences for pest management, because M. euphorbiae is
not effectively controlled by Aphidius colemani Viereck (Hymenoptera:
Aphidiidae), the main biological control agent released in greenhouses for

aphid control.

Malaise traps captured large numbers of adults of several species
from the genus Paragus. But only five larvae (from 1999 individuals) of P.
quadrifasciatus were collected on the sweet pepper plants. However, we
consider that the role of Paragus species in aphid control in sweet pepper
greenhouses is not important, even though adults are abundant in such

greenhouses.
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The syrphids observed in Mediterranean greenhouses show a
movement of natural enemies, another confirmation of the semi-open
structure of Mediterranean greenhouses as an intermediate condition
between an open-air field and a glass greenhouse. Greenhouse screening
was designed to avoid the passage of pests to the greenhouses, and it is
sometimes recommended in the Mediterranean region (Berlinger et al.,
1988). Nevertheless, because of the extreme temperatures that are present
in the greenhouses during spring and summer, keeping these side-screens
open for ventilation is a common practice in the Mediterranean region. We
have shown that by opening the side walls completely, the presence of
syrphids inside the greenhouse increases, as Gabarra et al. (2004) found for
whitefly predators. Syrphids are easily observed in the field in sunny days of
spring, between 08.00-11.00 hours in the morning (personal observation).
This research suggests that under these conditions, and when there is a
high aphid attack, greenhouse ventilation can be managed to enhance

syrphid entrance.
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The influence of additional floral resources on adult and pre-imaginal stages
of aphidophagous syrphids has been studied in half-open sweet-pepper
greenhouses on the Mediterranean coast of southeast Spain. Sweet
alyssum and coriander were the plant species introduced in several
monospecific patches. Coriander had its flowering peak in May and sweet
alyssum in June. In two replicated greenhouses where the flowers were
introduced, a significantly higher number of syrphid larvae were recorded
than in two control greenhouses (without additional floral resources). To
evaluate the effect on adults, 4 greenhouses were divided in 2 plots and
flowers were introduced in one plot per greenhouse. Significantly more
hoverfly adults were also observed when flowers were introduced than in
control. The three most abundant syrphid species found were Eupeodes
corollae, Episyrphus balteatus and Sphaerophoria rueppellii. For these
species pollen content was analyzed by dissection to assess the food
potential of the introduced flowers. The three syrphid species fed on pollen
from both added flowering plants, as well as on sweet-pepper pollen. The
proportion found of each pollen type depended on the syrphid species, and
on the plant phenology. This strategy of introducing flowering plants is an
effective method to enhance aphidophagous syrphid populations in sweet-

pepper Mediterranean greenhouses.

()*+,$%-./'$0-,

In sweet pepper greenhouses of southeast Spain a biological
control-based IPM system has replaced the chemical control, focused on the
target pest Frankliniella occidentalis (Pergande) (Thysanoptera: Thripidae)
(Sanchez & Lacasa, 2006). To control this species, abundant releases of
Orius laevigatus (Fieber) (Hemiptera: Anthocoridae) and Amblyseius

cucumeris (Oudemans) (Acari: Phytoseiidae) are done and pesticides have
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attractiveness of adult aphidophagous syrphids; 3) if the attraction of the
introduced flowers on syrphids is related to their performance as a food

resource.

2. Materials and methods

2.1. Experimental site

The study was conducted in commercial greenhouses of sweet
pepper owned by the agricultural cooperative SURINVER S.C. located on
Pilar de la Horadada (Alicante). This region is located in the southeast of
Spain near the Mediterranean coast, and is a traditionally agricultural zone
(Campo de Cartagena). In this area sweet pepper is planted in December-

January and it is grown until July-August.

Other greenhouses and outdoor crops compose the surrounding
landscape. Areas with natural vegetation have been removed, field margins
included. All the greenhouses were of the type “Almeria”, with a wooden or
aluminum structure covered by thermal polyethylene. During the
experimental time both the side walls (screen walls) and the zenithal
windows of the greenhouses were completely open during the day. This is a
common practice in commercial greenhouses in the area to improve the
ventilation and decrease the high temperatures. The screen nets are open
during an increasing number of hours as the season progressed, and from
May to July most of the nets are continuously open. The greenhouses were
managed under an IPM system, and against aphids, Aphidius colemani
Viereck (Hymenoptera: Aphidiidae) releases were performed during the
experimental time with a weekly frequency. In some occasions during the
sampling years, pesticides as pirimicarb, pyrethrum and soaps were applied,

but never during the experimental periods.

In ten greenhouses coriander and sweet alyssum seeds were sown

by hand in January, at an approximate sowing rate of 18 gr of seed/Ha and 9
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gr/Ha respectively. They were sown in alternate monospecific patches of five
square meters each along the greenhouse surface. Both plant species start
producing flowers in March, but coriander had its flowering peak in May
while sweet alyssum had it in June. Greenhouses were prepared with the
selected flowering plants during the three years (2004-2006). The main
inconvenient was that several aphid species occur (Pineda & Marcos-
Garcia, in press), not being available even four greenhouses with the same

aphid species and infestation.

2.2. Records of immature stages

In 2004, a total of 20 greenhouses were selected, and in ten of them
coriander and sweet alyssum were sown as previously described. Because
of the commercial character of the greenhouses, unexpected facts
happened very often and a higher number of study fields should be
prepared. During 2006 greenhouses were prepared to repeat experiments
but the commercial character gave some problems: in several greenhouses
flowers were removed by workers, there were not available greenhouses
with the same aphid species and severity level, and replicates were not then
available. Finally a total of four greenhouses were selected, from which two
replicates were set as control and two replicates had additional floral
resources. The aphid infestation was established with a severity scale (four
levels), related to the status of the majority of the plants in the greenhouse.
Level 1 meant aphids were present, but only on the terminal apex; level 2
corresponded to aphid presence on two parts of the plant, but the plant as a
whole was not infested; level 3 meant that aphids had infested the whole
plant, but without a clear reduction in growth; while level 4 showed a clear
growth decrease and defoliation. The four greenhouses had aphid
population foci of Myzus persicae Sulzer (Hemiptera: Aphididae) (identified
by a specialist) of a level 3 severity, and the severity did not change during

the experimental time. The collection of immature syrphids was done
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2.4. Pollen content of the three main species
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Data represented mean syrphids (+SE) per sample of 200 leaves and per
greenhouse. To evaluate the effect on adult syrphids, Friedman test for
related samples was used. In this case data represented mean number of

syrphids recorded in 15 min per plot.

The pollen consumption between males and females was compared
using the Mann-Whitney test. To compare differences between pollen types,
a Friedman test for related samples was used, followed by a modified
Dunn!s method for pairwise multiple comparisons (Gardiner, 1997). To
compare differences between syrphid species, a Kruskal-Wallis test for
independent samples was applied, followed by Dunn!s method for pairwise
multiple comparisons. Data were analyzed with the SPSS statistical package
(SPSS, 2004), and the non-parametric multiple comparisons were performed

manually.

3. Results

3.1. Effect on immature stages

Five hoverfly species were found feeding on the aphid pest Myzus
persicae, from a total of 742 reared larvae: Episyrphus balteatus (50%),
Sphaerophoria rueppellii (26%), Eupeodes corollae (23%), Sphaerophoria
scripta (L.) (0.9%) and Scaeva albomaculata (Macquart) (0.1%). The
number of larvae (fig. 1) found in greenhouses with flowering plants was
significantly higher than in control ones (z= 2.2, df= 1, p= 0.028). When a
mean comparison by species was done (tab. 1), each species was more
abundant in greenhouses with flowering plants than in the control, and

significant differences were found (p< 0.05) for S. rueppelliiand S. scripta.
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Syrphids in pre-imaginal stages
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3.2. Effect on adult hoverflies
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A total of 51 syrphids were dissected, 15 specimens from E. corollae
(five males and ten females), 17 specimens from E. balteatus (nine males
and eight females) and 19 specimens from S. rueppellii (nine males and ten
females). Pollen from the introduced flowering plants was observed in the
gut contents from the three syrphid species studied (tab. 2). No significant
differences were found between the two sexes in the proportion of each
pollen type found (E. corollae: p.,= 0,68, pca= 1, Pcs= 0,30, Potners= 0,27; E.
balteatus: p.,= 0,56, pc.= 0,18, pcs= 0,46, pPoners= 0,77; S. rueppellii: p_ =
0,46, pc.= 0,51, pgs= 0,96, pomes= 0,47). For the three syrphid species,
significant differences were found between the proportions of different pollen
types (tab. 2). E. corollae consumed more pollen from sweet pepper and
from “others” than from the introduced flowering plants. For E. balteatus, the
consumption of other pollen types was significantly smaller than from the
introduced plants and sweet pepper, but no significant differences were
found between the last ones. S. rueppellii consumed significantly less pollen
from coriander than from the other studied plants. Regarding the different
pollen consumption by syrphid species, sweet-pepper pollen was the only
type that was found in similar proportions in the three syrphid species. The
proportions of the other pollen types studied, varied between the three

aphidophagous species (tab. 2).

3/ 4&#5. Percentage of pollen grains (%) found into gut contents of the three
most abundant syrphid species. Different capital letters within a column
indicates significant differences between syrphid species (Dunn’s test; p<0.05).
Lower-case letters within a row indicates significant differences between pollen
types (modification of Dunn’s test; p<0.05).
Syrphid . . B Y 12

. L. maritima C. anuum C. sativum “Others” n p
species (df =8)
E. corollae 6.8 aA 389bA 7.2aA 47.2bA 15 22.9 0.000

E. balteatus 5.8 aA 24.4 aA 52.7 aB 17.2bB 17 7.9 0.049
S.rueppelli 51228  30.2aA 2.1bA 16.5aAB 19 18.1 0.000

12 (df=2) 16.5 1.4 17.9 8.1
p 0.000 0.50 0.000 0.02
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4. Discussion

The results of the current work confirm that the provision of extra
floral resources in sweet-pepper greenhouses leads to an increase of
aphidophagous hoverflies into such greenhouses. This fact has been
demonstrated for adult and immature stages, which are performing the pest
control. Nevertheless, aphid control was not achieved during the
experimental time, and at the end pesticides were applied since the

economical threshold was overlapped.

Several works observed a higher number of hoverflies when
introducing flowering plants in an outdoor crop (Hickman & Wratten, 1996;
Fitzgerald & Solomon, 2004; Pontin et al., 2006), but this is the first time that
this fact has been proven for commercial greenhouses. The special
character of Mediterranean greenhouses makes this fact possible, since
their semi-open structure leads to the natural presence of natural enemies
(Gabarra et al., 2004; Pineda & Marcos-Garcia, 2006). The most abundant
species found in the immature stages study are the three most abundant
aphidophagous hoverflies in the region (Pineda & Marcos-Garcia, 2006), E.
balteatus, E. corollae and S. rueppellii, and the results suggest that this

manipulation strategy is valid for each of them.

Syrphids lay higher numbers of eggs at higher prey densities, being
aphids the main stimulus for oviposition (Chandler, 1968). In a preliminary
bioassay adult abundance was tested with aphid presence and therefore the
effect of the flowers was disguised. To evaluate the effect of flowers on adult
syrphids with aphid presence, it would be necessary to work with the same
aphid density, and for that the introduction of aphids and their monitoring is
needed. Sweet pepper has a high crop value/unit area, and a controlled
aphid introduction in several replications is unrealistic in commercial
greenhouses. Thereafter the adult syrphid study was performed without
aphids, to assess the effect of introducing flowering plants only, which had a

significant effect on adult abundance. During the adult study the second
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year, different syrphid species were recorded as the most abundant, like S.
rueppellii, S. scripta and the genus Paragus. This annual change in the
species composition seems to be related to more arid and warmer
conditions in 2005 (Pineda & Marcos-Garcia, 2006), recording more
individual species that are well adapted to the Mediterranean climatic

conditions (Speight, 2005).

Sweet alyssum and coriander were introduced in greenhouses over
a period of three years (2004-2006), and farmers had no objections against
it, since disadvantages of their use were not observed. During these three
years, it was observed that both species could be colonized by the aphids
Myzus persicae and Macrosiphum euphorbiae (Thomas), but only when the
aphid infestation over the crop was extremely high. No other pest species
were observed on them, and they did not lead to a visible growth reduction
on the neighboring sweet-pepper plants. Nevertheless, other risks need to
be further evaluated, like the potential of these flowering plants to act as

aphid reservoirs (Morales et al., in prep.).

With the analysis of the pollen content, we confirm the hypothesis
that the syrphid attraction by introducing flowers into greenhouses is related
to a feeding behavior of the adult syrphids. The proportion, in which their
pollen is present in the syrphid guts, is different for each syrphid species,
and this is related to the syrphid and flower plant phenology. Both plant
species start producing flowers in March, but coriander had its flowering
peak in May while sweet alyssum had it in June. Pineda & Marcos-Garcia
(2006) found that the three most abundant syrphid species in the
greenhouses show a temporal succession: E. corollae has its population
peak in April, E. balteatus in May, and S. rueppellii in June. According to this
fact, E. corollae ingested a small proportion of coriander and sweet alyssum,
and in contrast a high proportion of sweet-pepper and “others” pollen was
found. The introduced flowers pollen was not the main item ingested by E.
corollae, because when adult captures were done, these flowers were

present in the greenhouses but not in their maximum flowering period. E.
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balteatus captures were done in May, and coriander was the most numerous
pollen found in their guts, coinciding with its flowering peak. Similarly, S.
rueppellii was captured in June, and the pollen type most ingested was from

sweet alyssum, the plant with the last flowering peak.

The sweet-pepper pollen was the only one which proportion in the
syrphid guts had no significant differences. We believe that this fact happens
because from the four pollen types studied, sweet pepper is the only one
whose production is constant during the spring. Therefore we conclude that
the studied syrphid species, can ingest the pollen from coriander and sweet
alyssum, and they will prefer this pollen against pollen from sweet-pepper
and “others”, depending on the availability of each pollen type. Colley &
Luna (2000) already suggested that to enhance the effectiveness of this
strategy, it is recommended to introduce several plants with overlapping
flowering periods. With the combination here presented is possible to obtain
a longer flowering period, than if just one species would be introduced, and

synchronized with the moment when syrphids are most abundant.
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Introducing barley as aphid reservoir in sweet-pepper

greenhouses: effects on native and released hoverflies (Diptera,

Syrphidae)

+,-."0)120)3"45(678"45%"0)3ZU0Introducing barley as aphid reservoir in sweet-pepper
greenhouses: effects on native and released hoverflies (Diptera, Syrphidae). European Journal of
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Abstract

Habitat management is a form of conservation biological control, and it
includes strategies like the provision of alternative prey for natural enemies.
One example is the “banker plants” strategy, which consists of introducing
cereals with aphids in horticultural crops, and it is usually combined with
parasitoid releases. In this work we evaluate the effect of the use of “banker
plants” on the enhancement of native populations of aphidophagous
syrphids and on the residence time of Episyrphus balteatus (De Geer)
releases. The work was performed in sweet-pepper commercial
greenhouses in the southeast of Spain. Barley was sown, and infested with
the aphid Rhopalosiphum maidis (Fitch). Visual censuses were performed to
record the released specimens (marked on the thorax before release) and
the naturally occurring hoverflies. At the end of the experiment leaf samples
were taken to the laboratory, and the immature syrphids were reared for
identification. The provision of aphid reservoirs has a significant effect on the
abundance of natural syrphid populations in the greenhouse. From a total of
528 adult native specimens recorded, 81% are of the species Sphaerophoria
rueppellii (Wiedemann). The mean residence time of released E. balteatus
specimens was significantly higher in greenhouses with banker plants (5.6
days) than in control (4.3 days). We did not find significant differences
between plots control and with banker plants in their probabilities to retain
such released specimens. Of the syrphids collected at immature stages from
the barley leaves, we did not record any E. balteatus, and 100% of the
specimens were identified as S. rueppellii. We conclude that the banker
plant strategy is effective in enhancing natural populations of syrphids in
sweet pepper greenhouses and also in increasing released syrphid
residence time. Nevertheless, released individuals do not stay in the
greenhouses long enough to lay eggs. We suggest that the E. balteatus

release method should be amended.
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Aphids (Hemiptera: Aphididae) are one of the most destructive pests
in sweet pepper greenhouses and they tend to become the dominant pest
(Ramakers, 2004). In integrated pest management systems and especially
in organic farming, preventative measures are the highest priority of pest
control (Zehnder et al., 2007). Inoculative releases of several natural
enemies are performed since the beginning of the crop season. One of the
main problems of this strategy is the establishment in the crop of such
natural enemies in advance of pest invasion, mainly due to the lack of prey

insects. That period is focus of this study.

Habitat management is a form of conservation biological control that
alters habitat to improve availability of the resources required by natural
enemies for optimal performance (Landis et al., 2000). Provision of
alternative prey is one of mechanisms for habitat management. The use of
“open-rearing” systems or “banker plants” consists of introducing cereals
with aphids in horticultural crops. Those aphids are not a threat to the crop
while they serve as alternative food to specific aphid natural enemies, which
can control the crop pest aphids. This system has been used successfully
for the control of Myzus persicae Sulzer and for Aphis gossypii Glover. In
such studies the use of open rearing units aids the establishment of the
released natural enemies, like Aphidius colemani Viereck (Hymenoptera:
Aphidiidae), A. matricariae Haliday and Aphidoletes aphidimyza (Rondani)
(Diptera, Cecidomyiidae) (Hansen, 1983; Bennison & Corless, 1993;
Jacobson & Croft, 1998) but their effect on natural populations has not been

previously studied.

The larvae of some syrphid species are aphid predators and they
have an important role as biological control agents, a fact proven in several
works (Chambers & Adams, 1986, Rojo et al., 1996). Several studies have
shown that they are the most abundant aphid predators in outdoor crops
(Niehoff & Poehling, 1995; Jansen, 2000; Mifiarro et al., 2005). In a previous
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work we have observed that several syrphid species can naturally occur in
Mediterranean greenhouses (Pineda & Marcos-Garcia, 2006). However, the
only species that is commercially available is Episyrphus balteatus (De
Geer). In sweet pepper greenhouses in the southeast of Spain, this species
is one of the most abundant, accounting for up to 30% of the syrphid
captures (Pineda & Marcos-Garcia, 2006). In this region, most greenhouses
are made of plastic instead of glass, with a low level of isolation from
outside. We observed in previous works that the release of this species in a

preventive way usually does not remain in the greenhouses long enough to
lay eggs.

With this work we set out to evaluate the potential of banker plants
as aphid reservoirs to 1) enhance syrphid natural populations and to 2)

increase the E. balteatus release residence time.

2. Materials and methods

2.1. Experimental site

The study was conducted in four commercial greenhouses of sweet
pepper located on Pilar de la Horadada (Alicante). This region is placed in
the southeast of Spain near the Mediterranean coast, and is a traditionally
agricultural zone (Campo de Cartagena). In this area, the sweet pepper is
planted in December-danuary and is grown until July-August under an
integrated pest management system. The study was performed in 2006,
when aphidophagous syrphids have their population peak in this area
(Pineda & Marcos-Garcia, 2006) from 25 May to 4 June. All the
greenhouses were of the type “Almeria”; a wooden structure covered by
thermal polyethylene, and with a screen net in the lateral openings. During
the experimental time both the side walls (screen nets) and the zenithal
windows of the greenhouses were completely open during the day for

ventilation.
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The four greenhouses were divided with an anti-thrips screen net in
two plots of equal surface area (ca. 500m?). In one plot of each of the four
greenhouses, three months before the experiment, barley seeds were sown
in patches (ca. 100 seeds per patch) by hand, at a rate of 3 patches per
100m?. The other plots acted as control. In a preliminary bioassay we tested
the effectiveness of the anti-thrips net at isolating the plots, by marking adult
syrphids with different colors in each plot. There were no movements
observed of marked syrphids between plots, nor between greenhouses.
During the experiment, the sweet pepper plants were free of aphids, in order
to work on the conditions of preventive releases. Barley (Hordeum vulgare
L.) was infested twice (one month and two months before the experiment)
with the aphid Rhopalosiphum maidis (Fitch), from natural populations

collected on the field.
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Pupae of E. balteatus were purchased from a commercial producer.
When adults were 1-day old, they were marked on the thorax with a water-
based paint (Decorfin®) and transferred to the field the next day. These
adults were released into each plot at a rate of 20 adults per 500m?, (8
males and 12 females) which is ten times higher than the recommended
rate. Visual censuses of 15 minutes duration (enough time to walk along the
whole plot) were performed in a randomized order. They were repeated
twice per day (between 8:00 and 16:00), and done every other day during
six sampling days. The censuses for all treatments consisted of walking
between every two lines of pepper plants, and shaking them simultaneously.
All syrphids observed were counted, recording the species and whether they

were marked.
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When the adult census finished, samples of barley were collected to
record the immature syrphids present on the aphid reservoirs. In each plot,
seven barley patches were random selected, and one sample of five leaves
was placed in a rearing cage and transferred to the laboratory. Then
immature syrphids were identified and reared until adults emerged, to

confirm the identification by the authors.
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A general lineal model (GLM) with repeated measures was used to
determine the effect of the introduction of banker plants on natural
population of syrphids. Sampling day and day period were set as within-
group factors, and the banker plants and greenhouse as between-group
factors, customizing the model to show the main effects of their interaction.
Data satisfied the assumptions of sphericity (Mauchly) and homogeneity of

variances (Levene).

We used survival analysis or “failure time analysis” (Muenchow,
1986) to analyze the permanence along a time period in plots control and
with banker plants. This analysis addresses data of the form “time until an
event occurs”, and in this case was when in a plot no marked E. balteatus
was recorded. We used the Kaplan-Meier product-limit nonparametric
method for the computation of the probability that released E. balteatus
specimens are observed in a plot during a 15 min census (“survival”’). Then
the logrank (Mantel- Cox) statistic was applied to test differences between
plots with and without banker plants. To compare the mean residence time,
the non-parametric Wilcoxon test for related samples was used because of
the non-normality of the data even after trying some common
transformations. All data were analyzed with the SPSS statistical package
(SPSS, 2004).
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Table 1. Species composition of syrphids occurring in sweet
pepper greenhouses. Adults were recorded by visual census.
Larvae and pupae were collected on barley

Species Adults Larvae and pupae
n % n %
Released E. balteatus 174 - 0 0
Natural populations
Sphaerophoria rueppellii 412 81 44 100
Eupeodes corollae 72 14 0 0
Episyrphus balteatus 9 2 0 0
Sphaerophoria scripta 9 2 0 0
Paragus spp. 4 1 0 0
Total 506 100 44 100

3.2. Effect on released E. balteatus

A total of 174 marked specimens of E. balteatus were recorded
during our censuses. We did not find significant differences between plots
with and without banker plants in their probabilities to to retain released
specimens (Wald statistic = 0.89, df = 1, P = 0.35; Fig. 2) The residence time
where barley was introduced averaged 5.8 ! 0.7 days, whereas for plots
without banker plants the average was significantly lower (4.3 ! 0.7 days) (Z
=-2.1, P = 0.03). The maximum residence time registered was 8 days, and

was just observed in two plots.

4. Discussion

The results of the current work confirm that the provision of aphid
reservoirs with the banker plant strategy in sweet-pepper greenhouses leads
to an increase of naturally occurring aphidophagous hoverflies into these
greenhouses. Previous works on this topic have proven the effectiveness of
this strategy to build up aphid natural enemy populations before aphids
arrive on the crop (Hansen, 1983; Bennison, 1992; Bennison & Corless,
1993; Jacobson & Croft, 1998). However, the current work is the first that
focuses on natural populations, instead of released specimens. Additionally

this is the first work on this strategy involving syrphids.
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Regarding the effect of the open rearing units on released E.
balteatus, we can conclude that their use does not aid the establishment of
this species. A significantly higher residence time was observed in the
greenhouses where banker plants were introduced, but no larvae were
observed on the collected samples of barley. This is because the mean
residence time observed with banker plants was 5.8 days, and the minimum
time that E. balteatus needs to be gravid is around 7 days (Geusen-Pfister,
1987). E. balteatus larvae were abundant in banker plants from other
greenhouses, and it has been cited preying on R. maidis several times (Rojo
et al., 2003). After trying several strategies to increase the residence time of
released E. balteatus (unpublished data), we concluded that aphid presence
is essential for this species to be effective. With this strategy evaluated we
add the aphid stimulus, but the time E. balteatus stays in the greenhouses is
not long enough to increase their population. As a conclusion from our
results, for Mediterranean greenhouses with a low level of isolation, we
strongly recommend changing the release methodology of E. balteatus. To
have a quicker response, instead of releasing pupae we suggest to release

eggs, first-instar larvae, or gravid females.

Aphid populations present on the barley were decreasing along the
experimental time, because of the control exerted by the natural enemies.
The maintenance of the open rearing units is essential for their effectiveness
(Bennison & Corless, 1993; Jacobson & Croft, 1998). Some aspects that
need to be considered are: 1) to establish the banker plant system at the
beginning of the crop season, 2) to inoculate with aphids several times to
keep the aphid population 3) to distribute them at least at 20 locations per

1000m?, 4) to observe carefully the phytosanitary status of the barley.

This system has been always studied with aphid Rhopalosiphum
padi L. (Bennison & Corless, 1993; Jacobson & Croft, 1998). We worked
with R. maidis because it was the species found in greenhouse conditions in
the studied area. Both aphids are easily parasitized by Aphidius colemani.

This is the most common released aphid parasitoid, and it is effective on
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controlling small aphid like Myzus persicae or Aphis gossypii which are
major pests in sweet pepper greenhouses (unpublished data). On the other
hand, for “big aphids” as Macrosiphum euphorbiae or Aulacorthum solani,
releases of Aphidus ervi or Aphelinus abdominalis are recommended
(Rabasse & van Steenis, 1999). These parasitoid species are also related to
the aphid Metopolophium dirodhum, which we found frequently on barley
from greenhouses in the studied area. The combination of other species in a
banker plant system can be useful to control a wide range of pest species

and need to be further studied.
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Capitulo 5

Evaluation of several strategies to increase the residence time of
"% () *+-. +($ (Diptera, Syrphidae) releases in sweet-

pepper greenhouses

Pineda, A., Marcos-Garcia, M.A., 2007. Evaluation of several strategies to increase the residence time
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We have investigated several factors affecting the augmentation of the
aphidophagous syrphid Episyrphus balteatus in Mediterranean sweet pepper
greenhouses. First, the effectiveness of releases has been assessed, by
recording the larva and pupa number. The abundance of E. balteatus varied
between greenhouses, which was not observed to be a release effect.
Second, two experiments were performed to assess the effect of three
biological control management strategies on the release residence time. In
the first experiment, the greenhouse ventilation was shown to have a
significant influence on the adult population residence time, which was
higher when the side walls were open rather than closed. The introduction of
additional floral resources (sweet alyssum and coriander) did not have a
significant effect on the release residence time. In the second experiment
the age of the released adults was assessed, and two-day-old adults stayed
longer in the greenhouse than seven-day-old adults, but the seven-day-old
adults had more time to lay eggs. Although syrphids are effective aphid
natural enemies, the release methodology of introducing pupae appears not
to be effective in Mediterranean greenhouses. In this paper we propose

changing the methodology of releasing E. balteatus.

()*+,$%-./'$0-,

Nowadays, there is an increased resistance to pesticides and
difficulties in developing new, effective pesticides in line with governmental
rules. One consequence is that in some crops and regions, pest
management has changed from a chemical control to a biological control-
based IPM (Integrated Pest Management) system. In sweet pepper crops in
greenhouses, IPM has been developed with the focus on the target pest
Frankliniella occidentalis (Pergande) (Thysanoptera: Thripidae), as a virus

vector, and its natural enemy Orius laevigatus (Fieber) (Hemiptera:
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Anthocoridae) (Sanchez & Lacasa, 2006). As a consequence, releases of
natural enemies have increased and the application of broad-spectrum
pesticides has reduced. Aphids are some of the most destructive pests in
numerous crops, and they have become the dominant pest in sweet pepper
greenhouses (Ramakers, 2004). To combat this pest, the key species
released is the parasitoid Aphidius colemani Viereck (Hymenoptera:
Aphidiidae), but its effectiveness decreases with high levels of pest
infestation and with the peak of hyperparasitoid populations in spring (pers.
obs.). In these cases, a combination with other predators is recommended,

such as coccinellids, chrysopids or syrphids.

Adult hoverflies feed on pollen and nectar, while the larvae of some
species are valuable aphid predators (Chambers and Adams, 1986; Rojo et
al., 1996). Episyrphus balteatus De Geer (Diptera: Syrphidae) is the only
species that is commercialized, and releases are performed as pupae. This
polyvoltine species naturally occurs in high numbers in numerous crops in
Europe, where it is usually the most abundant aphid predator (Cowgill et al.,
1993; Niehoff & Poehling, 1995; Jansen, 2000; Mifiarro et al., 2005). In
sweet pepper greenhouses in the southeast of Spain, this species is one of
the most abundant ones, accounting for up to 30% of the syrphid captures
(Pineda & Marcos-Garcia, 2006). E. balteatus larvae can ingest between
400 and 1000 aphids during their larval development (Tenhumberg, 1995),
which lasts about one week (Geusen-Pfister, 1987). Although it is an
important aphid predator, it is not common as a commercial release. One
critical factor is that in greenhouse conditions females need at least seven
days to become gravid (Geusen-Pfister, 1987), and therefore insect releases

into the greenhouse should remain at least for that amount of time.

The Mediterranean basin is the origin of most horticultural products
consumed in the European Union (FAO, 2006), and in this region
greenhouses are much less isolated than in northern regions. 92% of the
Mediterranean greenhouses are constructed of polyethylene plastic (van

Lenteren & Woets, 1988), and the sides can be opened for extra ventilation.
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This allows natural enemies to enter the greenhouse from the surrounding
area (Gabarra et al., 2004; Pineda and Marcos-Garcia, 2006), but insect
releases can also escape. Because of this it is important to evaluate the
residence time of syrphid releases and to develop strategies to improve their

residence time.

Zehnder et al (2007) have recently reviewed arthropod pest
management in organic farming, following the four-phase model of Wyss et
al. (2005). In this model, the first phase is based on the cultural practices, to
which ventilation management belongs. The second phase consists of
vegetation management, such as the strategy of conservation biological
control. Within this strategy, the provision of extra floral resources to attract
syrphids and enhance the aphid control is a method that is being used with
success in several outdoor crops (Cowgill et al., 1993; White et al., 1995;
Hickman and Wratten, 1996; Fitzgerald and Solomon, 2004), and it can also
attract syrphids to Mediterranean greenhouses (Pineda and Marcos-Garcia,
in prep.). The third phase of the model is the inundative and inoculative
releases of biological control agents. Our study was performed in a region
with a high degree of organic farming, and all these practices are followed.
Our study is the first one that assesses syrphid releases, and one of the first
that combines natural enemy releases with strategies from Wyss’ first and
second phases. The fourth phase of the model has not been studied in our
study, and covers the use of botanical pesticides, and similar, tolerated in

organic farming.

Our study evaluates the effect of releasing Episyrphus balteatus
adults on the abundance of syrphid larvae in Mediterranean greenhouses,
and the residence time of released E. balteatus. This was done by assessing
the effects of: 1) ventilation management, 2) provision of floral resources,

and 3) age of the released insects.
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2007). When the adults were seven days old (5 May), the time that females
need to be gravid, 50 individuals (30 females and 20 males) were introduced
in two greenhouses, while the other two greenhouses acted as control (two
replications). During eight sampling days (from 5 May to 27 May) immature
syrphids were collected from the aphid focus in each greenhouse, and
counts of E. balteatus eggs, larvae and pupae were recorded. One sample
was taken in each greenhouse by detailed observation of 200 leaves
(sampling unit) of sweet pepper plants. All the leaves with eggs, larvae, or
pupae of syrphids were collected in rearing cages (21 x 15 x 9 cm), as well
as those leaves with such a high number of aphids that it did not allow a
detailed observation in situ. Larvae and pupae of E. balteatus were identified
and were reared in a climatic chamber (25°C, 60-70% relative humidity) until
the syrphid adults emerged, to confirm the identification of E. balteatus

specimens.

2.3. Effects on release residence time

This experiment was performed in 2005 in a total of three
commercial sweet pepper greenhouses. Each greenhouse was divided into
two plots of equal surface area (ca. 500m? by an anti-thrips net. In a
preliminary bioassay we tested the effectiveness of the anti-thrips net at
isolating the plots, by marking adult syrphids with different colours in each
plot. No movement of syrphids between plots or between greenhouses was
observed. During the experiment the greenhouses were free of aphids, to
avoid the effect aphids can have on syrphid residence time. One of the
principles of IPM is the prevention of crop colonization by the pest species,
and natural enemies are released before pests appear. Therefore absence
of aphids is the most realistic situation when the preventive releases of E.

balteatus are made.

Episyrphus balteatus pupae were purchased from a commercial

producer. When adults were one day old, they were marked on the thorax
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with a water-based paint (Decorfin®) and transferred to the field the next
day. These adults were released into each plot at a rate of 20 adults/500m?,
(8 males and 12 females) which is ten times higher than the recommended
rate. Males were released in the proportion they emerged from the
commercial pupae, to create as a realistic situation as possible. Data of
residence time of different sexes are not reported because of the different
proportion released, but a territoriality effect is discarded since last
individuals observed were always females. Visual censuses of 15 minutes
duration (enough time to walk along the whole plot) were carried out in a
randomized order, repeated twice per day (between 8:00 and 16:00). The
censuses consisted of walking between every two rows of sweet pepper
plants, and shaking them simultaneously. All marked syrphids observed
were counted, and recorded. The response variable was the number of

marked E. balteatus recorded per plot in a census of 15 min.

a) Experiment 1: Ventilation management and provision of floral resources

Over a period of eight days, between 17 May and 24 May, the effect
that the introduction of floral resources into the greenhouses has on the
residence time of released adults was assessed with the side walls closed.
The experiment was repeated between 31 May and 9 June with the side
walls open. Coriander (Coriandrum sativum, L.) and sweet alyssum
(Lobularia maritima L. Desv.) were selected as floral resources since they
attract aphidophagous hoverflies (e.g. Pontin et al., 2006). Seeds were sown
between the sweet pepper plants by hand in January, at an approximate
sowing rate of 18 gr. of seed/Ha and 9gr./Ha respectively. They were sown
in alternate monospecific patches of five square meters each along the
greenhouse surface, in one plot of each greenhouse and the other plot acted

as control for the three greenhouses.
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b) Experiment 2: Release age and provision of floral resources

In a period of nine days, between 31 May and 9 June, these two
strategies were combined and release residence time was assessed. Adult
syrphids need pollen proteins for sexual maturation, and we wanted to test if
the provision of floral resources has a different effect on 7-day-old or 2-day-
old syrphids. In this experiment side walls were closed. Simultaneously, two
types of adults were released in the plots with and without flowers (with the
same distribution as in the experiment 1): seven-day old adults and two-day
old adults were marked with a different colour. The release rate was the

same as in the previous experiment; 20 adults/plot, of both age groups.

"#'$%E& &()&(*'+$','+-)()

The effect of E. balteatus release on its population level could not be
compared since greenhouses showed a high variability for both treatments

(with and without release). Data are presented as descriptive statistics.

To evaluate the effect of the different studied strategies on the
release residence time, survival analysis were performed (Muenchow,
1986). This analysis (also known as “failure time analysis”) addresses data
of the form “time until an event occurs”, and in this case was when in a plot
no marked E. balteatus was recorded. We used the Kaplan-Meier
nonparametric method for the computation of the probability of E. balteatus
residence in the plot (“survival”). Then the Mantel- Cox test was applied to
detect differences between the different factors. For experiment 1, the
factors were greenhouse, flowers, ventilation and the interaction flowers x
ventilation. For experiment 2 the factors were greenhouse, flowers, release
age and the interaction flowers x release age. Data were analyzed with the
SPSS statistical package (SPSS, 2004).
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3. Results
3.1. Effect of releases on immature syrphids abundance
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3.2. Effects on release residence time
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a) Experiment 1 b) Experiment 2
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The strategy of combining conservation biological control with
releases did not increase the residence time of E. balteatus when side walls
were open. Nevertheless, when the three strategies (conservation biological
control, a cultural method and inoculative releases) were performed, we
observed a higher residence time. The strategy of introducing floral
resources needs to be planned at the early stages of the crop sowing, and
then it has several benefits such as to enhance natural populations of
syrphids in the greenhouse (Pineda & Marcos-Garcia, in prep.), and to

improve the performance of released parasitoids (Begum et al., 2006).

The time that E. balteatus females need to be gravid is around
seven days (Geusen-Pfister, 1987), and this age was considered as an
indicator of sexual maturity. The correlation of a physiological status like the
sexual maturity with time is a methodology easily followed for commercial
purposes. We observed that the only situation where the released syrphids
stayed that time was when they were introduced while side walls were
closed and with floral resources. The other combinations did not lead to a
mean residence time longer than five days. This is not a problem if releases
are done when adults are seven-days old, because although we found that
they stay in the greenhouse a significantly shorter period of time, the period
they can oviposit is longer. In this experiment we observed that floral
resources are not effective in increasing residence time of 7-day-old
releases, but there is a tendency to increase young hoverfly residence time.
This is probably due to the fact that when syrphids are young their main
need is the food resource, but when they are gravid their main need is the
oviposition stimulus, and females search for aphid colonies and not for floral

resources.

In conclusion, we think that releasing E. balteatus is not effective in
Mediterranean greenhouses as a preventive release. We suggest a change
in the current release methodology, since adults need more time to be gravid
than their residence time in the greenhouses. Wyss et al. (1999) observed a

high effectiveness of releasing syrphid larvae and eggs in semi-fields
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experiments, and this method appears to be more suitable than the pupae
and adult releases. Until this release method is commercially available, we
propose the following recommendations to farmers: 1) to introduce additional
flower resources in the early stages of the crop season; 2) if syrphid natural
populations are high, to open the side walls to enhance their presence in the
greenhouse and to limit the release of syrphids; and 3) to keep the

greenhouse closed as much as possible after a syrphid release.
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Capitulo 6

Oviposition avoidance of parasitized aphid colonies by the syrphid

predator Episyrphus balteatus mediated by different cues

Pineda, A., Morales, |., Marcos-Garcia, M.A., Fereres, A., 2007. Oviposition avoidance of parasitized
aphid colonies by the syrphid predator Episyrphus balteatus mediated by different cues. Biological
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predators and parasitoids, of which intraguild predation (IGP) is the most
studied, probably because it can be a determinant in the success of
biological control (Rosenheim et al., 1995). Predator-parasitoid interactions
are usually studied from the parasitoid point of view, especially how
predators affect parasitoid performance (Colfer & Rosenheim, 2001;
Meyhéfer & Klug, 2002; Nakashima & Senoo, 2003). The present study
suggests that parasitoids can also affect the behavior of predators that prey

on the same host species.

There are several studies that have reported the effect of one aphid
predator species on the oviposition preference of another predator species
guided by chemical cues (Ruzicka & Havelka, 1998; Agarwala et al., 2003;
Ruzicka, 2003). It has also been shown that the aphid parasitoid Aphidius
ervi Haliday (Hymenoptera: Aphidiidae) avoids ovipositing where the aphid
predator Coccinella septempunctata Linnaeus (Coleoptera: Coccinellidae) is
located, or has been present (Taylor et al., 1998; Nakashima & Senoo,
2003). This response was shown to be mediated by semiochemicals
(Nakashima et al., 2004). However, the present study is the first on
oviposition preferences by an aphid predator in the presence of parasitized

aphid colonies.

Syrphid larvae are important predators of aphids all over the world,
and Episyrphus balteatus (De Geer) (Diptera: Syrphidae) is the most
common aphidophagous predator species in crops of central Europe
(Chambers & Adams, 1986; Tenhumberg & Poehling, 1995). Syrphids can
act as IG-predators against other aphid predators (Hindayana et al., 2001)
and parasitoids (Kindimann & Ruzicka, 1992; Meyhdfer & Klug, 2002).
Larvae are much less mobile than adults are, and therefore the oviposition
choice of adult females has important consequences on the development of
their offspring. For this reason E. balteatus females are highly selective
when ovipositing, and they can detect different aphid species (Sadeghi &

Gilbert, 2000a) or even the presence of conspecific eggs (Scholz &
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Poehling, 2000). Our work is the first on the perception of parasitized aphids

by syrphid females when ovipositing.

Myzus persicae Sulzer (Hemiptera: Aphididae) is a frequent direct
pest and virus vector in numerous crops, and the release of natural enemies
is frequently used in greenhouses to enhance its biological control (van
Lenteren, 2003; Blimel, 2004). The aphid parasitoid Aphidius colemani
Viereck (Hymenoptera: Aphidiidae) can be found in North and South
America, Australia and Europe (Stary, 1975), and is an effective parasitoid of
M. persicae. Both A. colemani and E. balteatus are found frequently in
sweet-pepper greenhouses, and have a temporal overlap in their phenology
that could lead to intraguild predation. In preliminary studies in commercial
greenhouses in southeastern Spain, however, we observed that leaves with

a high proportion of aphid mummies did not have syrphid eggs.

The first objective, therefore, was to assess if E. balteatus avoids
ovipositing when the parasitoid A. colemani is present in colonies of M.
persicae. Secondly, we assessed the likely role of different cues or stimuli

that might be involved to make such distinction possible.

2. Materials and methods

All experiments were done using the tri-trophic system of sweet
pepper (Capsicum anuum [cv Yolo Wonder]) as a host plant, green peach
aphid (Myzus persicae) as a phytophagous insect pest, the parasitoid
Aphidius colemani as an |G-prey, and the aphidophagous hoverfly

Episyrphus balteatus as the |G-predator.

2.1. Insect rearing

A clone of M. persicae was maintained on sweet pepper plants in a

climatic chamber at 60-70% RH, a night-day temperature of 18-23°C, and a
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adult cages there were always plants infested with M. persicae. The reason
was to avoid an effect on discrimination by the females via host deprivation
(Sadeghi & Gilbert, 2000a). All females were between 18 and 21 days old
when used in the experiments, which is the optimum age to test oviposition
preference according to Sadeghi & Gilbert (2000b). Because E. balteatus
females lay eggs every two days (Sadeghi & Gilbert, 2000b), all of the
females, which did not oviposit on any treatment during such time interval,
were not considered for analysis. In each experiment females were used

only once.

2.2. Ovipositional preference on different parasitized aphid

colonies

To investigate if syrphid females prefer to oviposit on unparasitized
aphid colonies rather than in the presence of parasitized aphids, the
oviposition rate on sweet-pepper plants with three different treatments was
assessed in a free-choice test. Treatments consisted of pepper plants
infested by colonies of 1) unparasitized aphids (control), 2) aphid nymphs
that were parasitized but not yet mummified, 3) aphid mummies. A treatment
with aphid-free pepper plants was not included in the experiment because it
is well known that E. balteatus needs the presence of aphids as ovipositional
stimulus (Chandler, 1968b). The bioassay was carried out in ten screen
cages (60 x 60 x 80 cm) under greenhouse conditions between 8 AM and 1
PM. The experiments were conducted at a temperature range of 19-24°C,
over two consecutive days. Three plants, one for each of the treatments
mentioned above, were placed inside each cage at the corners of an
imaginary triangle, and plant position was randomized in each cage to
compensate for any directional bias. A Petri dish with moist paper was
placed in the center of the cage to provide water for the syrphid female. At
the start of the experiment, a single E. balteatus female was released into

each of the ten cages and allowed to oviposit for a period of one hour. The
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similar way as previously described (with the same colony size), but without

releasing any parasitoids in the aphid colony.
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The treatments in the three experiments were the same as in the
greenhouse bioassay but with some modifications. These experiments were
carried out in a no-choice situation in a climatic chamber at 25°C. In this
case, the test arena consisted of Petri dishes (diameter 9 cm) with moist
filter paper on the base surface and a leaf with its corresponding treatment,
detached from the plant at the start of the experiment. Petri dishes are
probably adequate test arenas for running this type of experiment
(Shonouda, 1996; Sutherland et al., 2001). Petri dish position and
presentation order were randomized in each experiment to compensate for
any directional bias from the climatic chamber structure. One gravid female
was released into each Petri dish and was transferred after 1 hour to another
dish with a different treatment. Therefore the three treatments were offered
to each female sequentially, and performing just one complete run per day.
At the end of the experiment, the number of eggs laid on each detached leaf

was counted for each Petri dish.

The aim of the first of the three experiments was to observe the role
of honeydew together with odors that could remain on the leaves after aphid
infestation, and to compare these results with those obtained from the
greenhouse experiments described above. For this experiment, plants were
prepared as for the greenhouse bioassay, with the same three treatments
(non-parasitized aphids, parasitized aphids and mummified aphids). The day
before the experiment, all the aphids and mummies were removed from the
plants, just leaving on them the honeydew secretions. Leaves were
detached from these plants and introduced into the Petri dishes. The whole

experiment was carried out in one day, obtaining 28 replications

105



(corresponding to 28 females). The data of 21 syrphids that did not lay any

eggs were not included in the analysis.

The aim of the second experiment was to test the role of the
presence of aphids on the leaf, without the honeydew stimulus, on the
preference for oviposition by E. balteatus. In this experiment, leaves from
plants never exposed to aphids and therefore without honeydew were used.
The mummified aphid treatment was prepared the day before the
experiment began by attaching 5 mummified aphids to the upper leaf surface
with a small drop of a clear and odorless adhesive. Groups of 5
unparasitized aphids of the same age (4-5 days old) were allowed to settle
on a single leaf each and placed into the Petri dishes during 1 hour prior to
the syrphid release. For the treatment of parasitized aphids, we did the same
as for the previous treatment, but using parasitized aphids. Honeydew
production is restricted to committed phloem ingestion, which generally
occurs after several hours of aphid probing (Montllor & Tjallingii, 1989). For
this reason we consider that honeydew had no influence on the syrphid
oviposition in this experiment. This experiment was conducted over three
consecutive days, with 30 replications (females). The data of 25 syrphids

that did not lay any eggs were not included in the analysis.

The aim of the third experiment was to investigate if any chemical
cue induced by odors from extracts of aphid bodies was involved in the
oviposition preferences of E. balteatus in presence of parasitoids. For this
experiment, clean leaves without previous aphid contact were placed into
the Petri dishes, but instead of aphids, an aphid-extract of non-parasitized
aphids, parasitized aphids and mummified aphids was laid on the surface of
the leaf. The methodology used was similar to that described by Shonouda
(1996) who observed that aphid aqueous-extract stimulated oviposition by
Eupeodes corollae Fabricius (Diptera: Syrphidae) females, and the number
of eggs laid was proportional to the concentration of aphids. In each
treatment (non-parasitized aphids, parasitized aphids and mummified

aphids), 50 aphids of the same age as in the previous experiments (4-5 days
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old), were homogenized in 1 ml distilled water and centrifuged (10 g force)
for 20 sec. One hundred ul of the supernatant was placed on each side of a
leaf using a micropipette. This experiment was performed over two
consecutive days, with 23 replicates (females). The data of 20 syrphids that

did not lay any eggs were not included in the analysis.

I"#'$%E& &()&(*'+$','+-)()

All the data obtained were not normally distributed, even after
performing some standard transformations to homogenize the variance. For
this reason, in all the experiments, the number of eggs laid on the three
treatments was compared using non-parametric tests. For the first
experiment (free-choice) performed in greenhouse, we applied the Friedman
test, a rank-based procedure for related samples (Sokal & Rohlf, 1995).
When this test indicated significant differences (p<0.05), pairs were
compared using a Wilcoxon signed rank test. For the three non-choice
experiments conducted in climatic chambers, a Kruskal-Wallis test for
independent samples was used (Sokal & Rohlf, 1995). When this test
showed significant differences (p < 0.05), pairs were compared using the
Mann-Whitney U-test. The Mann-Whitney and the Wilcoxon test can be used
for comparisons of pairs of means, when those comparisons are planned
before the experiment is done. In addition, if this test is protected by an
overall test with a p<0.05, the experiment wise type | error rate is reduced
(Day & Quinn, 1989).

"$/0)1+&)
."2"$3 4(56) (&6, ' B5708070, *0$6, $9(8D70, &5' 7 ) (& 09$' 5; (9
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In the greenhouse bioassay, E. balteatus females laid more eggs on

unparasitized aphid colonies than on parasitized or mummified aphid
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colonies (Fig. 1). The differences in eggs laid on mummified aphid treatment
with respect to unparasitized aphid treatment (control), was statistically
significant (Z= -2.24, p=0.025). The number of eggs laid in the parasitized
aphid treatment did not show significant differences with those laid in the
mummified aphid treatment (Z= -0.39, p= 0.69), nor in the control treatment

(unparasitized aphid colonies) (Z=-1.81, p= 0.069).

Fig. 1. Number of E. balteatus

71 eggs counted on sweet-

6 pepper plants with aphid
) colonies in greenhouse
E’ 57 b conditions. The three
£ 4 treatments were mummified
> b [ aphids, parasitized aphids
I 31 a a and unparasitized aphids.
S 2] T [ Different letters indicate
§ statistical significant

i differences (p< 0.05).

0 . . T

Mummified Parasitized Unparasitized
Aphid colonies
3.2. Cues involved in the selection process for oviposition by E.
balteatus

In experiment 1, when only honeydew was present on the leaves, no
significant differences were observed in the number of eggs laid per female
(H= 5.254, df= 2, p= 0.072) when the three treatments were compared all
together (Fig.2). However, when pair-wise comparisons were performed, the
oviposition rate was significantly greater (U= 537.5, Z=-2.401, p=0.016) on
honeydew from unparasitized aphids than on the leaves where aphids had
mummified. As in the greenhouse bioassay, the treatment of leaves with
honeydew from parasitized aphids had an intermediate number of eggs,
which was not significantly different when compared to the number of eggs
on the mummified treatment (U= 458, Z= -1.095, p = 0.273) or on the
unparasitized treatment (U= 450, Z= -0.956, p= 0.339).

The ovipositional preference when leaves with individual aphids

without honeydew were offered to syrphid females (exp. 2) is shown in
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Figure 3. Significant differences were found among the three treatments (H=

6.516, df= 2, p = 0.038). The highest number of eggs counted was on leaves

with parasitized aphids followed by eggs laid on unparasitized and
mummified aphids. Significant differences (U= 599, Z= -2.387, p= 0.017)

were observed between the number of eggs laid on leaves with parasitized

aphids and mummified aphids, although no significant differences (U= 471,

Z= -0.323, p= 0.746) were observed with the unparasitized aphid treatment.

However, females laid significantly (U= 578, Z=-2.068, p= 0.038) fewer eggs

on mummified aphids than on unparasitized ones.
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In experiment 3, where aphid-extracts were added to clean leaves,
significant differences (H= 20.043, df=2, p= 0.0001) were observed on the
number of eggs laid on the three treatments (Fig. 4). Females oviposited
significantly more (U= 425.5, Z= -3.91, p= 0.0001) on leaves with
unparasitized aphid-extract than on leaves with mummified aphid-extract.
Although the number of eggs laid on the parasitized aphid-extract was
intermediate between the other treatments, no significant differences were
found between this treatment and the unparasitized aphid-extract (U= 293,
Z= 0.632, p= 0.527), while in the mummified aphid-extract significant
differences were observed (U= 439, Z=-4.145, p= 0.0001).

I"#$9%& (&&%6)*

Several studies have shown the ability of syrphid females to select
the oviposition site, by means of recognizing host plant characteristics, aphid
factors, and the presence of conspecific individuals (Chandler, 1968c;
Sadeghi & Gilbert, 2000a; Scholz & Poehling, 2000; Vanhaelen et al., 2001).
However, this work proves the recognition of heterospecific individuals, a

topic not researched before.

E. balteatus females refused to oviposit in mummified aphids
colonies. We know that syrphid larvae are not able to open the mummy
shelter (Kindlmann & Ruzicka, 1992; Meyhdéfer & Klug, 2002), and therefore
mummified aphids are not a proper feeding resource for them. Because the
mummified aphids have strong morphological modifications with respect to
unparasitized aphids, we initially supposed that syrphid females would
distinguish them and would lay fewer eggs. This hypothesis has been
confirmed in our studies reported in this paper. An unknown fact that we
wanted to find out was if E. balteatus could also modify its oviposition
behavior on parasitized-but-not-mummified aphid colonies, because it is
known that syrphid larvae are unable to distinguish parasitized (and not

mummified) from unparasitized aphids (Meyhdéfer & Klug, 2002). In fact, our
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there after the aphids were removed, provide some of the cues that trigger
the discrimination of mummified aphids. The role of honeydew as an
ovipositional stimulant for E. balteatus, has been reported several times
(Budenberg & Powell, 1992; Bargen et al., 1998; Scholz & Poehling, 2000):
the number of eggs laid increases when honeydew concentration increases,
but also there is some specificity to honeydew of different aphid species
(Budenberg & Powell, 1992). The results of our work suggest that syrphid
females detect some changes on the aphid secretions exisiting on the leaf

surface, once the parasitized aphids have mummified.

With the second experiment of the present study in climatic chamber
we tested the importance of the aphids themselves in the discrimination of
parasitized aphids. Our results showed that the presence of the aphids
themselves is also an important cue to discriminate mummies; a hypothesis
that we formulated prior to the experiment because of the modified aphid
morphology and also because of the immobility of mummies. Nevertheless,
parasitized aphids do not possess those characteristics, and in our
experiment without the honeydew stimulus, no significant differences were
found with the unparasitized treatment, but a higher number of eggs were
laid on parasitized aphids. We suppose that this result, which is opposite to
those obtained in the other experiments of this study, could be due to the
altered behavior of parasitized aphids (Chow & Mackauer, 1999). We
observed a higher mobility in unparasitized aphids, which were walking
around the Petri dish, instead of being settled on the leaves as in the
parasitized aphids. In the greenhouse experiment this fact was not
observed, probably because the aphid colonies were allowed to settle on the
plant for several days, and not just one hour as on the leaf from the Petri

dish experiments.

With the last experiment (Fig 4) we intended to test for the existence
of chemical stimuli from the aphid body or parasitoid larvae, by preparing an
aqueous extract of whole parasitized and unparasitized aphids. The results

suggest that there are some chemical stimuli in the aqueous-extract of
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unparasitized, parasitized and mummified aphids that lead to different
oviposition rates of E. balteatus. This enables syrphids to distinguish
unparasitized aphids from mummies. Bargen et al. (1998) observed that the
aqueous, pentane and methanol fractions of an aphid extract stimulate the
oviposition rate of E. balteatus. Examples of oviposition-deterring chemical
cues acting heterospecifically come from chemical tracks from aphid
predators, such as chrysopids and coccinellids (Taylor et al., 1998; Ruzicka,
2001; Ruzicka, 2003), and the dipteran Aphidoletes aphidomyza Rondani
(Diptera: Cecidomyiidae) (Ruzicka & Havelka, 1998). Nakashima et al.
(2004) have recently isolated two semiochemicals from Coccinella
septempunctata, n-tricosane and n-pentacosane, which induce ovipositional

avoidance by Aphidius ervi.

In an attempt to compare the different stimuli studied, we can
observe that the experiment with honeydew gave the most comparable
results to those obtained in the greenhouse bioassay. This would confirm the
importance of honeydew, already cited in this work. However, the
experiment of aphid-extracts gave the most significant results of mummy
discrimination, which shows that chemical cues from aphid bodies may be
very important in the ovipositional behavior of syrphids. Finally, although no
significant differences were found between the parasitized and unparasitized
treatments in each of the bioassays in two chamber-experiments and in the
greenhouse bioassay, fewer eggs were counted in the parasitized treatment
compared to the unparasitized one. This result suggests that there may be a
tendency to detect the parasitoid even in the larval stage. Brodeur &
Rosenheim (2000) suggested that the increase of honeydew from
parasitized aphids could be an adaptive response of the aphids to attract
predators in order to enhance the intraguild predation of the parasitoid. Our
results do not confirm this hypothesis because of the specificity showed by
the syrphid females, but it would be very interesting to test what occurs with

other, less specific, predators like coccinellids or chrysopids.
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and organic farming are implemented on an increasing surface of crops,
pesticide compatibility with biological control agents is a major concern in

biological control-based programs.

Botanical pesticides play an important role in developing countries,
where farmers cannot afford synthetic pesticides (Isman, 2006). In
industrialized countries, they are an important tool in organic farming where
synthetic pesticides are restricted and pesticides of botanical and mineral
origin are the only ones whose use is allowed. Nevertheless, this kind of
pesticide can also have an impact on natural enemies (Ahmad et al., 2003;
Charleston et al., 2005) and their toxicity needs to be evaluated as for

synthetic pesticides.

Pyrethrum made up the 80% of the botanical pesticides used in the
world (Isman, 2006). Its acute toxicity to arthropods is high, but it
disintegrates quickly with UV light. It is highly toxic for several aphid natural
enemies e.g. parasitoids and coccinellids (Bartlett, 1958; Hassan et al.,
1987; Hautier et al., 2007), but its effect on syrphids seemed to be of lower
magnitude (Hautier et al., 2007). Insecticidal soaps of mineral origin, like the
ones made from potassium salts of fatty acids or from linseed oil (savon
noir), are frequently used against aphids but their effectiveness is not clear
(Edelson et al., 2002). They seem to be selective for some coccinellids
(Karagounis et al., 2006) and data of their effects on other natural enemies
are scarce. Garlic extract is used as a repellent and insecticide against
homopteran insect pests (Hori, 1996). Nevertheless some work, have
observed that garlic extract has side effects on aphid natural enemies, for

example on the syrphid Eupeodes corollae (Nasseh, 1982).

Traditionally pesticide toxicity has been assessed with acute toxicity
tests. However the sublethal effects on natural enemy physiology and
behavior must be considered for a complete analysis of pesticide impact
(Galvan et al., 2005; Desneux et al., 2007). Examples of sublethal effects on

physiology can be changes in the developmental time (Charleston et al.,
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2005) and reduced fecundity and fertility of a natural enemy species
(Corrales and Campos, 2004). Changes of oviposition behaviour have been
mainly conducted with parasitoids, and work with Coccinella septempunctata
(Banken and Stark, 1998) showed that pesticides could also act as
oviposition repellents. The routes of pesticide exposure in toxicity tests can
modify the susceptibility of a natural enemy species (Banken and Stark,
1998). Therefore, sublethal effects and several routes of pesticide exposure
are factors to consider when evaluating pesticide toxicity on natural

enemies.

Syrphid larvae are voracious aphid predators (Chambers and
Adams, 1986; Rojo et al., 1996), and they can have a significant impact on
aphid populations (Chambers and Adams, 1986). Syrphids are very
abundant in numerous crops worldwide, both outdoors (Ambrosino et al.,
2007; Smith and Chaney, 2007) and under cover (Pineda and Marcos-
Garcia, 2007). Episyrphus balteatus is the only syrphid species
commercialized in Europe, and the most abundant aphid predator in several
crops (Jansen, 2000; Jansen and Warnier, 2004; Minarro et al., 2005).
Hautier et al. (2005) showed how E. balteatus susceptibility to common
insecticides could vary with respect to other aphid natural enemies, like
Aphidius rhopalosiphi and Adalia bipunctata. Nevertheless syrphids are not
frequently included in the selectivity lists of conventional pesticides. Data of
syrphid susceptibility to botanical pesticides is scarce. Ahmad et al. (2003)

reported that syrphids can be susceptible to neem extract.

The objectives of the current work are to assess the lethal and
sublethal effects on E. balteatus of four organic farming-compatible
pesticides: pyrethrum, savon noir, garlic extract and potassium soap. As
lethal effects, the pre-imaginal mortality has been assessed after larval
spraying. As sublethal effects, we evaluated the time until pupa formation,
and fecundity and fertility from survivor females. With extended laboratory
tests, we evaluated the following sublethal effects: a) acute toxicity on larvae

with a different exposure route (topical application); b) acute toxicity on eggs,
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mortality of the emerged larvae, and time until pupal formation; c) oviposition

preferences on plants treated with the different pesticides.

2. Materials and methods

2.1. Pesticide application

The four pesticides were tested at the maximum field rate in their
commercial forms (Table 1). The application on glass plates was performed
using a Burgerjon spray tower at 200l/Ha + 10% (Burgerjon, 1956). The
application on plants was done until “run-off” (400l/ha) using a hand sprayer.
Water was used as a control, and DECIS MICRO (WG, deltamethrin 6.25%

w/w) as a toxic reference.

Table 1. List of insecticides (commercial name, active ingredient, recommended field
rate, tested dose) tested on the lethal and sublethal effects of Episyrphus balteatus.

Tested dose (mg A.l. per
liter)

Active Recommended Topical and
Product ingredient field rate (4001/Ha) 8':;2 plants
pulverisation
(200WHa) 460 /Ha)
Pyrethro-Pur Pyrethrum (4.59 10mi/ 918 45.9
Conc. all)
, “Savon noir”
Stop’lnsect (Linseed oil) ® 30 ml/l
Organhium Garlic extract
allium (300 g/l) 2ml/l 1200 600
Potassium salts
ECO- insect of fatty acids 10ml/l 9200 4600
(460 g/l)
- Deltamethrin
Decis Micro (6.25%) 800 mg/l 100 50

& Labeling information about proportion of active ingredient was lacking

2.2. Insects and host plants

A stock culture of pea aphid (Acyrtosiphon pisum Harris) was
maintained in a free-standing growth chamber at 60-90% RH, a temperature
of 20°C = 2°C, and a 16L:8D photoperiod. Broad bean (Vicia faba L. var.
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the maximum field rate and water for control were applied on plants with a
hand sprayer until “run-off’. When pesticide was dried, 2h after product
application, leaf pieces with eggs were placed into Petri dishes for egg
hatching assessment. There were 5 replicates of 10 eggs each per product
and for the control. After egg hatching, larvae were fed ad libitum with pea
aphids until pupation. Corrected mortality (Abbot, 1925) was calculated for
egg, larval, and the combination of both. The developmental time of larvae

was also assessed.

PH$Y68 (¥ +),$(- /-, 0.%

For this experiment, plants with aphids were prepared as for the
fecundity assessment. Adult females of two-weeks old were used from a
same-age stock. The four target pesticides at the maximum field rate and
water for control were applied on plants. After drying for two hours, a cage
(40 x 40 x 60 cm) was prepared with one plant of each treatment and a
cotton pad with water. One syrphid female was introduced and allowed to
oviposit for 24 h, and then the eggs were counted on each plant. Five cages
were set every day during five days, working with n=25 ovipositions.
Because E. balteatus females lay eggs every two days (Sadeghi and Gilbert,
2000), all of the females, which did not oviposit on any treatment during such

time interval, were not considered for analysis.

I"1"$2+3+"*+'034$3,345*"*

To compare the lethal effects (pre-imaginal mortality) of the four
pesticides, mortality was analyzed using one-way ANOVA followed by
Fisher’s pairwise comparison for least significant differences (LSD). The
number of days to pupa formation from survivors was compared using the

log-rank test for survival analysis (Muenchow, 1986). Because of the non-
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normality of the data, treatment effects on fecundity and fertility were

analyzed using the non-parametric test Kruskal-Wallis.

To compare the mortality produced by the two routes of exposure
(dry residue contact and topical application), two-way ANOVA was used,
setting as factors route of exposure and pesticide. Data from dry residue
contact are the larval mortalities after 48 hours exposure, from the residue

contact toxicity on glass plates.

To assess the toxicity on eggs of the four products, mortality of
eggs, percentage of mortality of the emerged larvae, and total mortality
(eggs + larvae) were analyzed using one-way ANOVA, followed by Fisher!s
pairwise comparison for least significant differences (LSD). The number of
days until pupa formation of those larvae was analyzed with a survival

analysis as previously described.

For the oviposition preference test, data of egg numbers were log
(x+1) transformed to normalize the data and to homogenize the variances.
Then data were compared with one-way ANOVA, and means were

separated with the LSD test.

All the analyses were performed from brut data of mortality, but
corrected mortalities (Abbot, 1925) are reported in graphs and tables. Data
from the toxic reference deltamethrin were not included in the statistical
analysis since its high toxicity disrupts the significance of differences
between the other products. Data were analyzed with the SPSS statistical
package (SPSS, 2004).

3. Results

3.1. Residue contact toxicity test with larvae

Mortality in the control was 20% and in the toxic reference 100%.

Significant differences in larva mortality (ANOVA: F= 1.88; df= 4, 19; P=

126



$UW8& () *(+ (-. -/ (0) *Y 2B(H6 7 859 ; ($%=?@AR! =XC, ($°%#$' (DEF EE,
AGE(EHE?(+ HEl H REHFE*E(, ) ) DHEXIE?YK GE, (- *ELO / My / 20 ) *1 283() @

H3*- GRHEN ) HE2(]) (IGE(?@'E, {¥E/ D E, HF/ H1) 0 - / *E?BIGE*E(F E*E(, )

HM 4@/ , {74@'E, | EHB67 859 ; (" WAL ?@AR =4C; ($%<& %6 EJEXCEEHB

FGE (-/ #F+E(1) 0 -/ *) , HFE*E(?) , E(40/ DE("'BM *2 (ENY/ | \F/ HIGE() , 3
DNE(-#) 2. 1 AFGE, (1) 0 -/ *E?(F4(1GE(1 ) , ¥) ZPQRECS($%B< %5 -/ *A @ O

M *2t (ENF/ | 1§, ) (HM @/ , { 2+@E, | EH F E*E( @. , ?( DETF EE, ( 1GE() 1GE*
2.11H%

Table 2.(PE1G/2(E@@EI1H()@ ()*M/,+|(-EH1+FREBVIIE/ L/ (H.D2E1G/2(E@ @EI1H(), (+1H

-G3H+)2)M3(4UE/(QT'%(V)**EI1E?(0)*1/2+13()@(-*EL+0/M+,/2(HL/MEHB(,.0DE*()@(?/3H(.,1+2
-.-/(@)*0/1+),B(,.0DE*() @ (2/+?2(EMMH(4@E|.,?+13'(/,() @ (-E*E, 1/ME()@(J+/D2E(EMMH(4@E*1+2

O*E/10E,1 PE1G/2(E@@EI1H Q.D2E1G/2(E@@EI1H(
V)*EI1E?(0)*1/2+13()@ R/3H(1)(-.-/ Pl+? W(8+/D2E
FEL+O/M+/2(HLMEH  @)*0/1+4), EMMH EMMEA(

V),1%)2 ((S%S((X%X(/ =0b%($%" AY%H(<%<  &AYE("%Y

C3*E1G*.0 (C%AQ$%#(/ID X%=($%! YHYX(X%Y  #SYoH(1"%Y

Q),(,)+* (((S%S(((X%!(/ X%=($%! Y&IH(&Y"  H<Uo¥(1$%X

ZI*2+I(EN1¥/11 ((YA%A((#%=(D =0¥($%" AH%E(Y%Y  HEIH(=%6X

C)1/HH+.0(H)/- (C%A((=%A(/D X%#($%! YA%K(&YF  &=%6¥(1%X

RE21/0E1GHE,(  1$$%$(((3%$ L L L

(R+@@E*E, 1(2E11E*H(+,?+/1E(HL/1+H1+/2(H+M, +@~+/, 1 (>4 @E@BELEH(4PQR>(
D6)(H+M,+@+1/,1(?+@ @E*E{BHS< (FE*E(@).,?(DE1FEE, (-*)2.I11H(4P)ML*/,[>(\*.H[/2L
K/22+H%
'(:ELL,2+13(+H(OE/H.*E?(/H(,.0DE*()@ (EMMH(2/+2(D3(/(H.*J+J/2(@EO/2E(?.*+ M("A(G(4,("$
EMM2/3+,M'%
?(E*1+2+13(+H(OE/H.*E?(/H(-E*IE, 1IME()@ (EOE*ME, IE(Y (?/3H(2/LE*(1G/,() J+-)H+1+),B(+,(/(M*).-
)@ (I<(EMMH(2/+?(D3(1GE(H/0E(@EO/2E(4,;(1$(M*).-H() @ (EMMH'%
EO)N+I*E@E*E, IE>(,)1(+,12.2E2(+,(LGE(H1/1+H1+1/2(/,/23H+H%

OGE( @. *( IEHIE?( - EHH REH ?®(, ) A HO F(H DEIG 2 E@ H ),
-G3H)IMH/ Z-/* OEEHIIO E() (-. -/ (@0 / B, B@ . , 743() *(@eB(4) DE
" OOGE(, . 0 DEX() @2/ 3H(., ¥ -. -/ (@0 /1), (F/ H HO € *( @/ Z ICE
TE D E, HQ M , [ (EHL (84#X?@AXC, ($&& %6) (- . - | (F/ H@O E?(DE@'E

2I3(XB(/,2(0)HL(2/*I/E(GI?(/2*E/?3(-.-/ LE?(D3(?/3(1$%

6), E() @IGE( A FEHE?(- EHH REH*E?. | EX(T%D/ 25/ 1 H @ . , 743
HM @/, 1B(A * H/ 2K [ 2Hly; AY%X ?@AXC, $98#=" (40 DE(" "% . *IGE'0 ) *EB
1GE(- EM E, 1 ME() @+ DE(EMH F/ H(, ) X HI 1t/ 23( 24@'E, { DEF EE, (I1GE
2+@@E*E, 1(1*E/10E, 1H(4\* H[/2LKj2 ASHBAS@A> (C, ($%6X$!'%



3.2. Topical application
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3.3. Lethal and sublethal effects on eggs
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Table 4. Results (Mean =+ SE) of pesticide application on eggs. Corrected mortalities of
eggs, of the emerged larvae, and of egg plus larva mortality are reported.

Treatment Egg mortality # Larval. Egg+|§rva Time tg pL;pa
mortality # mortality # formation
Control 0+9.8ab 04+ 54a 0.0+ 143 a 8.3+0.1
Pyrethrum 36.6+59c 0.0x+14.0a 441+ 86b 85+0.2
Savon noir 17.1 £ 4.6 ac 266114 a 412+104b 84+0.2
Garlic extract 0+6.2b 203+ 88a 147 +13.5ab 8.4+0.2
Potassium soap 24 +£6.7 ab 184+ 94a 176+ 7.5ab 8.5+0.1
Deltamethrin ° 41.5+8.1 23.1+123 58.8 +11.8 8.4 +0.1
P 0.002 0.349 0.054 0.466
F 6.04 1.18 2.81 Log-rank= 3.57
df 4 (24) 4 (24) 4 (24) 4

& Means followed by same letters do not differ significantly (P< 0.05); protected least
significant differences test (LSD); n= 5 replications.

® Survival analysis was performed, comparing means with the log-rank statistic.

¢ Toxic reference; not included in the statistical analysis.

The sublethal effects of egg spraying are also shown in Table 3.
Mortality of the emerged larvae was not significantly different between
treatments (ANOVA: F= 1.18; df= 4, 24; P= 0.349). When mortality of larvae
and of eggs is combined, there were no overall significant differences
(ANOVA: F= 2.81; df= 4, 24; P= 0.053). Nevertheless, when pairwise
comparisons are performed (LSD, P<0.05), pyrethrum and savon noir
produced a significantly higher mortality than the control. Time until pupa
formation did not differ between treatments (log-rank statistic= 3.57; df=4; P=
0.466).

3.4. Oviposition preferences

The number of eggs laid by E. balteatus females was significantly
different between the different treatments (ANOVA: F= 2.83; df= 4, 94; P=
0.029) (Fig. 1). Plants treated with pyrethrum, received a significantly lower
number of eggs compared with garlic extract, potassium soap and the
control (LSD, P<0.05). Savon noir, garlic extract and potassium soap did not
show a repellent effect on the oviposition behaviour when compared with the
control. Nevertheless, savon noir was the most repellent product after

pyrethrum.
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Organic farming production is rapidly increasing worldwide, and
syrphids play an important role as aphid natural enemies. In this context,
pesticides of botanical and mineral origin are needed to control the outbreak
pests. The 4 pesticides tested here had different effects on E. balteatus, but
they had overall low lethal and sublethal effects. Compared to effects
obtained with synthetic insecticides on the same species with similar
methods, toxicity of the tested here products is much lower. In our
experiments, deltamethrin used as toxic reference quickly led to 100%
mortality (residue toxicity test on glass plates and topical application). The
same results were obtained in the laboratory on E. balteatus with products
as cyfluthrin, cypermethrin, phosalone and pirimicarb (Jansen, 1998) and
toxicity of some of these compounds was confirmed in the field (Jansen,
2000). On the other hand, products with toxicity in the laboratory comparable
to organic farming-compatible insecticides, as fluvalinate and esfenvalerate
were not toxic in the field. Thus, according to the level of effects observed
with botanical and mineral insecticides used in organic farming, no

unacceptable effects are expected under practical conditions.

Pyrethrum had no lethal effects in the worst-case situation, either in
an inert substrate or with a permanent residue contact. It did not produce
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any change on developmental time of larvae, fecundity, and fertility. Topical
application was not toxic either. Even larvae emerged from sprayed eggs did
not show a higher mortality. These results are contrary to previous works
with other natural enemies, where it was observed a high acute toxicity of
pyrethrum, especially for ladybirds and parasitic hymenoptera (Bartlett,
1958; Hassan et al., 1987; Hautier et al., 2007). In field conditions it
degrades very quickly with UV light, therefore it will be less toxic than in
laboratory experiments (Vifuela et al., 1996). As such we conclude that

pyrethrum is selective for E. balteatus larvae.

Nevertheless pyrethrum was slightly harmful for eggs, and it acted
as an oviposition repellent for E. balteatus females. To our knowledge, this is
the first time that sublethal effects of pyrethrum have been observed on
natural enemies. Extended laboratory tests to assess sublethal effects are
needed, since pesticides with low acute toxicity can affect other
development stages or behavior (Singh et al., 2004; Galvan et al., 2005).
However behavioral responses may reduce exposure to the insecticide, thus
increasing both survival and the potential for future aphid control (Singh et
al., 2004). Our results confirm this hypothesis, since the oviposition
repellence is avoiding toxicity on eggs. Previous works have shown how the
oviposition preference of syrphids is related with a fitness of the offspring
(Sadeghi and Gilbert, 2000; Pineda et al., 2007), and here we are reporting

a new example.

The linseed oil soap (savon noir) showed a similar tendency to
pyrethrum for oviposition preferences and egg toxicity, but without significant
differences from the control. The only significant toxicity observed compared
with the control, was when egg and larval mortality were combined after egg
spraying. Labeling of savon noir was not very informative, and it is possible
that this product has a small proportion of pyrethrum, something frequent in
insecticidal soaps. Potassium soap (potassium salts of fatty acids) had no
lethal or sublethal effects on E. balteatus. Karagounis et al. (2006) also

observed that potassium soap was selective for coccinellids. Soaps
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decrease their activity when they get dried, and this can explain why no
toxicity was observed in the residue contact test. But the topical application
was not toxic either, confirming that these soaps are not toxic for E.

balteatus larvae.

Garlic extract showed a pre-imaginal mortality (34.4 %) significantly
higher than the control, but is in the slightly harmful category of the I0BC
working group “Pesticides and beneficial organisms”. Nasseh (1982) also
observed a mortality of 30% on Eupeodes corollae larvae, but with a
concentration twice the recommended field rate. Nevertheless, when a 48
hours exposure is assessed, we did not observe toxic effects after contact
with residue from contaminated surfaces (worst case situation) or after
exposure with a pesticide droplet (topical application). The toxic reference
deltamethrin, 48 hours after the topical application had already produced a
mortality of 100%. Laboratory experiments can overestimate the effects of a
pesticide (Singh et al., 2004) and especially residue contact tests with inert
surfaces (Grimm et al., 2002), thus these results from garlic extract toxicity
are an example of a product that probably will not be so toxic under natural
conditions. No sublethal effects from garlic extract treatment were observed,
and contrary to pyrethrum, it did not act as an oviposition repellent or was

toxic to eggs.

The compatibility of the four tested products when naturally
occurring E. balteatus populations are present, may be as follows:
potassium soap > savon noir > pyrethrum > garlic extract. Nevertheless, if
we are considering the compatibility with E. balteatus releases this rank can
change. Episyrphus balteatus are released as pupae and emerged adults
have to lay eggs in the aphid colonies to be effective. Pyrethrum followed by
savon noir, had a significant negative effect on this key point (oviposition
avoidance and egg toxicity). This kind of repellence can be positive for the
natural enemies survival, but not for the release effectiveness. Therefore
after releasing E. balteatus the rank would be as follows: potassium soap >

garlic extract > savon noir > pyrethrum. Nevertheless, effects of the tested
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pesticides need to be studied on other aphid natural enemies to confirm the
suitability of these products against aphid pests in Integrated Pest

Management programs.
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A pesar de que se conoce la abundancia de los sirfidos como
enemigos naturales de pulgon, a menudo su papel en el control bioldgico
esta subestimado. Creemos que esto se debe a varios factores que
dificultan su deteccion en muestreos sobre colonias de pulgdn: 1) huevos y
larvas de primer y segundo estadio tienen un pequefio tamafio que es dificil
de observar en una colonia de pulgdn; 2) estas larvas jovenes se pueden
confundir con Aphidoletes aphidimyza, diptero depredador de la familia
Cecidomyiidae; 3) las larvas de sirfido tienen habitos principalmente
nocturnos, y durante el dia se encuentran parcialmente inmoviles y ocultas
en la vegetacion. Opinamos que esta dificultad de deteccion es una
importante razdn por el que su estudio en el contexto del control bioldgico y
su presencia en el mercado de agentes de biocontrol se encuentra en una
fase mucho mas retrasada que otros enemigos naturales de pulgén como

coccinélidos o himendpteros parasitoides.

Al comienzo de este trabajo de tesis, intentdbamos detectar en qué
aspectos los sirfidos podian ser mejor controladores de pulgén que otros
enemigos naturales mencionados. Conversaciones con varios agricultores
nos demostré que ellos no estan interesados en utilizar unicamente la
especie mas eficaz, sino que opinan “cuanto mas insectos beneficiosos
mejor”. En un contexto de conservacion de la biodiversidad esta mentalidad
es muy positiva. Sin embargo en control bioldgico la conservacion per se de
la biodiversidad puede tener efectos negativos en la supresion de la plaga,
como son determinados ejemplos en el campo de las relaciones
intragremiales. No obstante, una diversidad de estrategias de control, de
variedades vegetales o a escala del paisaje agricola son ejemplos de
diversidad positivos y que han permitido el desarrollo de los actuales
sistemas de produccion integrada y ecoldgica. Por todo ello consideramos
que aquellos aspectos negativos de aumentar la biodiversidad en un
agroecosistema deben ser identificados y limitados, a la vez que se debe

potenciar y conservar la biodiversidad que resulta beneficiosa para el control
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de plagas, ya que ademas resulta beneficiosa para muchos otros aspectos

medioambientales y culturales.

En este trabajo hemos tratado el efecto de que diversas estrategias
de control tienen en las poblaciones de sirfidos en invernaderos de
pimiento, y en la biologia y comportamiento de dichos sirfidos. A
continuacion discutiremos los distintos resultados obtenidos, en el marco de

la estrategias evaluadas tal y como se han planteado en los objetivos.

El origen de este trabajo se basa en el ! " #®% &#( H % &de pulgones
que los sirfidos ejercian en invernaderos de pimiento del sureste de Espafia.
Este resultado se ve reflejado en el capitulo 2, donde se muestra que un
total de 12 especies de sirfidos se pueden observar en invernaderos de
pimiento. No obstante, el 98% de los individuos muestreados depredando
pulgones pertenecen a 3 especies con una abundancia similar: Eupeodes
corollae, Episyrphus balteatus y Sphaerophoria rueppellii. Durante los tres
afios de estudio se observé una sucesion temporal durante el ciclo del
cultivo en el orden mencionado, relacionado con el aumento de
temperatura. Por otro lado, los niveles poblacionales de E. corollae y
principalmente de E. balteatus se ven negativamente afectados por la
sequia, mientras que S. rueppellii muestra una mayor tolerancia. Este
trabajo ha puesto de manifiesto la importancia numérica de S. rueppellii, una
especie tipicamente Mediterranea bien adaptada a las condiciones de
invernaderos mediterraneos, pero que apenas ha sido estudiada y de la que
se desconocen numerosos aspectos de su biologia. El hecho de que tres
especies en lugar de una sola estan presentes de forma natural en los
invernaderos, confiere una proteccion extendida durante el tiempo. Ademas
esta diversidad ofrece una proteccion frente a condiciones climaticas
extremas en determinados afios, que pueden resultar desfavorables para
las poblaciones de algunas especies (como ha sido el caso de E. balteatus),

mientras que otras no se ven afectadas (como S. rueppellii).
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de E. balteatus, las flores introducidas combinadas con el cierre de las
mallas laterales es la unica estrategia que permite una permanencia
superior a 7 dias, el tiempo que las hembras de E. balteatus necesitan para
alcanzar la madurez sexual. Por estas razones y puesto que no se
observaron efectos negativos en el cultivo, desde el punto de vista del
control de pulgdn recomendamos la siembra de estas especies vegetales.
No obstante, otros factores como el potencial de estas plantas de actuar
como reservorio de virus patdgenos de plantas necesita ser evaluado. Por
otra parte, al realizar un analisis del polen encontrado en el contenido
estomacal de ejemplares adultos de la tres especies mas abundantes,
concluimos que el polen de las dos especies de plantas introducidas asi
como el de pimiento, sirve como recurso trofico a machos y hembras de
sirfidos. El porcentaje de los tipos polinicos estudiados varia segun la
especie y el periodo del afo: cada especie de sirfido durante su pico
poblacional se alimenta del recurso floral mas abundante. Por lo tanto en
esta estrategia, utilizando una diversidad de recursos florales con distintos
picos de floracion conseguimos potenciar especies de sirfidos con distintos

picos poblacionales.

La segunda estrategia de control biolégico por conservacion
evaluada, la introduccidén de plantas reservorio de pulgones, origina un
aumento de los niveles de poblaciones naturales de sirfidos en el
invernadero. Sin embargo esta estrategia no resulta efectiva para potenciar
el establecimiento de sueltas de E. balteatus, ya que no se encontraron
larvas de esta especie en las colonias de pulgdn de las plantas reservorio.
La permanencia de los adultos introducidos fue mayor en invernaderos con
plantas reservorio, pero ese tiempo no fue suficiente para la maduracion
sexual de las hembras. Aunque en nuestros experimentos utilizamos una
sola especie de pulgdn sobre la cebada, es posible utilizar varias especies,
de forma que varias especies de parasitoides se puedan desarrollar en las
plantas reservorio. Esta estrategia requiere una serie de consideraciones

para garantizar su efectividad: 1) establecer el sistema al inicio del periodo
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del cultivo; 2) introducir los pulgones en varias ocasiones; 3) distribuir las
plantas en el invernadero con una tasa minima de 20 plantas/1000m?; 4)

observar periédicamente el estado fitosanitario de las plantas introducidas.

Al no haberse encontrado larvas de las sueltas de E. balteatus
sobre las plantas reservorio de pulgones, opinamos que las sueltas de
sirfidos no estan siendo efectivas en invernaderos mediterraneos, como
algunos agricultores ya habian sugerido. Comparamos invernaderos donde
se realizaron dichas introducciones e invernaderos control, ambos con
infestacion de pulgones sobre el pimiento, y el resultado fue que el ! "#$6 &
"() *#% $ " mediante sueltas de E. balteatus no resulta efectivo, ni en
aumentar los niveles poblacionales de dicha especie ni en potenciar el
control de pulgones. Identificamos que el tiempo de permanencia de los
adultos introducidos es un factor clave para la efectividad del control
aumentativo de E. balteatus. Esto se debe al tiempo que las hembras
necesitan para alcanzar la madurez sexual, ya que es su descendencia en
estadios larvarios la que ejerce el control de pulgones. Por ello se evaluaron
las estrategias ya mencionadas en la permanencia de los adultos, y
concluimos que la actual estrategia de suelta de E. balteatus no es efectiva
para invernaderos mediterraneos, y sugerimos la introduccion de otros
estadios de desarrollo como huevos, larvas de primer o segundo estadio, o
hembras gravidas. El sugerir hembras gravidas surge del resultado obtenido
de que las sueltas de individuos maduros de E. balteatus permanecen mas
tiempo a partir del comienzo de su periodo de oviposicion en el interior del

invernadero que los individuos de 2 dias de edad.

El control biolégico aumentativo puede originar #$ %! ! + #*-
#®b. %) + &-, algunas de las cuales son ejemplos de aspectos negativos
del aumento de biodiversidad en agroecosistemas. Nosotros estudiamos si
hembras de E. balteatus rechazan ovipositar en colonias de pulgones
parasitados por A. colemani. Los resultados mostraron que en efecto las
hembras evitan ovipositar en colonias de pulgén momificado, sin embargo

las colonias de pulgdn parasitado sin momificar no son rechazadas
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significativamente, aunque existe una tendencia a recibir un menor numero
de huevos. En una serie de experimentos adicionales comprobamos que
estos resultados se deben a la combinacion de una serie de estimulos
procedentes de la melaza, de las modificaciones morfoldgicas de las
momias, y de sustancias quimicas hidrosolubles del cuerpo de la momia.
Este comportamiento evita situaciones de depredacion intragremial, y
demuestra la compatibilidad del uso de estas dos especies de enemigos
naturales de pulgdn, ya que las hembras del sirfido prefieren ovipositar en

colonias con un menor grado de parasitismo.

Por dltimo evaluamos los efectos letales y subletales de
| "HSUR & #) *+, $, -#", ) *. * &, ") (piretrina natural, extracto de ajo, jabdn
potasico y “savon noir’) en E. balteatus. Tienen diferentes efectos en E.
balteatus, pero en general, presentan una baja toxicidad y su uso contra
pulgon es compatible con los sirfidos afidéfagos. De todos ellos, el unico
ligeramente toxico fue el extracto de ajo, y unicamente tras un contacto
permanente con el residuo. Los dos jabones evaluados no tuvieron efectos
toxicos significativos. La piretrina natural produjo repelencia en el
comportamiento de oviposicion y resultd téxica sobre huevos de sirfido, pero
segun los criterios de toxicidad de la IOBC no seria nociva. A la vista de los
resultados consideramos que todos los insecticidas evaluados son

apropiados para su uso contra pulgones en presencia de sirfidos.

El efecto que produce la piretrina es un ejemplo de como una
respuesta comportamental de las hembras de sirfido evita la exposicion de
la descendencia a una situacion desfavorable, en este caso la presencia de
un insecticida toxico para los huevos. Otro ejemplo de esta relacion de
preferencia de oviposicion con éxito de la progenie, la hemos observado en
el capitulo 6, cuando las hembras de E. balteatus evitaron ovipositar en
colonias de pulgén momificado, sabiendo previamente por la literatura que

las larvas de sirfido son incapaces de ingerir el pulgéon momificado.
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Conclusiones

QW N

Existen poblaciones naturales de sirfidos afidéfagos que ejercen un
control natural sobre plagas de pulgdn en invernaderos mediterraneos

de pimiento.

Eupeodes corollae, Episyrphus balteatus 'y Sphaerophoria rueppellii

son las tres especies mas abundantes (98%).

Las trampas Malaise modificadas son una herramienta util para la
evolucion de los niveles poblacionales de sirfidos en invernaderos y en

cultivos de exterior.

La apertura de las mallas laterales es un método cultural que permite la
entrada de sirfidos en el invernadero, mientras que tiene un efecto

negativo en la permanencia de adultos introducidos de E. balteatus.

La estrategia de control bioldgico por conservacion de introduccion de

recursos florales (cilantro y mastuerzo maritimo) en invernaderos
mediterraneos origina un aumento de las poblaciones naturales de
sirfidos, pero no origina un aumento significativo de la permanencia de

las sueltas de E. balteatus.

La atraccion que dichos recursos florales ejercen sobre los sirfidos esta
relacionada con un comportamiento alimenticio, tal y como demuestra
el anélisis del polen encontrado en el contenido estomacal de las tres

especies de sirfidos mas abundantes.
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La introduccion de plantas reservorio de pulgones en el invernadero

7 origina un aumento de los niveles poblacionales de sirfidos.

El control aumentativo en invernaderos mediterraneos de pimiento

8 mediante sueltas de E. balteatus no resulta efectivo, ni en aumentar los
niveles poblacionales de dicha especie ni en potenciar el control de

pulgones.

Las sueltas de individuos maduros de E. balteatus permanecen mas
9 tiempo a partir del comienzo de su periodo de oviposicion en el interior

del invernadero que los individuos de 2 dias de edad.

Las hembras de E. balteatus muestran una interaccion intragremial
1 O con el parasitoide de pulgdn Aphidius colemani, al rechazar

ovipositar en colonias de pulgén momificado.

La discriminacion de los pulgones momificados estda mediada por

1 1 diversos estimulos fisicos y quimicos.

Los plaguicidas vegetales y minerales evaluados tienen diferentes

1 2 efectos en E. balteatus, pero en general, presentan una baja
toxicidad y su uso contra pulgon es compatible con los sirfidos

afidéfagos.

La piretrina natural tiene un efecto repelente en la oviposicion de E.

1 3 balteatus, y resulta toxica para sus huevos.
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Planta reservorio de pulgones

Myzus persicae y momias de Jaulones en invernadero del
Aphidius colemani CCMA-CSIC
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