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PROPOSITO

El nion o salivaso de los pastos (Homopteia Cercopidac) cs la plaga mas importante en la
actividad agricola mas eatensa en America tropical gramincas forrajeras para la produccion de
leche y carne Tambien constituye una plaga daiina en cana de azucar y otras gramineas
cultivadas A pesar de su impacto y amplia distribucion, existe poca expetlencia rcgional sobre
su biologia y manejo, y el estado de conocimicnto sobte su bioecologia cn general s
rudimentario  El objetivo del Taller es de fortalecer la capacidad cientifica, investigativa y
teenica de los paiticipantes y sus institucionces en el manejo del salivazo con el proposito de
proporcionarles los fundamentos y herramientas teoricos y practicas para el estudio del msecto
en Jaboratorio y campo, as1 como examinat los componentes del mangjo intcgrado para aumentar
el impacto de la mvestigacion nacional

El taller ha sido disenado de forma integral con el objeto de que los participantes adquieran un
conocimiento detallado de la familia Cetcopidae para que esten en capacidad de interpretar y
entender el subgrupo de salivazo como nsectos de importancia economica  El taller ofrecera
conferencias dirigidas a mostrar la variacion y generalidades del salivazo, actualizando a los
participantes en el conocimiento actual del grupo  Scicalizaran practicas para conocer los
aspectos mas criticos sobre la identificacion, biologia, comportamiento y cria  Los participantes
tendran acceso a literatura seleccionada sobre el tema y sobre las nuevas metodologias de
Investigacton para estudios de bioecologia y manejo Tambien participaran en discusiones sobre
las bascs cientificas de los avances cn su manejo integrado

Una vez concluido ¢l evento, los participantcs cstaran en condictones de

«  Daferenciai los cstados de desarrollo y cspecics del salivazo en Colombia

« Conocer el grado de similitud y variacion en la biologia, ccologia, comportamiento e
impacto del complejo
Conocer las tecnicas para estudiar la bioecologia y manejo del tnsecto en el laboratorio y
¢l campo

» Identificar las diferentes tacticas de manejo, sus ventajas y desventajas

« Formular y estructurar proyectos de acuerdo a protocolos modernos sobre bioecologia v
tacticas de mancjo del salivazo

« Llevar a cabo proyectos de mvestigacion duigidos a un mejor entendimiento y manejo de
la famiha Cercopidae
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ANTECEDENTES

Este evento onginalmente surgio de la necesidad de reunir y capacitar un equipo dc personas
nuevemente vinculado con el proyecio “Broccologia y ecologid comparativa del mion de los
pastos’” que mmicio en septiembie de 1996 como convenio entie el CIAT y CORPOICA
(Corpotacion Colombiana de Investigacion Agropecuania en Colombia  Los dos primeros
talleres, realizado en 1997 y 1998 en tas instalaciones del CIAT, consto de 1a participacion de un
total de 32 personas formado por un grupo diverso de estudiantes, profesores y profesionales que
represcntaron 7 entidades nacionales  Desde entonces el Taller ha sido dictado en Puyo, Ecuador

{1998) con la colaboracion y linanciacion def Servicio Ecuatortano de Samdad Ageopecuario

(SESA)
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Semmario 1 DIVERSIDAD Y DISTRIBUCION

Introduccion

A

Diversidad biologica v ecologica
- ¢} Monteverde, Costa Rica

Una interpretacion de esta diversidad depende de
1 Conocimiento de los pationes de vanacion generalidades v diferencias
2 Conocimicnto de los grupos de insectos relacionados

El objetivo de este senunario ¢s de anahzar la relacion entre el salivazo de los
pasios y los pancntes mas cercanos segun aspectos morfologicos, biologicos y
biogeograficos

Clasificacion

Clasificacion - esquema sistematico para arieglar disersidad entre grupos

Categorias orden, suborden, superfamilia, famiha, subfamiha, tnbu, genero,
especie

Otras definiciones
I Sistematica - €l estudio de la diversidad de orgamismos y las relaciones entre

eilos

2 Taxongmia - ¢l estudio de como se describe, clasifica y nombra los
Organismoes

3 Taxon - agrupacion de especics basado en esiimativos de sinulardad o
relacion

Taxonomia y Morfologia

A

B

C

Ordenes Homoptera/Hemipiera vs ol1os ordenes
I Morfologia del aparato bucal picador-chupador
2 Motfologia de las alas

3 Morfologia de las antenas

Homoptera vs Hemiptera
I Morfologia del aparato bucal y las alas
2 Especies representativas

Subordencs Auchenorthyncha vs Sternorthyncha
1 Morfologa de los tarses v anienas
2 Especies represenialivas
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D Filogenma/clasificacion actual de Hemiptera y Homoptera, Auchenorrhyncha y
Sternorrhyncha (Sorensen et al 1995)
- Frlogenia - la ustona evelutiva de un gropo o ineaje

E  Superfamihias Cercopoidea vs Membracoiwdea, Cicadoidea, Fulgoroidea
1 Filogema
2 Caraclensticas de las superfanulias
a Los "Saltadores”
1y fanmlia Crcadellidae (Cicadoidea) - “leathopper (“saltahojas™)
2} familia Membracidac (Membracowdea) - “trechopper " {“salta-arbol™)
3) farmha Delphacidae (Fulgoioidea) - * planthopper  (“saltaplanta™)
4) superfamihia Cercopoidea - “froghopper” (Msaltarana™)
b Caracteristicas de la superfamlia Cercopoidea
1y morfologia de la cabeza
2y morfologra de las palas
3} mnfas se cublen con los descechoes de abimentacion

F  Fambias Cercopidae vs Aphrophoridae, Clastoptenidae, Machaerotidae
1 Filogenta
a Clastficacion a nivel de famiba es tentativa
b Clastoptendae y Machaerolidae grupos hermanos
¢ Ceteopidae y Aphrophoridac grupos hermanos
d Filogema alternaliva
- Aphrophortdae considerado como grupo pohifiletico
2 Caracteristicas de las familias
a Morfologia de las alas
b Morfologla de la cabeza

1V Daversidad v Distribucion

A Cercopoidea 2380 especies deseritas (Modkmson y Casson 1992), 535 ¢en
Nueve Munde (Metcalf 1960, 1962)

B Machaerotidae
1 Caractensticas claves
a Escutelo largo, a veces con forma de espina
b Cucrpo bastante pesado
¢ Antenas salen de fosas profundas
d Las ninfas viven en pequefios tubos calcareos que estan llenos de liquido
e Hacen masas de espuma solamente para facilitar la ulima muda
2 Diversidad taxonomuca 107 cspeotes en 27 generos, 4 tribus, 2 subfamilas
3 Biogeografia
a Tropicos del Viegjo Mundo, cspecialmente bosque Huvioso, algunas en
zonas mas templadas y bosques bajos v abiertos
b No se encuentian en Polinesia, Micionesia, suroeste de Asia o norte del
Afnica
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4 Hospederos
a Arboles (incl Eucali ptus) y probablemente otros
b Son plagas de plantas de ¢clavo de olor en Indonesia (trasmitan una
enfermedad, ta bactena Pseudomonas)
¢ Lahstona natural es poco resumido

C Clastoptendae
1 Caractensticas claves
a Pequenos, redondos
b Pronoto con arrugas transversas. alas terminadas en una membrana
terminal ancha
¢ Antenas salen de fosas profundas
d Masa de cspuma con miucha agud y pocas burbujas
2 Dhiversidad taxonomca
a Monogenerico {Clastoplera)
b 83 especies a mvel mundial
¢ 79 especies en el Nuevo Mundo (32 Neotropical, 35 Canbe, 19 Neartico)
3 Biogeografia
a Solo en el Nuevo Munde (con la excepcion de 2 especies en tas
Filipmas)
b Tropicos y templados
4 Hospederos aibustos, arboles, ornamentales, citnicos, cassava, Casiiar ina

D Aphrophondae
I Caractensticas claves
a Cabeza tan ancha como ¢l pronoto
b Borde antenior del pronoto 1edondoe o angular
¢ Colores onpticos
d Masa de espuma con mucho aire y burbujas
2 Dhversidad taxonomca
a 820 especies a mvel mundial
b 97 especies en ¢l Nuevo Mundo (43 Neotropical, 35 Canbe 19
Nearctico)
Brogeografia
a Nucvo y Vigjo Mundo
b Mas abundante en las zonas templadas pero bien representados en los
tropicos
Hospederos muy diversos, de hierbas hasta arboles

(]

e

E Cercopidae
1 Caractenisticas claves
a Cabeza mas estrecha que pronoto
b Margen antenor del pronoto ecto
¢ Apice de elitroreticulado
d Colores Hamativos en general
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2 Dhversidad taxonomica
a 1359 especies mundsal
b 359 especies en ¢f Nuevo Mundo {294 Neotropical, 65 Canbe, |
Neartico)
3 Biogeografia
a Nuevo y Vigio Mundo
b Puncipalmente tropical
4 Hospederos gramimeas, hierbas, arboles

F La familia Cercopidae
I Subfamuira Tomaspidinae vs Cercopinae
2 Tnbus y gencros de Tomaspidinae
a Fennah (1968)
b Adicion dc Notozuha por Carvalho {(1995)
3 Caracteres claves con imporlancia taxonomica para las especies asociadas
con gramineas (Fennah 1968)
a cabeza
1} postelipeo comprimido lateralmente vs 1nflado, perfil convexo hasta
tener forma de pico
2) antechpeo largo en relacion con el postclipeo
3} antenas forma del segmento 3
4y pronoto margenes anterolaterales rectos vs convexos
b torax
1} metatibias numero de espmas en el margen apical (4-28)
2} ehiros venacion, pation de color, pilosidad
¢ gentahia
1} edcago del macho forma, espmas, gonoporo
2} estletes v placas gemitales del macho forma
3) ovipositor de la hembia forma de valvula 1, presencia o ausencia de
Procesos

V¥ Cercomdos Asoctados con Gramneas

A Nombres vulgares
I Nmfa salivazo, espunuta, baba de culebra, chimche salivosa, cuckoo-spi,
snake-spit, spittlebug
2 Adulto mion, candehlla, cigarninha, mosca pinta, hroghopper

B Monecphora, Tomaspis, Delasser Phytozanua
b Hasta Fermah 1968, los generos Tomaspis y Monecphora incluyeron la
mayor parte de las especies asociadas con gramineas, ya no mcluyen
especies asoclados con gramineas
¢ Delassor vy Phy tozania fueron creados por Fennah 1949 pero
posteriormente Delasvor fue reubicado dentro del genero Mahanarva
(1968} v PIntozama se sinomimizo con Sphenoy hina (1961)
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Prosapia
1 Numero de especies
a 14 especies desciitas (Hamilton 1977)
b 2 cspecies nuevas de Costa Rica
2 Dastribucion Sur de Canada hasta Panama y ahora hasta Colombia
3 Especies importantes P ni hicincta, P osimulans, P plagiata, P bicincta

Aeneolamia

1 Numero de especies 11 spp

2 Dustribucion Norte de Mexico hasta Brasil

3 Especics umportantes A albofasciata, A flavilatera, A lepidior, A
occidentalis, A postica, A reducta A vaiia

4 Es el genero mas importante economicamente
-Ey A vaia saccharina

Deois

' Numero de especies 14 spp

2 Dastribucion Brazil, Argentina

3 Especies importantes D flavopicta, D incompleta

Mahanarva

1 Numero de especies 31 spp

2 Dastribucion Suramerica (Centroamerica pero no plaga)

3 Especies importantes M andigena, M fimbi tolara, M litur ara, M
posticata, M spectabilis, Mahanairva sp nov

Zula

1 Numero de espectes 10

2 Distribucion Centio y Suramerica (no Brasil)

3 Especies importantes Z carbonaria, Z pubescens, 7 vilior, Zuha sp nov

Notozulia

1 Numero de especies 1 sp

2 Distribucion Brasil

3 Especies importantes N entreriand

Fsozulia (4 spp ), Kananuna (4 spp ), Mavantona (34 spp ), Sphenoi una (47
spp ), Tunavma (? spp )

Estado Actual de la 'Taxonomia

A

Desafios para la taxonomia en cercopidos
1 Poca especializacion a mvel mundial
2 Mucha vanacion en pationes de colot
a Variacion intraespecifica
- e Philacnus spumar s (Aphrophoridae)
-e] A varia con 20 subespecies en Venezuela (Guagliumi 1955)
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- €} Mahanarva sp nov
b Vanacion mterespeciiica

1) convergenaia de patrones y posible mimetismo Mulleriano

2) individuos de una especie pueden verse mas similares a otra especie
que con los especificos

a) € Monteverde, Costa Rica
b) e A varnay A flavilatera
¢} ¢ Malanarva sp v £ carbonaria

¢ Poca informacion sobre las caracteristicas de la genitalia
3 Vanacion en la gemtaha det macho

B Avances en la taxonoma en cercopdos
1 Uso de caracteres de la genitaha del macho
a Variagon mtragencnea, ¢t Prosapia
b Vanacion intergenenica

2 Manuscrito en preparacion para revisar la taxonomia de cercopidos del
Nuevo Mundo (Museo de Historia Natural Londres)

Vil Conclusiones/Resumen
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Clasificacion de los cercopidos asociados con gramineas

ORDEN Homoptera (Henuptera = Heteroptera + Homoptera)
SUBORDEN Auchenorrhyvncha
SUPERFAMILIA Cercopoidea
FAMILIA Cercopidae
SUBFAMILIA Tomaspidinae
TRIBU Tomaspidini
GENEROS (11)

Aeneolamia
Deois
Isozulia
Kanaima
Mahanarva
Maxantonia
Notoziha
Prosapia
Sphenorluna
Tunamma
Zula

Caracteristicas de los ordenes
Homoptera y Hemuptera

Aparato bucal  + picador-chupador de savia
* labio forma una vaina para los estiletes
* sin palpos

Alas * cuatro, pueden faltar o estar reducidas
* par anterior membranoso hasta
endurecido, pocas venas
* par postenor membranoso

Antenas = pucdcen set cortos hasta largos
* numeto de scgmentos variables
» filiforme o setiforme
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Caracteristicas que distinguen los o1denes
Homoptera y Hemiptera _

Homoptera

» Aparato bucal desplarado
hacia la parte posterior de la
cabeza

* Alas en reposo tnclinadas sobre
los lados del cuerpo

* Alas anteriores
untformemente endurecidas

Henupicrd

* Aparato bucal surge de la
parte antcrior de la cabeza

* Alas en reposo planas sobre el
abdomen

+ Alas anteriores endurectdas en
su mitad basal y membranosas
en su mitad distal

Caracteristicas que distinguen los subordenes
Auchenorrhvncha v Sternorrhy ncha

Auchenorrhyncha

* Tarsos con 3 segmentos

* Antenas cortas y setiformes

* Insectos relativamente activos

Sternorrhyncha

» Tarsos con 1-2 segmentos

« Antenas (s1 no faltan)
normalmente largas y filiformes

* Insectos relativamente
mactivos, algunos le faltan alas,
patas y antends
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Filogenia de las superfamilias
del suborden Auchenotrhyncha

Cercopoidea Membracoidea Cicadoidea  Fulgoroidea

Caractenisticas que distinguen las superiamhas
del suborden Auchenorrhyncha

Cercopaidea, Cicadoidea,
Memtbracoidea

* Antenas surgen de la parte
anterior de la cabeza, entrc o

Justo antes de los ojo0s

« Coxas mesoforacicas soin
COrlas y cercanas

Cercopordea

» Tibias metatgracicas con |

0 2 espinas fuertes y una

corona de espinas pequeitas en

el extremo

* Pronote no se extiende

hacia atvas sobre el abdomen

» Coxas metatoracicas corts

Y COncas

Fulgorowdea

= Antenas surgen de la parte
lateral de la cabeza, debajo de los
0]0s

= (Conas mesotoracieas son
clongadas vy separadas

Membracowdea, Cicadordea

* Tibias metatoracicas sin
espinas fuertes v sin corona de
gspinas pequeiias en el extremo

* Pronoto se extiende hacia atras
sobre ¢l abdomen (Membracidae)

» Cozas metatoracicas
transvetsas {Cicadellidae)
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r Filogema del o1 den Hermiptera (Homoptera + Heteroptera)' —1
segun Sorensen et al 1995 ]
Sternorrhyncha Clypeorrhyncha Archaeorrhyvncha Heteroptera
{Incl Cercopodea (Inc¢l Fulgorowdea)
Membracouden

Cicadordea)

Filogema de las Fapnlias de la
superfamulia Cercopoiden

Cercopidae  Aphrophoridae Clastopteridae  Machaeroudae
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Caractenisticas de las famihas de la f 7
superfammhba Cercopordea - ]
Cercopidae v Aphrophonidae Clastoptenidae y Machacrotidac
» Antenas salen de fosas abiertas * Antenas salen de fosas profundas,
y superficiales, o debajo de ocultando los dos segmentos
sahidizos antenales prominentes basales, 0 abrazan la base de las
antenas
+ Ninfas habitan masas de
espumas que son grandes vy « Ninfas habitan masas de espumas
€spumosas pequeiias con pocas burbujas, o
viven en tubos calcareos
Cercopdae Aphrophoridae
» Margen anterior del pronoto » Margen anterior del proneto
recto redondo o anguloso
» Cabeza mas estrecha que * Ancho de la cabeza 1gual o poco
pronoto menos que pronoto
* Apice de elitro distintamente » Apice de elitro raramente
reticulado retictilado
Caracteristicas de las subfamihas
de 1a famiha Cercopidae i

Tomaspidinae

* Nucvo Mundo

= Laminas subgenitales no
separadas de la capsula
genital

* Usualmente dos espinas
faterales en la metatubia

Cercopinae
*Vigjo Mundo
« Lannnas subgenitales separadas
de la capsula gomital por una

gatria distinta

«Usualmente una sola cspina
lateral en la metatibia
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Tribus v generos de la famhia Cercopidae en ¢l Nuevo Mundo,
subtamuilia Tomaspidimae (Fennah 1968)

Hyboscartim - 4 generos
Ischnorhining - § generos

Neaenmni - 5 gencros

Tomasprdinn - 30 generos

Aeneolamia
Aracaniinia
Bradyprei oscarta
Catrimania
{Delassor)
Dems
Hyalotomaspis
Iphurhina
Isozulia
Monecphora
Kanarma

Korobona
Mahanaiva
Muakonaima
Maxantonia
Neomaonecphioia
Noto-ula
Ocouo
Oleotomaspis
Panabrus
Pachacanthocnenis
(Phyvtozama)

Prasapa
Sphenoriuna
Trodus
Tomaspis
Tomaspising

Tropidor hunella

Tunaqina
Urubavia
Vorago
Zula

Nombres comunes

Estado mmaduro NINFA

salivazo, salinvita, salinvero
espumtita, cspumadora
baba de culehra (Costa Rica)
chinche salivosa (Guatemala)
spittlebug (EEULD
snake-spit (sur de los EEULD)

cuckoo-spit (Inglaterra)

Estado madure ADULTO

mion de los pastos

candelhilla (Veneruela)

L

cigarriha das pastagens (Brasif)

mosca pmta (Mexico)

froghopper (EEULD
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Cercopidos asociados con gramineas
especics importantes

L

Estados Umdos Colomba
P bhicincta A leprdior
A reducta
Mexico A vana
A albofasciata M phantastica
A occidentalis Muahanarva sp nov
P sumulans P simulans
Z carbonaria
Costa Rica Z pubescens
A albofasciaia Zulia sp nov
A leptdio
A postica Brasil

A reducta
P nr hicincta
P plagiata
P stimulans
Z vilior

Ecuador

Isozulia astvralis
Mahanarva andigena
Mahanarva sp nov
Ziulia pubescens

A selecia

D flavopicta
D mcompleta
D schach

M fimbiolata
M ltuwraia

M posticata
M spectabilis
N entiertana
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Semnario 2 BIOLOGIA Y COMPORTAMIENTO

Introduccion

A Daversidad taxonomica traslada a diversidad en la vida natural

B El objectivo de cste seminario es examinar patrones dec biologia y
comporltamiento
[ Entrclos taxa
2 Entrc los estados de vida

C Temas de consideracion nutiicion, desanollo, repioduccion, defensa,
movimiento

Ninfas

A Nutiicion
1 Fuente de ahhmentacion
a Xilema
b Evidencia (Malone et al 1999)
1) evidencia microscopicd
- vaina de saliva (formada pot secreciones de saliva inyeclada
ahiededor de estiletes) termina en los elementos de xilema (Crews
et al 1998)
- confirmacon pata Cetcopidae, Aphtophoridae, Machacrotidae
2) unte cn el xilema aparece 11pido en excrementos
3) adaptacioncs andtomicas (vci abajo)
4y excrementos diluidos
- nada de azucar
- algo de 1ones minerales como Ca
5) cantidades grandes de excrementos
6) eficiencia baja de alimentacion
2 Comportamiento ahmenticio
a Cabeza abajo
b Sitios de alimentacion varian con el instar
1) P nrbicineta sobre Cynodon nlemfuensis (Peck 1998)
2) Iphuluna quota sobre Piper aur itim
3) Son numerosos los factores que influyen en la variacion (ver
Conferencia Ecologia)
3 Desafios asociados con el uso del xilema
4 Presion negativa
1) chpeo grande para mantener musculos de succion
2) apodcmas (esquelio) reforzadas
3) nfluye en la disponibilidad de sitios de alimentacion
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Recursos ditndos

1) camara filtra

2} larga duracion del estado ninfal comparado con grupos 1clacionados
3) defensa comparada con Membracidace vy Aphididae

Menos quinucos secundanios - mas pohfagos

B Desarrollo v Reproduccion
1 Caractenzacion y determunacion de los instares

a

Medidas morfologicas

1} capsula cefalica

2} muiones alares, 0)os, aptenas, tamano general
3y determunacion de sexo y especie

Masa de cspuma

I} tamano de las burbujas

21 tamafio de la masa

3} sitios de almientacion

2 Duracion de los mstares {ver Tabla)

C Defensa
1 Construccion de la masa de cspuma

4

Hipotesis

1} generacion espontanca de la saltva del pajaro "cuckoo” (6th - 1 7th
s1glo)

2) producto de la planta (1540)

3y pioducto det pico de ta minfa (1710, 1884)

4y producto del ano de la ninfa (1688)

Manipulacion {isica

1) cabera abajo para ayudar movimiento de los desechos

2) tubo de aire formado por los esternitos abdominales, se usa para
soplar burbujas en el hguido, respiran a traves del tubo v espiraculos
sttuados adentro

31 abdomen mowil

Componentes

1) productos cxcretoles

2} seciecion de la porcion proxima de los tubos de Malplugt de un

muecopolisacarido con papel potencial como depresor de la tension

superficial (Maishall [1966)

posible papel de las glandulas de Batellr en los segmentos

abdonunales 7 y 8

Lok
R

2 Funcion (Whittaker 1970)

a

Dcesecacion

b Alla temperatura

o

Encngos natuiales
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3 Variacion entre familias
a  Numero de ocupantes
1) P Bicncia
2y Cephusus (Aphrophonidac)
b Forma dela espuma
4 Ninlas de Mahanw va sp on flores de Heliconta (Costa Rica) son
facultativamente acuaticas {Thompson 1996)
5  Machaerotidae sacan los nunerales para constnnr los tubos calcarcos
(Marshall and Cheung 1975, Newby 1979)

D Movimento
I Caminadores bastante agiles con una atea de~ 1 m
2 Elmovimento normalmente ocurre depues de la muda

K Adultos tenerales
b Clastoptendae fuera de ta masa de espuma
Machaerotidae fuera del tubo encima de una masa de espuma
Cercopidae y Aphrophoridae en masa de espuma cspecial
a e Mahanw va cosianicensis en Costa Rica
b e Cephsus sicafolins { Aphrophonidac) en Costa Rica

Tad b

I Adultos

A Nautricion

1 Fuentes de alimentacion
a Uso de xilema (P biainera Byers and Wells 1966)
b Uso de celulas del borde de la parcnquima (4 varta Withycombe 1926,

Hagley 1965)

2 Comportamiento alimenticio
a  Tendos diveisos hojas, tallos, cascara
b Cabeza armba

B Desarrollo s Reproduccion
1 Comportamiento reproductivo

a Copula
1} copulaciones muluples, duracion
23 copulaciones intraespecificas
3y forma del edeago
4y feromonas?

b Oviposicion
1) sitios (ver Tabla)
2) paton de oviposicion solos hasta pequenos grupos (1 - 10}
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33 preferencias
a) Hewitt 1985 oiden de importancia en aumentar numero de
huevos alta humedad, baja compactacion {suele v desechos
vegetales), presencia de desechos, menos cantrdad de los
desechos (4 vs & mim), tamafio de las particulas de suelo (D
Javopieta, N entieriana)
b) Peck 1998 mavor numeto de huevos con presencia de descchos
(P nr bemera)
4) otras lamthas
a) Clastoptendae bajo eprdernis del crecimiento nuevo (Wheeler
1984)
by Aphrophondae tondo de la planta, se hacen mcisiones
¢} Machaerotidae cerca/sobre la hoja, probablemente se hacen
maeisiones (Lomer et al 1993)
2 Biologia teproductiva - componenics impottantes {(ver Tabla)
a Penodos de precopula y preoviposicion
b Fecundidad
3 Bioacusticos
a Comunicacion atrayes de sustrato por tfimbales comun en los
Auchenorrhyneha pegueio
- el nmbal membrana vibtacional v musculos especializados en
segmento | del abdomen
Girabaciones de somdo en Cercopidae (Moore 1961}
¢ Caractenzacion de la comunicaion vibracional en Cercoprdae {Lopez et
al 2001)
1) comunicacion atraves del sustrato por imbales bien desarrollados en
ambos sexos
} repertorio ampho de cantos
¥ macho micia la busqueda de paieja
4y diferencias sigmficalivas entre la estructura de cantos entre especies
4 Longevidad (ver Tabla)

4 Tt

Tt

C  Defensa

I Buncar, camuilae

2 Sangraje reflexivo, aposematismo (Peck 2000}
Comportanuento en P nt drerneta
Distribucion taxonomica
Variacion ita- ¢ nter-especificd
Enenugos naturales

0o o

D Movimiento
1 Movimento apetitivo vs nugratot1o
2 Ewvidencia trampas pegajosas, matcar/librar/recapturar, indirecta por
estudios poblacionales (Nilaklie y Buainam 1988 Peck 1999)
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v Huevos

A Desarrollo v Reproduccion

Marfologia

a A varia (Fewkes 1965, Wiedyghk 1982)
b A reducta (Peck, sin publicar)

i

]

¢ P nrbicincra (Peck 19906)
Desarrollo
a  Clases de huevos no-diapausicos, diapausicos de corta y larga dutacion
b Patron de eclosion
1y P o bieincta vs P plagiata (Peck 1996)
2y A varie (Motales 19933
3y A seducta (Peck, s publicar)
Diapausa
a  Diapausa - estado de desatrollo detenido cuya termmacion no depende
de condiciones ambientales externas (vs quiesenciad)
b Quiescenuia - estado de desanollo detemido cuya terminacion s1 depende
de condiciones ambientales externas
b Dhapausa sucede duranic fase 52
¢ Factores que mfluyen en la mcidencia y duracion de la diapausa

1) Pireoviposicion
a) generacion de la hembra (incidencia)
by estado nutircional de la planta durante [a fase ninfal (incidencia y
duracion)
¢) fotopetiodo durante la fase mnfal {incidenca}
2) Postoviposicion
a) temperatura baja pror oca la ternmnacion de diapausa (Suyn et al
1995)
b) sequia epoca (dias despues de oviposicion) y duracion

4 Desairollo pos-diapausico uicscencta como un posible papel en el brote
imctal de minfas comcerdente con la legada del invicrno

B Defensa
Factores de mortahdad sequie enemigos natuiales, pastoreo, quema
P plagiata vs P or breatcta

1

3

IV Conclusiones
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Duracion de los Estados de Yida ‘

P—— e s e ok

Huevos Ninfas Aduitos

Especie (d1as) (dras} (cias) Sitio Fuente
A albofuscrata t0-15 27 i5 Mexico Martin et al 1995
A flavidatcra 13-15 2837 Venezuela  Guaghum 1962
A lepichon 141 354 6 Colombia  Peck (sin publicar}
A oveerdentalis 23-27 14-35 Meswo  Velasco v Stlucntes 1970
A postica 41 Trinidad [ate and Lyle 1970
A reducta 13-15 20-26 Venczucld  Guaghum 1962
A reducta 158 261 66 Colombia  Peck {sin publicar)
A vaiia 44 Trirndad Fate and Lyie 1970
A varie 13-15 35 Venczucle  Guaghum 1962
A vai 308 Colombia  Diaz 1999
A varia 172 72 Colombia  Peck (sin pubhicar)
I wncompliera 49 10 (3-16) Brasil Magalhaes et al 1987
M sp nov i70 44 2 76 Colombia  Ballesteros y Gallego 1999
P hremcta 60 (43-70) 30 EEUU Beek 1963
P bremeta 12 34-60 42 EEUU Pass v Reed 1963
F hwemeta 12-15 50 21 ELUU Fagan v Kutert 1969
P bcincta 17 23 ECUU Bvers 1965
P sp nov 62 (34-98) Costa Rica  Peck 1998
P plagiata 16-18 4(-56 25 Costa Rica Washbon 1968
P plagiata 58 7-18 Costa Rica  Piado 1970
P osmmulans 26 Mcnico Oomen {973
£ simulans 187 22-48 Mexico  Velasco vy Sifuentes 1970
Z carbongita 15(12-18) 43 12(8-15) (Colombia  Amango ctal 1981
Z carbongi 17 4 42 4 938 Colombia  Rodriguez (sin publicar}
Z carbonaiia 161 Colombia  Peck {sin publicar)
£ pubescens 143 g0 92 Colombia  Rodriguez {sin publicar)
Zulia sp nov 140 427 71 Colombia  Rodrigucs (sm pubhcar)

P
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Sitros de Oviposiiion

Superficic Tepido de

Lspecie Suelo Hojarasca del allo 1a Planta Fuente
A flavilatera XXX Fewkes 1969 *
4 flavidarera XXX X CGuaghum 1962
A postica XXX Fewkes 1969 *
4 reducta AXX A Peck (st publicar)
A yaria XXX X Fewkes 1969 *
A varw XXX X Guagliunn 1962
A vara XXX XXX Unich 1913
4 rara XXX XXX Williams 1921
M wmdicaia XXX Fewhes 1909 *
M sp nov XXX XX X Ballesicios y Gallego 1999
P hicincta XXX XX XX X Pass y Reed 1969
P bicwncia XXX Beck 1963
P bicicta XXX Bvers 19635
P hicinetn X XXX X I'agan y Kuitert 1969
# sp nov XXX X Peck 1998
P plagiata XXX Picado 1970
P plagiata XXX X Washbon 1968
P sinnlans X XXX Rodigucz (sin publicar)
Z carbome XXX X Rodnguez (sin publicar)
£ pithescens XX X XXX Rodriguez (sin publicar)
Zulia sp nov XXX Rodiiguez {sin publicar)

* Resumen, no wvestigacion origmal
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Brologia Reproductiva 1

T [ — RV e J— JR—

Periodo de (dias) Fecundidad

Especie Precopula Preoviposicion  {no huevos) Fucnte
A favilater 2-3 96 James 1940
A reducta 422 Peck (sm publicat)
A varwa 40-100 Williams 1921
A varia 120 Kershaw 1913
A varia 244 Feukes 1964
A vaiia 30-150 Guaghurm 1962
D mmeompleta 25 35 181 Magalthaes et al 1987
M sp nov 16 23 21 Ballcsteros y Gallego 1999
P bicincta 396 (0-81)  Passy Reed 1965
P bicncta 5-9 6-13 Byers 1965
P bictneta 7 Fagan vy Kuilert 1969
P sp nov 23(08-43) 187(14-2D) Peck 1998
P plagian 3-4 5-8 Picado 1970

24
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| Ciclo de Vida de Algunas Iﬁsp&?{és Colombianas w__!

I.......“.m — — - — - pr— - -

Duracion {dias)

Especie Huevo Ninfa Adulto’ Total
A lepidios 14 1 354 31 526
A varia 172 308 36 516
A reducta 158 201 34 453
M sp nov 170 44 2 3 04 6
P simudans 180 456 89 725
Z carbonaiia 174 42 4 98 690
Z pubescens 143 B0 2 613
Zulia sp nov 146 427 71 64 4

' Caleutado por la mitad de la longevidad media

25
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Semmario 3 ECOLOGIA

Introduccion

A Ecoloma - el estudio de las intenelaciones entre organismos vivos y su
ambiente, el estudio de la distrubucion y abundancia de organismos vivos

B Vanos temas relaciones planta huesped, impacto, dinarmca poblacional,
ENemigos

Relaciones de Planta Huesped

A Ohgofago hasta polifago

1 Philaenus spumar ius {(Aphrophonidae) hasta 500 especies huespedes

2 El xilema no vana tanto como otros recursos de nutricion

3 Seleccion, uso v sio de alimentacion en las plantas huespedes determinado
por habitat, fisiologia y motlologia de la planta

B Habitat

I ¢ Cercopidos asociadas con pastos que se ahmentan de un subgrupo de la
comumdad de plantas, principalmente gramineas

2 Distnbucion biogeografica de especies

- ¢ Costa Rica (Thompson 1996)

C Fisrologia de Ia planta

I

2

3

Concentracion de ammoacidos - el sito de ahmentacion
- ¢ Horsfield 1977 las minfas prefieren v se desempefian mgjor hay donde
mavor concentracton de amunos acidos
Fyadores de mitrogeno - especies de planta huesped (g7 Thompson 1994}
a El nitrogeno es un tecurso limstante en plantas
b Las farihas de Cercopoidea muestran una predileccion general por
diferentes grupos de plantas basado en su modo de fijar mtrogeno
1) Cercopidae - gramineas con fijacion asociativa de nitrogeno atraves
de varias baclerias
2) Aphrophondae - leguminosas con los bacierias Rluzobumn y
Bradvi hizobium
3y Clastoptendae - plantas actinorrhizas con la bactera Frankia
Bioguimica
a Ausencia de elementos vitales, immicos de hormonas juveniles
b Posible mecanismo de resistencia vanetal?

D Morfologia de planta

1
2

Durcza del tepido (Holfnan y McEvoy 1986)
Presencia de tricomas (Hofiman y McEvoy 19835)
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No dispombilidad/profundidad de los elementos de axilema (Hoffman y

McEvoy 1986)

Habitlo de crecumiento, arquitectuna

a e) Andiopogon gayanus - "resistencia morfologica" por falta de sitios
disponibles para los primetos nstares (Ferrufino y Lapointe 1989)

b e estiucturas para retener la masa de espuma (McEvoy 1986)

E Hospederos limitados a los adultos (Pcck 1998)

1
2

Piosapia
Iphirhma quota

F Reparticion del nicho y segregacion de los recursos

1

¢] Halkka et al 1977 cuatro dimensiones de reparticion de hospederos
a taxonomico - eleccion de hospedero

b vertical - posicion sobre ¢l talto

¢ macrohabitat - zona de vegetacion

d epoca de la estacion

€] McEvoy 1980

¢; Caqueta donde Mahanaiva sp , Z pubescens y A varia comparten los
mismos potrcios (Pucntes y Ramirez 1999)

IIT  Impacto

A Cultivos diferentes a las gramineas

1
2
3

Aphrophonidae coniferos, alfalfa, ornamentales, (1esas
Clastopteridac arbustos, ernamentales, cacao, citricos, nueces
Cercopidae comferos (Curopa), ornamentales ({lev)

B Transmision de enfermedades

1
2

Vectores de algunas enferemedades limitadas al xilema

Enfermedad de Pierce virus trasmutido por P spumai s en plantas de uva
{Severin 1947)

“Stunt Disease” micoplasma transnutido por P spumai s cn plantas de
Rubus (mora) en Hungnia (Jenser et al 1981)

Enfermedad de Sumatra virus transmitido por Hindola striata
(Machaetotidae) a clavo de olor en Indonesia (Balfas et al 1991, Lomer et al
1993)

C Gramineas (Cetcopidae)

1
2

Arroz, cesped, sorgo, maiz
Cana de azucar
a Histona
- Islas Caribes
- Centro y Suramerica
- Australia
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b 14 generos, 66 especies de cercopidos plagas (Fewkes 1969)
¢ Estado actual de la plaga
3 Forrajes
a Histona y estado de la plaga
- ¢/ Monteverde, Costa Rica
b Distribucion en pastos

D Impacto

1 Naturaleza del dafio
a Fiotoxemia causado solo por adultos
b Daifo de mnfas
2 Impacto economico
3 Produccion
- ¢] Valerio y Nakano 1988
4 Cahdad
- ¢ Valerio y Nakano 1988
5 Palatabilidad
6 [Establecimiento y persistencia
- ¢ Valenio y Nakano 1987
7 Degradacion ambiental
8 Dificil de generalizar el dano debido a la diversidad de cspecics forrajeras y
de cercopidos  Para la mayoria de situaciongs, no hay datos cuantitativos de
impacto al hospedero

IV  Dinanmuca Poblacional

A

Resumen de yvoltinismo
I Numero de generaciones al aiio (ver Tabla)
2 Umvoltino hasta multivoltino

Evidencia de movimiento

I Trampas pegajosas

2 Marcar/liberar/recapturar, tuncles de aire (Nilakhe 1988)
3 Indnecta por estudios poblacionales (Peck 1999)

Falta de estudios detallados que ofrecen suficiente resolucion
1 Adultos y ninfas

2 Instar de las ninfas

3 Presencia de adultos tcnetales

4 Frecuencia de muestreos

Estacionalhidad v sincromizacion
1 Relacion con los determinantes de desarrollo y diapausa de los huevos
2 Condiciones climatologicas
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V  Enemigos Naturales

A Mosca depredadora, Salpingogaster nigra (Diptera Syrphidae)
1 Biocecologia
2 Limitantes de abundancia
a Hay quc considerat todos los estados de vida
Sitros de oviposicion
Epocas donde no hay salivazo
Sitios de las pupas en tallos de pasto
Recursos alimenticios para los adultos

L4/ I = PO o S e

B Hongos entomopatogenos
1 Bioecologla
2 Diversidad
3 Potencial y mitante como agentes de biocontrol
a Caiia de azucar vs pdstos
b Tecnicas de aplicacion

C Parasitos de huevos (Hymenoptera)
1 Mymaridae Anagrus spp y Acmopolyinema sp
2 Eulophidae y Trichgrammatidae

D Nematodos
1 Hevamerpus dacty locercus (Mermithidac)
2 A veces muy abundante en cafia en Venezuela (Pomar y Linares 1983)

E Otros enemigos naturales
1 Pipunculhidae (Diptera} mosca parasitoide
2 Asihdac (Diptera) mosca depredadora
3 Aves

F Inquilinos de la masa de espuma
1 Larvas de la mosca Cladochaeta (Diptera Drosophilidae)
2 Mayona asociado con Clastoptera, pcto algunas con Cercopidae
2 119 spp, 105 de ellas nuevemente descritas (Grimaldr y Nguyen 1999)
3 Parasitarios del hemolinfa de ninfas?

A% Conclusioncs/Resumen
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No Generaciones al Afio

Especie No Cultivo Stio Fuente
A albofascrata 2-3 pasto Mexico QOomen 1975
A flavilatera 4-6 cafia Surmam Wiednyyk 1982
A occidentals 1-2 pasto Mexico Martin et al 1995
A reducta 6 pasto Colombia Peck (s pubhcar)
A vara 4 caiia Venezuela Morales 1993
A vara 5 pasto Colombia Rojas y Rubio 2000
P biciicia 2 pasto EEUU Byers 1965
P plagiaia 3 pasto CostaRica  Picado 1970
P smnidans 2 pasto Mexico Oomen 1975
P sp nov 1 pasto Costa Rica  Peck 1996
Z carbonaiia 3 pasto Colombia Castro (sin publicar)
Clastoptei a achatina 3 arbol LEUU Tedders 1995
Clastoptera arboi tha 1 arbol EEUU Kuenzi 1985
Aphiophora flavipes 1 arbol lapon Matsumoto 1988
Philaenus spumar ius 1 hietbas Inglaterra Whittaker 1972
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Desarrollo y Validacion de Metodologias para la
Infestacion Controlada de Salivazo en Hibridos de Brachiaria

La evaluacién de resistencia a salivazo bajo
condiciones de campo es extremadamente dificil debido
a la ocurrencia focal e impredecible del insecto. Por
otra parte, las técnicas de invernadero anteriormente
desarrolladas en el CIAT aunque confiables, eran lentas
y dificiles de manejar; en el mejor de los casos, en un
afo podrian ser evaluados 250 genotipos por
resistencia, lo que estaba obviamente lejos de las
necesidades de las actividades de mejoramiento actual.

Metodologia de invernadero. Durante 1997 se
desarrollé una metodologia de invernadero mds
eficiente que la que existia para seleccion masiva de
hibridos de Brachiaria por resistencia a salivazo, la
cual fue implementada en 1998 para seleccion en gran
escala de genotipos de Brachiaria.

Para validar esta metodologia se infesté en
invernadero una serie de hibridos y controles
susceptibles y resistentes de Brachiaria, utilizando la
unidad experimental desarrollada en 1997. Cada unidad
fue infestada con 10 huevos maduros de Aeneolamia
varia seleccionados con anterioridad en el laboratorio.
Los huevos fueron controlados por 24 h después de la
infestacion y se reemplazaron los que no eclosionaron,
La infestacién procedid sin interferencias hasta que
todas las ninfas se desarrollaron completamente y
ocurrio la primera aparicién de adultos. En esta época
se evaluaron los sintomas de dafo en las plantas y se
clasificaron los genotipos por resistencia al ataque del
insecto. Los resultados de la seleccién indicaron que
61 de los hibridos presentaron niveles de dafio
inferiores a 3. No obstante, cuando éstos se
clasificaron por antibiosis —porcentaje de
supervivencia ninfal—la mayoria fue clasificado como
susceptible con tasas de supervivencia superior a la del
progenitor resistente B. decumbens CIAT 6294.

AGIRT

BYPF Contro Infemacional de Agricuttura Tropical
Internationa Center for Tropical Agriculture

Los altos niveles de resistencia en los nuevos
hibridos BRO97NO/0235 y BRO7TNO/0047 se reconfirmaron
cuando los 61 hibridos seleccionados en la prueba
preliminar se incluyeron en una prueba de rutina en
invernadero (Cuadro 1). Estos resultados confirmaron la
confiabilidad y capacidad de la metodologia de evaluacion.
Los niveles altos de resistencia en algunos de los hibridos
desarrollados son indicacién de los excelentes avances
logrados por el Programa de Mejoramiento de Brachiaria
del CIAT en la incorporacién de resistencia a salivazo.

En 1999 se incluyeron en el tamizado por resistencia
a salivazo en casa de malla 92 hibridos que se estdn
utilizando para identificar marcadores moleculares para
apomixis y resistencia a salivazo. Estos hibridos fueron
evaluados en comparacién con cuatro testigos de
reconocida reaccién: el hibrido resistente CIAT 36062
(BR93-NO/1371) y las accesiones CIAT 6294 (resistente),
CIAT 606 y 654 (susceptibles). Se usaron 10 repeticiones
por genotipo y cada planta se infesté con 10 huevos
maduros de A. varia previamente seleccionados en el
laboratorio. Los hibridos seleccionados por baja
calificacion de dafio (£3 en una escala de
1- 5) se inspeccionaron para supervivencia de ninfas y
fueron clasificados como resistentes
(< 30% supervivencia), intermedios (31%-50%) y
susceptibles (> 50%). En el Cuadro 2 se muestran hibridos
resistentes e intermedios al ataque de mién. Fue
interesante observar la presencia de hibridos con mayor
nivel de antibiosis que los controles resistentes, lo cual es
otro indicativo del progreso logrado en el programa
demejoramiento de Brachiaria.

Metodologia de campo. Laevaluacidn de resistencia
a salivazo bajo niveles naturales de infestacién en el
campo ha sido imposible debido a la ocurrencia focal e
impredecible del insecto. Por lo tanto, en el CIAT se
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probaron diferentes alternativas para desarrollar una
técnica confiable de infestacion artificial en estas
condiciones. Entre éstas, la infestacion inicial de plantas
en invernadero y la transferencia posterior de las plantas
infestadas al campo, la que se consider6 promisoria. En
1998, un trabajo intensivo en el Caqueta (Colombia)
permitio mejorar aiin mas esta técnica.

Para la infestacion con salivazo en el campo, se
deben considerar: (1) la fuente de infestacion, (2) la planta
hospedante, y (3) la creacion de un microambiente en la
base (alta proliferacion de la raices, sombra adecuada y
alta humedad) apropiado para el desarrollo de ninfas. La
fuente de infestacion no ha sido un problema. Las
técnicas de crianza masiva desarrolladas en el CIAT y en
la estacion de Corpoica-Macagual en el Caqueta permiten
producir tantos insectos como sea necesario para la
seleccion de genotipos de Brachiaria. Mediante la
técnica de ensayo y error se obtuvieron excelentes
resultados con la técnica de ‘maceta invertida’.

La metodologia para evaluar genotipos de
Brachiaria spp. por resistencia a salivazo en condiciones
de campo involucra varios pasos y utiliza una unidad
basica (ver Figura 1), como se describe a continuacién:

A. Enel campo se toma una macolla de 20 tallos de la
planta madre y se transfieren al invernadero para
acondicionarlas y promover la proliferacion de raices;

B. Elarea de la raiz de la planta se protege mediante su
cobertura con una maceta invertida;
Las raices se infestan con huevos del insecto
proximos a eclosionar;

D. Se establece la alimentacion completa de las ninfas
con raices; y

E Las plantas infestadas, todavia protegidas con el

pote invertido, se transfieren al campo.

Cuadro 1. Niveles de resistencia a Aeneelamia varia en los cinco mejores hibridos de Brachiaria
seleccionados en 1998. Promedio de 10 repeticiones por genotipo.

Genotipo o Dafio* Supervivencia de Clasificaciéon®
hibrido ninfas (%)"

BRO7NO/0047 1.9 de *13:3c

BR97NO/0235 2.1cd 10.0 ¢

BRO7NO/01S55 2.4 bed 340D 1
BRO7NO/0402 2.7 be 400 b [
BR97TNO/0457 29b 400 b |
CIAT 36062 (BRQBNOIIJ?])d lde 0.0d R
CIAT 6294¢ l4e 400 b R
CIAT 0606° 4.7 a 60.0 a S
CIAT 0654¢ 48 a 65.7 a S
a. Daifo: 1 = sin dafio; 5 = planta muerta.

b. Analizado como arcoseno raiz de proporcion. Datos sin transformar.

¢. R = resistente; [ = intermedio; S = susceptible.

d. Controles resistentes. B. brizantha CIAT 6294 (cv. Marandu)

-

es el progenitor resistente
Controles susceptibles.

Promedios en una misma columna seguidos por letras iguales no son

significativamente diferentes (P < 0.05), segin la prueba de Duncan,
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Cuadro 2. Niveles de resistencia a Aeneolamia varia en genotipos ¢ hibridos de Brachiaria
seleccionados. Promedio de 10 repeticiones.

Genotipo Calificacién Supervivencia Clasificaciéon®
o hibrido de daiio” de ninfas (%)

BP 1028/0027 Z23'h* 39.0 ¢ |
BP 1016/0008 23b 40.0 ¢ I
BP 1027/0128 240b 250 cd I
BP 1017/0005 24 b 564d R
BP 1027/0118 26b 350 ¢ |
BP 1016/0018 27 b 504d R
BP 1028/0022 28b 60.0 b S
BP 1016/0037 29b 350c¢c 1
BP 1016/0009 29b 40.0 ¢ I
BP 1028/0017 29b 78.0 ab S
BP 1027/0116 30b 75.0 ab S
BP 10270136 30b 64.0 ab S
CIAT 36062 (BR93-NO/1371)" 170 1204 R
CIAT 6294° L3¢ 23.0 cd R
CIAT 606° 44 a 84.0 a S
CIAT 654¢ 47 a 77.0 ab S
C. V. (%) 15.0 32.1

a. Dano: 1 = sin dafio; 5 = planta muerta.

b.  Testigos resistentes.

c.  Testigos susceptibles.

d. R = resistente; | = intermedio; S = susceptible.

*

Promedios en una misma columna seguidos por letras iguales no son significativamente diferentes
(P < 0.05), segin la prueba de Duncan.

Macollas recolectadas
en el campo

4

l I hacr

A < Macotta para
. invemadero

.
Lote de Brachiaria sp 53
[/ A

Raices de s macolla

V\ﬁ\ ‘/J@/ infestads con bucvos

Ninfas alimentindose
de las raices

Figura 1. Metodologia para evaluar genotipos de Brachiaria spp. por resistencia a salivazo en condiciones de
campo.
A =Toma de macolla en el campo e implantacién en invernadero; B = Proteccién de la parte radicular
con una maceta invertida; C = Infestacién de las raices con huevos a punto de eclosionar;
D = Establecimiento de las ninfas; E = Transplante de la planta infestada al campo, sin remover la
maceta invertida
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Las macollas, una vez desinfectadas, se colocan
sobre una mesa cubriéndolas con una maceta invertida
abierta en ambos extremos (paso B) para proporcionar a la
raiz de la planta un microambiente oscuro y humedo que
promueva la produccion de raices secundarias para
alimentar las ninfas. Después de 10 a 12 dias, se infestan
diferentes secciones de la raiz con 10 huevos del insecto
por cada tallo (paso C). Una vez la infestacion esta bien
establecida y todas las ninfas se alimentan de las raices
(paso D), las unidades son transferidas al campo donde
son transplantadas entre 10 y 15 dias después de la
infestacion (paso E). Finalmente se permite que la
infestacion proceda sin interferencia hasta que todas las
ninfas se encuentren desarrolladas y los adultos
aparezcan entre 30 y 35 dias més tarde. El dafio en las

plantas se evaliia con la misma escala visual utilizada en
las evaluaciones en invernadero.

Con esta nueva metodologia de campo es posible
medir con una alta precision el impacto del insecto en el
crecimiento y desarrollo de las plantas. Asi, en algunos
trabajos se encontrd que los genotipos resistentes CIAT
6294 y 36062 (BR93NO/1371) duplicaron el nimero de
tallos por macolla y los susceptibles CIAT 0654 y CIAT
0606 no produjeron tallos nuevos. Todas las plantas en
los genotipos susceptibles murieron como resultado de
dafio de insectos, mientras que todas las plantas
resistentes sobrevivieron con poco daifio foliar. Ademas
se encontro correspondencia entre los puntajes de dafio
en campo y en invernadero.

Gracias a la metodologia de infestacion controlada de salivazo en !
invernadero y campo hoy se tienen hibridos de Brachiaria con alta
resistencia al insecto. Uno de estos hibridos ya fue incluido en una

prueba de pastoreo en el Caqueta.
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Avances en Investigaciones sobre Resistencia
de Brachiaria a Salivazo

En 1995, el Programa de Forrajes Tropicales del
CIAT, con el apoyo del Fondo Nacional del Ganado
(Fedegan) inici6 en Colombia trabajos de investigacion
sobre la resistencia de algunas especies del género
Brachiaria al ataque del salivazo de los pastos, la plaga
mas limitante para la produccion de esta graminea. Los
trabajos incluyeron el desarrollo de nuevos cultivares con
amplia adaptacién edafoclimdtica en zonas ganaderas de
Colombia y el desarrollo de marcadores moleculares
asociados con el salivazo en Brachiaria.

Para la ejecucion de los trabajos y la posterior
difusién de los resultados se formé la Red de Brachiaria
con participacién de investigadores del CIAT la
Corporacién Colombiana de Investigacién Agropecuaria
(Corpoica) localizados en sitios representativos de los
principales ecosistemas donde se desarrolla la explotacién
ganadera en Colombia.

La identificacién y seleccién de B. brizantha CIAT
26110 fue uno de los principales logros en esta Red.
Aunque este ecotipo no tiene el tipo resistencia por
antibiosis y fue clasificado como susceptible a salivazo
por la alta supervivencia de ninfas que presenta, se
caracteriza por su buena produccién de forraje, y
adaptacién en un amplio rango de ambientes que difieren
por sus condiciones de clima y fertilidad del suelo; por
tanto, fue seleccionado para evaluacién con animales en
pastoreo. Otras accesiones promisorias son B. brizantha
CIAT 6387 y 26318, y el hibrido Brachiaria CIAT 36061
(FM9201/1873), que fueron seleccionados para ensayos de
pastoreo en algunos sitios debido a su comportamiento
agronomico sobresaliente en la época lluviosa, pero son
susceptibles al ataque de salivazo.

C. Cardona G. Soteloy J. Miles

El Programa de Mejoramiento de Brachiaria produjo
en los dltimos afios mds de 6000 progenies por
polinizacién abierta, las cuales se propagaron y
establecieron en el campo en dos sitios contrastantes de
Colombia.

De los primeros cruces realizados se seleccionaron
en invernadero hibridos de Brachiaria con resistencia a
salivazo y uno de ellos se incluy6 en un ensayo de
pastoreo en el Caquetd, donde el dafio por salivazo se
presenta todo el afio. En evaluaciones realizadas en 1999
se encontré que dos hibridos sexuales resistentes
resultaron con una supervivencia ninfal
considerablemente inferior a los controles més resistentes,
lo cual es indicativo del gran progreso logrado en el
Programa de Mejoramiento de Brachiaria.

En gran medida, los logros alcanzados en los tdltimos
afios en el trabajo de mejoramiento de Brachiaria se
deben al desarrollo de una metodologfa para seleccionar
en forma rdpida hibridos por resistencia a salivazo, bajo
condiciones controladas en casa de malla. No obstante,
se considera necesario desarrollar una metodologia de
campo para validar los resultados obtenidos en casa de
malla.

Los estudios sobre la resistencia de genotipos de
Brachiaria a diferentes especies de salivazo presentes en
Colombia indicaron diferencias en términos de dafio y
supervivencia de ninfas, dependiendo de las especies de
salivazo. Asi por ejemplo, se encontré menor
supervivencia ninfal de Mahanarva sp. y Aeneolomia
varia en genotipos resistentes que presentaban minimo
dafio debido a los altos niveles de la antibiosis. Sin
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embargo, cuando los mismos genotipos resistentes
fueron expuestos a Zulia pubescens y Z. carbonaria
(antes Z. colombiana), el daio no fue grande, y aunque
no se observaron indicaciones de antibiosis, si presentan
tolerancia, debido a que la supervivencia de ninfas de
especies de Zulia fue similar que en los genotipos
susceptibles.
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Figura 1. Clasificacién de accesiones de Brachiaria evaluadas
durante la época de lluvias en diferentes sitios
de Colombia, basada en un Indice Ambiental
(IA = pendiente de regresion lineal).

Como resultado del esfuerzo de 10 aiios de trabajo
del Programa de Forrajes Tropicales y gracias a la
cofinanciacién de Fedegan en los ultimos 3 anos, se
tiene en la actualidad un hibrido apomictico Brachiaria
CIAT 36062 (BR93-NO/1371) que en forma consistente
ha demostrado alto grado de resistencia a salivazo en las
pruebas de tamizado en casa de malla. En las primeras
observaciones agronémicas realizadas se ha podido
observar que este hibrido tiene una produccidn

intermedia de biomasa y un habito de crecimiento menos
erecto que el B. brizantha cv. Marandu. Sin embargo, ain
no se conocen su potencial de produccién de semillas,
comportamiento en pastoreo y potencial de produccién
animal.

Para definir el efecto del clima y el suelo sobre el
rendimiento de las accesiones evaluadas en la Red se
incluyeron un total de 20 accesiones de Brachiaria que
fueron evaluadas en 11 sitios de Colombia. El promedio
de rendimiento de MS de todas ellas durante la estacién
lluviosa (3.66 t/ha) fue 32% mayor gue en la época seca
(2.77 tha). Los resultados indicaron que las accesiones
B. brizantha CIAT 6387, 16467 y 26110 presentaron los
rendimientos mads altos y respondieron al mejoramiento
del ambiente en la época lluviosa (Figura 1) y de minima
precipitacion (Figura 2). Se debe sefialar que la accesién
B. brizantha CIAT 26562 respondié al mejoramiento en el
ambiente en época lluviosa, pero no en la época seca,
mientras que B. brizantha CIAT 16488 presento un
comportamiento contrario al de aquella accesion.

El hibrido Brachiaria CIAT 36061 (FM9201/1873)
presentd rendimientos altos en la época de Iluvia, pero se
redujeron en un 50% durante la época seca. Por otro lado,
el hibrido Brachiaria CIAT 36060 (BR94-NO/1737) mostré
bajos rendimientos en todas las localidades, tanto en las
épocas de lluvia como en la seca. Fue interesante observar
como el cultivar comercial B. decumbens cv. Basilisk (CIAT-
606) tuvo una respuesta en términos del rendimiento de
forraje debido a mejoramiento en el ambiente.

De los resultados obtenidos en los ensayos
regionales se concluyé que B. brizantha CIAT 26110 estd
bien adaptado a una amplia gama de ambientes en Colombia
que difieren en precipitacién (cantidad y distribucién) y en
fertilidad del suelo. Por tanto, esta accesion fue
seleccionada por todos los participantes en la Red de
Brachiaria para inclusién en ensayos de pastoreo en fincas.

- 6387

=
L3
2 -dir I « 26110
=z
- { iy | « 16467
E 14 Sl
g 6133 . 238
5 L2814 g1y qe212 e 16488
SR SR e Sl SR TR SR 5
g M T 36061, | 1612k 26556
= 322* s |e. % 26562
o * 26562

% s b 360607 oo 606 HTIENDS
g ey
o
o . - — - " -

e

W00 HH 23500 pril Mo ni Mu N5 o0

Rendimiento de forraje (M S, kg/a) (imercepto)

Figura 2. Clasificacién de las accesiones de Brachiaria
evaluadas durante la época de minima
precipitacion en diferentes sitios de Colombia,
basada en un Indice Ambiental (IA= pendiente de
regresion lineal).
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Cuadro 1. Niveles de resistencia a Aeneolamia varia en pruebas de invernadero de accesiones de
Brachiaria spp. seleccionadas en la Red Colombiana de Brachiaria. Promedio de 10 repeticiones

por accesidn.

Accesion o hibrido Especie Calificacién Supervivencia de ninfas (%) Clasificacién®
(no CIAT) de daio”

26110 B. brizantha 23 65 S
26159 B. humidicola 43 76 S
16322 B. brizantha 24 55 S
26124 B. brizantha 24 57 S
26318 B. brizantha 4.6 70 S
16467 B. brizantha 3.6 50 S
26427 B. humidicola 28 65 S
16121 B. brizantha 29 56 S
16113 B. brizantha 1.9 34 |
16316 B. brizantha 27 76 S
6387 B. brizantha 3.1 64 S
Controles

CIAT 6294" B. brizantha 1.4 23 R
Hibrido CIAT 36062 — 1.2 0 R
(BR93NO/1371)°

BR4X-44-02° B. ruziziensis 438 77 S
CIAT 0606 B. decumbens 4.4 84 S
a. | =sin daio; 5 = dafio muy severo, planta muerta.

b. Testigos resistentes.
c. Testigos susceptibles.
d. R = resistente; 1 = intermedio; S = susceptible.

Los resultados en el Cuadro 1 indican que sélo la
accesion B. brizantha CIAT 16113 recibi6 calificacién
de intermedia. Por otra parte, la accesion B. brizantha
CIAT 26110, seleccionada por alta produccién de
biomasa y tolerancia a la sequia, fue clasificada como
susceptible al salivazo. En esta accesi6n, el dafio
causado por el insecto fue bajo, pero el nivel de
supervivencia de ninfas fue muy alto, lo cual indica que
no tiene antibiosis.

Formacion de una poblacién sexual por polinizacion
abierta de hibridos de Brachiaria. En el Programa de
Mejoramiento de Brachiaria se est4 aplicando un
esquema de seleccién recurrente para mejorar en cada
ciclo de cruzamientos el promedio de resistencia a
salivazo. En los trabajos que fueron iniciados al
comienzo de 1997 se identificaron 10 clones paternos
resistentes al insecto. La semilla de polinizacién
abierta de estos clones se germiné a comienzo de 1999
para dar inicio a la poblacién para un nuevo ciclo de
seleccion por resistencia a salivazo y tolerancia a
suelos dcidos.

Como resultado de las acciones de cruzamiento
se obtuvieron un total de 3215 pldntulas de semilla
proveniente de polinizacidn abierta producida en
bloques de cruzamiento aislado, establecidos a
mediados de 1998 con 10 clones paternos
seleccionados por alta resistencia a salivazo. Estas
lineas se encuentran actualmente en evaluacién en el
campo y se espera seleccionar hibridos sexuales de

esta poblacién que sirvan como padres para generar
hibridos apomicticos con habito de crecimiento
decumbente, mayor resistencia a salivazo que la lograda
hasta ahora, resistentes a Rhizoctonia (afiublo foliar),
tolerantes al aluminio y de alta digestibilidad.

Estudios de infestacion artificial por salivazo en campo.
Utilizando la técnica de infestacion controlada
desarrollada en el CIAT se evaluaron 10 genotipos de
Brachia» de comportamiento conocido respecto a la
respuesta de resistencia a salivazo en la estacién
Corpoica-Macagual en el Caquetd (Colombia). Los
materiales se probaron bajo dos condiciones, en campos
cubierto y sin cobertura de gramineas. Como se muestra
en el Cuadro 2, la presencia de cobertura no afectd las
respuestas de resistencia. Las diferencias significativas
entre los controles resistentes y susceptibles se
detectaron con una alta precisién y los puntajes de
resistencia se asemejan a los obtenidos en anteriores
evaluaciones en invernadero.

En 1998 se realizaron pruebas similares en CIAT-
Palmira, en las cuales la infestacién no tuvo interferencia
hasta la emergencia total de adultos. Los resultados
fueron idénticos a los obtenidos en el Caquets,
encontrandose diferencias significativas entre los
genotipos resistentes y susceptibles; ademds se
comienza a utilizar una nueva variable de respuesta
(tallos/macolla, iniciales y finales) que da una buena
informacién del impacto producido por el insecto sobre
la planta (Cuadro 3).
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Cuadro 2. Respuesta de los genotipos de Brachiaria spp. al ataque de ninfas de salivazo (Aeneclamia varia) bajo
condiciones de campo. Caquetd, Colombia. Promedio de cinco repeticiones.

Genotipo Calificacion en Dafio en lote Daiio en lote Clasificacién
invernadero® en campo
con pasturas ? sin pastura
CIAT 0606° ~ 34a 32a S
CIAT 06387 S 34a 2.8 ab S
CIAT 36060 (BR94-NO/1737) S 28b 2:1'c S
CIAT 06133 S 27b 2.5bc S
CIAT 16327 S 26bc 226 S
CIAT 36061 (FM9201/1873) S 25bc 23¢c S
CIAT 16871 S 25bc 2.5bc S
CIAT 16867 5 2.1¢c 21c S
CIAT 6294 R 1.0d 1.0d R
CIAT 36062 (BR93-NO/1371)" R 10d 1.0d R

a. R = resistente; [ = intermedio; 8 = susceptible.
b. 1 = sin dafio; 5 = dafio muy severo, planta muerta.
Control susceptible.

d. Control resistente.

x Promedios en una misma columna seguidos por letras iguales no son significativamente diferentes (P < 0.05),

segiin la prueba de Duncan.

Cuadro 3. Respuesta de genotipos de Brachiaria spp. al ataque de ninfas de salivazo (Aeneolamia varia) bajo
condiciones de campo en el CIAT-Palmira. Promedio de 10 repeticiones.

Genotipo Clasificacién en  Tallos/macollas con  Tallos/macollas 40 dfas  Dafio” Clasificacién
invernadero” infestacién después de infestacién en campo

CIAT 0654 s 25.1ab 256¢ 5.0a S

CIAT 0606 S 26.%a 252¢ 49a S

CIAT 6294 R 182¢ 3260 1.7b R

CIAT 36062 BR93NO/1371 R 203 be 41.7a 13¢c R

a. R = resistente; S = susceptible.

b. 1 =sin dafio; 5 = dafio muy severo, planta muerta.

*  Promedios en una misma columna seguidos por letras iguales no son significativamente diferentes

(P < 0.05), segin la prueba de Duncan.

También se condujeron tres ensayos de campo en
Corpoica-Macagual, Caquetd. En ellos se hicieron
conjuntos o grupos iguales de 40 genotipos de
Brachiaria (11 hibridos y 29 accesiones) de reconocida
reaccién a A. varia en invernadero. Cada uno de estos
grupos se evalué por separado en el campo por
resistencia a A. varia (dos ensayos) y a Z. pubescens
(un ensayo) con 10 repeticiones de cada genotipo en
cada ensayo. Los materiales fueron clasificados como
resistentes, intermedios o susceptibles con base en
calificaciones visuales de dafio. El dafio por A. varia
varié entre 1 y 5, con promedio de 3.4, mientras que el
dafio por Z. pubescens vari6 entre 1.7 y 4.1, con
promedio de 3.

En general, la clasificacién de los materiales por
resistencia o susceptibilidad en condiciones de campo
coincidieron con las clasificaciones hechas con base en
estudios de invernadero (Cuadro 4). El hibrido (CIAT
0383), susceptible en invernadero, mostré resistencia en el
campo a ambos insectos. Uno de los hibridos (0402)
mostro resistencia a A. varia pero no a
Z. pubescens. La mayoria de las accesiones de
Brachiaria incluidas en la prueba fueron susceptibles a
ambas especies de salivazo.

Mecanismos de resistencia en Brachiaria a diferentes
especies de salivazo. Para entender la naturaleza de la
antibiosis como un mecanismo de resistencia a A. varia
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Cuadro 4. Comparacién de la respuesta de hibridos y accesiones de Brachiaria al ataque de dos
especies de salivazo en condiciones de campo en el Caqueta (Colombia), 1999.

Genotipo

Reaccién a Aeneolamia varia®

Reaccién a

En invernadero

5 e a
En condiciones de campo Zulia pubescens

Ensayo |

Ensayo 2

~

0047
0082

0155

0235

0383

0402

0405

0410

0457

1143

2965

16113

16212

16467

16871

26180

654"

606"

6294°

36062 (BR 93NO1371)°

—-—
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a. R = resistente; I = intermedio; S = susceptible.
b. Testigos susceptibles.

c. Testigos resistentes.

en Brachiaria spp. se realizaron varios estudios con los
objetivos siguientes: (1) evaluar efectos de resistencia en
la biologia del insecto, (2) comparar la naturaleza del dafio
causada por ninfas de salivazo en genotipos resistentes y
susceptibles, y (3) determinar el impacto de antibiosis en
la dindmica de la poblacién del insecto como resultado de
la interaccidn entre insecto y planta en genotipos
resistentes.

Para alcanzar estos objetivos se eligieron la
accesién altamente susceptible CIAT 0654 y el hibrido
altamente resistente CIAT 36062 (BR93NO/1371), dos
genotipos contrastantes de Brachiaria. Estos materiales
fueron infestados en el invernadero con huevos préximos
aeclosionar. A las ninfas emergidas se les midieron
diferentes pardmetros biolégicos y se describié el dafio
causado por los insectos en diferentes etapas de su ciclo
de vida.

El primer efecto de antibiosis en la biologia del
salivazo es una prolongacién significativa del tiempo

requerido por todos los instares ninfales para completar su
desarrollo (Figura 3). En dos experimentos consecutivos,

[ crar o654 MMCIAT 36062 (BR9INO/N3T1)|

v TN RO AR 987
0 2 3 4 5 6

Dias después de la infestacion

Efecto del hibrido resistente CIAT 36062
(BR93N0/1371) en la duracién de instares
ninfales de Aeneolamia varia. La accesiéon CIAT
0654 es altamente susceptible.

Figura 3.
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el impacto del mecanismo de antibiosis presente en el
hibrido resistente de Brachiaria fue tan alto que la
duraci6n del quinto instar no pudo calcularse con
precisién porque muy pocos insectos llegaron a esta
etapa de desarrollo. El segundo efecto significativo sobre
la biologia del salivazo es un nivel muy alto de mortalidad
ninfal (Figura 4). El porcentaje, en promedio, de
supervivencia al estado adulto en el genotipo susceptible
fue de 87%, mientras que el promedio de supervivencia en
el hibrido resistente fue de 26.5%.

Los andlisis de la regresion entre porcentaje de
supervivencia y dias después de la infestacion, para
ambos experimentos, no mostraron evidencias de
diferencias en intercepto ni de no-homogeneidad de las
dos estimaciones del coeficiente de regresién para la
accesion susceptible CIAT 0654 o el hibrido resistente
CIAT 36062 (BR93NO/1371). Por tanto, se unieron datos
de los dos experimentos y se calcul6 un regresion para
para cada genotipo. La curva de la regresion para el
genotipo susceptible (y = 100.6 - 0.33X) fue
significativamente diferente (P < 0.05) de la calculada para
el genotipo resistente (y = 14.4-2.1X).
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Figura 4. Sobrevivencia para ninfas de Aeneolamia varia
criadas en genotipos de Brachiaria sp. El
genotipo CIAT 0654 es una accesion muy
susceptible, y el hibrido CIAT 36062 (BR93N0/
1371) es altamente resistente.

La antibiosis también afectd el tamaiio de ninfas
sobrevivientes, ya que el promedio del peso seco de las
del genotipo susceptible fue diferente (P < 0.05) del de
ninfas del genotipo resistente. La reduccién en peso
ninfal fue consistente a través de instares del insecto
(Figura 5).

Los efectos de la antibiosis también se pudieron
detectar por la cantidad diferencial de espuma producida
por ninfas que se alimentan de genotipos susceptibles o

resistentes. Sistematicamente, las ninfas que se
alimentaron del hibrido resistente produjeron menos
espuma que aquellas que se alimentaron de la accesién
susceptible (Figura 6).

{mc1aTo6s4 DC1ATI6062 (BROINO/MITL) |
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Figura 5. Peso seco de ninfas de Aeneolamia varia criadas en
Brachiaria spp. CIAT 0654, una accesién muy
susceptible, y Brachiaria CIAT 36062 (BR93N(0/
1371), un hibrido altamente resistente.
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Figura 6. Cantidad de espuma producida por ninfas de
Aeneolamia varia criadas en Brachiaria spp. CIAT
0654, una accesién muy susceptible y Brachiaria
BR93N0/1371, un hibrido altamente resistente.
La cantidad de espuma se estimé en una escala
entre 1 y 4 (1 = ausencia, 4 = abundante).

En el andlisis del dafio causado al follaje como
resultado de la alimentacién ninfal en las raices se
encontré que los sintomas para diferenciar entre
genotipos resistentes y susceptibles aparecieron entre 14
y 20 dias después de la infestacién (Figura 7), cuando las
ninfas alcanzaron el tercer instar tardio o el cuarto instar
prematuro. En general, los resultados indican que los
sintomas aparecen inicialmente en las hojas inferiores de
la planta y avanzan hacia el dpice de la misma.

Estos resultados indican claramente que los
puntajes de dafio visual por salivazo deben ser tomados
por lo menos 38 dias después de la infestacién y no antes,
con el fin de tener una expresion clara del dafio, lo cual es
necesario para diferenciar entre genotipos de Brachiaria
resistentes y susceptibles a salivazo.
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Figura 7. Dafo causado por ninfas de Aeneolamia varia en
hojas (H) del genotipo susceptible de Brachiaria
sp. CIAT 0654.

Resistencia de Brachiaria spp. a diferentes especies de
salivazo

En los estudios para seleccionar los genotipos de
Brachiaria resistentes a salivazo bajo condiciones de
casa de malla en CIAT-Palmira se ha utilizado una sola
especie del insecto (A. varia). Sin embargo, no se puede
asumir que la resistencia a A. varia aplica a todas las
especies de salivazo que afectan a Brachiaria en el
trépico. Por tanto, las especies Z. carbonaria, (antes Z.
colombiana), Z. pubescens y Mahanarva sp., importantes
en otras dreas de Colombia, fueron incluidas en los
estudios de tamizado de hibridos de Brachiaria.

resistencia antibidtica en los genotipos de
Brachiaria CIAT 6294 y 36062 (BR93NO/1371). No
obstante, Z. pubescens y Z. carbonaria (antes Z.
colombiana) causaron significativamente menos
dano a los _..iotipos resistentes, posiblemente como
resultado de tolerancia, y no debido a antibiosis.

Con base en estos resultados, pareciera que la
antibiosis no es el mecanismo de resistencia al
complejo de Zulia spp., ya que no hubo diferencias
significativas en términos de supervivencia ninfal
cuando los genotipos de Brachiaria incluidos en las
pruebas fueron infestados con ninfas de estas
especies. La comparacién de supervivencia de las
tres especies en los dos genotipos resistentes
(Figura 8) mostré claramente que el mecanismo de
resistencia a Zulia spp. podria ser diferente a aquel
que se presenta con A. varia.

Cuadro 5. Dano (D) y porcentaje de supervivencia ninfal (%S)' en genotipos de Brachiaria spp. sometidos al

ataque de diferentes especies de salivazo.
especies de genotipo-insecto.

Promedio de 10 repeticiones para cada combinacion de

Genotipo A. varia Z carbonaria Z. pubescens Mahanarva sp.

D %S’ D %S D %S D %S
CIAT 0654 42b 85.0a 47a 510a 49a 629a 49a 290a
CIAT 0606 49a 65.0b 46a 46.0a 49a 557a 45b 330a
CIAT 6294 1.4 ac 240¢ 27b 56.0a 29b 61.3a l.6¢c 1.0b
CIAT 36062 E3c 5.0d 28b 440a 20¢c 462a 1.1d 1.0b
(BR93NO/1371)’

a. Analizado como arcoseno raiz de proporcién. Se presentan promedios sin transformar.

b. Control tradicional susceptible para A. varia.

¢. Control tradicional resistente para A. varia.

* Promedios en una misma columna seguidos por letras iguales no son significativamente diferentes (P < 0.05), segiin la

prueba de Duncan. Cada especie de insecto fue analizada separadamente.
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Figura 8. Supervivencia de ninfas de dos especies de Zulia
carbonaria (antes Z. colombiana) y Z. pubescens
criadas en dos genotipos de Brachiaria resistentes
a Aeneolamia varia. Las letras indican diferencias
estadisticas al nivel del 5%. Cada genotipo se
analizo

Finalmente, el an4lisis combinado de datos de cuatro
ensayos consecutivos realizados entre 1998 y 1999 mostré6
que los altos niveles de resistencia antibiética a A. varia y
Mahanarva sp. que se han detectado en Brachiaria CIAT
6294 y 36062 (BR93-NO/1371) no parecen operar contra
Z. colombiana y Z. pubescens. El porcentaje de
supervivencia de ninfas del complejo Zulia fue
significativamente mayor en estos genotipos (Cuadro 6).

En general, los resultados sobre dafio de diferentes
especies de salivazo en hibridos del Programa de
Mejoramiento de Brachiaria del CIAT son importantes para
el disefio de estrategias futuras de mejoramiento y
justifican plenamente la necesidad de evaluar
simultdneamente para las varias especies de salivazo que
puedan coexistir en diferentes dreas de los trépicos.

Cuadro 6. Porcentaje de supervivencia de ninfas de cuatro especies de salivazo criadas en genotipos
de Brachiaria que presentan altos niveles de resistencia antibiética a A. varia. Promedio de
cuatro ensayos en invernadero y 10 repeticiones por ensayo para cada combinacién

genotipo-especie de insecto.

Especie de salivazo Genotipos de Brachiaria
CIAT 6294 CIAT 36063 (BR93-NO/1371)

Aeneolamia varia 255b° 35b
Zulia carbonaria 487 a 440a

(antes Z. colombiana)
Zulia pubescens 37.0a 43.0a
Mahanarva sp. 0.5¢ 1.0c

(antes M. fimbriolata)

* Promedios en una misma columna seguidos por letras iguales no son significativamente diferentes (P < 0.05), segin la

prueba de Duncan. Cada especie de insecto fue analizada separadamente.
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NEW PERSPECTIVES FOR MANAGING GRASSLAND SPITTLEBUGS

Daniel C. Peck

~——— INTRODUCTION ———

Spittlebugs (Homoptera: Cercopidae) are the most widespread and damaging pest
of the most extensive agricultural activity in the Neotropics, paslures for milk and
beef production Despite a long history and mcreasing pest $1atus n forage grasses
and sugar cane, an effective and coordinated IPM program does not yet exist One
limnation 1s a rudunentary understanding of the variaton n spintlebug-forage-
habital interactions, crucial io ailoring management 1o the diverse geographic and
production systems where grassland spittlebugs occur

There 1 no cflective IPM for grasstand spitticbugs

+ Tendency 1o over pencraliac among the diversity of
species, penera and habilal assovations

= Natural history of the famnily is pootly umberstood

+ Riolopaal mtormation for the majorty of
cconomically impottant spocics is lacking

= Detailed ste-specific ecological studies afe scarce

& IPM tools are rudimentary of absent

X ¥
/

Spithebug nymphs amd adull va Bow fiarta decumbens

——— OBJECTIVES ———-

= Descnbe the | popul M of spittlebugs i contrasting
regions of Colombia

- Idepufy variauen and panemns a1 the leve) of farm, region. season and year i
certain components of population ecology mcluding:

- Species Composition - population synchrony
- abundance - volunism
- phenology - mcidence of natural enemies

+ Based on this information, develop new guidelines for advancing the integrated
management of spittlebugs in pastures and rangelands

F

oLx 2

Spitilcbug damage on Bovhriochiod pertusa (A), Pesmiseriom clandestinam (B) and Brochiaria decumbens (C)

——— METHODOLOGY ——

Four contrasting regions were developed as model sites for studying the field
ecology of grassland spittlebugs These sites vanied from 15-1000 m elevation and
1000-3600 mm mean annual precipitation under markedly different seasonal
patems: highly seasonal with umimedal rinfall (Canbbean Coast Savannas.
Bothriochloa permusa), ghly seasonal with bimodal rainfall (| dean Regien,
Brachiania dictyoneura), iermediate scasonal {Eastern Savannas, Brachiaria
decumbens). and continvously humid (Amazonian Piedmoent, B decumbens) (Fig. 1)

Comparanve population studivs were performed over two years m four sites
represenling three of these regions. At each site, three study plots werg established
on a representative farm. Each plot was in a separate paddock and maintamed under
the normal grazing and pasture managemeni regime Spittle mass and sweep net
surveys were performed twice weekly {Fig. 23 All nymphs were determined to
instar, adults 1o sex and species, and natural enemies were censused

St COLOMBIA

Canbbean Coust Savannas
Highly scasonal, Unimodal

11000-1400 mwn) Fastern Savannas
Intermadiate scasonal
(2800 men)
&
[ — Dept, € squetd

Interandean Region Amazoman Predmont

Canca River Valley \ ‘\nhmnu\ly humid
Highly scasonal, Bumdal TRy £ 3600 mm)
{1200 ern)y -l

Fig | Contrasting regions fof comparative populaion studics,
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Fig 2 Sunvey methodology for spitticbug symphs snd adults

——— RESULTS ——

Species Composition. Seven spittlebug species from four gencra were detected ac
these sites. The genus Prosapra was reporied for the first lime in South America
because Provapia simuleny was detecied ot economically damaging levels in the Cauca
River Valley (Fig. 3) This species is a potenual threat to sugarcane production  An
undeseribed species of the genus Mahanarva was detected  Diversity was lowest i the
highly seasonal sites where one species domwated. Three species occurred in the
imtermediale seasonal site, one in high abundance. Diversity was highest in the
continuously hurmid site where four species occurred, two in high abundance (Table

Table | Spoies composition (% aditlt abudance) of spittichugs in Tour contrasting regions of Colombis

Canbbean Coast Interandesn Eastern Amazonian
Savannas Regon Savannas Predmont
Spevies
Highly scasonal ~ Wighly scasonal  Intermediate  Continuously
(unimadal) (bumeddal) scasonal burnid
Aeneolamia lepndior <} " - s
Avneolamsa reducta 100 s 5 s
Actioolanina variti i u 94 74
Mahanarva sp. aov i 2 v I
Prosapia simulons - < - -
Futia carhonara - 100 - .
Zulia pubescens - - 1 25

* Spocics found m the arca but pot doiected ol sancy sile

Narturul Enemies. Five classes of natural enermies were encountered in the four
regions predaceous flies, parasitic flies, parasiic nematodes. parasitic mites and funga
entomopathogens  Syrphid fly larvae (Sulpingogaster mgra) are the most well-known
and widespread spitilebug natural encmies  Pripuncehid fhes were reported for the first
time parasiizing New World cercopids (adults) A total of 75 150lates of fungal
entomopathogens from ar least 10 genera {Aspergiflus. Beowverio. Curvuluria.
Dactvlella, Fusorium. Metarhizium. Paecidomyces. Penieillium, Sporothrix,
Trichoderma) have been obiained from nymphs or adulis of six spitlebug species

In the comparative population surveys, the three sites bighly seasonal for rainfall
experienced the lowest overall incidence of natural enemies  The continuously wet sile
experienced the greatest (Table 2)

Tubie 2. Incidence of spitticbug natural enenvies (rwvoths of yoar detected) 1D fMir CONTASTIAE YeDons o1 Lolombia

Caribbean Coast Interandean Eastern Asmsonian
Sevannas Region Savannas Prodmont
Spevies 2d L
Highly scasonal  Highly seasonal  Intormediate Conbnuously
(unimaondal) (humodal) scasorial hurmid
Fungal entomopathogens - 5 I 5
Parasiti: fhes (Pipunaiilidac) - . - -
Parastic mates { Erythraeidac) R & 7 1i
Parasitic nermatesdes { Memmuthadee b 2 = 7 2
Predeceous thes { Asiludsc) - . - -
Prodacecus (Tex { Syrphidscs - 2 2 7

* Epcrmics. found in the arca bt not detevted during popalation surveys



opulation Fluctualion, Spittlebug nymphs and adulis occurred during the wel
-ason and disappeared during the driest periods. The msect survived the dry
-asen as dormani or diapausing eyggs.

he greatest populaton fluctuations occurred in the most seasonally dry siles based
0 (1) complete disappearance of the msect dunng the dry season months and (2
xtreme population peaks during the wet season begmning with the return of the
uns (Fig. 4). Population flucnuations were less pronounced in the intermediate
-asonal site, corresponding 10 the shorter and less severe dry season. Nymphs and
dults were not detected in at least one of the driest months of each year. In the
ontimuously humid site, nymphs and adults were detected every month of the year
orresponding to the lack of a distinct dry season

opulation synchrony was greatest in the seasoral sites where abrupt nymph
opulation peaks were paired with consecutive adull population peaks. Such
ynchronous population peaks were not detectable in the continuously humd site.
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ted from Fig 4 Population Noctuation of nymph and adult spinilebugs during two years of study in
Male (letty theee contrasting repons of Colombia, A) Highly seasonal unimodal (Canbbean Coasi, Dept.
Cordoba), By Highly scasonal unimidal { Caribbean Coast, Depl. Sucrel, C) Intermediate
scasonal | Fastern Savannas, Dapt. Meta), D) Continuously bumid ( Amsronian Predmont,
Depr. Caquetd),
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Fig 6 Population fluctustion of nymphal Life stages. Aeneolami reducty,
highly scasonal site (Canbbean Coast, Dept. Sucre, Plet 30

Gens

Phenology. Resolution of population dynamics was greatly enhanced by
considering all study paddocks separately. As an example. population curves of
Sucre 1998 (Canbbean Coast savanna, highly scasonal) were assessed 10 gauge on-
farm vanation in abundance and phenology. In terms of abundance, paddock P3
experienced 5-6 imes more nymphs and adults than P) and P2. In werms of
phenology. the first nymph population peak 1 P3 was not detected i P1 and P2 \
(Fig. 5).

These phenological differences offered strong evidence for rapid colonization of
previously uninfested areas of a farm through adult movement. Imival adult
population peaks in P1 and P2 coincided wnh the second adult peak 1n P3, but were
not accompanted by a preceding nymph peak  Adulis in P1 and P2 were therefore
mmmigrants. Fires that swept through P1 and P2 (but not P3) late in the dry season
probably killed the so11-bome eggs: colonizing adults from surrpunding unaffected
areas, such as P3. re-estabhshed the local population

Resolution of population dynamics was further enhanced though an assessment of
all spatlebug hife stages, not just total nymphs and tolal adults. This permitied an
mierprelation based on pr of the tion rather than overall population
peaks

Fer instance, in Sucre 199%, P3, there was a clear recruitment of nymphs from one
life stage 10 the next up through teneral adults sull found in the spiile mass  This
was evidence for two large and synchranous imitial generations i this paddock.
These contributed 19 four more distinet, but less synchranous, generations
Generation size also appeared to decrease with the progression of the wet season.
These six generahions matured approxumately every 1.5 months: end May. stan
July. mid August, end September. mid November and mid December (Fig. 6)

This detailed analysis led to phenograms that graphically depict population and
generation development in the survey sites. Based on calculations of 50%
accumulated nsect-days for each generation, Acncolamia reducta on the Canbbean
Coast completed its hife cycle every 43 | d (n=16). This comesponded very well
with resulis ebtained from greenhouse studies (45 3 d) A, reducta 1s therefore the
most prodific grassland spittlebug known, achieving six generanions in a highly
seasonal environmeni characterized by 2-3 dry months per year (Fig. 7)

Regrons with lew precypetation that is highly scasonal
may be characterniasd by

lower incidence of natural encrnies

Jow local diversity of sputilebugs

pronounced population Ductuativas

high population synchrony

Regrons wath high precipitation that are contimously
humid may be characienzed by

+ igher invidence of natural enemics

hugh local divetsity of spiftlebugs

less pronounced population fluctustons

low or po populatios synchrony

Duushprarposs producton 18 forest marps of Amarsan Prodmost

——— NEW MANAGEMENT PERSPECTIVES -

In sites more seasonal for ramfall. spatial and wemporal determinanion of early
season outbreaks is vital, Scoutng strategies must focus on nymphs, before the
first generation of mobile adulis. Centrol 1actics should target these foc 10
suppress nymph populations and thereby decrease colonizauon of other non-
nfested areas and reduce the size of subsequent generations Given the exiensive
nature of pasture and range lands. identification of foci 1s entical before conirol
tactics such a5 inlensive grazing, mowing, burning and pesticide s become praciical,

In sites Jess seasonal for ranfall, the insect occurs all year round and presents little
population synchrony. Control strategies should be based on cultural 1actics lo
reduce habnat gualiy for reproduction and development  Habitat management such
as grazing management, host plant selection, resistance and diversificanon should
be invesugated. With enhanced sanfzll and contnual presence of the msect.
deployment of fungal entomopathogens and other natural enemies as agents of
biological control will be more feasible

CONCLUSIONS

New spittlebug enemies remain 10 be discovered. In particular, there 1s a very high
diversity of fungal entorncpathogens that should be exploited Few spitllebug
natural enemies have been seriously evaluaied as agents of biological control.

High resolution and accurate mierpretanion of local populauon dynsmics depend
on detailed sue-specific srudies that {1) gavge on-farm variabilny and (2)
disciminate among all life siages. Very few regions bave this infermanon
availabie for guiding the selecnion and targeting of management tactics

The wide geographic range where spitilebugs occur as pesis of graminoid ¢rops 15
accompanied by wide vanalion in spitlebug-forage-habicat interactions thai 15
relevant 1o pest statos, pest ecology and consequenily the development of pest
management stratcgies. Informatien from more regions must be gathered 10
determmine how seasonal rainfall panterns may broadly drive local species dwversny.
papulation dynamics, phenology and the incidence and impact of natural enemies
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MANEJO INTEGRADO DE CERCOPIDOS EN CANA DE
AZUCAR EN CENTRO AMERICA

Por Jarme D Gavitia Mt

CONFERENCIA

III TALLER SOBRE LA BIOECOLOGIA Y MANEID DEL SALIVAZO DE LOS PASTOS CENTRO

INTERNACIONAL DE AGRICULTURA TROPICAL — CIAT PALMIRA, COLOMBIA 23 AL 27 DE
OCTUBRE DE 2000

RESUMEN

En el cultivo de la cana de azucar de America Tropical existen varias especies
de cercopidos de los generos Aenecolamia, Mahanarva y Prosapia desde la
decada de los 50 ocasionando daios al cultive En Amernca Central predomnan
dos especies A posticay P simulans

Antenormente en los paises donde las especies de cercopidos son plaga en
cafia de azucar las referencias que existen, respecto al manejo de estos
insectos, mndican como recomendacion exclusiva el uso de msecticidas
qumicos En Brasil desde 1977 estan combatiendo las dos mas 1mportantes
especies M posticata y M. fimbniolata dentro de un esquema de control
integrado dando enfasis en el Control Biologico con el hongo Metarhizium
anisopliae obtenido con base en arroz en grandes cantidades de cultivos
artificiales en laboratorio

Dentro del concepto del Manejo Integrado del Cultivo, desde 1995 en aigunos
paises de Centro America como Guatemala, Honduras y Nicaragua se
implementaron labores de cultivo encanminadas al control de las especies de
“salivita” existentes, las cuales han representado mas del 70% del total de
control de la plaga, complementado con aplicaciones areas y terrestres sobre
ninfas y adultos de aislamientos nativos del hongo M amsopliae mediante la
produccion mdustnal estandanzada y normalizada por fermentacion en medio
hiquido, formulacion hiofilizada y empacado en ambiente estenl Los resultados
representados en la dismmucion del daio en el cultivo fueron del 98 5% y
100% con un incremento en la produccion de caha principalmente en los
ingenios azucareros Monte Rosa S A (Nicaragua) del 28% y en Azucarera del
Norte S A (Honduras) del 58 6% en un penodo de 2 a 4 anos respectivamente
de trabajos de campo y laboratono

”lngmxem Agronomoe Entomologo Aseser Consultor Parlcular Canera 56 Ko LB B1 Apte 204 Eddf Portal de Sanbllana
Telefax {0057 2) 5518645 E-mad bodefensgsagric@emcal net co  Santiago de Call Colombia 54
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ASPECTOS FUNDAMENTALES LN EL MARTJO IHTEGRADO DE CERCOMDOS GEHNEROS
Aenaclamia Prosapia Zubta y Mehan arvya PRINCIPALMUENTF

POR JAIME D GAVIRIAM'

Les poblaciones de los Salivazos y su comportanuento ostdn estrechamante relacionadas con las condicmnas
chiméticas particularmonte con la precipitacion Esto se observa claramente en Aménica tropical donds ol
régmmen de lluvias 88 marcadamanie eslaclonal con épocas secas do 4 a 8 mesas y el resto del ano con una
alta piuviosidad generalmente supanos a los 1000 mm

Los avances en las investigacionas sobra el manejo de &stos corcdpidos han sido bastanie setisfactonos  en
Cenlro América Tnnidad Tobago Vonezuela Colombin y Brasil enire ofres Lo mmporfents ostd en fa
oporiunidad eficisncia disciplina y secusncia logica de cada una de fas medidas de control 2 ejecularse

Las actividades de manojo de la plaga se dislibuyen en cinco elapas defimdas en funcién de {3 presenca ol
inseclo en los cafamelares y en los niveles calicos establocidos

» ETAPA 1 MONITOREO

DETECCION de la pnimera generacion de adultos onginada a parkr de los huevos dapsusicos de 4reas
vecinas {pastos) a ios campos da cafa yio dentro ds Jos mismos al momsnto de aparcdn dse las pnimeras
lluwias Este momloreo cansiste en la colocacién do frampas amarilas (plastico) de 8 60 x 0 80 metros con un
grosor de 3 mm impregnadas por ambas caras con pegante (shicken) colocaralaalluradse 050 10y 150 mas
manera de batenias en los puntos cardinales de cada finca y/o seccidn como también dentro de los campos do
cafia Estas trampas deben ubicarse un poco anles da la imiciacién de las liuvias y sveluarss eads ocho dias
Con solo detectar un mdividuo en cualquier rampa de la balena debe de mmsedato wmsciarse el monitoreo da
MANLCJO on todos los campos o lates correspondiantes a cada finca o secaidn

El momtoreo de Manejo de la plaga puede llevarse o cabo bajo dos aspeclos dependiendo de! coslo y las
facrilidades a saber

a) Instalacion al azar de dos trampas amarnilias por heclaresa para captura de adutlos a la aflura de la= plantas
da cafia, y a una distancia de 5 melros de la lrampa selecoioner 1 0 melre lineal da surco {capa complaia)
para evajuar tas ninfas (salivas), donds se contahilizan el lotal de broles yfo tallos, salivas ninfas Tants
adulios (frampas) como ninfas g8 avaluan médrimo cada 156 dias o 1dest es cada 8 dias El mivel tdemice da
control para ests sistema es da 60 aduiics por rampa y/o 0 10 ninfas {sahvas) / brote vio lailo

b) El mismo slslema anleror para ninfas (sahvas) lomeando al azar dos muestrns por hecldres v sobre cnda
muestra determinar pnmeramente los adullos sin mover los lallos y luago las rinfas {sahvas) La mueslra
daterrmna la densidad do poblacidn del insacto de cada eslado {wnfa yfo saliva y adulto} por tallo Ei nivel
técmico de confrol para esta sistema es da 0 10 sdullasitallo {equivalente a 80 adullos por trampal) y ¢ 10
rinfas (salivas) lallo

Para lograr una buena evaluacidn se depende muchssimo del enlrenamiento dol personal pof lo quo se requrern
dm una acertada y constante preparacién Lo més importante 68 la detecaidn a tempo de ia pumara poblacién
de adullos de la plaga Por lo lanlo el moniloreo debe imriarss desde la aparicién de las primeras Huvias cada
8 méximo 16 dias Si el promadio del lotal de infesiacidn docampos avaluados iguata o sobrepasa st nivel cnibinn

de densidad de poblacidn anteriormenta expussio o control s6 slactuars en lodos los campos que componen |2
secewbn yfo finca

U Ingeniero Agrtnomo, Enfomeloge Asogoer Consuttor parteular Crarrara SGMNo 10 B aptlo 204 Edificle Porlal de Sanlilinnn
Telsfax (0057 2) 551 0645 Sanbago de Coll Colombla 5 A



o ETAPA 2 CONTROL CULTURAL, FISICO
En esta elapa se debe basicamenle manejar of insecto para dismmur la canhidad de huevecillos diapdusicos y

las pnmaras ninfas {salva) def nsecto La mayoria de actividades del contral cultural forman parte del maneja
rutinanio del cutlivo

La destnuccion permanente de fas malezas {gramineas espocialmente — caminadora pasto Jhonson y esirella)
hospederas de la chinche salivosa denfro v aledshas a los campos de cafa da azucar ega ¢ pepot mas
importanta en la reduccidn de as poblaciones de éstos insecios pues duranie la temporada saca los huevos
permanecen en diapdusa fijados an las malezas por las hembras cuando los ponen Esla ulimo es un factor
genético y microambiental donde los huevos permanacen en esios hierbaps hospederos favorecidos por
corrienles de agua {drenajes nachuslos y acequias de nego) @ incluso se pusdan observar en ellos ninfas y
adultos La duracion de ia diapausa puede flucturar desde 30 dias hasfa més de 250 dras De ahi la waportancia
que dezdea antes del inicio de las primeras lluvias sa debe emprender ef conbrol permanente de eslas malezas
os decir durants tode el afio

Las labores oportunas del tevanie del culivo en socas como requema de los residuos de la cosecha eri los
campos que presenlaron allas nfestaciones de la piaga el dasbasurado el rodifo de puas sobre las cepas
escanficacidn aporque vy cultivo proplamente dicho acompanados de una racional fectihizacdn y nego En cafia
plantila una buena preparacion del lerreno y destruccion de cepas por efecto del volieo se exponen los
huevos de 24 a 48 horas a las condiciones chmaticas adversas y los olrog estados a la depredacién por las
aves Tambén el majoramienio dsl drenaje mternc y superficial pnncipalmente en suslos arcillosos retardan el
aparecimientc y sl desarrollo de rinfas constituyendo asi todas 1as labores en la columna vertebral del mangjo
integrado de astos cercopidos

5 ETAPA 3 CONTROL BIOLOGICO

Mediante el usa del hongo Melarhizium aniscphas con concentraciones de 1x10"" condias viablesfha a razén
de 0 50 a 1 Kg/ha en caso da sustrato de arroz yio una dosisiha cuando provieneg de un proceso mdustnahzado
de fermentacidn en madio hqudo en presentacion concentrada con volumenes que vanan antre 5 a 50 gramos
se garantiza la concaniracion antes mencionada por dosis

Es importants resaltar que para gue ol contro! microbiano tenga éulo el entomopatigenc se debe aplicar
cuando las poblaciones en focos o en forma generalizada estén igeramente menores o iguales a los rwveles
tdcnicos de controf establecidos tanio parg minfas como para adultos de acuerdo al sisterna de momloren
establecido  Asi muismo  cuando estdn por debaip de 10 mnfas o aduitositallo {equivalentes a 290
adultosfirampa}

Es necesano realizar estncto conrol en

L.os niveles poblaciones del insecto

Los aslamientos del hongo utiizado

La cahdad del hongo entomopatégeno adquirido
Su mansjo por aplicackin

La concentracion de esporas a aphcarseg

El método de aplicacidn

[ I I

Otro aspecto importante es la posicidn fisiogréafica {allitud) donde se encuentra el problema de infestacion, v el
comportamiento de los diferentes arslamientos (cepas) del M ansapliae

Las aplicaciones deben efecluarse con bomba de presidn constante y/o a molor {(nebulzadoras) o con avitn a
una altura de 2 a 3 metros temperatura por de 28°C y una humedad relativa supenor a 75% Ef control de
adultos también puede efectuarse con avidon especialimente en cafias de avanzado desarrolio vegetalive EI
agua usada como vehiculc debe estar en un pH entre 5-7 con una dureza menor a 130 ppm da CaCa’
También puede uiiizarse acelles compatibles con el hongo de crigen mineral y/o vegelal

Para realizar el control de las ninfas (salivas) se recomienda ubhzar un coadyuvanle compstibla con el hongo
para que rompa a tensidn superficial de [a saliva la cual es muy densa y doda Por olra parls los equipos
deben eslar en buen estado ser da uso exclusiva del programa  desmiectandolos previamente con hipoclonto
da sodio entre 1 0% al 5 0% y ubhzando boquillas de cono hueco

2



» ETAPA 4, CONTROL QUIMICO
Se debe utiizar solo con altas poblaciones fanto en focos como en forma generalizada en el campo do cana de

srucar Poblaciones supenores a 1 0 sahivas o adullositallo - brote  osea e equivalente a 280 adullos/ trampa
de scuerdo al sistema do marsloreo

Ceben utibzerse preductos que no cavsen wnpacto al acosistems donde se ancuentra planiado el citlive como
sorn entre ofros los Dimetoatos Malatidn Fyronil y Tiociclan Usarse en forma racional ulilizande difsrentes
grupos Toxicolégicos y aphcandolos alternadamenta

En cuanto a los squipos utilizados y condicionas da aplicaadn son o8 mismos estipulados en ia etapa 3

Se ha recomendado a los centros de mvasligacién en los programas de Fdomejoramiento como 25 8l caso da
CENGICANA en Guatamala gua se mpcien estudios sobre resistencia gendlics 8 esltos y oltos mnserlos
Infortunadamente son programas a largo plazo

indudablemsnte 1a principal estrategia es la ublizacidn de 1a resisiencta gendiica la alternativa mas racional
desde los puntos de vista biwoldgico y scondmico Estn so basa en la seleccion de especies o variedades de
cafta que posesn algun mecamismo de resstonca alb insecto Se han encontrado dos mecanmismos prinoipales
la no preferancia y la lolerancia

En cuanto a la pomera llamada lambidn anlixenosis consiste en que Jas planias no ofrecen condiciones
favorabies para el wnseclo ya sga por la durera o pubescencia de sus lalfos vamnas u hgjas presencia de
sustancias carosas desoje répxdo o porque no ofrecen microchima adecuado para su desarrollo como es ef
hdbito de crecimiento de fas vanedades, cafas erecias puesto que las ninfas de eslos inseclos requeran un
ambienie con alla humedad relaliva y protegida de la radiacldén solar La mofologia inlerna daf tallo hojas
vamnas y ralees lambién tene imporlancia en la suceplibifidad de la graminea £n certas vanedades los hacas
vasculares siuados cerca de la spidermis da las estructura de s planie mencionada astdn rodeadas por un
arullo de2 tepdo de esclerdéngunma de consistenoa tbrosa y dura que actua como barrera protectora

En cambio la lolerancia se oniging en diferenles mecarnismos inheranies a ia planta que 1a capaaitan para sulnw
un grado de dafic menor que ofres especias o vanedades susceplbles cusndo son expuestas a guales
condiciones denfestecidn La tasa do rebroles es el principal mecamismo responsable de la tolerancta a log
cercdpidos ya que cuando es alta le permile & !a planta recuperarse rapidamenta del dano causado por el
insgclo

En resumen, un solo lipo de conirol rara vez produce los mejores resullados La combinacién de los diferentes
métodos disponibles aplicados en el imomenlo oporluno ¥ an secuencia égice es la mejor estraleqia para
romper 8l ciclo da la plaga vy, por lo tanto bajar sus poblaciones a niveies {olerables para el cullivo de la cafta da
azucar Este as el significado del Manejo Inlegrado de la Plaga el cual esta arrgjando los mejores resullados
on los palses guea se estan llevando conlroles sobre estos cercdpidos
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Practica |
Morfologia e Identificacion

Tema Mot fologia e identificacion de los cotcopidos y los taxa tefacionadas

Objetinos Reconocer las cataclensticas morfologicas que distinguen los sigmentes
Lrupos

a} Orden Homoptera v Hemiptera
b) Suborden Auchenomrhvncha v Stemoirhyncha

¢} Superfarmlias Cercopordea, Cicadoidea, Membracoidea y
Fulgorowdea

d) Famihas Cercopidae, Aphrophouidae, Clastoptendae y
Machaeiotidae

I Ordenes Homoptera y Hemiptera

o  Famlianzarse con la diversidad de insectos de ambos ordenes v sus fannbas  Kevisar
las partes del cuerpo  (Fig 1, especimenes en cajas)

o Buscar y reconoccer las caractensticas que distinguen los dos ordencs de los demas
MSECctos
a} el aparato bucal
by las alas
¢} las antenas
(Fig 2, 3,4, 5,6, especimenes}

o Buscar y reconocer las caracteristicas que distinguen el orden Homoptera de
Hemplera
a} el aparito bucal
b} las alas
(Fig 4, 5, 6, 7, §, especimenes)

o LUtlizando la clave para separar los ordenes venificar €l orden de una especie de
Homoptera v otra de Hemiptera  {Ancxo 2 espegimencs)
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2 Subordenes Auchenorthyvacha v Sternorrhvancha (de Homoptera)

o Buscar y reconocer las caracteristicas que distinguen ¢l suborden Auchenorrhyncha
de Sternorrhyncha
a) las patas
b) fas anicnas
(Fig 2, 5, 0, espccimenes)

3 Superfamibas Cercopoidea, Membracoidea, Cicadosdea y Fulgoroidea (de
Auchenorrhyvncha)

o Buscar y reconocer las catactensticas que distinguen las superfannlias
a) los tarsos
b) las coxas
¢) las antcnas
(Fig 8.9, especimenes)

o Pracucar la clave para separar familias seleccionadas del orden Homoptera, utihizando
especimenes dc las fanulias Membracidae, Cercopidae (Cercopoidea), Cicadelhdae v
Fulgoridac {Fulgoiowdeay {Ancwo 3, especimenes)

4 Famhas Cercopidae, Aphrophondae, Clastoptenidae v Machaerotidae (de
Cercopoides)

o Buscar y reconocer las caractensticas que distinguen las familias
al 1as anicnas
b} el margen anterior del pronoto
¢} ¢l ancho de la cabeza
d} los ehtros
(Fig 10, 11, 12, 13, especimenes montados, no hay Machaerotidae)
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‘ Figura 1 N
Partes rc‘i{;i cuerpo generalizaglo o
t

Fas

Figure 1 GCeneral structure of an insect ab abdomen ant antenna ¢r cercus, e compound eye epm
epimeron, eps episternum, ept epiproct hd head fbm labwm, md ‘mandible mp mouth parts, my maxlla n
nota of thorax, ovp owvipositor, pls pleural suture, ppt paraproct spr sprracles, 4 o terga, th thorax th
prothorax, thy mesothorax th; metathorax {Modified from Snodgrass by permission of MeGraw Hill Book Com

}
pany Inc) (Borror et al 1976)

CAO NN GUELLUS EYE PRONCGTUM SCUTELLUM FORE WiNG

T~ L FEMALE OVIPOSITOR

o i
[———

5 AT EMO OF HIND TIBIA

et e s BPINET

é (Hamilton 1982)
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Figura 2
Estructura de las patas

TROCANTER

EMPODIA

Fic 59 a) Pata de un insecto mostrando las piezas que la forman, b) extre-
mo de una pata de ciertos insectos qQue termuna en dos lébulos membianosos, la
aroha y un par de ufias, c¢) otro tipo de termunacion que lleva al centro un érganc
filiforme, la empodia

(Coronado y Marques 1972)
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Figura 3 |
e Estructura del apatato bucal _

ORTHOPTERA -

ANTEHA = =« ww e = vERTEX

DOCELDS = v

DeCIPUCES

CLIPEG | o M fh— e pOSTEENA

HEMIPTERA LABRG = = = =

PALPOMAXILAR

PALPG  LABLAL !

R N W e e e e e

{(Coronado y Marques 1972)

Mouth parts of the large milkweed bug,
Oncopéltus fascidtus {Dallas) A, lateral view of head

showing beak, with labrum detached from front of beak,
B, cross section of stylets {somewhat dragrammatic) ant,
antenna, bk, beak, buc, buccula, e, compound eye, fc,

food channel, §, jugum, Ibm, labwum, Ibr, labrum, lo,
forum, md, mandible, mx, maxilla, oc, ocellus, sc,
salivary channel, sty, stylets, ty, tylus

(Borror et al 1976)
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Figma 4
‘ ___Estructuradelasalas .

HOMOPTERA
Cicadellidae

HEMIPTERA
Miridae

cuneus

embolium

mem

-th
{(Borror et al 1976) clavus conum membrane
)
uzc Nig rom Forewing of a capsid {Heteroptera) (after Comstock, 1918}

el {Chapman 1969)
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Figura 5
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tnadlh LY filiforme

(Coronado y Marques 1972}
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Figura 6
5 * Clases de antenas__ T

S/ /G rHrL '
g %/ méém& L/Dr/cz F
¥

77/ /’{J/M’ ¢

K"
Esttlvalr

Figure & Typus of andennie A selactous i onflyr B fiforss Geroesd bectlel € mosabfuen dwonblud bak
beetle} O clavete (daklirg Bootd T oclaviic udybad Do) | ocyni e Bs1p beetlel G oserrvie {chick beetle} 1
pechinate, {fire cokwad Boe el 1 oplssnsc (ool ssosaquiiod §owatsie Gyrpledd fly) K ostybute (s vy U flabedbue
(cedar beetlel 8 lamellate une beddll) N pemicud ste fobniondy Antennne such a3 those i D1 L and M are alsa
called clubbed ar ansta as astenmalsutire e ntena dscderde ask antonnad sackat ] (g ellum pod pedicel

wp scapl sty siyie
(Borror et al 1976)



1} Taller sobre In Bowcologia v Manejo ded Ralis 1o de dos Fastos
CIAL Cab Colombm 22 27 ogtubie de 2000
Danwd © Peck Coordmado

Figura 7

TR |

HEMIPTERA
Reduviidae

FULGOROIDEA

oc ir CICADELI IDAE

(Borror et al 1976)
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Figuta 9 |
Las patas de las superfambhas del orden Homoptera

P 10

Oy D

Esquuma de
las  mesoeoxas do un
Fulponde v yvisia
vennh il mostrindo se
seprcion

2

Isquema de
las mctacoxns de wp
CicadeMidve enn yista
wential mostoando w
posicidn

B 1L

A hind leg of 1 leafhopper (Cicadellidae)
it hindd leg of a froghopper (Cercdmdae)

(Borror et al 1976)

Lsqjuema de
s metaconas de mn
Cacopudie en st
vantv i, mostando s
forma
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Iﬂg—;{a”l 0
Cabeza de la famiha Aphrophoridae

T e i —

Postclypeus

|
O 5mm

Plataenus  spuwomartus (Aphrophondae)
(Peck, sin publicar)
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T "~ Figura 11
__Configuracion de la famiha Cercopidae o

(:]; TﬂnSPIS Elcmcfa

(Doering 1930)

Fig 6 —Mahanares (Ipiranga) rubicunda (W) A Head and pronatum
lateral view B the same dorsal view, C tegmen

(Fennah 1968)
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Flgurﬁﬁ
__ Configuracion de la fammha Aphrophondae -

Aphraphora prnceps
Wallay

Phiaronia canadensis
{Walley)

Phiaronia abjecta
(Uhler)

Philaenus spumarius

{Linnaeus)

Ry g5

b

23 24
A amphata A prinops Aphrophorn reging

(Hamilton 1982)
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Figuta 13

_ Configuracion de la familia Clastopteridae

Clastoptera testacea Fitch

VARIETIES
50

Clastoptera obtusa  (Sg y)

Clastoptera ovata Dosring

(Hamilton 1982)

I*-14

49

FEMALE

51
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Practica 2
Reconcimiento de las Especies v los Adultos

Tema Identificacion de las especies colombianas y teconocimiento de los sexos

de los adultos

Objetnos Reconocer las caracteristicas motlologicas que distinguen los adultos

machos y humbras

Reconocet la morfologia y vatlacion en la genitahia de los adultos,
cspecialmente las caracteristicas {axonomicamente umportantes

Reconocer las caractleristicas morlologicas utiles para disunguir los
generos y especies de ceicopidos asoctados con gramineas

Distinguir las principales especies del salivazo en Colombia

1

o

Gemtalia y sexo del adulto

Estudiai las diferencias externas entre machos y hembras de A varia y 7 pubescens 'y
aprender como distinguir los sexos  Sc debe ¢xaminar la capsula gemtahica por el
lado ventral tanto como lateral Buscar las mismas difercncids en especimenes
montados e intentar de distingun el sexo pot 0jo, sin magnificacion {Fig, 1, 2, 3,
especimenes en alcohol y montados)

Estuchai las placas de la gemitalia montada bajo el microscopio  En el macho
identificar

a} las placas genitales

b) los estiletes genitales

¢) el edeago

d) el gonoporo dul edeago
Familiarizarse con las diferencias en ¢l edeago entre generos y la variacion en su
forma, numero y ubicacion de espinas, v la ubicacion del gonoporo (Fig 3, placas
de mucroscopico)

Estudiai la genitalia externa de especimenes machos en alcohol (4 varia y Z
pubescens) Localizar y ex immar las mismas cuatio partes Lixonomicamente
importantes las placas gemitales, los estiletes genitalces, el edeago v ¢l gonopoio Se
pucde disectar y hacer cortes dcl abdomen y las alas para facilitar la busqueda
Comparar lo que ven con los dibujos de Costes 1971 (Fig 4, especimencs cn
alcohol)
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2 Timbales

o Ver la demostracion de los timbales  Estos o1ganos son los encargados de producir y
transnutir vibraciones para {a comunicion atraves del sustiato  Consisten de una
membrana vibracional y musculos especializados en el segniento | del abdomen en
machos y hembras (Montaje de demostracion)

3 Evaluacion

-]

Con el nstructor, conscguir un grupo mezelado de adultos y deteinunar el numero de
mdividuos de cada sexo (especimenes en alcohol)

4 Generos asociados con pastos (de Tomaspidinae)

o Sin observar caracteristicas de la genitalia, es dificil distingunr las cspecics del
salivazo No obstante, algunas otras caractenisticas han demostrado utilidad en
distinguir gencros pata uso en claves taxonomicas Famihanzaise con algunas de tas
caracteristicas importantes para distinguir entre generos y especies corn cuatro parejas
Para cada pareja, juntar la caractenstica con los taxa aptopiada llenando los cspacios
(Fig 14,15, 10)

Mahanarva vs  Zulia  Distancia enlie ojo-proepisieind y ojo-posteiipeo
(a) ancho maximo entre maigen inferiot del ojo y
proepisiema 1 5 veces el ancho menor entre 0o y postclipeo
{b) ancho maximo cntre margen inferior del ojo y
proepistema apends sl lo logra, el ancho mcnor entre 0jo y
postchipeo

Aeneolumia vs  Prosapia  Scgmento antena 3
(a) cast conico, atista menor ubicada distintamente mas hacia
la base que la arista mayor
(b) transverso o escasamente redondo al apice, las anstas
planas

Aeneolamia vs Deors Valvulas 1 del ovipositol

(a) con proyecciones ventrales a la base

(b) sin provecciones ventiales a la base
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Z carbonasiavs Z pubescens Poifil del chipeo

(a) rectangular o doblado subagudamente

{b) rcdondo hasta antechpeo en lo mayor solo obtusamente
angulado

5 Especies asociados con pastos en Colombia (de Tomaspidinae)

e Hxanunar las especies de cacopidos asociados con mamineas en Colombia e mtentar
distingurr visualmente las cspecies

e  Ahora buscar las caracteristicas especificas que distinguen los sigutentes complejos
de especies que ocurren en tres zonas diferentes de Colombra Son utiles las
caractensticas de color y tamaiio debido a la vanacion mtraespecifica? Seria posible
desecribir Tas difeteneias a un ganadeto o productor de estas zonas”

Costa Caribe A lepidior vs A seducta

Picdemonte Onnoquia A seductavs A vaitavs 2 pubescens

Valle dei Cauca P osunulans vs 7 carbonaia vs £
pubescens

6 kyaluacion

o Distnguir entre lodas las especies de un solo geners sena dificil sm contar con
caracteristicas de la genitahia debido a la varacion en patrones de color  Sin
cmbargo, a mvel geogmafico podira soi posible establecer claves taxononncas basado
en caractensticas gencrdles como color, tamafio o forma  Estos claves sernan mas
practicas y utiles para usuaiios sin expertencia en entomologia o sin estereoscopios

o Formar grupos de cuatro personas para disciiar un clave tasonomico binomial para
distinguir entre las principales especics en Colombia Estos claves tienen que superar
la vanacion intra- v interespecifica on color tanto come dimorphismo sexual
{espeaimenes montados)  Usar especimenes montados de

- Acneolamia leprdion

- Aéﬁé’{}j{fﬁffﬁ{ s eclucta

- /1‘83?(?01’{5?35%5 Y i

- Muhanai va andigena
- Prosapia sinndans

- Zihia carbonai 1

- Zuhia pubescens

- Lula 5p nov
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ngura 1
L Morfologia general de la gemitalia entre sexos

[, - —— [T —— —

FLANO
LATERAL

PLANO
FRONTAL

Figura 9 Genitalia externa de Zulia colombians Leflemand vista en dos planos

(Calderén et al 1982)

FlgulaPZ
_______ Estructuras de la genitaha de las hembras _

Arl’lfﬂfhﬂrl 5 1“2I'Grl

J’/., Vdlvulas

(Doering 1930) (Kershaw 1914)
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T " Figura4

Aeneolama
a lepidios
b varia
¢ flavtlatern

Deois
a tncompleta
b knoblauchi
C perezii

Mahanarva
a fumbriolata
b paraguayana

?mszspm
a bucrncia
b simulans

Sphenorhina
a latifuscia
b phalerata

Zuha
i
a pubcscens Notozulia
a a snfieriana

AN
J

(Cosles 1971)

3 i Varnacion en el edeago del macho

a

R
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Figura 5
__Distancia ojo-proepisterna y ojo-postchpeo

Tunamma brunneoruba

Proepisterna

prep— - i A——— e A——_— ooy b AL i i A

oo T -?;gﬂrag
___ Pafildelchpeo

| .

Iphirhing quota

Ovroaxo [tinfus

(lFennah 1968)
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Practica 3
Reconocimiento de los Estados de Desarrollo
de las Ninfas y Huevos

Tema Reconociniento e identificacion de los cstados de desariollo de las minfas
y de los hucvos

Objetrs os Reconocer las caractetisticas mor{ologicas de las minfas asociadas con la
vida en una masa de espuma

Reconocer las difetencias morfologicas que distinguen los cinco instares
ninfales

Distinguir el sexo del quinto istar
Reconocer las diferencias entre los cuatto estados de desartollo de los

huevos y como varla las caractensticas morfologicas entre especies
diferentes

1 Mortologia de las ninfas

o Estudiai la morfologia de ninfas del quinto nstar
a) localizar los ojos, antenas, muniones alares y abdomen
b) 1evisar el tubo formado por los esternitos de los segmentos abdominales y
(ratar de encontiar los espiraculos escondidos al intenior
¢) conlar ¢l numeto de segmentos abdominales y localizar la genttalia en el
segmento 9, los segmentos 10 y 11 son reducidos
(Fig 1, 2, especimcnes)

o Deternunal cl sexo del quinto instar con la referencia de Kuenzi 1985 (Fig 1,
cspecimencs)

o  Compatar cl instar V temprano (Va) y tardio (Vb, proximos a mudar a adulto)
Identificar los 1asgos caracteristicos del futuro adulto, especialmente las espinas
laterales y la cotona de espinas en la metaibia (Especimencs)
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2 Determinacion de instar

e Emperzando con los instares mayores hacia los menoies, uttlizai 1a clave para
determinar los mstares v venificar que se puede ver la motlologa de las
caractensiiCcas unporianies

a} las antenas

b) las mufiones alales

c} los ojos

d} la capsula cefalica

¢} la esclerotizacion
{Tabla 1, especimenes)

¢ Hacer dibujos para acompatfiar la clave sobrc la forma de las mufiones alares y su
ubicacion sobre el abdomen y torax  Apuntar olras caracienisticas que puedan ser
utiles para distinguir los instarcs (Tabla 1, especimenes)

o Llenar la tabla de resumen sobre las caracteristicas claves para distinguir los estados
ninfales (Tabla 2)

o Famuhanzarse con las ninfas de otras especies disponibles (Especimens)

2 Evaluacion

o Con cl instructor conseguir un grupo de vanos instares de varias especies mezelados
y determinar cuantos mdcividuos hay de cada mstar (a pesar de diferuncias entre
especies)  En cste caso no se puede contar con diferencias de tamaiio deido a las
diferencias entre especics

[#Y]

Desarrolio comparativo de huevos

o Famiharizarse con la morfologia de los huevos de 4 varie  Localizar el polo antenor
y posierior, v la linea de ecloston En los huevos mas desarroliados encontrar las
manchas de pigmento rojo v la ruptura en el corion que exponge ia tapd de ¢elosion
(Fig 3, 4, especimenes)

¢ Observar la cajas petris gue contiene hucvos puestos sobte paper filtro humedo por
A vaiia y otras especies  Para algunas especies este metodo sirve como und
alternativa para obtencr v observar peguenas cantidades de huevos sin tener que
trabajar con barro como sustrato de oviposicion . Como estan puestos los huevos
solos, o en peguefios grupos? Como cstan metidos tos huevos en ¢l papel, cual pelo
esta en la superficte, estan ubseados en un patron regular”
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o Conrclerencia a los dibujos de Fewkes 1965 (Fig 1y Wiedyk 1982 (Fig 2)
determmar el estado de desaniolio de vanos huevos del giupo en la demostracion A
var i y tas otras ¢species dispombles  Fuera de tamahio, cuales son las cmacienisticas
de los huevos que vartan enlic cstas especics’

o  Verla demostracion de montajes con huevos de 7 selans utilizados para
determinar duracion de los estados de desanollo vy caracteristicas morfologicas
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i Figura 1
; ~___Instares de la famlia Clastoptera

Fig 3 Developmens of the genualia Ventral vigwsg ¢

Fig 2 Nymphalnstars-of C-grbonns ~A) aewly = e e e ~ =~ = -abdommat segmeRts § 9" SeEnt
; 2gment §

emerged nymph B) late ficst mstar ©) sceond snstar ) F!gura 2 enfarged ffth targue aaégz?a;‘ czzr?a:i:%:c:?f;y ii

third anstar  E) fovsth wnstar F) fifh wnstar doesal Tubo de respiracion domen The filaments mentioned it the text are s; .

view G ffth-rastar ventral yew=Note the differene=—= — -~ e e T as one cluiF A) ihaed vnsiar B) fourss oW

scale for Fand G mstar ahanstar O fify

(Kuenzi y Coppel 1985)

Vista venteal de la mnfa conla
localiracion del canal que alos
fos espiraculos (Tomado de
Costa Lina 1942}

{Calderon et al 1982)
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Tabla 1

__ _Caractenisticas claves de los instai es de deneolamia varia

Instar V

Antena 8 segmentos ¢l segmenio 3 es 2 veces mas laigo que el 4 los segmentos 1y
2 cast tan anchos como lagos

Mufion alar Murioncs alares anteiiores se extienden mas alla del metaioax hasta el
segmento abdormnal 2, mufones alates posienioies se xtienden a traves de
log segmentos abdommales 1 v 2 hasta el scgmento 3 2 veods mas largo que
la superficie dorsal del metatorx

Oyo Forma oval con bordes distintos

Tatsa 3 segmentos

Instar 1V

Antena Difictles de ver con nuestros estereoscopos & scgmentos ¢l segmento 3 es 2
veces mds targo gque segmenio 4, los segmentos 1y 2 cas: tan anchos cono
fargos

Mufion alar Muilones alares antertores se extienden hasta el centro de metatorax
mufiones alates postetiores se extienden dentio del segmentoe abdominal 1
1 5-2 veces mas latgos que la supcr ficie dorsal del metatorax

10 Forma medio circulo con botrdes distintos

Tarsa Aparememcnte con un solo segmento

Instar HI

Antena Dificales de ver con nuestros esier coscopios

Mufion alar Mufiones alares anteniores se ¢xhienden cast hasta e centre del metatorax
muiones alares posteriores se extienden hasta peio no dentro del segmento
abdenunal 1 esclenite dorsal metatoraxico teducido en la linea cennal

O Forma modio cireulo con bordes disuntos

Instar 11

Mufion alar Murfiones alaies anterio1es ¥ postenoies son diminutas que s¢ exticnden
apenas mas alla del borde posterior de sus scgmentos toracicos, escleriios
toracicos reducidos pero piesenics

Qo Forma circular hasta oval con bordes difusos

Instar |

Mufion glar Ausentes cscloritos 0racicos aparentemente ausenics

Q1o Forma cireulw hasta oval con bordes difusos
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T Iabla 2 i
Caractenisticas claves para distinguir los cinco mstars y seis clases de edad

T

Instar/Clase de Edad

Caracteristica | I i 1Y Va Vb

Ancho de la capsula cefalica

Esclerotizacion del torax

Alas mesotoraxicas Hegan hasta

Alas metatoraxicas Hlegan hasta

Espinas metatibias del adulto
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Practica 4
Mecanismos de Detensa

Tema Defensas claves de los cercopidos las masas de espuma de las ninfas v el
sangiaje reflexivo en los adultos

Objetnos Conocer como las ninfas de los cercopidos construyen las masas de
cspuma vy ast entender su papel de proteccion y como mfluye en su vida
natural

Observar y estudiar of comportanitento del sangraje reflexivo para
entender su papel en la vida natuial de los cercoprdos adultos

1 Construccion de Ias masa de espuma

o Observar la demonstracion de las masas de espuma producidos por los diferentes
instares  Famiharizaise con las diferencias oo aspectos fisicos como tamafio de las
burbuyas y tamafio de la niasa de espuma  Hasta que punto ayudana esas
caraciensticas cn la deterninacion del instar en campo?

o Recoger una plantica de arroz con sitio de ahmentacion y hiberar una ninfa - Observar
su capacidad de camimar fuera de la masa de espuma, su capacidad de formar
burbujas sin chupar vy la busqueda de un nuevo sitio de alimentacion

o Observar la construccion bajo magnilicacton del estereoscopio Observar su posicion
de almmentacion, ¢l uso de los estiletes bucales, v las pruebaes del tallo nmientras busca
un sitto aproprado Notar ¢l uso de las patas para agarrat y ayudar en la formacion
Observar especialmente la accion del abdomen movil pari agregar burbujas y
respirar

o Registrar cuanio nempo demora para cubnirse con la espuma vy el numero de burbujas
por nunuto
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2

3

Comportamiento del sangraje reflexivo

Recoger un adulto de la jaula con el menor distuibio posible  Agarrarlo por la
espalda y usar pinzas finas para pellizcar las patas o de alguna mancia atacarle para
ver la salida de la sangie  De cuales sit10s sale y quc tipo de ataque causa la
respuesta’ Observar el comportanuento bajo ¢l estereoscopio paia ver 1os sitios
exactos

Hacer observaciones imiciales sobre ¢l potencial de la sangre como 1cpelente quimico
(repugnante desde el punto de vista dc olor 0 sabo1)} o como repelente mecanico
(pegajoso o un coagulante tapido) Tocar la sangre con la lengua para conocer el
sabor de este y Jugar con una gotica pata ver si €s pegajosd

Volver a recoger tres adultos uno a la vez  Esta vez recolectar toda la sangre que sale
de las patas con un tubo capilar Tener cuidado de no recolectar la orina clara que
sale por el ano Pellizcar y molestarle pot 2 mmutos o hasta que no salga mas sangre
Mecdir 1a cantidad de sangte (mm en el capilar) de tres individuos y registrar el sexo

S1 hay tiempo, pensar cn como se podna evaluar la efectividad de la defensa contra
enemigos naturales y determinar el mccanismo del repelente  Pensar en posibles
bioensayos y considerar los enenigos diversos desde hormigas hasta pajaros

Discusion
Contra que clase(s) de depredadores luncionaria mejor la defensa de 1a masa de
espuma segun su nuevo conocimicnto” Funcionatia pata esconder la ninfa, repeler

fisicamente, 1epugnar, o como?

De que tipo cree cs ¢l mecamsmo de la defensa de sangraje reflexivo quimico,
mecanico u otro’?
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Practica 5
Crna y Estudios Biologicos

3

Tema Metodos v tecnicas de cria y estudios biologicos
Objetn os Reconocer como manejar una cila masiva
Reconocel como manejar una unidad de cria, escala pequena

Reconocer como preparal los montajes iequienidos por cstudios
biologicos

1 Visita a las acuvidades en la casa de malla

o Se van a presentar tecnicas de manejo de plantas, suclo, y condiciones ambientales
pata aportar estudios sobre ¢l salivazo

2 Demostracion y discusion sobie el eria masiva del salivazo

o Preparacion de matental vegetal

o Obtencion de condiciones optimas para desarrollo de las ninfas
o (Captura y manejo de adultos

o Camara de oviposicion

o  Cria mastva tradicional vs mejotado

3 Demostracion y discusion sobre una umdad de cria

o Manejo
e Usos

4 Demostracion y discusion sobre montajes para aportar estudios brologicos

o Longevidad de ninfas
o Longevidad de adultos
o Sitios dec oviposicion
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Practica 6
Manejo de Huevos

Tema Manejo de los hucvos del salivazo en apoyo a su cria y uso en bioensayos

Objetivos Conocer ¢l procedinmento, desde recoleccion hasta infestacion, para
separar, limpiar, contar, desinfectar, almacenar y separai los estados
diferentes de los hucvos del mion

1 Manejo de hucvos

o Se va a mostrar el procedimicnto para mangjar los huevos de A vasia  El proceso
inicia con el sustrato de oviposicion (barro) que conticric hucvos puestos por
hembras en la camaras de oviposicion en la cria  En todo ¢l proceso - desde
extraccton, limpieza, desinfeccion y almacenamiento hasta infestacion - fijarse en los
detalles relevantes a la eficiente manipulacion de los huevos que disminuye las
petdidas

2 Proceso de extraccion

o Tamizado

o Flotacion

o Desinfeccion
o Incubacion

3 Bateria de separacion
4 Frecuencia de eclosion
5 Utihzacion de las posturas

o Priondades
o Almacenamiento



Y

Utilizacion de huevos

* Infestacion en campo y colonia
Bioensayos

Almacenamiento

Prioridades

1 - Buscar soluciones que
mantenga los huevos en
suspension

Concentracion Comportamientio
9% Decantanrapido
10% Decantanlento
11% Agunos NO decantan

12% Sobrenadan rapido



2 - Instrumento y cantidad
de solucion (10,5%)
que permita fraccionar
en partes iguales
un determinado namero
de huevos

A - Frasco dispensaador
(Alicuota 10mi)

B - Formula

Total No de huevos Volumen
de huevos « deseados 10 de
del 13% °  por sitio X (Ahcuota e solucion a

separados o pote ml) preparar



Contabilidad de huevos

Solucion
Salina

13%

16%

19%

22%

25%

Factor (k)
conversion

10980

1211

1363

1635

2180

Total
huevos

0 1
No. ml x k
0 1
No. mi x k

0 1
No. mi x k

0 1
No. ml x k

0 1
number mi x k



O

;i

Componentes <

Bateria de Separacion

19% 22%

X

£
L]

B

TN

5 dias

i
B,+B, - Sin desarrollo
- Dafnados

- Embudo de separacion
- Soluciones salinas

- huevos flotantes

- huevos decantados



Desarrollo de

los huevos
(Aeneoclamia varia)

Camara de
oviposicion

0 7 15 18 22 25 32
| | 7 — |
T T
25 dias |
Incubacion

N

TEMPRANQOS TARDIOS
25 - 32 dias 32 £120 dias

35% 65%



Practica 7:

RECONOCIMIENTO DE
ENEMIGOS NATURALES

III Taller sobre Ia Bioecologia y Manejo del Salivazo de los Pastos
CIAT, Cali, Colombia, 23-27 octubre de 2000




#] 1ater sobre lo Bigecotogia y Maneio del Salivazo de fos | astos P33
Ciat Calt Colombiz 21 27 octubic de 2000
Damiel C Pech Coordiador

Practica 7
Reconouniento de Enemigos Naturales

Tema Reonocimiento de los enemigos naturales del salivazo de los pastos

Objetivos Reconocer las diferentes clases de enenngos del salivazo encontrados en
Colombia

a} Moscas depredadoras

b)Y Acaros parasitanos

¢) Nematodos parasitarios

d} Moscas parastiowdes

¢) Hongos entomopatogenos
Conocer ¢l procedimento para manejar los hongos entomopalogenos
recoleccion de especimenes envio, desmfeccion aislamiento y

almacenamiento

Conocer los pases pata 1cahizar pruebas de patogemcidad de hongos
entomopatogenos sobre minlas y adultos

1 Reconocimiento de enemigos nafurales

¢ Mosca depredadora  Famulianizaise con los ties estados de vida de Salpingogaster
aigra (Diptera Syrplidae) mediante las demostraciones de especimenes  Pensando
en la biologia v comportamienio de la lan g, 1a pupa v el adulto, cuales factores
podrian presentarse como limitaciones a la abundancia de esta especic, © a s Uso
como agente de control biologico? (hg 1)

o Acaros parasitarios  Ver las muestias de los acaros parasiiarios sobre adultos del
saltvaso y el amphio rango de sitios en el cuerpo del msecto donde los acaros se
cncuentran  No se sabe que mmpacto como encrigos tienen 10s 1caros

e Nematodos patasitanios  Reconocer los nematodos (Mermithidae) gue atacan las
nnfas y adultos  Normalmente salen del cuerpo del msecto «n ¢l aleohol, peto veran
cspecimenes en gue cf nematodo todavia se encuentia dentro del abdomen de la minfa
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o Mosca parastiorde Ve el espeaimen de la larva de la famihia de mosca Pipuncubidac
{orden Diptera) Debido a la proteccion de La espuma, la mosca oviposifa sobre el
adalto y las laivas pasan por dos instares  La unica mdicacion externa del parasitismo
cs el abdomen destendido  Los o1ganos reproductivos se afrofian por causa del
ataque  Se crec que es la primera observacion de la familia Pipunculida atacando la
superfamilhia Cercopoidea en ¢l Nuevo Mundo  Su descubrimeinto indica que hay
otios enemigos del salivazo gque quedan por conocer (Fig 2)

¢ Familiarizarse con dilerentes aislamentos de hongos que fueron mslades del sahvazo,
como Metar luziim amsopliae, Paecilonn ces v Fusarwem {Demostiacion, Tig 3)

2 Hongos entomopatogenos al sain azo
e Se vaa visttar el capano de hongos entomopatogenos del CIAT

o Proceso basico de patogenos de arttopodos

- Contacto con el hospedero

- Germinacion

- Penctracion  En masticadores, la mavond son atacados por virus, bactenas y
protoroos Ingicren el patogeno, el cual llega a la pared del intestino, siendo
infectado Los chupadores son atacado en su mayoria por hongos v
nematodos  La penctracion en los hongos ocurre pot ¢l desarrollo de hifas
sobie la cuticula, las cuales producen enzimas que la hidrolisan

- Colontzacion  Puede ser localizada cuando ataca a un solo tendo, o generalizada
atacando vanos tepdos como en ¢l caso de los hongos

- Reproduccion y Disemicacion (expresion del patogeno) Emitir propagulos que
infecten mas hospederos

o {onocer los pasos a seguir pata el mang o de posibles agentes de control encontrados
en nsectos muerios

Recoleccion, Envio, Aislamiento, Punficacion, Almacenamienio

s Segun os conocinmentos adquinidos sobre biologia del msecto, cual cree que podna
ser ¢l estado mas sucephible al ataque de hongos entomopatogenos? Cuales seran las
principales hinutaciones al uso exrtosa de hongos entomopatogenos al salivazo en
pastos o cafia?

3 Pruebas con entomopatogenos sobre mintas v adultos

o Se va 4 visitar el invernadero para conocet los metodos para realizar pruebas de
patogenmicidad, demostiando
- Preparacion de una suspension
- Aplicacion sobre ninfas vy adultos
- Evaluacion de patogenicidad
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' 7 Figura 2
Mosca patasitoide Pipuncuhdae (Diptera)
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r Figura 3

| Cclo de vida del hongo entomopatogeno Metarhizium anisopliae
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Practica 8
Muecestreo y Metodos de Campo

Tema Metodos de muestreo de minfas y Wdultos del salivaso en gramincas
forrageras en la Muca Predechinche

Objetnos Fanuniiarizatse con el msccto en ol campo

Conocer como reahzar muestreos de masas de espuma para recolectar
ninfas y enemigos natutales asociados

Conocer como reahizar muestreos de jama entomologica para recoleciar
adultos v enernmigos naturales asociados

1 Materiales de muestreo

(5]

Esquema de muestreo para ninfas

¢ Tamaiio, numero y ubicacion de marcos

o Conteos de minfas versus conteos de masas de espuma
o Adulios tenerales

o Maneje de espectmenes

o Recoleccion de enemigos naturales

3 Esquema de muestreo para adultos

o Numero y senes de jamasos

¢ Manejo de especimenes

¢ Recoleccion de enemigos naturales

4 Recolecciones de huevos

5 Muestreos de Muctuacion poblacional
Metodologia
Se va vdivadir en cince grupos  Chadd petsona realiz wa dos mucsticos de minfas y
dos de adulios, mancjando debidimente los especimenes y apuntando la mformacion

relevante para su postenior anahisis en ¢l labotatono

6 Discusion sobre muestreo v monitoteo en gramineas forrajeras v cafia de azucat
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Practica 9
Analisis de Muestras del Campo v Datos Poblacionales

Tema Analisis de muestras del campo y datos poblacionales

Objetros Analizal y resumm especimences recolectados durante muestreos de masa
de cspuma y jamaso en la Finca Predechinche, Valle del Cauca segun

a) numecio v ostado de desantollo de las ninlas

b) numero, scxo v espeaie de los adultos

¢) wdentidad ¢ madencia de enemigos natutales
Conocer el mango de los datos en hojas electionicas

Conocer como se analiza los datos pata mierpielar y resunur composicion
de cspecie, fluctuacion poblacional, sincromzacion poblacional vy fenclogia

ot

Anahlisis de especimenes de los muestreos de masa de espuma

(]

Para cada muestra sepatada, determinar

a) el numero de ninfas totales

b} mstar de cada ninfa

¢) st los del mstar V son tempranos (Va) o tardios (Vh)

d) el sexo del mstar V

e) scxo y especie de cada adulio teneral
Apunta: la informacion en las hojas de datos incluyendo cualquier presencia de
enenugos naturales (Tabla D)

4]

2 Analisis de especimenes de los muestreos de jama

o Para cada mucstra sepatada, determnar
a) el numero de adultos totalcs
b) la cspecie de cada adulto
¢) ¢l sexo de cada adulto
o Registrar la informacion cn las hojas de datos incluyendo cualguier presencia de

enemgos naturales {Tabla 2)
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O 2 Analisis de datos poblacionales

o 5 ¢l iempo permite, se va deniostia como introducr los datos a una hoja electronica
pata su posietior analisis

o Se vaa demostrat como se manipula y tesumen los datos para mterpretar crertos
aspectos de La ecologia poblavional
a} composicion de especic
b) Nuctuacion poblacional
¢) sincronizacion poblacional
dy fenologia
¢) varacion a mvel de finca
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o Tabla 1 ) h
__Hoja de datos para muestregs de dinamica poblacional mintas
Biologia y Ecologia Comparativa del Sahivazo de los Pastos
MUESTRED DE NINFAS
Sitie Finca Predechsache, Palmara, Valle del Cauca
Feeha Parcela
Teneral £ carbonaria S mgra
Pupas
Codigo
Cudrantd/dirco vial Habitast i H il v Ya Vh Mcho Hembri larvas NP P Otros
i
i €
1
ilb
111 :
iib
IV
Vb
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- Tabla 2 o h
_..._Hoja de datos para muestreos de dinannca poblacional adultes J

Biologia y Leologia Comparativa del Salivazo de los Pastos Dinamica Poblacional

MUES FREO DE ADULTOS

Sihie Fiaea Picdechinche, Palmura, Valle del Cavea

Focha Nombres

Numero por 50 pasos

Pateeh Codigo P sinuidans Z carbonuaria Z pubescens S migra
s Hora Cuadrante  Trasco(s) Macho Hembra  Macho Hembra Macho Ilembra Adultos Acaros Otros

I

348

v

v

Obscrvacionus/Nots
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Practica 10
Resistencia Vanetal

Tema Metodos y tecmicas para evaluar resistencia vanetal al salivazo

Objetinos Visttar ¢l mvernadero para lamlianizarse con los metodos y tecnicas
asociados con la evaluacion de resistencla varietal v otros bioensayos

Notas



Duracion de instares ninfales de cuatro especies de salivazo criadas
en dos genotipos de Brachiana spp CIAT 0654 (S) y CIAT 36062 (R}
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Duracion ninfal de cuatro especies de salivazo en Brachiarra spp CIAT 36062 {R)
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Daiio causado por cuatro especies de Salivazo a diferentes niveles
de infestacion en dos genotipos de Brachiaria spp.

A varia
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Porcentaje de supervivencia

Porcentaje de supervivencia

Supervivencia de cuatro especies de salivazo criadas en dos
genotipos de Braclhiaria spp.
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Pérdida de peso seco de dos genotipos de Brachiaria spp. Infestado
con cuatro especies de salivazo.
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Piactica 11
Hacia el Manego Integiado

Tema Alternativas para el mancjo imtegiado del salivazo de [os pastos en
gramineas
Objetivos Basado en cl nucvo conocimiento adquirtde durante el 1aller, discutir las

diferentes tacticas de mangjo v como se puede combina para armar una
estiategia de mancyo integrado

1 Leer Valernio v Koller 1993 para famihatizaise con las aliernativas del mangjo
integrado del nmon  Este articulo se encuentia en las lecuuras del Taller

2 Sehata mesa tedond iy para la discusion

A continuacion se resume las citaciones mas importanies sobre MIP y tacticas de
manejo

43
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TEMAS A CONSIDERAR PARA CONOCER UN TAXON *

Relaciones Faxanomicas

+  Segun los expertos, cuales estan considerados como los panentes vivos mas
ce1canos”?
Que caractensticas distinguen el tavon de los panentes mas cercanos?
Cuales son las caracteristicas adaplativas del giupo {ilogenico al cual pertenece ¢l
tason’

o Como funcionan estas adaptaciones principales”?

Distribucion

o Cual es ¢l rango biogeografico del taxon”

e Que formaciones de plantas v cuales sonas chniaticas ocupa ¢f taxon’

o Cuales son las caracteristicas que definen ¢l habiial utthzado por la mayor parte de los
membros del tavon?

e Cuales son los principales {actotes que lunmitin su distnbucron?

Reproduccion y Desartolio

Como se encuentran los sexos para aparearsc?

Donde y como ovipositan las hembras®?

L.os hucvos s¢ ponen solos o en grupos?

Que cambios morfologicos importantes ocurten atraves del curso del desarrollo?
Cual ¢s la capacidad reproductiva de una hembra?

4 ¢ © a O

Fenologia

o Cuales son los cstados de vida que ¢stan activos en las diferentes cstaciones”
o Cuantas generaciones hay al ano?
o Donde (y en cual estado de vida) pasan las poblaciones la estacion adversa?



Nutricion

o (ual ¢s el rango de conmda utihzado por los nuembios del tavon”

o Hay algunas catactenisticas comunes a los componentes de la dreta para la mayoria de
los niembros del taxon?

¢ Como se disunguen las dietas de los inmadutos y los adultos?

o Cuales son las adaptacioncs morfologicas, fisiologicas y de comportamiento mas
notables en la alimentacion de los mmaduros v adulios?

Enemgos
o Cuales son los depredadores, parasilos y enfermedades que causan una mortahidad
stgnificativa?

o (uales son las adaptaciones que el taxon emplea para escapa de los enemigos”

Movimiento

]

Cual es el ares on que el inmaduro sc mobiliza paia busca: su alimentacion?

o Eu que estado de vida ocurre la dispeision?

o Como sc dispetsan los ndultos?

o Comparado con otros msectos, como estumnana su capacidad de s olar?

o [Es varnable la capacidad de dispeision de los individuos en 1a poblacion?
Ecologia

o Han habido mvestigaciones sobresalientes en los temas tratados, y si existen cuales
fueron los resuliados principales?

{* Modificado de Richaird B Root Cornell Uminoisin}
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Clave para separar fos &rdenes de 1nsectos con

importincia econdmica directa o 1ndirecta
(basada en adultes, pupas, larvas y m;;fasj

1!

3#’

1!

Insectos con 11 caberr torix v ahdomen bien diferencindos Patas
segmentwits  twsos genertlmente con mas de un segmento Cuticulr
genetilmente dura v coloreadt Aparato bucnl de wpoe masticador
Inmedor picudor o con formn de espinitrompa Ojos compuestos
usualmente presentes 2

Insectos con In cabeza genernlmente poco defimda Torax y +bhdo-
men poco diferenciables Puas frecuentemente cortis o lobulares
mconsprcuns o usentes Tarsos con un solo segmento y una uiia
Apaito bucil msucador Cuucula generaimente sumve  incolora
blanqueant amartlentn o en algunes ¢sos ynamente coloreadn
Oyos senaillos o ausentes LARVAS # 20

Patis y alis encerradis en unt membrina exuz Tormas inmoviles
o con muy poca moviidad generalmente protegiwdis denno de

pullos o celdas En su muvora de color blanco o amanilento
PUPAS 29

Pat1s y als no emvuelrss en una membrint extrn Tormnas moviles
y activas rara vez protegidas dentro de capullos o celdws Coloracidn

brillante u obscura pocas veces Blanet ¢ amarndlentr en su total
dad 3

Insectos sin alas  con sestigios alares o con alas no [unconales
usuilmente carnosis Apiratos copuladores ausentes o pogo desarro
Hados ** 4

Insectos con alas generalmente bien desarrolindas funcionales mem
branosas o corriceas Aparatos copuladores u ovipositores bien desarro

Nados ADULTOS o InAGOS 5
Insectos con habitos terrestres NINFAS 35
Insectos con habios acuaticos NAYADES (no consideradas

en este tribajo)

\parate bucl de tipo mastcador {(hgs 479 12
87

Entomologia Prictica
M A Morény R A Terrén
Instituto de Ecologia, México, D F
1988
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10
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11

v

Evaovoronia Paasctica

Apuito bucal modificwdo en fotms de pieo probosade o espis
ttompa pun picdr o sbsother {higs § 1t &

Apteros  Qjos contpuesios sestignifes  formados por un1 omaudn
O WSENLEs S CCICOS 11 OV 1POSIar 7

Alas y ojos compuestos genetatmente muy deswolldos 8

Apwrato bueil prcdor retrndo Cuerpo deprnmde Segmentos tota

cicos fusionados Estigms respntenios en posicon doisd Pats mo

dificadas como tenwas Lotopirisitos de mamiferos (g 150)
ANOPLURY

Apwate bucy] picador expuesto Cucrpo comprimdo  Estigmns aes
piritoros [aerales Paes wdapiadas putel salto Ectopr sitos de wves
v maonferos SIPHONAPLERA

Con cuatro las muy gstreches  dehicwlas provistas con bundances

sedw Ingas Apute bucal posicosental, senncomeo  cone s

metrico (fig 101y Tamano muy pequeno (0.3 mmy)
THYSANOPTLRA

Con cvavo ¢ dos 1ls de formn vunble pero simosedas Tagas o
abundantes Apuwo bueil siunetiwco 9

Cuerpn 7las v pits con unt cubrerrn densy de escimns coloridas
Aparato bucal en forma de espnitrompn LEPIDOPTLRA

Apuato bucil en form de preo o probusaide Cueipo las 3y pu
tas sin cubrerta densa de escamts 10

Alas mesotorieicas membranosas als metoracicis reduedis + by
lancimes Protoras y metatoix pequeitos fusionidos con ¢l mesoty
rax (fhgs 1 17) DIFTLRA

Alas mewatoracicas memmbrinesas Protornix 3 metitorta bien desy
rrollados 11

Alas mesotoracicas unmformemente endurecidas mas largas que s
alas posteriores Aptwato bucal desplazndo hacia Ia parte posteio
inferior de 1a cabeza sin gula (g 102 HOMOPTER A

Alas mesotoracicas endurecidas en su mutad basal v membrinosis
en su metad distal mos cortas que las alas posteriores Apurato bu
cal no desplazade hacia atras con gula {Iig §)

HEMIPTERA (s HETEROPTERA)

* El usecto en cuestsdn puede ser un adu'to de homopteto del grupo de las 3

camas
* El msecto puede ser un adulto de Mallephaga

{focesdac)
\ioplura Siphenpters Dipioa

Hymenoplers con cwactensucas dpieras o oun Hewapeda  \plesypots

iy, 100 Nastz antero
vengral e da ¢rlera
do un psanoptero

-
7

a0

~
e

!

Tig 199 Nasta antere
sentral de fa cabweaa
de wn homupicrn
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fig 103 Vima frenmind
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Ciavve pira Ogpungs 89

Con ce1cos bdomimades (hgs 3130 13
Sint cercos abdonnnddes (figs 20 50y 16

P postciiones alngadys whiptwl s pa el siito Ais nesoton v
s endimead s oo teonnnas (i, 24 Ouvposttor bun desarolin
do  Generlmente con organos estnidulidores en s alas s en las
P ORTHOPTER A

P posteniores no wdaptadas pory el silho 1

Cererns abddonunades de un sol o pmiesn con forms de tennzns s
MesGLol wic ty min cortls un pow endwieadis corrcens alis poste
times memhinnoss senncienines o wsentes  {he 128

DERAAPTER &

Curcoy abdominales muluon nendqdos 15

U mesoton e Tugts wnduicad s come tegmmns s postenia
res inemhimosss con fornit do abunce Tuses formados genaal
mente por cmco weegos (g 135 DICIYOPTIR

A meso vomeruoricics membzanosts  dasprendibies  alargadas
muy pueady en lorma vt selo presemes on v ostr repro
ductot Inscotos soonmbes potrmorficos T usos goner dmente forma
dos por cunio urepos (L 150 ISOPTER A

\ptaes Ojos compuestos fommados por des omnudis Antenns pe
quefits v wsuaimente reunds en swcos o [1oevbera Piotoras
muche ms ancho que a cxbert Ectopts bitos de aves s mameleros
{hg 1.7 MALLOPHAG

Genualmente con custro s destollds o modeficadas Oyos com
puestas hren desurolindos o tusentes 17

Vs mesotor waicas endurenidas en formn de ehtios  \ls posteriores
membranosas 1voplegidies Piotorss hien des aaodlwlo v cduamentie
dutinguible del pterotsin, COLTOPTERAA

Al1s meso ¥ metitoricicts membeinosss 18

T usas con dos o tres segmentos Chibezy con unt sty eprerineal
en foomn de 3 mwerody Posiclipea abultide (Thg 103} Antenns
muy Iugs formadws por 12 1 o0 anejos Als membrmoesns dels
culis con I1 vemcion redustdan Mmoo menor de 6 mm
PSOCOPTILIRY

T 1nsos nenmaliente Con Gnee neejoy 19
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tor rcicas €t grindes como 1 postenranes con abund e ven
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NLUROPTLRA

Torm con oes pugs de pas ubtcubidss con frecuenain pequedi s
o 1pens puceptibics (Bigs 1 10) 21

- & LLd
Forwe sin pus {{ig 16) 2o
Scgmentos abdominides sip Tusopodos o espunipedios escepto en el
extiemo did sbdomen Cdezn plany depumid: o globulr g2

Se mentos tbdonuniles con bavupodos o vipunpadios Gabezy glo
bulu (B 107) 21

Pats ot acns con dos uilts tusales Las uitenss v o las anandibul s
ustudmente mis Ioges gue v cbess {(hg 101) cucipo con foim s
grumeniicwn viaiibles NLUROPTERA

Pars torccss potmabmente ¢on uny v tust! Lis wmwens v s
mandibulas 150 ez son tan Ingas como L cabeny 23

Chabezy aplmda
escleritos
manoe

deptinuls
wliontiles  {(hig

prognia {tu vez lpognuny sin
1003 Pis mas o menos de gl
tgunos COLLOPILRA

Cabezy glebulwr hipogn it con escleros wdftontiles s worwacs
curnddo mis con cinco segmontos Antenas situad s ceicn de b base
de s madibulag gunos LLPIDOPILRA

Generilmente con amnco puces de Innvepodos o espunipedios cn los
segmentos Jo 1 6oy (0o algunns veces con dos o ues pucs soh
menie Loopodos siempie provistos con ventosis o estructurts d
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dibulis (hig 107) Ocelos nusentes 0 en nuuicto mvior de uno

la mrson pute de LLPIDOPILRA

Usualmienic con & 1+ 8 pmes de fvvopodos cn os sepymentos 2o 1
bo v il o 2o 4o y 100 v Zo 1 0o s 100, nungt provistos cun
estructur s dhesnvas apreiles Solo con un acelo en cida Lddo de
crbert o smocllos Amenas msciis en Do freme (fi 109)
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Cabezr con esclentos wlfiontales 1o con organe hilader pro
minente {hg 109) 1lgunos LEPIDOPTERA

Cabera sin escleritos wlfrontales Laibio sin oigane hilador 28

Cabezn hen duferencindy  mas obscur que el resto del cuerpo
nency retrudy en el protoriy Antenas comspicuts Pilpos mala
1es con dos o mis segmentos 27

Cibera retrudn (unque sev en pute) dentro del moiorax no bien
diferencrada 5t 1y eibezy estn expuestn normadmenie o globulu y
del mismo color que el cusnrpo menos anch que ¢l protory An
tenas y ocelos rusentes Be!

Cuerpo generilmente corto v en forma de € Ocelos presentes An
tenns y mandibuls mis coreis que I ebere Abdamen con menos
de 10 segmentos difercnenbles v sin procesos subnales prominentes

agunos COLEGPTERA

Cuerpo Inrgo y notiblemente delgnde nunct en formi de € Oce
los =usentes  Amtenas cortws de 3 osegmentos N avibis en {orma de
cepille Shdomen con 10 segmaentos diferenainbles  ernmunado en
un pu de procesos subanies ¢udi segmento con mas o menos 12
sedts nigudis mas brgis en los segmentos posteriores

SIPHOMNAPTLRA

Generalmente con sanos pires de estigmas abdominales  Antenns
1usentes Palpos malires nunet con mas de un segmento Mands
Lulas masucaderss Comunmente se les encuemr: en celdas de cern
pape!l o denuo del cuerpo de etros nsectos 3 en ngiilis segenles

algunos HANENOPTER A

Genernlmente con un par de estigmns abdonunades muy grindes co
locdos juntos en T4 pirte medin dovsal del 8o segmento abdominnl
v en ocasiones en ¢l exiremo de tuboes abmdricos larges o en es
ructuras semuconscs cortas { snerkel § En casos raros enssten mas
de dos esugmas abdeminiles v entonces s antenns son de forma
esprtulads Las prezas bucides estin reduadis + un par de ganchos
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te (por lo cuil se obsennt el evwemeo 1nterior guzido)
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Mandibuits mavlas + b no o reconoables o sios2 encugnirin
presentes estin modificudos como orgines picidotes o chupadares
tubulires {51 el extremo nterior de v cabezn es alugado + con un
par de apondices antenales 1 fos Idos entonces corresponde 1 una
pupn de Coleoptein Curcuhionudie} a1
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Cuerpo fiecuentemente comprimido de histn 6 mm de largo Ple
pues Aates usentes Antoms dunminutis Pronoto Iirgo v conspreno
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THYSANOPTIR A

Taisos siempre con una o dos ufins iB

Partes buceales de upo masticndor Labro siempre expuesto Palpos
presentes 37

Partes buciles adaptadas parn pear Pripos asusentes Labro poco
visthle 49

Antenas con cinco artejos Cuerpo deprimido Ectoparasitos de aves
y m-umieros MALLOPHAGA

Antenss con mas de anco artejos 1%

Piotorn ms pequedio que los otres sepmentos toracens  Cabenm

hipognatt Clipeo 1bultido PSOCOPTERA
Segmentos toriwceos mas o menos de gutd timafio o con el pro
térre o el mesotor mas grondes 39
Cabezn veruetd hipognitn Antenis msertis sobre I frente 10
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ilelgado y Tugo DICTYOPTLRA

Tarsos con cuatre artejos Cercos abdomintles cortes formdos por
tres segmentos Cuticuly musy delgady y blanda Color palido blan
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i ExTovoLocia PrRACTICA

12' Esboros alugs wsurlmente presentes Putes bucides externns nug
modificadas como picos Tusos con mis de un arteje 5 con dos
w1 13

4%  Labio mseno en In paite anteroanierior de la eabeia
HEMIPTLRA

437 Labwo wmserto en ¢} extiemo postero mfensor de la cabeza  {En Al
gunas Cocadice no existen las puas ni los esbozos alwres y presen
tan el cuerpo cubterto por un poho ceroso de color cuo)

HOMOPTLERA

Coma los objetivos de esta ebra ne pretenden abucu a todes los
Srdenes y Pumlos de insectos estableaidos en el ternitorio mexsgine  pain
dentuficwr ot1os grupos no considerados en la clave anterior y en otris
subsecuentes se recomundn consultar las elaves parn separyr ordenes
famiias propuestts por Ross (1968) Borror et al (1971) y Daly et af
{1978y nmuentris que pua wentficyr formas mmivdurss se sugreresr los
trabijos de Chu {1244y Peteison (1976) « Swehr (1987)

Las clnes que contiene este hibio tienen como piopusito fundamenial
¢l mostrar a los mteresados cn ¢l tem los principales caricteres emplen
dos en It tavonomin de cwda grupe de msectos por lo cual no incluyen
1 tedas b gspeacs genvios o Fanilias nnportantes de Mesico Stal utmtar
de denuficar slgun ejemplu con 1yudn de est1s claves sus caraieistics
ne cencuerdan plenementie con las mencionadis en el texto sigmifiea
que no se wawr del taxon en cuesilon ante lo cual se recomuenda consultar
con un espeaitista o wudr 1 algunt de Ins colecwones refeienciiles
aitadas en el anexo finnl de este hibio

Ast musmo se sugiete 1 los lectores observar con cuidado todas Ins
tlustraciones porque en ellas se han tratado de reproducir con el manimo
curdade Ins carictenisuicns espeaificas  genericss y supragenericas  gue
ayudan a wenuficar 4 Jos wisectos Todas Jas espreies 1lustridas se basan
en ejemplares coticctamente determnndos por especiiisias
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Clave para separar familias seleccionadas dej

6rden Homoptera
HOMODPTLRA

Adeoptamos ¢} nombne ms util 7de en dMusico pirn oste grupo
de imsectos succonadores de 1cuerde con Borror Delong L Tripleborn
{1976} ungue en otrn lieraaia se les encuentrn como Hemuaptern Ho

moptera (1 oss 1968 chards & Davies 1977y o Rbiynchota Homoptera
{Grandi 1966)

Son 1nsectos que se reconocen por presentr un apirato bucal de
tipo pwador succionwdor provisto con cuatro estiletes sin palpos colo
cade en posiadn opwstognata  La mayoria presenta 0jos compuestes y
ocelos Thienen cuatro alas con textura membrinosa en ocasiones el par
anter:or estd un paco cnéurcczdo COmO egnunas el par posicrier oi un
poco mns corto que el antertor v un poco mis ancho durante el reposo
permanecen en posicton lateredorsal mnchnada Ewisten especies cuyos ma
chos presentan solo un par de alas y sus hembras son apteras Las patas
son de tipo caminador o saluader y en algunas familias pueden faltar
en el estado adulto

Tienen habates solitaros o greganos Cuaremos algunas de las prn
cipales especies conl importang economica distribuidas en Mdaco que
estan incluldas en las sigusentes familas

Membracidae succronadoras de sivia en tallos ¥ ramas

Cercopidae succionadoras de savia en follaje tallos y rawes

Cicadellidae sucaionadoras de savia en hojas y wallos transmu
saras de virosis vegetales

Tulgoridae succionadoras de savia en hojas y tallos

Apiudidae sucgionadores de saviz en follaje y tallos  trans
misores de virosis vegetales

Coceordea succionadores de savin en tallos hojis y frutos Pro
ductores de colorantes y laca

Aleyrodhidas succionadores de savin en hojas y tailos

Lstas familiis pueden separarse con la clave siguwence

Entomologia Practica
M A Morony R A Terron
Instituto de Ecologia, México, D F
1988
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Tarovonecia Pracrica
Thrsos con ires MLQjos  anlenas muy cerias Pico anserie en fa
pirte bapy y postenior de 1t eabern Inscctos activos
Suborden Auchenorrhyneha P4

Tarsos con une o dos arie)os {cuando st presentes lis patis)
Antenas largas y Lihiformes  Pico {cunndo esta presemie) siude
emire las coxas anteriores Insectos usualmente poco actnos © s
les Suborden Sternmorrhyucha 5

Antenas insertas en la frente y entre los ojos o al menos antenos

mente a fos ojos Coxas iatermedias cortas y nmuy proxinis enue
st (g 1509 3

Antenas nsertas 2 los lados de Ia cabern vy bryo los ojos Covas
termedias largas y separadas enue st (Dg Loly Ty postenor sin
un espolon aprenl ancho y mosil Atea wnal de Ins alas posteriotes
reticulada con muchas senas transwversales TULGORIDAL

Normalmenie con dos ocelos {rrumente con Ges) Inselos salta
dores El pronoto se exuende hacia atras sobre el abdomen en
ocasiones con povectiones verticales u henzontales en forma de
CSPINAS O CUernos MEIMBRACIDAL

Con los caracteres anteriores escepto que el pionoto no se extende
bacta atras nunca ecubre al resto del wian y no ucme piojec
clones

Metatilnas con una o dos espinas fueites y una sere de esptas
alrededeor del apice Coxas posteriores cortas y comcw (g 102}
CLRCOPIDAL

Metaubias cor una o mas luleras de espinas pequeiins Covas pos
teriores transversales (Dig 1.3) CICADLLLIDAL

Tarsas con dos arteyos 3 con dos uils Cuando se trata de formas
aladas presentan cuatreo alas Partes bucales bien desarrolladas en

los dos scnos con ¢l pico  Jargo Antenas con uces 2 sicte seg
menos b

Tarsos con un artejo y una uha Hembras apteras v cn ocasiones apo
das con forma de escama o gusano cubiertns por cera blanea vo
sada o amanliema Machos con un par de alas y sin pico

COCCOIDEA

Alas wransluaidas las posteriores mucho mas pequeiias que las ante
riores Las alas mesotorac <as poseen ¢ © 5 venas {rara vex 0y Cor
niculos presentes Antenas con 6 artejos Vena mediana def alh fion
tal ramsficada APTLIDIDAL

Alas oprucas cubicruas por un pol :llo cerose las alas metvor s
asian laigas como fas anteriores S cormculos ALLYRODIDAL

N

Fig 150 Esquema de
izs mcsocoant de ua
Membracidae en vista
ventral  mostrando sy
ferma y poscién

Fig 1.0 Esquenna de
las mesocoxat de un
Tufgotdae en 1isa
wgntial mostrande w
separacion

\

Frg 152 Esquema de
las metaconas de un
Cercopudas en sz
semiral  mostrande
fsrma

Iig 123 Esjuoma de
las motacovas de uva
Cigadellsdae en vtz
seatral  mostmande

posiciui
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Activity 1.1  Study the bioecology of spittlebug species in contrasting environments

1.1.1 Comparative biology of Zulia spittlebugs

1.1.2 Detection of the Central American forage and cane pest, Prosapia simulans,
in South America

1.1.3 Biology and habits of Prosapia simulans

1.1.4 Characterization of substrate communication in adult spittlebugs

1.1.5 Population dynamics and phenology of spittlebugs in the Cauca Valley

1.1.6 Documentation of first generation population phenology in two lowland sites

1.1.7 Preoviposition determinants of egg diapause

1.1.8 Seasonal changes in the incidence and duration of egg diapause

Activity 2.2 Diagnosis of spittlebug for elaborating [IPM components

2.2.1 Identity and distribution of spittlebugs associated with graminoids of
Colombia and Ecuador

2.2.2 Evaluation of an artificial diet for maintenance of spittlebug adults

2.2.3 Identity, incidence and maintenance of spittlebug fungal entomopathogens

2.2.4 Screening fungal entomopathogens for virulence to spittlebug adults

2.2.5 Evaluation methodology for measuring virulence of fungal entomopathogens
to spittlebug nymphs

2.2.6 Economic impact of spittlebugs to animal production in Brachiaria
decumbens

2.2.7 Recovery and maintenance of fungal and bacterial isolates entomopathogenic
to cassava pests (Anuar Morales, Rosalba Tobén, Daniel Peck)

Activity 3.3 Facilitate communication through Newsletters, Journal and Workshops

3.3.1 I Workshop on the Bioecology and Management of Grassland Spittlebugs

3.3.2 Proposal development: Distribution patterns of grassland spittlebugs for
gauging range expansion and invasion risk

3.3.3 Proposal development: Characterization of Prosapia simulans, a new
spittlebug pest in forage grasses of Colombia

3.3.4 Proposal development: Methodologies for the evaluation and diagnosis of
spittlebugs in graminoid crops

3.3.5 Proposal development: Manual for the study of the biology and ecology of
grassland spittiebugs

3.3.6 Proposal development: Vibrational communication as a taxonomic tool for
grassland spittlebugs

PUBLICATIONS
COLLABORATORS
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Activity 1.1 Study the biocecology of spittlebug species in confrasting environments

Highlights

s Completed comparative biological studies on three spittlebug species (Zulia carbonaria, Zulia
pubescens, Zulin sp. nov.) and imitated studies on a fourth (Prosapia simudans).

* Detected and made preliminary assessment of the presence of the Central American forage grass and
sugar cane pest, Prosapia simulans, in Brachiaria decumbens of the Cauca Vailey, which is a first
report of the species and genus in Colombia and South America.

«  Further characterized substrate communication in spittlebug adults by describing the male courtship
calls of three species and confirming significant differences in call structure among taxa.

»  Gathered data on early season population dynamics of spittlebug nymphs and adults in three
contrasting sites to measure the correlation between phenology and rainfall and to gauge potential to
predict the timing of outbreaks.

¢ Established new studies on egg diapause including an experiment to test the effect of preoviposition
conditions on diapause incidence and a study to document seasonal changes in diapause incidence
among field populations in three contrasting sites,

Despite 2 high pest status and long history in the Neotropics, an effective and coordinated program for the
integrated management of spittlcbugs in forage grasses does not yet exist. Among the factors that
contribute is (1} a tendency to over generalize among the diversity of species, genera and habitat
associations, (2) a poor understanding of the natural history of the family Cercopidae, (3) little biological
imformation for the majority of economically important species, {4} scarcity of detatled site-specific studies
on ecology that offer the resolution necessary to guide advances in pest management, and {5) IPM tools
that are rudimerntary or absent.

In 2000 we continued studies to overcome these limitations, focusing on the {1} the acquisition of new
bivecological information on this pest complex and the family Cercopidae, {2) development of contrasting
ecoregions in Colombia as model sites for advancing the diagnosis and management of spittlebugs, and (3}
development and evaluation of research methodologies and technologies to promote higher quality research
from NARS,

Progress towards achieving output milestones
e Defined variation in the biology and abundance of spittlebug species in Colombia

Previcusly established research methodologies were implemented to continue characterizing the natura!
history of the family Cercopidae, the comparative biology of the major spittlebug pests in Colombia, and
the population ecology of the spittlebug complex in contrasting sites, The Interandean Region (Cauca
Valley), with bimodal annual precipitation, was developed as a fourth model region that includes the
Caribbean Coast (Cérdoba and Sucre, highly seasonal for precipitation), Orinoguia Piedmont (Meta,
intermediate seasonal) and Amazonian Piedmont (Caquetd, continuously humid). Development of these
gites is crucial for linking bieecological information to improvements in pest management. Our research on
the spittlebug complex in each of these regions is establishing the patterns of variation in biology, behavior
and ecology, fundamental for advancing management by tailoring control tactics to the diverse habitats,
regions and production systems where spittlebugs are economically important,

Contributors: Daniel Peck (CIAT Projects 1P-5, PE-1), Ulises Castro, Jairo Rodriguez, Anuar Morales,
Francisco Lépez (CIAT Project IP-5), Antonic Pérez (Universidad de Sucre), Guillermo Ledn
(CORPOICA CI. La Libertad)



1.1.1. Comparative biology of Zulia spittlebugs (Jairo Rodriguez, Daniel Peck)

Rationale: An inadequate understanding of the biology and behavior of most spittlebug species, plus a
tendency to over generalize in those same aspects among species, has contributed to thewr meflective
management. Of the 15 species of spittlebugs associated with forage grasses in Colombia, only five have
had their biology studied to any degree: denealamia lepidior, A. reducta, A. varia, Mahanarva sp. nov.,
Prosapia simulans and Zulia carbonaria. To advance our understanding of the patterns of variation among
taxa, we are examining the biclogy of three species in the genus Zulia: Z. carbonarin, Z. pubescens and
Zulia sp. nov. With the exception of one study on Z. carbonaria, this genus has not yet been the focus of
any biological or behavioral study and therefore aspects such as characterization and duration of the life
stages, reproductive biology and oviposition sites are unknown and unavailable to guide advances in pest
management.

Methods: Small-scale colonies were established to ensure availability of all life stages of the insect despite
seasonality in the field. Source populations of Z. carbonaria and Z. pubescens were local in the department
of Valle del Cauca while Zudia sp. nov. was collected on the Pacific coast in Narifio, its only known range
in Colombia.

Methods were based on previous biologicsl studies carried out by CIAT emphasizing morphological
characterization of the life stages, duration of the life stages and reproductive biology. With the aid of a
stereoscope and ocular micrometer, certain aspects of the external morpheology were measured for four
developmental stages of the eggs, five nymphal instars, and both sexes of the adults. Adult specimens were
obtained from the field, nymphs were obtained from either the field or colony, and eggs were obtained from
ovipositing adults in the colony.

To measure the duration of the life stages, field conditions were replicated in the screenhouse for controlled
observations of adults and nymphs {Figure 1). Teneral adults (<12 hours old} from the colony were
confined in cohorts of four individuals under acetate sleeve cages over pots of Brachiaric ruziziensis;
mortality was assessed daily. For the nymphs, recently eclosed first instars (<12 hours old) were placed
singly in pots of B. ruziziensis established with abundant surface roots required as feeding sites;
transformation from one instar to the next was determined by direct observation of the molted exuvia. The
mean longevity of each life stage was based on 40 individuals.

Figure 1, Pots employed to determine the longevity of adults (A) and nymphs (B).

Duration of the egg stages was determined under controlled incubation conditions (27°C, 100% RH, total
darkness}. Recently laid eggs (<24 hours oid) were mamntained on moist filter paper in petri dishes and
observed daily. The duration of each of the four generalized developmental stages was based on 100
individuals,

To study ovipositien sites as part of the description of reproductive hiology, field conditions were
replicated in the sereenhouse. The soil surface was specially prepared with soil oviposition substrate
dispersed on top with 2 g leaf litter (Figure 23. Each pot was infested with 2 females and 2 males from the




colony and once they died eggs were recovered from four oviposition substrates: uncovered soil, soil
covered by leaf litter, leaf litter and the plant surface.

Figure 2, Pots for determining oviposition site preferences according to different oviposition
substrates.

Results: Male and femmale 2. carbonaria were larger than Z. pubescens and Zuli sp. nov. in svery
morphological measure (width of head capsule and body; length of stylet, wing and body with and without
wings), Males of Zulia sp. nov. were the smallest life stage. With the exception of only a few measures,
feinales were significantly larger than males for each species.

Each specics presented the four generalized developmental stages established for 4. varie and other
spitttebug species. In terms of size, Zufia sp. nov. eges were smaller than the other two species during each
developmental stage (Table 2). In phase S4, within 1.2 days of hatch, eggs of Z. carbonaria and Z.
pubescens were 1.12 times longer than Zwfia sp. nov. Despite significant differences in size between adult
Z carbonaria and Z. pubescens, no significant differences were detected in egg size with the exception of
width in phase 52,

For Z. carbonaria and Z. pubescens, there were significant differences from each insfar to the next in all
parameters measured (width of head capsule, length of body, anterior wing pad and stylet) (Table 3). There
were also sigmficant differences among life stages betweén the two species for most measures, and these
differences increased with instar. Zulia sp. nov. nymphs were not available for measurements.

Mean adult longevity was 19,6, 18.4 and 14.1 days, respectively, for £. carbonarin, Z. pubescens and Zulia
sp. nov, Longevity for Zulia sp. nov, was significantly less. By gender, longevity varied from 12.9-20.1
days among the three species (Table 4). No differences in longevity were detected between sexes of the
same species.

Total duration of egg development varied from 14.3-17.4 days among the threo species (Table 5), with £
carbonaria > Zidia sp. nov, > Z. pubescens. Although 82 was the shortest stage for all species, 54 was the
longest for Z carboraria, 33 for Z pubescens and 81 for Zulia sp. nov., representing 38,9, 33.0 and 41.9%,
respectively, of the total egg development time.

Total duration of nymph development varied from 38.0-42.6 days among the three species (Table 6).
Duration was significantly longer in Z. pubescens given statistically longer stadia in instars [ - IV, For
each species, instar V was longer than other instars, representing 30.6, 33.1 ¥ 30.7% of total nymphal
development time for Z. carboraria, Z. pubescens and Zulia sp. nov., respectively. For Z carbonaria and
2. pubescens, there were no differences between instars L, IT and 111, but duration was incrementally longer
i instars [V and V. For Zulia sp. nov.. there were no differences among instars [ - [V,

Based on these studies, the complete life cyele of Z. cardonaria, Z. pubescens and Zulia sp. nov. was §9.6,
61.5 and 64.4 days, respectively (Table 7).



Table 1. Morphological characterization (mm) of Zulia adults by sex (mean+S.E., range, n=40).

Species Sex Hea:if;:"’l‘“le Styletlength D% :jg;:‘ with w'?:’,ﬁ)’::te:‘i‘;:s A“‘f::’g'u‘l" me Body width
Z. carbonaria F 2.69+0.12 a 1.23+0.10a 11.22+037 a 10.30+0.79 a 9.11+0.52 a 5.64+0.26 a
(2.43-1.87) (0.98-1.50) (9.21-11.43) (9.07-12.00) (8.21-11.50) (5.29-6.29)
M 2.40:0.08b 1.16£0.06 a 10.29£0.52 b 9.36+1.07b 8.441+044 b 4.87£0.26b
(2.22-2.67) (1.07-1.28) (7.14-10.36) (7.29-11.93) {(7.50-9.07) (4.29-5.29)
Z. pubescens F 2.25+0.10 d 1.03+£0.07 ¢ 8.98+0.54 d B.574£1.03 dc 7.10x0.27 € 4.2540.24 cd
(1.96-2.46) (0.89-1.28) (7.79-10.64) {7.07-11.07) (6.29-7.50) (4.14-5.36)
M 2.14+0.06 d 0.97+0.06 d 8.74+0.50 de 8.01+£0.69 ed 7.13+0.34d 4414026 d
(1.99-2.25) {0.84-1.07) (8.93-10.71) (7.00-10.00) {6.57-8.36) {4.00-5.36)
Zulia sp. nov. F 2.3540.08 c 1.09+0.06 b 9.72+047 ¢ 9.04+0.92 cb 7.75+£0.40 ¢ 465030 ¢
(2.16-2.49) (0.98-1.24) (8.93-10.71) (6.93-10.93) (7.14-9.21) (4.00-5.21)
M 2.08+0.08 f 1.05£0.06 be 8.65+0.34 ¢ 7.073x1.08 ¢ 7.12£0.29 d 4.04£0.20 ¢
(1.99-2.25) {0.96-1.16) (8.07-9.57) (5.93-9.64) (6.36-7.79) (3.64-4.36)
Within columns, means followed by different letters are significantly different (P<0.05).
Table 2, Width and length (mm) of development stages of Zulia eggs (meanS.E., range, n=68-100).
Speci S1 52 S3 54
pecies - - - -
Length Width Length Width Length Width Length Width
Z. carbonaria 1.06+0.03 a 0.30+£0.02 a 1.07+£0.03 a 0.3240.02 a 1.09+0.02a 0.33£0.02 a 1.12£0.03 a 0.38+0.02 a
(1.00-1.13) ((0.24-0.34) (0.99-1.13) (0.27-0.37) (1.01-1.14) {0.29-0.39) (1.06-1.20) (0.34-0.43)
Z. pubescens 1.05+0.04 a 0.29+0.02 a 1.06+0.03 a 0.31£0.01 b 1.07+0.04a 0.33%0.02 a 1.1240.04 a 0.37+0.02 a
(0.97-1.17) (0.24-0.30) (1.00-1.17) (0.27-0.33) {1.00-1.19) {0.29-0.36) (1.00-1.24) {0.34-0.41)
Zulia sp. nov. 0.95+0.04 b 0.28+0.01b 097+0.03 b 0.294£0.01 ¢ 0.97+0.03 b 0.3240.02 b 1.00+0.03 b 0.34+0.01 b
{0.84-1.01) (0.24-0.31) (0.86-1.03) (0.27-0.31) (0.91-1.04) (0.29-0.34) {0.93-1.07) (0.31-0.36)

Within columns, means followed by different letters are significantly different (P<0.05).



Table 3. Morphological characterization (mm) of nymphal life stages of Zulia (mean, n=40).

Head capsule

Anterior wing

Species Instar width Body length pad length Stylet length
Z. carbonaria i 039z 1.57a - 0322
i 0.62b 2.54b - 043b
i1 097¢ 4.01e 033a 0.67¢
v 1.50d 6214 095b 1.00d
Va 2.18¢ OR81e 2.80¢ 1.40°1
VhF 22471 162 ¢ 2934 145¢
Vb M 221fF 16.10 ¢ 2.85d 1.37e
Z. pubescens i 039a 148 a - 0323
I 0.58b 2.89b - 040b
1 090 ¢ 391¢ 0352 058¢
v 1.34d 3.66d 0.86b (834
Va 192¢e B840 e 237¢ 1L.i6f
VbF 19%e 953f 2.484d 1.10e
Y M 1.88f 943 f 2.534d 1.12f

Within colurmms for each species, means followed by different letiers are significantly different (P<0.05).

Each species demonstrated some degree of flexibility in oviposition preferences by using two or more
oviposition substrates {Figure 3}. However, there were marked differences among species in those
preferences. Both Z. carbonaria and Zulia sp. nov. preferred uncovered soil, laying 72,7 and 73.5% of
their eggs in that substate. Z. pubescens preferred laying eggs on the plant surface where 59.2% of egps

were tecovered.

Table 4. Longevity (days) of Zulia aduits by sex (mean, n=24-40}.

Species Sex Longevity
Z. carbonaria Female 2042
Male 184a
Z. pubescens Fernale 194a
Male 17.6 ab
Zudia sp. nov. Female 14.9bc
Male 129 be

Within cohunms, means followed by different letters are significantly different (P<0.05).

Table 5. Duration (days} of Zulia eggs by development stage (meaniS.E., range, n=108-126},

Species s1 52 83 S4 Total
Z. carbonaria 393+0.70a 107025 a 369053 b 6.77:0.34 3 17.40+091 a
(5-8) {1-2) (3-5) {3-8) (12-20%
Z. pubescens 4140355 1052021 a 4.73:0.44 3 4.42+0.50 ¢ 14344031 ¢
{4-3) {1-2) {4-3) {4-5) {13-16)
Zudia sp. nov. 6.11205% 2 1104030 a 2.92+0.78 ¢ 4.69+0.53 b 14.57+£1.49b
{3-8) {1-2) (2-4) (3-6) {10-18)
Within columns, means followed by different letters are sigmficantly different (P<G.03).
Table 6. Duration {days} of Zufia nymphs by instar (mean, n==40),
Species Instar
1 11 I IV v Total
Z. carbonaria 748a 7.20a 6.38a 833a 1298 a 42354
Z. pubescens 6.65b 6.28b 5630 7.08¢ 1257 a 3795h
Zulia sp. nov, 796a 71%a 6.71a 7.7 b 13.08 3 42.67 a

Within columns, means followed by different letiers are significantly different (P<0.05).



Table 7, Life cvele summary for three Zulia species.

, Duration {days)
Life stage Zulia carbonaria Zulia pubescens Zulia sp. nov,
Egg Sum 174 143 14.6
51 59 41 6.1
§2 L1 1.0 LI
83 3.7 4.7 29
S4 6.8 44 4.7
Nymph Sum 424 380 427
Instar [ 7.5 6.6 8.0
Instar II 7.2 6.3 7.1
Instar ITE 6.4 56 6.7
Instar IV 83 7.1 7.3
Ingtar V 13.0 126 13.1
Adult Half longevity' 9.8 9.2 7.1
Female 204 12.4 4.9
Life cycle 50.6 61.5 64.4
"Mean longevity calculated from the Weibull distribution.
£ 80
B 70-
2 60 -
g 50 -
w 40 -
& 30 -
5 201
§ 10 -
o 04 . .
Q. Soii under litter Uncoverad so# Lgal littar Pant tissun

]iz, carbonaria D17 pubescens W Zulia sp. nov l

Figure 3. Oviposition site preferences determined in choice trials where eggs were recovered from
four different substrates.

Discussion: In terms of size, adult spittlebugs from the genus Zulia exhibit the same sexual dimorphism as
other genera studied to date (deneolamia, Mahanarva, Prosapia) in which females are larger than males in
most body size measures. Reduction in the stylet length from Instar V to adult in Z. carbonaria and Z.
pubescens i3 consistent with results from other species (4. lepidior, A. reducta, Mahanarva sp. nov.,
Prosapia sp. nov.). Egps of all three species passed through the four generalized developmental stages
expressed in other species (A, lepidior, A. reducta, 4. varia, Mahanarva sp. nov,, Prosapia sp. nov), In
terms of egg size, there appear o be general trends across genera where Prosapia = Mahanarva > Zulia >
Aeneolamin,

The physical parameters measured for the nymphs demonstrate morphologically distinguishable instars,
Like in other species, little overlap in head capsule width among instars makes this character highly
diagnostic of instar within species. When supported by other physical characters such as degree of
sclerotization and size and form of the wing pads, it is possible to accurately distinguish instars. Early and
late instar V (Va, Vb) are distinguished by physical characters other than size, such as visibility of adult
structures, similar to other species of spitlebug studied previously.



Adult longevity in Zulie is considerable longer than most previously studied species (4. lepidior, 4.
reducta, A. varia, Mahanarva sp. nov.) with the exception of Prosapia sp, nov. Mean longevity of adult Z
carbonaria was 7-8 days greater than those obtained in 2 previous study while duration of the egg stage
was similar (Arango & Calderén 1981). Nymphal longevity for Zulia was greater than that obtained for
Aeneolamia but similar to Mahanarva sp. nov. Unlike A. lepidior and Mahanarva sp. nov., for these
species of Zulia instar V was the longest. Overall generation time varied from 61.5-69.6 days among
species. The generation time calenlated for Z carbonaria (69.6) was similar to that determined in one
previous study (72 days)

Consistent with other species, Zulig lays eggs in the soil, leaf litter and on the plant stem.  Species-specific
preferences vary widely, however. T'wo species prefer soil substrate like the gemms deneolamia, while Z.
pubescens prefers to lay eggs on the plant as is being demonstrated for £. simulans (see activity 1.1.3).

The methodologies established here have proven adequate for gathering bivlogical information on
previously unstudied spittlebug species. Continued studies will ¢nable us to assess patterns of variation in
spittlebug bicecology to help guide advances in spittlebug management.



1.1.2 Detection of the Central American forage and cane pest, Prosapia simulans, in
South America (Daniel Peck, Ulises Castro, Francisco Lopez, Anuar Morales,
Jairo Rodriguez)

Rationale and Methods: Prosapia simulans is the most widely distributed species of grassland spittiebug,
reported in the lowland tropics from Mexico to Panama. It is also a major pest of sugar cane in Central
America. To our knowledge, this species and the genus Prosapia have never been reported in South
America. Herein we report the first field detection of 2. simulans in Colombia, quantitative measures of
field abundance to make a preliminary assessment of population density and persistence, and an additional
record from museum specimens collected in Venezucla, A manuscript has been submitted that includes a
summary of the literature on geographic distribution, blonomics and pest status; diagnostic characters to
distinguish it from other grassland spittlebags in northern South America; and a discussion of its possible
mode of introduction and pest status potential,

Results: Six populations of P. simulans were discovered in the Cauca Valley in 1999-2000. All specimens
were identified using characteristics of the male genitalia and compared with type specimens at the Natural
History Museum (BMNH), London.

The first report was a single adult female obtained 2-VI-1999 during surveys of Zulia carbonaria
populations in Brachiaria dictvoneura near Santander de Quilichao (Table 1). Despite additional surveys
in surrounding pastures and sugar cane fields, and weekly surveys in the same site ever since, no more
individuals were recovered.

Table 1, Populations of Prosapia simulgns detected in the Cauca Valley, Colombia.

Department Municipality Vereda Elev, {m) dezzzz’toa Host plants
Cauca Santander de Santander de 1060 2-VII-1999  Brachiaria dictyonewra
Quilichao Quilichao
Valle del Cauca Calima det Diamante Ia 1575 12-VI-2000  Brachiaria decumbens
Darien (raviota
Valie del Cauca Calima del La Primavera 1621 12.VI-2000  Axonopus micay
Darien Brachiaria decumbens
Cynodon plectostachyus
Hyparrhenia rufa
Valle del Cauca Yotoco Cordobitas 1535 1-11-2000 Brachiaria decumbens
Cynodon plectostachyus

Saccharum officinarum
Valle del Cauca El Cerrito Santa Helena (2} 1135 2VIT-1999  Brachiaria decumbens
Valle del Cauca El Cerrito Santa Helena (b 1104 6-V11-2000  Brachiaria decumbens

Saccharum officinarum

Four additional populations were discovered subsequently (Table 1}. Populations at these sites were
persistent because P. simulans was detected in various visits over several months. Sites varied over a broad
elevational range (1060-1620 m) and with the exception of Santander de Quilichao, the dominant forage
grass at each site was Brachiaria decumbens. The greatest gopulations detected were in Santa Helena, A
survey on 4-IV-2000 estimated densities at 46,8 nymphs/m* (n = 10, 0.25m’ quadrats) and 190 adults/50
sweeps (n = 4 series of 50 sweeps). Although economic thresholds based on quantitative yield loss data
have never been established for grassland spittlebugs, these levels are considered highly damaging in
Mexico where >30 nymphs/m” and >25 adults/S0 sweeps are designated as “severe” infestations.

Host plants of P. simulans in these sites included Axonopus micay, B. decumbens, B. dictvoneura, B.
ruziziensis, Hypurrhenia rufa, Cynodon plectostachyus and Saccharum officinarum. A single adult was
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found feeding on sugar cane in Cordobitas while a single nymph was reported by CENICANA on cane in
Santa Helena.

An additional record of £ simufans in South America was discovered from musewmn specimens housed at
CIAT’s insect collection (2 specimens} and the Natural History Museum (7 specimens), London. This
material was all coliected 30-V-1980 by Gerardo Pérez Nieto from Veoezuela, Bolivar State, La Vergarefia,
in pasture, calculated to be near 6.783°N, 63.559°W (Fig. 1). No other South American specimens were
found in the ¢ollections at Cornell University, the Universidad Nacional at Palmira (Cauca Valley) or the
Universidad del Valle (Cauca Valley).

P. simulans can be separated from the other 17 species associated with wild and cultivated graminoids in
Colombia and Ecuador by dorsal eolor pattern: dark brown to black with one transverse band across the
center of the pronotum and two across the tegmen (Figure 1}, As the only known member of the genus in
South America, P. simulans is alse distinguished by the genus definition of Fennah (1949, 1953) and
supporting male genitalia characters discussed by Hamilton (1977},

Figure 1, Prosapia simuians, Central Ameriean spittlebug newly reported from Colombia (Cauca
Valley) and South Ameriea. Male (left) ana female.

In Mexico and Central America, there is significant variation in the color and form of the transverse bands,
ranging from yellow to pink/red to orange, broad to narrow, and distinct to completely obscured
particularly in females. The Colombian populations displayed a particular subset of this color and pattern
variation, Of 18 males exarmined, all had nacrow pale yellow tegminal bands with some reduction of the
posterior band. The color of the venter was predominantly pink (55%), but some individuals were
yellowish brown (28%) or intermediate (17%). Background tegmen color was usually brown (94%5) but
sometimes black (6%). Unlike 2. simulans from Costa Rica, males from the Colombian populations had
black subgenital plates with black patches on the lateral sides of the abdominal sternites. Of 10 females
exarnined, all had both tegminal bands greatly reduced to barely evident on a black background. Female
venters were black with red (90%) to yellowish brown (10%) markings.

Discussion: The populations of P. simulany detected in B. decumbens are persistent, at economically
damaging levels, and cover 2 broad clevational range (1000-1600 m). Wider surveys should be carried out
to identify the distribution of P. simudans and menitor its spread in pastures and cane plantations of the
Caucz Valley. At the spittlebug densities detected in this study, milk and beef cattle production will be
negatively affected and the persistence of improved 8. decumbens pastures will be compromised. Spread
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or introduction of this species to lowland regions of Colombia such as the Caribbean coast or the extensive
eastern Llanos could have severe economic implications,

Up to now, P. simudans has not been reported on sugar cane beyond the observations noted above.
Nevertheless, because the evidence suggests that P. simulans was introduced, cane producers shouid
consider this species a potential threat. The menace may be heightened now as management shifts from
preharvest burning to green production by the year 2005; elimination of buming may increase the
susceptibility of sugar cane to this new insect pest. In Central America, this species is an injurious pest of
cane in Honduras and Nicaragua. Up to now, the Cauca Valley of Colombia has been distinguished for the
lack of spittlebug pests whereas essentially all other cane-producing regions of Central and South America
have experienced major spittlebug pest problems.

Although the occurrence of . simulans in Colombia and Venezuelz could be attributed to low endernic
pepulations only recently detected, we believe this is unlikely because P. simulans is an aposematic and
economically important pest species. Furthermore, the Cauca Valley and Venezuela have been under
relatively high surveillance over the last 20 years due to CIAT s activilies and extensive fieldwork on
grassland spittlebugs conducted in the 1950°s across Venezuela, Our proposition is that 2. simulans has
been slowly invading from its known southern range in Panama and has advanced into the Cauca Valley
from the Pacific Coast. Unfortunately, there are no known collections of cercopids from the remote areas
of Chocd and the Darien to test this mode of introduction. Human-mediated introduction is one
explanation for the Venezuelan reports. Prosapia simulons 1ays a majority of eggs on the plant stem (see
activity 1.1.2), therefore arrival with infested vegetative material is a possibility .

Finally, these observations highlight the need for care in transfer of vegetative and soil materials associated
with cercopid host plants. There is some other anecdotal evidence for regional introductions of grassland
spittlebugs such as Z. carbonaria from the Cauca Valley into the Colombian Amazon, and an isolated
report of the Central Brazil species Notozulia entreriana in the Colombian Llanos (see activity 2.2.1). One
well-documented case is Lepyronia coleoptraia (Homoptera: Aphrophoridae), a Palearctic spittlebug with
immigrant status in the United States (Hoebeke & Hamilton 1983). With the increasing movement of
vegetative material throughout the Caribbean Basin and northward insect range expansion due to warming
trends, sugar cane and forage grass production in the southern United States, like the Cauca Valley, would
be threatened by the arrival of new spittlebug pests. The southeast United States already suffers from the
native Prosapia bicincra, a damaging pest of forage grass, turf grass and omamentals.
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1.1.3 Biology and habits of Prosapia simulans (Jairo Rodriguez, Ulises Castro, Anuar
Morales, Daniel Peck)

Rationale; The Ceniral American forage and cane pest, Prosapia simulans, was recently reported for the
first time in Colombia and South America (see activity 1.1.2). It is urgent to carry out a preliminary
diagnosis of this pest in the Cauca Valley because several persistent populations over a broad elevational
range (1100-1621 m) have been detected, some at economically darnaging levels in pastures of Brachiaria
decumbens. Moreover, this species poses a threat fo sagar cane production especially with the future
prohibition of burning (2005). This change in cultural practice is known to affect the status of insect pests
in cane, and in Brazil it is known to have promoted previously unimportant spittlebug species to high pest
status,

A literature review has shown that there is little known about the biology and ecology of this species
despite being one of the most widely distributed spittlebugs in America, oceurring from Mexico to Panama.
To gather biological information relevant to this species, and relevant to the conditions in Cauca Valley of
Colombia, we launched studies on its bicecology.

Methods: A small colony of P. simulans was established to provide insects for study and overcome
seasonality of field populations. Descriptive studies on biology were carried out according to previously
established methodologies (see activity 1.1.1} focusing on three aspects: morphological characterization of
the life stages, duration of the fife stages and reproductive biology. The following is a surmmary of results
obtained to date.

Results: For adults, mean lengths of six morphological measures were greater in ferales than males with
the exception of the posterior wing (Table 1}, For eggs, mean length and width increased with
development phase {Table 2}

Table 1. Morphological characterization (imm) of 2, simulans adulis by sex {meaniS.E., range,

n=40).
Head capsule Body length Body length Anterior .
Sex width Stylet length with wings without wings  wing length Body width

F 2.31x006a (.98+:007 a 8.71: 033 2 8.18+0.61 2 680+ 0222 4.63x015a

(2.212.43)  (0.89-1.16)  (7.29-9.29) (7.29-9.29) (636-721)  (4.36-5.07)
M 204£006b  089:0.03b  8.52:0.31b 7232032 b 6.84+0.28a  4.16:0.14b
(1.93-2.14)  (0.82-094)  (7.36-9.29) (6.57-8.14) {5.93-743)  (3.79-4.43)

Within columns, means followed by different letters are significantly different (P<0.05).

Table 2. Width and length (mm) of development stages of P, simulans eggs (mean+8.E., range, n=75-

160).
Development stage
Parameter 1 53 S 5
Length 1.LI6£0.03 a .18 0.03b 1.21£003¢ 1250034
{1.09 - 1.24) (1.10-1.26) {(1.14 - 1.30) {1.19-1.34)
Width 032+002a 0.34:001b 029:0.03¢ 042+£0014d
(0.29 - 0.36 ) {0.31 - 0.37) (0.30 - 0.47) {0.39 — (.46)

Mean longevity of adults (n=80) was 16.5 days. No statistical difference was detected between males (15.3
days, n=40) and fermales (17.9 days, n=40).

The duration of egg development differed between two collection sites, Santa Helena (E] Cerrito, 1155 m

elev.) and Cordobitas {Yotoco, 1535 melev.). These two sites represented low and high elevation zones of
the Cauca Valley. Mean egg development time in the lowland site was 30.5 days, significantly longer than
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the upland site with 18.0 days (Table 3). Eggs from the lowland site had an extended 51 and S2 stage,
representing 71.5 and 19.0% of the total development time, versus 38.4 and 11.8% in the highland site. An
extended S2 phase is evidence for egg diapause, however such an extended 51 stage has not been
documented in grassland spittlebug before. Both stages may relate to an egg quiescence associated with
unfavorable dry conditions.

During development, P. simulans eggs lacked certain externally visible features in particular development
stages, namely appearance of a red pigment spot in 52 and red eye and abdominal spots in 83. Pigment
spots were not visible until 84, For this reason it was hard to distinguish eggs of S1 and 82 (S2 is
distinguished from §3 by a rupture in the chorion) and therefore an extended phase may have been
erroneously attributed to S1.

Mean development time for nyrephs was 45.6 days (Table 4). Instar V was the longest, representing 28.8%
of total development time, followed by instars II and IV, and then instars [ and IL

Table 3. Duration (days) of P. simulans eggs by development stage and locality (mean=:58.E., range,

n=16-66),
. Development stage
Locality s1 $2 3 S4 Total
Lowland: Santa Helena 36.14+4,52 9.60+7.30 3632115 5.57x1.02 50.534£3.58a
(33-50) (2-28) {1-5) 3-7) {45-57)
Upland: Cordobitas 6.90+1.09 2.13+1 .65 3.98:+0.77 5.18+0.58 17.9941 27
(6-13) {1-9) (2-5} (4-7) {16-23) b

Means followed by different letters are significantly different (P<0.05).

Table 4. Duration of Zulia wymphs by instar (days} (n=40-55).

Tnstar
I il 1 I\ v Total
MeantS. B 6.75%1.16a  7.54%2.16a 930x2.79b  10.04£2.266  13.1442 70 ¢  45.59£5.43
Range (5-11) {4-13) (5-17) (5-14) (10-20) (35-57)

Means fellowed by different letters are significantly different (P<0.05}.

From these studies, the life cycle of £. simulans is approximately 72.5 days (18.0+45.6+8.9,
eggrnymph+1/2 adult).

Prosapia simulans laid a majority, 82.6%, of eggs on the host plant stem, particularly the lower third. No
epgs were recovered from the leaf litter while 3.6 and 13.8% were recovered from bare soil and soil under
leaf litter, respectively.

Diseussion: The methodalogy used here proved effective in rapidly assessing the biology of this
previously unknown species. In commeon with most other grassland spittlebug studied to date, P. simulany
is sexuaily dimorphic with adult fermales larger than males, instars can be reliably distinguished with
certain morphological measures, and eggs increase in size with development. Observations on an extended
S2 stage 1s evidence for egg diapause, common in most species.

Total life cycle of 72.5 days is longer than that reported from two Central American studies (58.4 and 58.0
days) and is comparable to Z. carbonaria, a species encountered i many of the same field sites in
Colombia. The strong preference (82.6%) for oviposition on the plant surface is distinet from other
Colombian species studied to date (4. lepidior, A. reducta, A. varia, Mahanarva sp. nov., Z. carbonaria,
Zulia sp. nov.), with the exception of Z. pubescens, also found in the same field sites in Colombia, that lays
59.2% of eggs on the same substrate (see activity 1.1.1).
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1.1.4 Characterization of substrate communication in adult spittlebugs (Francisco
Lopez, Daniel Peck)

Rationale: Substrate communication is a well-known mate recognition behavior in leathoppers,
planthoppers and treshoppers that has also demonstrated taxonomic utility for species differentiation. Until
recently, this form of communication has not been examined i the froghoppers, or adult spittlebugs, and
thereby represents a poorly understood yet fundamental aspect of behavior important to our basic
understanding of thus pest group. In 1998 and 1999 we developed recording and analysis methodologies to
describe substrate communication for the first time in two spittlebug species, deneolamia varia and Zulia
carbonaria. Structure of the male courtship calls were significantly different between these two taxa. To
further characterize substrate communication in this insect family and gauge differences among species,
male courtship calls were described in three vew Colombian species: Prosapia simulans, Zudia pubescens
and Zulia sp. nov.

Methods: Al recordings were done with adult males obtained directly from the field or from small-scale
colonies established at CIAT to support other biological studies. Only individual males were used in order
to avoid dismuption from responding females or interfering males. For recordings, males were placed ona
stem of a preferred host plant with three leaves. This arrangement gave adults sufficient space and
opportunity to feed and walk. P. simulans was offered Brachiaria decumbens as a host plant, Z.
carbonaria B. rugiziensis and Zulia sp. nov. 8. mutica.

Recordings were captured according to previously established methedologies. A ceramic crystal
phonograph cartridge in contact with the plant stem converted vibrations into electrical signals followed by
amplification and storage in a computer. Data were analyzed with software specialized for processing and
analyzing sound files {CoolEdit 2000, Syntrillium Software Corporation}. The following physical
parameters were teasured: call frequency, call duration, pulse duration and frequency of pulse repetition
(FPR). Pulse was defined as the minimal unit of repetition within the call. If multiple calls were obtained
for the same individual, these parameters were averaged to give an individual mean. Individual males were
considered the units of repetition.

Results: A total of 11 recordings from 7 individuals was obtained for P. simulans, 1-2 calls per individual.
Mean call duration was 5.41 sec. with a frequency of 456,22 Hz. Pulses were simple, with duration 141.40
msec. and frequency of pulse repetition (FPR) 13.36 pulses/sec. (Figure 1).

A total of 19 recordings was obtained from 10 individuals of Z. pubescens, 1-3 calls per individual. Mean
calf duration was 21.61 sec., much longer than any of the four other species studied o date. In certzin
occasions calls consisted of three well-defined phrases (Figure 2). Mean call frequency was 376.10 Hz
with pulse duration 147,44 msec. and FPR 4.98 pulses/sec. Unlike other species, pulses werg not simple;
they consisted of one large subpulse followed by 3 small subpulses.

A total of 32 recordings from 9 individuals was obtained for Zulia sp. nov., 1-14 calls per individual. Mean
call duration was 5.97 sec. with a frequency of 419.94 Hz. Pulses were simple, with duration of 63,90
mzec. and FPR 8.12 pulseg/sec. (Figure 3)

There were differences among these three species in termns of all four parameters of call structure (Table 1)
FRP was different for all three while call frequency, call duration, and pulse duration each had an
indistinguishable species pair.
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14 ms.

Figure 1. Courtship cali of male P. simulans (above) with details of two pulses (below).

i ms.

Figure 2. Courtship call of male Z. pubescens (above) with details of three pulses (below).
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Figure 3. Courtship call of male Zulia sp. nov. (above) with details of three pulses {below).

Table 1. Summary (meantS.E., range) of male courtship call structure in 5 spitilebug species {data
for Z. carbonaria and A. varia obtained from CIAT 1999).

Farameter A. varia Z. carbonaria P. simulans Z. pubescens Zulia sp. nov,
Call duration 3.4340.08 9.50£0.59 541x041 0 21.61%1.95a 5.97+038b
{sec.} {3.35-3.51) (8.91-10.09) (5.00-5.82) (19.66-23.56) {3.59-6.35)
Call frequency 425.2+373 317.4£23.2 456.2:+24.7 be 376.1x194 a 419.9%18.8 ab
(Hz) {387.9-462.4) (293.9-3409)  (431.56-480.91) (359.2-393.0) (401.1-438.8)
Pulse duration 22.43 57.16 14174800 14742420 83.90£1.30a
{msec.) - - {133.72-149.58)  (143.05-151.39)  (62.60-65.20)
FFR 42.16+0.56 10.50+£0.37 13364090 ¢ 4.98+0.13a 8.12:025h
{pulses/sec.) {41.16-42.72) {10.13.10.87) {12.46.14.26) {4.85.5.11} {(7.87-837)
n 5 7 10 8

For each parameter, means followed by different letters are significantly different (P<0.05); 4. varia and Z.
carbunaria were not included in the statistical analysis.

Discussion: Among the five species evaluated to date, the call structure of male courtship calls vary
significantly in terms of all parameters measured. Whether these parameters vary with genus as well will
depend on obtaining results from more species. In Colombia three species from cach of three genera
{Aeneolamia, Mahanarve, Zulig) are available for study to gather more information on the behavioral
relevance of substrate communication. Additional studies will allow us to further characterize the behavior
in the family Cercopidae, assess its utility as 2 taxonormic tool, and offer more characters to suggest patterns

of relatedness among species.
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1.1.5 Population dynamics and phenology of spittlebugs in the Cauca Valley (Ulises
Castro, Anuar Morales, Daniel Peck)

Rationale: Spittlebug pest problems are apparently increasing in the hillsides and interandean regions of
Colombia such as the Canca Valley. This area has a bimodal precipitation pattern, thereby representing an
environment for studying spittlebug seasonality that is distinct from previously studied lowland sites of the
highly seasonal Caribbean coast, intermediate seasonal Orinoguia Piedmont, and the continuously hurnid
Amazonian Piedmont. Moreover, the spittlebug complex has not yet been studied in the Cauca Valley. In
this report we summarize second-year results from defailed population surveys of the spittlebug complex in
the Cauca Valley.

Methods: Methods were the same as those used in previous population studies. The study farm (Las
Palmas) was situated in Santander de Quilichao, Cauca, where surveys were initiated in Japuary 1999 in
pastures of Brachiaria dictyoneura associated with the legume Centrosema sp. Three 0.5 ha plots were
established in separate pastures and divided into four subplots to facilitate sampling. Nymph surveys
comprised counts in two 0.25m” quadrats in each subplot while adult surveys comprised 50 sweeps of an
insect net in each subplot. Each nymph was determined to instar, each adult was determined to sex and
species, and all natural enemies were identified. Surveys were performed weekly. The following results
are for the period Jamuary to May 2000,

Resuits: With the exception of one female, Prosapia simulans, (see activity 1.1.2), all adults coliected in
1999 and 2000 were Zulia carbonaria, A total of 1062 nymphs and 550 adults were sampled over the
period January-May. Total abundance of nymphs and adults varied 6.0 and 2.3 times, respectively between
the plot of lowest {Plot 2} and highest (Plot 1) abundance.

Population fluctuation curves showed peaks that were less synchronious than 1999 (Figures 1, 2).
Regardless, since all nymphs were determined to instar, it was possibic to interpret population peaks as
discrete generations based on recruitment from one life stage to the next. Although there was overlap in
generations, an initial assessment was made of curnulative insect-days to calculate whea each generation
of nymphs and adults had accumulated 50% abundance (Table 1). Mean time between subsequent
generations varied from 29.2-55.8 across the three plots. At the farm level fsummed plots) generation time
was calculated as 47.4 days. These caleulations do not correspond well with generation time estimates
{65.6 days) determined from screenhouse studies on the life eycle of Z, carbonaria (see activity 1.1.1),
This incongruence supports the idea that the documented population peaks represent overlapping
generations that did not give rise to the generation inwmediately following,

The incidence of natural enemies was low compared to 1999, From January-May 2000 only 6 larvae of
Salpingogaster nigra (Diptera: Syrphidae, predaceous on spittlebug nymphs) were sampled in spittle mass
surveys, and 6 parasitic mites (Acari: Erythraeidae) were found on sampled adults, In 1999, a total of 74
larvae, 40 pupae and 9 adult §. nigra were sampled, as well as 79 parasitic mites.

Discussion: Future analyses will examine the correlation between population phenology and certain
climatic variables such as ramfall. This site will be included in 2 comparative study along with Meta and
Sucre to assess how well arrival of the early wet season generation can be predicted based on rainfall
patterns at the end of the dry season (see activity 1.1.8). The apparent overlap of generations documented
in early 2000 indicates a weaker seasonality of Z. carbomaria populations than expected. This may be
caused by lack of a severe dry season that is expected o promote a synchronous population development
upon return of the wet seasons rains. Alternatively, the diapause syndrome of Z. carbonaria may be
distinet from other species studied 1o date and thereby lead 1w 2 weak correspondence between
environmental seasonality and population phenology.
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Figure 1. Fluctuation curves of Z, carbonaria nymphs in three plots of B, dictyaneura, Cauca,
January-May, 2000,
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Figure 2. Fluctuation curves of Z, carbonaria adults in thiree plots of B, dictyoneura, Cauca,

January-May, 2004.
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Table 1. Population phenology of Z. carbonaria in Cauca expressed in terms of julian date of
accumulation of 50% abundance for sequential generations.

Life Stage Generation Plot 1 Plot 2 Plot 3 Sumzmed ploty
Nymph 1 15.6 235 . 266
Adult 1 34.9 21.1 . 19.3
Nymph 2 66.0 54.7 60.3 63.9
Adult 2 733 67.8 56.8 69.5
Nymph 3 89.9 77.4 84.6 90.3
Adult 3 95.0 28.1 90.9 94.3
Mean generation time' 55.8 49.7 29.2 47.4

"'Mean of time between subsequent nymph generations and adult generations (n=2 or 4)

20



1.1.6 Documentation of first generation population phenology in two lowland sites
{Ulises Castro, Daniel Peck, Antonio Pérez [Universidad del Sucre], Guillermo
Leén [CORPOICA]

Rationale: Inregions with seasonal precipitation, spittlebug management may depend on suppression of
the initial outbreaks before the adults colonize new areas or lay eggs that contribute to future generations.
Effectively targeting control tactics therefore requires that we predict when and where the early season foci
occur on the farm level. Given the correspondence between spitilebug abundance and the favorable
conditions of the wet season, it may be possible to predict the arrival of the first generation of nymphs
based on the precipitation patterns of the early wet season together with information on the determinants of
diapause termination.

Methods: We docurnented the early season population dynamics of the spittlebug complex in three
contrasting sites: the Caribbean coast (Corozal, Sucre}, Orinoquia Piedmont (La Libertad, Meta), and the
Interandean Region {(Santander de Quilichao, Cauca). The data obtained from 2000 and 2001 wil
complement previous results from 1997 and 1998 giving repetitions over four seasonal cycles. The survey
methodology in 2000 was identical to that of other population studies (see activity 1.1.5) only the survey
period was limited to the early wet season, beginning one week after the first major rainfall and continuing
for two months. Surveys were performed twice weekly with the collaboration of Universidad de Sucre
{Sucre) and CORPOICA C.I La Libertad (Meta). Results from Sucre and Meta follow while results from
Cauca are described in activity 1.1.5,

Results: In Meta, 63 nyrnphs were sampled, but none were detected in Plots 2 and 3. The date Gulian) of
first detection was 108, with the first generation arriving at peak sbundance (50% accumulated insect days)

on day 117 (Table 1, Figare 1}.

Species composition of the 566 sampled adults was 75.4% 4. varia, 22.1% A. reducta and 2.5% Z.
pubescens. Both Aeneolamia species were detected in all three plots while Z. pubescens was detected only
mPlat 1. Across the three plots the proportion of 4. veria ranged from 70.0-95.4% and 4. reducta from
4.8-26.8% (Table 2). The date of first detection of adults and the date of peak abundance varied by only 3
days across plots (Figure 2). For summed plots, the first geperation adults peaked day 121, only 4 days
after nymphs.

In Sucre, 93 nymphs were sampled. Dates of first detection across plots varied from 132-143 while dates
of peak abundance varied from 1435-151 (Table 1, Figwre 3). Species composition of the 2953 sampled
adults was 100% 4. reducta. The date of first detection of adults was the same for each plot while the date
of peak abundance varied from 153-161, or 10-13 days after the respective nymphal peak (Figure 4}, For
summed plots, the first generation adults peaked day 157, only 4 days after nymphs.

Table 1. ’fimingv(j ulian date} of first generation spittlebug populations in two regions.

Region Life stage Date first detection Date peak sbundance
Plot I Plot 2 Plot 3 Plot 1 Plot 2 Piot 3
Meta Nymphs 108 - - 117 - .
Adults 104 101 101 121 122 122
Sucre Nymphs 143 143 132 145 151 145
Adults 143 143 143 155 161 158
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Figure 2. Population fluctnation of first generation spittlebug adults in Meta, 2000,

Table 2. Adult abundance and species composition in three survey sites, Meta,

Species Plot 1 Plot 2 Plot 3
Number Propartion Number Proportion Number Praoportion
A. varia 305 70.0% 62 95.4% 60 92.3%
A. reducta 117 26.8% 3 4.8% 5 7. 7%
Z. pubescens id4 3.2% a 00% 0 0.0%
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Figure 4. Population fluctuation of first generation 4. reducra adults in Sucre, 2000,

Discussion: Precipitation data is being gathered from these sites to complement the early season
pepulation fluctuation curves. The combined data from 1997, 1998, 2000 and 2001 will be analyzed as
four repetitions for Meta, Sucre and Cauca to test whether arrival of first generation spittlebugs is

correlated with rainfall at the beginning of the wet season. The targeting of control tactics will depend on
our ability to predict the arrival of early season outbreaks based on rainfall patterns and complemented by

new information being gathered on the determinants of egg diapause (see activity 1.1.7).
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1.1.7 Preoviposition determinants of egg diapause (Ulises Castro, Daniel Peck)

Rationale: Egg diapause permits synchrony between spittlebug populations and the faverable conditions
of the wet season. It has been shown in some species that diapause incidence (i.¢. the proportion of eggs
that are not immediately developing) is Iowest at the beginning of the wet season and highest at the end
when late season females lay diapausing eggs that survive the harsh conditions of the dry season. An
explanation for seasonal changes in diapause is hindered by little information on preovipositional cues that
gerve as token stimuli to the insect. In ternperate zones photoperiod and temperature play important roles
but in tropical areas other factors such as plant quality may be more important in the regulation of diapause
induction. It is the immature that normally perceives the environmental cues that regulate diapause
induction. In this phase of our continuing studies on the diapauvse in 4. varia we assess the role of drought
stress on the nymphal host plant.

Methods: Plants of Brachiaria ruziziensis were established in pots with a proliferation of surface roots
necessary for nymph development. Each pot was infested with 20 4. varia eggs about to hatch. Four
treatrnent combinations were established hased on two factors: surface microclimate (with or without
alurninum 1ids that maintain dark and humid soil surface conditions} and water stress (full field capacity or
watering every other day at % field capacity). It was predicted that poor host plant quality or extreme
conditions would promote diapause induction.

The adults that emerged from each treatment were placed in separate large petri dishes for oviposition in
moist filter paper. After 72 hours eggs were disinfected, incubated (27°C, 100% RH, total darkness) and
then scored for eclosion twice weekly. The effect of experimental conditions on diapause was measured as
the proportion of eggs in diapause and time to eclosion. Nymph mottality, plant dry weight and quality
were measured to confirm an ¢ffect of treatments on the host plants. Each treatment repetition consisted of
10 pots in a randomized block design with initiation date as blocks.

Results: To date two repetitions have been completed. Preliminary results show nymph survival ranging
from 22-35% among treatments, diapause incidence 0-0.2%, and time to eclosion for nondiapause and
dizpause eggs 19.7-20.2 and 39.9-40.1 days, respectively (Table 1). Of 4476 evaluated eggs, only 6 were
dizpausing.

Table 1. Influence of host plant quality on nymph mortality and ege diapause in A. varia,

Factor No water stress Water stress
With lid Without lid With lid Without lid
Nymph survival 29% 22% 35% 23%
Eggs evaluated 1648 822 996 1010
Diapause incidence 0.24% 0.24% 0% 0%
Time to eclosion nondiapause 202 19.7 0.1 18.7
Time to eclosion digpause 40.1 199 - -

Discussion: After two repetitions results showed no effect of these experimental adverse conditions on
diapause. We are concerned that the experimental insect population is not appropriate for these studies,
There is an extrernely strong selection pressure in the CIAT colony against diapause because egps that are
not immediately developing are discarded and do not contribute to subsequent generations. Moreover,
replenishment of the colony with field individuals has switched from Meta to Caquetd, from a seagonally
dry site where diapause is advantageons to a continuously humid site where diapause may be a selective
disadvantage. To address this dilernma, we are planning additional experiments using eggs obtained from
females captured in the ficld in Meta,

24



1.1.8 Seasonal changes in the incidence and duration of egg diapause (Ulises Castro,
Daniel Peck, Antonio Pérez [Universidad del Sucre], Guillermo Le6n
[CORPOICA])

Rationale: Interpretation of the population fluctuations and phenology of spittlebugs depends on an
understanding of egg diapause, which synchronizes the insect life cycle with seasonal environmental
changes such as precipitation patterns. It has been shown in some species of spittiebugs that diapause
incidence (i.e. the proportion of eggs that are not immediately developing) is lowest at the beginning of the
wet season and highest at the end when late season females lay diapausing eggs that survive the harsh
conditions of the dry season. We are examining seasonal changes in diapause incidence in three
gontrasting sites of Colombia to complement studies on population dynamics.

Methods: One year of field sampling began in January 2000 in three sites where ongoing surveys are
documenting population fluctuations of different spittlebug species: Cauca (Zulia carbonaria), Meta
(Aeneolamia varia) and Sucre {(4eneolamia reducta). This work was done in collaboration with
CORPOICA C.1. La Libertad and the Universidad del Sucre. Inn three previously established study plots in
each regions (see activities 1.1.5, 1.1.6), egg collections were made every 7 weeks. Two samples of field
caught females were placed in separate large petri dishes for oviposition on moist filter paper. Given
differences in availability according to site and date, groups consisted of 1-5 individuals for Cauca and 1-23
for Meta and Sucre. Afler three days, eggs were sent by express muil to CIAT, disinfected (2-3% solution
of sodium hypochlorite for 3 min and rinsed thoroughly with distilled water) and incubated (27°C, 100 %
RH, totai darkness). Twice weekly the groups were evaluated for egg eclosion, and eges that eclosed after
30 days were considered diapausing.

Results: Of the total 18,753 viable eggs evaluated from Januarv-August, only a very small proportion
(0.18%) was diapausing: 0.27% of the total collected in Cauca, 0.06% in Meta and 1.39% in Sucre (Table
1). Over 16 collections in Cauca {n=1445 eggs), dinpausing eggs were detected on only two sequential
dates representing 2.1 and 3.7% of the total eggs. Over 9 collections in Meta (n=9408 epps), diapausing
eges were detected only once (0.16%), and over 4 collections in Suere (n=7900 eggs) # very small
proportion of diapausing eggs (0.05 — 3,16%) was detected each date.

Mean time to eclosion for nondiapause eggs of Z. carbonraria, A. varia and 4 reductiz was 18.2+2.6,
17.2¢1.8, and 18.0+1.2 days, respectively. For diapausing eggs, mean eclosion was 48.2+12.5, 39.1 (6
eggs eclosed the same day} and 51.2+13.2 days.

Discussion: In Cauca and Sucre, dates with diapausing eggs correspond to brief dry periods in the middie
of the wet season (“veranillo de San Juin™), which may have prompted diapause induction in the small
proportion of eggs. Meta did not experience a veranillo nor did eggs from that region show more than a
barely detectable level of diapause. Over the study period completed to date, all three regions were in the
rainy season during which high proportions of immediately developing eggs are predicted, We expect to
document an increasing propertion of diapausing eggs laid by females at the end of the wet season when
egg dormancy should be advantageous for dry season survival.
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Table 1. Incidence of egg diapause in field populations of three spittlebug species,

Cauca: 2. carbonaria Meta: A. varia Sucre: A, reducia
Collection Proportion Collection Proportion Collection Proportion
date Diapause (%)} date Diapause (%) date Diapause (%}
28 March g 27 April 0 9 June 0.05
7 April 0 11 May 0 30 June .12
12 April 0 25 May 0 14 July 3.16
5 may 0 8 June 0 28 July 0.85
15 May 0 23 hme ¢
17 May 0 5 July 0,16
27 May 0 18 July ¢
5 June 0 1 August 0
9 June 0 16 August O
16 June Q
23 hine 0
2 July 2.08
13 July 5.66
25 July 0
3 August ]
21 August 0
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Activity 2.2 Diagnosis of spittiebug for elaborating IPM components

Highlights

s Confirmed 18 species and 7 genera of spittlebugs associated with graminoids of Colombia and
Ecuador (15 species in Colombia, 9 in Ecuador, 6 in both countries), including 7 species for Colombia
and 4 for Ecuador not vet reported in the literature, data on 27 host plants, 2nd distribution data for 21
of 32 Colombian departments.

s  Demonstrated the effectiveness of an artificial diet for maintaining spittlebug aduits and thereby its
potential as a tool to screen factors of interest to genetic transformation in Brachiaria,

+=  Strengthenad the collection of fungal entomopathogens of spittlebugs, which now includes 71 strains,
from 10 genera and 12 species of fungus, isolated from 4 genera and 7 species of Colombian
spittiebugs collected in § departments.

* Screened 28 new fungal entormopathogen isolates to adults of deneolamia varia, obtaining high
virulence measures of up to 95.1% adult mortality for Meterhizium, 62.8% for Paecilomyces and
53.5% for Fusarium.

¢ Developed and evaluated new methodology to screen fungal entomopathogens for virulence to
spittlebug nymphs, ebtaining up to 87.1% mortality compared to 24.6% in the control.

Efforts in spittiebug management have been compromised by difficult access to the literature, inappropriate
research methodologies and lack of a model system for tailoring [PM to the contrasting regions and
livestock systems where spittlebugs occur. In addition, the tools required to advance the integrated pest
management of spittlebugs in forage grasses are rudimentary or absent.

Results from CIAT s group on Spittlebug Bioecology and IPM over the period 1997-2000 offer the most
detailed information on this pest complex for any country. Through the development of contrasting
ecoregions as model sites for advancing the diagnosis and management of this pest complex, these studies
will serve as a template for other regions or countries confronting their own problems with this pest.
Linking these results 1o advances in spittlebug IPM will depend on the transfer and diffusion of new
information, diagpostic tools, and research methodologies and technologles.

In 2000 we continued to advance the diagnosis of spittlebugs through studies on diverse components of
IPM. This research includes spittlebug identification, distribution and taxonomy; artificial diet; collection,
evaluation and deployment of fungal entomopathogens; and preliminary evaluation of economic impact.

Progress towards achieving output milestones

+  [PM components relevant to spittlebug management in forage grasses and other graminoids better
understood

Excellent progress was made on the collection, evaluation methodologies and screening of fungal
entomopathogens of spittlebugs, providing the fundamentals required to carry out field evaluations in 2001.
New information on the diversity, identity and distribution of spittlebugs in Colombia and Ecuador has
established possibilities to use GIS-based software {Flora-Map) for assessing the determinants of
distribution based on key climate variables, such as precipitation, that would lead to predictions of specics
range, and areas of potential outbreak, range expansion and invasion risk. A high priority is to obtain
funding for addressing the next limits in advancing spittiebug IPM, namely quantitative damage estimates
to establish economic thresholds, dispersion patterns to establish sampling schemes, and monitoring
strategies to predict where and when localized outbreaks will ocour to help target application of control
tactics. These IPM tools would be adidressed in the four contrasting model regions where binecclogical
information has been acquired, ultimately leading to recommended IPM programs for field testing,
followed by medification and impact assesgment.

Contributors: Daniel Peck (CIAT Projects IP-5, PE-1), Anuar Morales, Rosalba Tobén, Ulises Castro (CIAT
Project IP-3}, Federico Holmann (CIAT Project PE-5) Claudia Flores, Zaida Lentini {CIAT project 5B-2)
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2.2.1 Identity and distribution of spittlebugs associated with graminoids of
Colombia and Ecuador (Daniel Peck)

Rationale: Variation in the biclogy, habitat and taxonemy of neatrapical spittlebugs seriously
compromises their effective management given the tendency to overgeneralize the diverse
insect/host/habitat associations. Despite certain broad generalities, there is considerable bioecological
variation in aspects such as duration of the life stages, oviposition sites and number of generations per year.
In addition, cercopids are pests in diverse habitats because of their wide geographic (southeast U.S. to
northern Argentina), altitudinal (0-3000 m elev.), habitat management (intensive to extensive grazing
systems) and host plant (essentially all economicaily important genera of forage grasses, sugar cane, and
occasionally other graminoid crops such as rice and wurfgrass) range. These dimensions have implications
for pest status and the tailoring of control strategies to particular stfes.

Grassland spittlebugs are also a taxonommically diverse group. In the Neotropics there are dozens of native
species associated with wild and cultivated grarminoids, representing 11 genera: Aeneolamia, Deois,
Isozulia, Kanaima, Mahanarva, Maxantonia, Notozulia, Prosapia, Sphenorking, Tunaima and Zulia.
Relevant species in the genera Monecphora, Phytozamia and Tomaspis have been transferred to other
genera. All these taxa belong to the subfamily Tomaspidinae, tribe Tomaspidini (sensu Fennah 1968).

Despite their economic importance, the taxonomy of this group is not very advanced. The complex
presents a high degree of intraspecific variation and interspecific convergence that complicates species
differentiation, In addition, very few cercopid species have descriptions of male genitalia, a key character
for determination of genus and species. Published reports and studies on grassland spittlebugs in Colombia
and Ecuador are scarce, documenting 7 species for Colonabia (deneolamia bogotensis, A. lepidior, A. varig,
Sphenorhina rubra, Zulia birubromaculata, 2. carbonaria, Z. pubescens) and 5 for Ecuador (Isozulia
minor, Mahanarva andigena, M. phantastica, S. rubra, Z. pubescens).

Designing an effective IPM program for this pest group will depend on precise species determinations.
Recent studies are demonstrating that the expression of host plant resistance, for instance, depends on the
particular spittlebug species. It is therefore critical that management tactics consider the
spittlebug/habitat/host relationships in detail.

The present study was undertaken to assess and summarize the diversity, classification and distribution of
spittlebugs associated with wild and cultivated graminoids of Colombia and Ecuador. This work is
considered timely because broadened research on this pest in the last four years by various regional
enllaborators has uncovered new species, distribution and host plant records, plus nomenclature
clarifications and changes that should be disseminated as an updated taxonomic foundation.

Methods: Distribution information was obiained from fieldwork {1996-2000) and revision of museum
collections (1999-2000). Distribution data were collected from visits to four institutions: The Natural
History Museum {London, UK) {(BMNH]}, Comell University {Ithaca, US) (CU), CIAT s taxonomic
reference collection (Cali, Colombia) (CIAT) and the Universidad Nacional at Palmira {Palmira, Colombia)
(UNP). All adult specimens were identified to species and in the majority of cases this conld be confirmed
through examination of type specimens at BMNH. Certain characters of the male genitalia formed the
basis for determinations while color and size served as secondary supporting characters.

Information from museum collections was complemented by reports and observations from the field. In
particular, these inchuded studies carried ovt over the last four years by CIAT and various national
collaborators (Universidad de fa Amazonia, Universidad de Sucre, CORPOICA C.L. Turipana, La Libertad,
Macagual, El Mira) in the Colombian departments of Caquetd, Cavca, Cordoba, Meta, Narifio, Sucre and
Valle del Cauca.

The analysis of spittlebug diversity and disuibution in Ecuador was more preliminary. No museums in

Ecvador were visited and few specimens were available in the four collections examined. Information
from field observations was obtained during a trip to Puyo (Prov. Pastaza) in collaboration with SESA
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(Servicio Ecuatoriano de Sanidad Vegetal) and fom material sent 1o CIAT for identification from three
Ecuadorian entities.

Analysis was limited to cercopids associated with wild or cultivated graminoid hosts. This subgroup of
species was determined by host record information in the collection data of museuwrn specimens or from the
literature. Geographic distribution data and host plant data were limited to the examined specimens;
becanse of taxonomic errors, it was decided not to include daia from published observations {the few
exceptions are highlighted),

Results: From the four institutions, 2651 mounted specimens were examined from Colorshia and 85 from
Ecuador. Approximately 271, 99, 22 and 20 Colombian distribution records were obfained from CIAT,
NP, CU and BMNH, respectively, but only 5, 0, 5 and 17 for Ecuador, Museurn and field data were
acquired for 21 of the 32 Colombian departments and 9 of the 20 Ecuadorian provinces.

The presence of 15 species from 6 genera in Colombia and 9 species from 4 genera in Ecuador was
confirnmed for a total of 18 species from 7 genera: deneclamia, Isozulia, Mahanarva, Notozulia, Prosapia,
Sphenorhing and Zulia (Table 1, 2 and 3). [sozudia was not reported in Colombia while Aeneolamia,
Notozulia and Prosapia were not reported for Ecuador. All of these genera are known from the literature as
graminoid pests, however Notozulia was reported for the frst time for Colombia and Prosapia for the first
time in South America (see activity 1.1.2).

Seven new species reports were confirmed from Colombia: M. andigena, M. phantastica, Mahanarva sp.
nov., N. entrerigna, P. simulans, Sphenorhing sp. 1 and Zulia sp. nov. There were four new reports for
Eeuador: 7 astralis, Mahanarva sp. nov., Sphenorhing sp. 2 and Zufia sp. nov, The species list for Ecuador
inchudes 1 minor (christensenty and M. phantastica, which were not examined in this study but were both
originally described from Ecuadorian specimens. Six species were found in both countries: 3. andigena,
M. phantastica, Mahanarva sp. uov., S. rubrq, Z. pubescens and Zulia sp. nov. Two species are confirmed
a5 undescribed: Mahanarva sp. nov. {Amazonian Piedmont of Colombia and Ecuader, Coastal Ecuador)
and Zukia sp. nov. (Pacific Coast of Colombia and Ecuador).

Table 1. Diversity of spittlebugs associated with graminoids of Colombia and Ecuador

Couniry

Species
pee Colombia Ecuador

Aeneolamia bogotensis (Distant) (Tomaspis)
Aenvolamia lepidior (Fowler) { Tomaspis)
Aeneolamia reducta (Lallemand) (Monecphora)
Aeneolamia varia {Fabricius) (Cercopis)
Isozudia astralis (Distant) (Tomaspis)

Isozulie minor (christenseni) Fennak
Muhanarve andigena (Jacobi) {Tomaspis)
Muahanarva phantastica (Breddin) {Tomaspis}
Mahanarva sp, nov.,

Notozulia entreviana (Berg) (Tomaspis)
Prosapia simulans {Walker} (Sphenorhina)
Sphenorhing rubra (1.} (Cicada)

Sphenorhina sp. 1

Sphenorhing sp, 2

Zulia Birubromaculate (Lallemand) (Monecphora)
Zulia carbonaria (Lallemand) (Monecphora)
Zulia pubescens (Fabriciug) { Cercopis)

Zulig sp. nov.

™

I I T I R LA
E T A

v e M M
>

29



Table 2. Diversity and distribution of spittlebugs associated with graminoids in Ecuador

. Ecuadorian provinces Geographic zone
Species ~
Amazonia Coast
1 astralis Pastaza X
. Minor .
icf:riste::sem’}l Napo X
M, andigena Chimborazo, Esmeraldas, Guajas, Pastaza, Tungarahua X X
M. phantastica’ Tungurahua
Mahanarva sp. nov. Napo, Pichincha, Sucumbios X X
S. rubra Napo X
Sphenorhing sp. 2 Pastaza X
Z. pubescens Cotopaxi, Napo, Pastaza, Pichincha, Sucumbios, Tungurahua X
Zulia sp. vov. Esmeraldas, Pichincha X

*Specimens not examined in this study but Jocation cited in the literature

One major change in nomenclature was confirmed. The species previously known in Colombia as Z.
colombiana s actually Z carbonaria. Furthermore, Z. colombiana is a junior synonym of Z. pubescens
and should therefore be retired from usage. Secondly, although certain Colombian specimens in CIAT
were labeled as A. flavilatera, the presence of this species in Colombia could not be confirmed. It is
thought that these specimens were confused with similar morphotypes of 4. varia. A. flavilatera is koown
from Venezuela to Surinam.

Compared to other neotropical regions, Colombia has a relatively high spittlebug diversity. Costa Rica has
8 species from 3 genera reported, Venezuela 9 species from 5 genera and Brazil 16 species from 7 genera,
Colombia shares 4. lepidior, A. reducta and P. simulans with Costa Rica; 4. bogotensis, A. lepidior, A.
reducta, A. varig, P. simulans and S, rubra with Venezuela; and M. entrerianag and §. rubrg with Brazil.
More detailed distribution surveys from Ecuador should significantly inerease the number of species
reported for this country. In a single visit 10 the Amaronian region (Puyo, Prov, Pastaza) a very high local
diversity was encountered: 4 species from 4 genera (/. asrralis, M. andigena, Sphenorhinag sp. 2 and 2.
pubescens,

Distribution data for Colombia indicate that the spittlebug cormplex varies in general terms among
ecoregions, In the lowland tropics, 4. lepidior and A. reducta are most important in the Caribbean Coast,
M. andigena and Zulia sp. nov on the Pacific Coast, and 4. reducta and 4. varia in the Eastern Llanos. In
the interandean regions P. simuians, Z. carbonaria and Z. pubescens predominate in the Cauca River
Valley while 4. reducta, Z. carbonaria and Z. pubescens are most corunon in the Upper and Central
Magdalena River Valley. The predominant species in the Andean zone are M. phantastica and Z
pribescens, while 4. varie and Z. pubescens are most important in the Amazonian Piedmont. The
Colombian departments with the most diverse fauna (Cauca, Meta, Valle del Cauca) correspond to the
regions where collection activity has probably been the highest due 1o the presence of CIAT and
CORPOICA. It is therefore critical that further distributional surveys be carried out in other regions,
particularly the 11 departments where no records were uncevered.

Spittlebugs were confirmed from 27 host plants in Colombia and Ecuador: Andrepogon gayanus,
Axenopus compressus, A. micay, A. scoparius, Brachiaria plantaginea, B. brizantha, B. decumbens, B,
dictvoneura, B. humidicola, B. nuitica, Bothriochloa pertusa, Bethriochloa sp., Calopogoniwm sp., Cestrum
sp., Cynodon plectostachys, Cynodon sp., Dichanthium aristarum, Dichromena ciliata, Digitaria
decumbens, Homolepsis aturensis, Hyparrhenia rufa, Melinis minutiflora, Oryvza sativa, Panicum
maximum, Pennisetum clondestinum, Saccharum officinarum and Sorgiusm halepense.
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Table 3. Diversity and distribution of spittlebugs associated with graminoids in Colombia.

Species

Colembian department

Ama  Ant

Atl

Bol

Boy Cal

Caq Cas

Cau

Ces

Cor

Can Mag Met

Nar Qui

Ris

San  Suc

Tol

Val

A. bogotensis

A. lepidior

A. reducta

A varia

M. andigena

M. phantastica
Mahanrarva sp. nov,
N. entreriang

P. simulans

S rubra
Sphenorhing sp. 1
Z. birubremaculata
Z. carbonaria

Z. pubescens

Zulia 3p. nov.

X
X

- X
X

-~ -

oMo

"Gorgona Island
*Only one record
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Discussion: Despite their economic importance in Colombia and other Latin American countries, new
taxonomic, distribution, host plant and taxonomic information has been obrained. Correct taxonomic
determinations and placing of voucher specimens are critical for augmenting the impact of research.
Descriptions of male genitalia are important o distinguish species, however at the geographic level it
should be possible to develop keys to sympatric species based on overall body size and color pattern.

Prosapia simufons in South America, N, enrreriona i the Eastern Llanos and £ carbonaria inthe
Amazonian Piedmont could represent invasions or range expansion from Central America, Brazil and
Cauca Valley, respectively. Evidence suggests that introductions of exotic species constitute a risk for
forage grass and sugar cane production in the new habitats. Care in transfer of vegetative host plant
material is merited.

More detailed inventories and distribetional surveys are also required, particularly in key regions such as
the Chocd, Pacific Coast and Amazonia of Colombia. The summiary for Ecuador is considered only a
preliminary assessment. Information on the geographic distribution and identity of grassland spittlebugs in
Colombia and other regions will serve to monitor range expansion and new species introductions. The
determinants of distribution of grassland spittlebugs are poorly understood. Broadened distribution surveys
and evaluation of museum material could lead to more detailed analysis of geographic range. With the aid
of GIS software such as Flora-Map, range can be interpreted in terms of certain climatic variables such as
temperature and precipitation and thereby used to construct probability maps of occurrence for assessing
areas at risk for range expansion, outbreaks or introductions.

Results indicate that distribution varies depending on species and that different geographic regions support
a distinct complex. Spittlebug management strategies should therefore be formulated according to the
species composition of the local complex since there is significant variation among species in terms of
biology and ecology.
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2.2.2 Evaluation of an artificial diet for maintenance of spittlebug adults (Ulises
Castro, Claudia Flores, Rosalba Tobon, Daniel Peck, Zaida Lentini)

Ratlonale: This activity contributes to the development of bioassays for the evaluation of proteins with
potential insecticidal properties that could be incorporated into Brachiaria through genetic transformation.
As a fundareental first step, we are investigating artificial dicts for the maintenance of spittlebug adults.
This diet will enable screening of petential proteins for insecticidal effects before the process of
transformation. Potential factors include lectins, which are known to have deleterious effects on other sap-

sucking Homopiera.

Methods: The diets evaluated in these preliminary studies were based on a published recipe prepared for
Aeneolamia varia saccharina (Hagley 1967). Adult A. varia from CIAT s colony were presented with 500
H1 liquid diet in parafilm sachets (3 x 3.5 cm) while housed in large petri dishes (15 cm diameter, 2 em tall).
In a first phase, longevity of adults on the original artificial diet was compared 10 longevity of adults
feeding on Brackiaria ruziziensis stems (with bases in small vial of water) in the same pemi dish
environment {3 repetitions).

In the second phase, five alternative diets were prepared and evaluated against the original diet. Alterations
were made to reduce costs, simplify preparation, and increase effectiveness. In the modified diets 2, 3, 4
and 5, yeast extract and casein hydrolysate replaced the various amino acids components of the original
diet. Ribofavin was reduced from 43 to 0.25 ml/ 100 ml and B, was replaced by P-aminobenzoic acid in
diets 3, 4 and 5. Wesson salt was replaced by individual salt components in diets 2, 3 and 4, but diet 5 had
Wesson salts plus individual salt components. MgCl, and KH,PO, were added to diets 4 and 5. Each
modified diet was compared with the original diet on separate study dates,

For all experiments, 2 adult males and 2 adult females were evaluated per petri dish. Mean adult longevity
was caleulated with 2 Weibull distribution and compared between treatments.

Results: Adult 4. variz effectively acquired diet through the parafilm sachets. Mean adult longevity under
experimental petri dish conditions and plant stems was similar to results obtained for adulis kept on potted
plants under acetate cages. Although statistica! analyses have not vet been performed, mean adult
Iengevity with the original diet was three days longer than the control of plant stems {(Figure 1].

Effectiveness of the original diet decreased with time: only one batch was made and mean adult longevity
decreased with subsequent trials of modified diets (Figure 1). None of the modification diets therefore
surpassed the original diet in effectiveness at maintaining 4. varia adults.

1.3

62 64867

Mean longevity {days)

Figure 1. Mean longevity of adult A. varia comparing an original artificial dief (black bars) to the
host plant and modified diets,
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Discussion: Based on these preliminary results, the evaluation methodology is appropriate for assessing
the longevity of 4. varia adults on artificial diets. A diet originally published in 1967 equals or surpasses
the host plant in maintaining adults under these experimental conditions. Thus far, diets modified to reduce
costs and simplify preparation do not work as well as the original diet, Overall, this diet and this
methodology appears show promise for developing a bioassay for plant and fungus factors of interest to
Brackiaria transformation. New modifications of the original diet will be sought to evercome the
aforementioned limitations. An additional limitation has been the precipitation of product, which should be
overcome to avoid loss of active ingredients of the diet or of the extracts being evaluated. A new
experimental design will be used to evaluate several diets simultaneously, including a host plant control.
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2.2.3 Identity, incidence and maintenance of spittlebug fungal entomopathogens
{ Anuar Morales, Rosalba Tobdn, Daniel Peck)

Rationale: Very few natural enemies of spittlebugs have been assessed for their potential as agents of
biclogical control. Of the five different classes of spittlebug natural enemies in Colombia (parasitic flies,
mites, nematodes; predaceous {lies; fungal pathogens), fungal entomopathogens are the most diverse and
widgspread. As a component of IPM they have had no success in forage grasses, and have achieved only
marginal, highly variable or poorly documented success in sugar cane. One limitation is that past studies
have focused on 2 narrow genetic diversity of isolates, largely limited 10 the species Mezarhizium
anisoplige. Ongoing studies on the spittiebug complex in contrasting regions of Colombia have allowed us
to collect, isclate, propagate and store a diverse collection of fungal entomopathogens obtained from a
broad range of spittlebug species and habitats. This ceparium is designed to serve as a source of pathogenic
material for studies that focus on advancing the use of fungal entomopathogens as coraponents for the
integrated management of spiftlebugs in pastures and cane fields.

Metheds: Spittlebug nymphs and adults with evidence of mycosis were obtained during visits to the field.
Fungal entomopathogens were isolated vsing two methods. 1f specimens were covered in mycelium or
spores, and external contamination was limited, 2 sample was taken directly with a dissection needle for
inoculation of culture mediurm in a petri dish. In cases where the insect was highly contaminated with littte
evidence of fungus, the specimen was sterilized in 2 test fube by vigorously agitating for 2-3minina
solution of sodium hypochlorite (29), rinsed 2-3 times with sterile disnlled water, dried on sterile paper
towel under a laminar flow hood, and divided into pieces for inoculation.

The culture medium for both isolation methods was Sabureaud agar modified with yeast extract (1%) and
lactic acid (1%). Two to three days after inoculation, once the colonies measured about 1 cra diameter, the
most promising were reisolated in culture medium and repeated as necessary to obtain a pure culture.

To prepare purified fungus for storage, 20-25 pieces (1 cm’) of sterile filter paper were laid on modified
Sabureaud agar in a petri dish. A small piece of the colony was taken from the vegetative growth zone and
placed on each paper. After incubation and growth for 20-25 d, the pieces of filter paper were removed
from: the medium and dried in a new sterile petri dish under incubation for an additional 15-20 4. The dried
paper and their fungus colonies were placed in labeled glycine envelopes for freezer storage in plastic

boxes {(~20°C).

Copies of isolates were periodically sent to the Collection of Entomopathogenic Fungal Cultures (ARSEF-
USDA), Ithaca, USA for taxonomic identification by Richard Humber.

Results: The ceparium includes a total of 75 strains that have been isolated, propagated and placed under
catalogued storage (Table 1). Of these, 14, 11, 40, and 10 were acquired during 1997, 1998, 1999 and
2000, respectively. A total of 71 have been obtained from spittlebugs, two from whiteflies (Trialeurodes
vaporariorum), one from a planthopper (Tagosades orizicolus) and onc from a leaf miner. With
collaboration of the ARSEF-USDA, 44 isolates have been identified to genus and 23 to species.

The strains isolated from spittiebugs belong to 10 different genera and 12 different species of fungus,
Metarhizium is the most common genus with 16 isolates, all identified as M. anisoplige. Fusarium is
represented by 15 isolates, none yet identified to species. Paecilomyces is represented by six isolates and is
the most diverse genus with three species identified (F. crustaceus, P. farinosis, P. lilacinus), and one
undetermined. The seven other fungus genera are Aspergillus, Beauveria (B. bassiana), Curvilaria,
Dactylella, Penicillium, Sporothrix, and Trichoderma (7. viridae).

Strains were isolated from both nymphal (11 isolates) and adult (60 isolates) life stages, Hosts include 4
genera and 7 species of Colombian spittlebugs: 4. reducta, A. varia, Mahanarva andigena, Mahararva sp.
nov. P. simulans, Z. carbonaria, and Z. pubescens. Source regions include six Colombian departments
{Caqueta, Cauca, Meta, Narifio, Sucre, Valle del Cauca) representing the Pacific Coast, Caribbean Coast,
Amazonian Piedmont, Orinoquia Piedmont, and Interandean Region.
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Table 1, Coliection of fungal entomopathogens isolated from grassland spittiebugs (Homaptera:

Cercopidae).
Isolate' Host? Isolate! Host?
Accession Species species Accession Species species
CIAT 801 Metarhizium anisoplice Z. pubespens CIAT 037 Dacrylella sp. A. varia
CIAT 002 Mewarkizium anisoplice Z. pubescens CIAT 038 Fusarium sp. Z. pubescens
CIAT 003 Metarkizium anisoplive A. varia CIAT 039 Fusarium sp. Z pubescens
CIAT 004 Fusarium sp. Z. pubescens CIAT 040 Fusarium sp. Z. pubescens
CIAT 005 Metarhizium anisoplice Mahanarva sp. n.|CIAT 041 undet. Z. pubescens
CIAT Q06 Merarhizium anisepliae Mahanarva sp. 0. |CIAT 042 Merarhizium anisopliae  Z. carbonaria
CIAT 007 Metarhizium anisoplicge Z. pubescens CIAT 043 Paecilomyces lilacinus  Z. carbonaria
CIAT 008 Metarhizium anisoplice undet. CIAT 044 Beauveria bassiana Z. carbonaria
CIAT 009 Paectlomyces farinosis  undet. CIAT 045 undet. M. andigena
CIAT 010 Metarkizium anisopliae undet, CIAT 046 Fusariuwm sp. M. andigena
CIAT 011 Paecilomyces sp. undet. CIAT 047 undet. Z. carbonaria
CIAT 812 Paecilomyces lilacinus 2. pubescens CIAT 048 undet. Z. carbonaria
CIAT 013 Sporothrix sp. undet. CIAT 049 Fusarium sp. M. andigene
CIAT 014 Metarhizium anisopline A. varia CIAT 053G Fusarium sp. Z. carbonaria
CIAT 015 Metarhizium anisopliae A. varia CIAT 051 undet. Z. carbonaria
CIAT 016 Trichoderma viridae — A. varia CIAT 052 Paecilomyces crustaceus Z. carbonaria
CIAT 017 Metarhizium anisopliae 4. varia CIAT 053 Metarkizium anisopliae  Z. carbonaria
CIAT 018 Metarkizium amisoplice A. varia CIAT 0534 undet, A varia
CIAT 019 Merarhizium anisopliae A. varig CIAT 055 undet. A varia
CIAT 020 Fusarium sp. Z. carbonaria  |CIAT 036 undet. Z. pubescens
CIAT 021 Fusarium sp. Z carbonaria  |[CIAT 057 undet. undet.
CIAT 022 Fusarium sp. Z carbonarie  |CIAT 038 undet. Z. pubescens
CIAT 023 Fusarium sp. Z. carbonaric  [CIAT 059 undet, A. varia
CIAT 024 Fusarium sp. Z carbonarig [CIAT 060 undet, A. varia
CCLAT 025 Fusarium sp. Z carbongria  |CIAT 061 undet. A varia
CIAT 026 Metarhizium anisopline Z. carbonaria  |CIAT 062 undet. A varia
CIAT 027 Penicillium sp. Z. carbonaria  |CIAT 066 undet. Z. pubescens
CIAT 028 Fusarium sp. Z. carbonaria  [CIAT 067 undet. Z. pubescens
CIAT G259 Penicillium sp. Z carbonaria |CIAT 068 undet. Z. pubescens
CIAT 030 Merarhizium anisopliae T. orizicolus’ CIAT 069 undet. leaf miner’
CIAT 031 undet. A. reducta CIAT 070 undet. T. vaporariorum’
CIAT 032 Curvularia sp. Z carbonaria  |CIAT 071 undet. T. vaporariorum’
CIAT 033 undet. Z. pubescens CIAT 072 undet. Z. pubescens
CIAT 034 Aspergillus sp. A. varia CIAT 073 undet. Z. carbonaria
CIAT 035 undet. A. varia CIAT 074 undet. P simulans
CIAT 036 undet, A varia CIAT 075 undet. undet.

Identifications made by Richard Humber, ARSEF-USDA, Ithaca, USA
*It is usually not possible fo determine species of nymphal hosts

*Non-spittiebug host
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Discussion: The CIAT ceparium constitutes the largest collection of fungal entomopathogens isolated
from grassland spittlebugs with the exception of & ceparium in Brazil that includes approximately 90 straing
{CENARGEN, EMBRAPA, Brasilia). Based on the known fungal taxa, host taxa, and host ecoregions
represented, the CIAT ceparium jis a highly diverse collection of pathogenic material. This germplasm
collection is a critical tool and resource for research on developing fungal entomopathogens as biological
contro] agents of spittlebugs in major agroecosystems. In general, only a small number of strains of M.
anisopliae and B. bassiana have ever been considered for the biological control of spittlebugs. Itis
anticipated that screening of this collection will identify isolates of M. anisoplice, B. bassiana and other
fungal species with higher virulence than previously evalaated strains, and aiso identify those with
enhanced quality attributes such as increased tolerance to solar radiation, low hurnidity and low water
quality,
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2.2.4 Screening fungal entomopathogens for virulence to spittlebug adults (Anuar
Morales, Rosalba Tobon, Daniel Peck)

Rationale: Fungal emtomopathogens currently demonstrate more potential for spittiebug management than
any other class of natural enemy. Despite reports of high virulence in the laboratory, however,
effectiveness in the field (pastures) has never been demonstrated. Focus on a narrow diversity of isolates,
Tack of consideration of insect-pathogen interactions, poor formulation and application technologies, and
inadequate field evalation methodologies have compromised successful deployment. Exploiting and
assessing this diversity for biological control depends on a dependable and rapid methodology for
quantifying virulence in the laboratory and screening the collection of isolates. The following is a
summary of investigations into a screening methodology for spittilebug aduits and results of virulence
screening of a diverse array of isolates,

Methods: Evaluation units were 30-day old plants (7-10 stems) of Brachiaria ruziziensis (CIAT 654) in
pots {13 cm diameter) covered by acetate cylinders (15 cm diameter x 40 cm 121l). These plants were
infested with 10 adult tenerals (< 24 hours old) of deneolamia varia obtained from CIAT’s colony. Two to
three hours afier infestation plants were sprayed with 5 ml of a concentrated conidial suspension (10° con
/ml} with an arbrush and compressor (10 PSI). Ten repetitions {pots) were performed for each evaluated
isolate, and every block (evaluation date) included a control consisting of water plus tween (0.05%). After
spraying, plants and insects were maintained in a growth chamber (27°C 1 2°C, RH 80% + 10%}. The
effectiveness of the treatmenis was evaluated 5 days later when all insects were scored as alive, dead, and
dead with evidence of mycosis. Dead insects with no visible signs of fungus attack were stored in petri
dishes with moist filter paper for 3-4 days to ascertain whether they were infected with fungus.

The following results pertain to 46 isolates evaluated with this methodology during 1999 and 2000, 28 of
which were evaluated since last year. Of this group, 33 comresponded to Metarhizium anisopliae, 7 10
unidentified species of Fusariton, 1 to Paecilomyces farinosis, 1 to Paecilomyces lilacinus and 4
undetermined. All isolates evaluated were previously reactivated on adults of 4. varig; 35 were rmultisporic

and 11 monosporic {solates.

Results: Overall mortality in the control was 25.1%, consistent with results from the previouns year and an
acceprable level for gauging efficiency. This evaluation method appears to be effective and appropriate for
quantifying virulence agamst adults of 4. varia.

. Absolute adult mortality ranged broadly from 10.6-95,1% (Figure 1). Analysis of variance showed
sigrificant differences among isolates in virulence (P<0.0001) (Table 1). Of the 46 fotal isolates, 17
obtained mortality scores >50%, 14 > 60%, 9 >70%, 3 >80% and 1 >90%. CIAT 054 was the wost
virulent, killing 95.1% of A. varia adults over the 5-day evaluation period. This strain, and the second
most effective, CIAT 053, have not yet been identified but probably belong to the genus Metarhizium.

Although 79% of the isolates achieving >60% mortality were Metarhizium, this genus was zalso the most
represented in the evaluation group, comprising 72% of the total isolates evaluated. The most viralent
isolates of other genera were Paecilomyees llavinus (CIAT 009) at 62.8% and Fusarium sp. (CIAT 025) at
53.5%. All isolates in the most virulent group (>60% mortality) originally came from the Interandean
Region (departments of Cauca and Valle) and the Amazonian Piedmont (department of Caquetd).

Discussion: The evaluated 1solates demonstrate a broad range of vinulence against 4. varig adults. The
most effective strains also represent a broad host and geographic range of Colombia. Although strains of
Paecilomyces and Fusarium were not as effective as Meiarhizium, these taxa should not be ignored since
they were relatively under represented in the screened population. Moreover, different taxa may have other
biological attributes that are desirable once the isolates are brought to the field. Virulence to other
spittlebug species and life stages, growth characteristics for propagation, and tolerance to adverse field
conditions are some of the many factors important to suppressing pest populations in the field.
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Figure 1. Virulence of 46 isolates of fungal entomopathogens to A. varia adults, The control was

water plus tween.

Table 1. Identification, origin and virulence (percent mortality) of select Colombian isolates of
fungal entomopathogens on Aeneolamia varia adults.

. ' : Host
Accession Species Virulence Species Life Origin
stage
CIAT 054 undet. 95.1a Aeneolamia varia Adult CIAT, Valle
CIAT 055 undet, 88.6ab Aeneolamia varia Nymph  CIAT, Valle
CIAT007-C M. anisoplige 858 ahe Zulia pubescens Adult Albania, Caquetd
CIAT 003 AL gnisopline 785 abed Aeneolamia varia Adult Albania, Caguetd
CIAT 053 M. anisopliae  73.0 bede Zuiia carbonaria Adult Quilichao, Cauca
CIAT 042 M. anisoplizce 71.6 beedf Zulia carbonaria Adult Quilichao, Cauca
CIAT 007 M. anisoplice 711 beedf  Zulia pubescens Adult Albania, Cagquetd
CIAT002-B M anisoplige 703 beedf Zulia pubescens Adult Albania, Caquetd
CIAT 610 M. gnisopliae  70.0 beedf undet. Nymph  Florencia, Caqueta
CIAT007-B M anisopliae  66.3 cdefg Zudia pubescens Adult Albania, Caquetd
CIAT 001 M. anisopliae  65.5 cdefg Zulia pubescens Adult Florencia, Caquets
CIAT007-A M anisoplive 629 edigh Zulia pubescens Adult Albania, Caqueta
CIAT O09 P lilacinus 62.8 edfgh undst. Nymph  Florencia, Caquetd
CIAT 002-A M anisoplize 604 edighi  Zulia pubescens Adult Albania, Caqueta
CIAT 018 M. anisopliae 583 edfghij  Aeneolamia varia Adult CIAT, Valle
CIAT 025 Fusarium sp.  53.4 dfghij Zulia carbonaria Adult Quilichao, Canca
CIAT 006 M. anisoplice 314 fghilkl  Mgahanarva sp.nov.  Adult Albania, Cagueta
Control® 251m

"Means followed by different letters are sigaificantly different (P<0.05).

*Control of water plus tween (0.05%).

The next phase of this investigation will address variation in virulence across different spittiebug species
and life stages. Based on the results of the present studies, five isolates have now been chosen for the next
studies. These include the three overall most virulent isolates (CIAT 055, CIAT 034, CIAT 007-C: M.

anisopliae and two Metarhizium sp.) and the best Paecilomyces (CIAT 009) and Fusarium (CIAT 023)

isolates.



2.2.5 Evaluation methodology for measuring virulence of fungal entomopathogens
to spittlebug nymphs (Anuar Morales, Rosatba Tobén, Daniel Peck)

Rationale: Advances in spittlebug management wiil depend on better knowledge of the nymphal life
stage, which has been traditionally underemphasized relative to adults. For instance, nymphs are more
difficult to survey in the field and manage in the lab, consequently CIAT's fungal entomopathogen
collection has very few strains isolated from the immatures. Yet because nyrphs aceount for about 70% of
the generation time, requiring 5-7 weeks to complete development, there is 2 broader window of
opportunity for certain management tactics. A rapid and reliable methodology now exists for screening
fungal entomopathogens for virulence to spittlebug adulits (see activity 2.2.4). In order to (1) obtain more
information about the effectiveness of isolates in the laboratory before advancing to g field phase, and (2)
to gauge variation in virulence between life stages, a methodology was developed and evaluated for
screening fungal entomopathogens for virulence to spittlebug nymphs.

Methods: Evaluation units were the same small-scale PVC tubes (1.5” diameter) now standard for host
plant resistance screening. At 6 wk afier planting with Brachiaria ruziziensis (CIAT 654), sufficient
surface roots were established for nymph development and egg infestation. Eggs of deneolantia varia
about 1o hatch were prepared for treatments and infestation by placing 10 on each of 10 small pieces of
filter paper in a petri dish that corresponded to one treatment. Concentrated conidial suspensions (10°
conidias/mt) were prepared for four select isolates of Metarkizium (CIAT 005, CIAT 033, CIAT 054, CIAT
055) and one of Paecilomyces (CIAT 012} in sterile water with tween (0.05%). Each of these isolates was
recently reactivated in adults of A. varia. Applications were made with an airbrush and compressor (10
PSI) at a volume of I ml for substrate and nymph applications and <1 ml for direct egg applications.

Four experimental treatments were evaluated: application to eggs (in petri dishes, followed by mfestation),
application to substrate {(in PVC unit before egg infestation), apphication to eggs and substrate, and
application to niyriphs (in PVC units 4 days after infestation). Each treatment had a corresponding control
with water plus tween (0.05%). There were fen repetitions of each treatrnent.  The units were fertilized
with urea (2 g/l water) before infestation and 15 day later. Half of the repetitions were evaluated for
surviving nymphs 15 days after infestation and the other half at 34 days (3-4 days before adult emergence
in the control treatments).

Results: Mean mortality in the control nymphs was 24.6 and 40.3% at the early (15-day) and late (34-day)
evaluation periods, respectively (Table 1). The high mortality in the Jate evaluation is probably attributed
to an overly heavy infestation level on the susceptible B. ruziziensis host,

Although only five isolates were evaluated, remarkably high nymph mortality was achieved. When data
were averaged across the early and late evaluation periods, the three most virulent treatment/isolate
combinations achieved 84,3 (CIAT 055, egg+substrate appHcation), 83.1 {CIAT 054, egg application) and
83.1% (CIAT 033, egg application) mortality. These three isolates are thereby considered equally
promising for inchusion in future control trials.

For the early evaluation period, virulence varied from 19.4-87.1% for the egg application, 22.0-54.0% for
the substrate application, 34.5.80.0% for egg+substrate, and 55.3-68.7% for the nymph application (4-day)
{Figure 1). Although complementary results were obtained from the late evaluation (Figure 2), the high
nymphal mortality in the conirol relative to the treatinents makes interpretation difficult,

Among the four Metarhizium isolates averaged across the early and late evaluation periods, the egg
application was highest for two isolates, while the combined egg+substrate application was highest for the
other two. These results indicate that eggs about to hatch may be 2 more susceptible life stage than
nymphs, and that direct application is more effective than application to the surrounding soil substrate.
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Table 1.  Virulence (% mortality) of different isolate/treatment combinatiens summed across the
early and late evaluation periods to nymphs of 4. varia.

Accession Treatment Virulence Accession Treatment Virulence
CIAT 055 eggs+substrate 84.33 CIAT G55 substrate 65.00
CIAT 054 eggs 83.11 CIAT 005 substrate 64.69
CIAT 053 eggs 83.07 CIAT 005 nymphs 63,70
CIAT 005 egg+substrate §0.00 CIAT 012 nymphs 55.94
CIAT 53 nymphs 20.00 Control eggt+substrate 41.73
CIAT 054 egg+substrate 79.64 Control substrate 34.33
CIAT 053 egp-substrate 77.67 CIAT 012 substrate 32.00
CIAT 055 nymphs 76.69 Control nyrphs 28.89
CIAT 053 substrate 75.00 CIAT 012 egp-+substrate 25.69
CIAT 053 eggs 7378 CIAT 054 substrate 22.00
CIAT 054 nymphs 71.85 Control eggs 20.00
CIAT 005 egps 70.19 CIAT 012 egps 18.39

Discussion: Although analysis of these data is incomplete, the results suggest cerfain adjustments in this
methodology for future studies. Bgg infestation levels will be reduced to seven (vs. ten) to promote higher
survivability of the control nymphs through the late evaluation period. Second, to begin to elucidate the
role of the spittle mass as a shelter from conidia, additional 5-day and 10-day post egg infestation
treatments will be added. It is suspected that direct egg application will be the most effective treatment for
screcning vinilence to spitilebug nymphs.

Evidence gathered in these experiments indicates that application of enfomopathogens during the late egg
stage is equally or more effective than application afier egg eclosion. It is likely that when applied directly
to the eggs, mortality is enhanced because emerging nymphs (1) more rapidly encounter conidia as they
search for feeding sites, (2) are more susceptible to conidia establishment compared to early first instars
that have already established spittie masses, and (3) are more rapidly affected by conidia than later instars
due 1o smaller size and less protective integument. When the application is post eclosion, an effect of
mertality tnight be delayed until later instars for the same reasons of differential susceptibility due to size
and rate of contact with comdia.

These results indicate that in more seasonal environments, where early wet season emergence is relatively
synchronous, predicating approximate time of egg eclosion will help target application of entomopathogen
products. In less seasons] environments, where there is little population synchrony, entomopathogen
strains should be sought that persist in the enviromment and thereby promote secondary contact between
conidia and susceptible nymphal or adult life stages.
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Figure 1. Virulence (% mortality) of five fungal entomopathogen isolates and four application
treatments to nymphs of 4. varia 15 days after application to eggs or substrate.
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Figure 2. Virulence (% mortality) of five fungal entomopathogen isolates and four application
treatments to nymphs of 4. varia 34 days after application to eggs or substrate.
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2.2.6 Economic impact of spittlebugs to animal preduction in Brachiaria decumbens
{F. Holmann, D. Peck, C. Lascano}

Background: Brachiaria decumbens cv. Basilisk is the most wide] planted grass species in tropical
America with an estimated 40 millon ha, the majority located in Brazil, Colomnbia and Venezuela. The
high rate of adeption of this cultivar has been due to its gopd adaptation to acid, low-fertility soils. In
addition, B. decumbens forms an apgressive, high-yielding pasture which resists intensive grazing sad
rampling. Likewise, B. decumbens is a palatable grass with good nutritional quality. However, its
susceptability to spittlebug (Homoptera: Cercopidae} reduces its potential adoption in areas where this pest
1s mmportant such as in the peotropical savammas. The spittlebug is considered the most important pest in
pastures of tropical America due to its ample distribution and outbreak capacity. Dozens of spittlebug
species have been reported 1o atfact cultivated grasses from the southern United States to northern

Argentina.

The objective of this study was to quantify the economic damage as a result of reduced milk and beef
production under different degrees of spittlebug infestation on animals grazing 8. decumbens using a
simulation model.

To taleulate the economic damage, the model was provided with information on three variables: (1) degree
of infestation: low, medium, and high; (2) proportion of farm area infested: 0, 25, 50, 100%; and (3) type of
ecosyster: dry tropies {infestation occuring only during the six-month rainy season), and hurnid tropics
{infestation occuring throughout the vear),

Results: Table | and 2 contain the biological and economical impact from different degrees of spitticbug
infestation in various proportions of farm area under infestation in a dual-purpose production system
located in either the dry or the humid tropics ecosystems in Colombia.

Comparing the effect against bealthy grass, the spittlebug reduced the stocking rate and productivity of
milk and beef per hectare 9%-34% with # low degree of infestation, 38%-4%% with 2 medium degree of
infestation, and 53%-65% under a lugh degree of infestation. The spittlebug irmpact increased the
production cost of milk and beef production by 3%-12% with a low degree of infestation compared to
healthy B. decumbens. Likewise, these costs increased 18%-29% with a medium degree of infestation, and
by 36%-54% when it was evaluated with high levels of infestation. On the other hand, due to the spittlebug
effects on reduced stocking rates and increased milk and beef production costs, the net income per hectare
per year was significantly reduced by 19%-69% at low levels of infestation, by 78%-100% at medimn
infestation level, and by 106%-128% at a high infestation level,

Economic damage at the regional scale was estimated at $7-25 millon dollars per year in the 1,140,600 ha
of pastures susceptible to spittlebug in the hurmid tropics and $33-118 millon dollars in the 4,720,000 ha of
pastures in the dry tropics asuming a low mfestation level. This economic damage, assuming a medium
level of infestation, increased to $28-36 millon dollars in the humid tropics and $132-175 millon dollars in
the dry tropics. Fmally, with a high infestation level, the income reduction at the regional level reached
$39-47 millon dollars for the humdd tropics and $228-273 millon dollars for the dry tropics.

The estirnated investment for the development of varietes resistant to spittlebug and adapted to low fertility
soils is about US$ 6 million doliars with a 12-yr planning horizon, This investment, compared to the
economic damage that the spittlebug does in Colombiz, is low, Therefore, a4 large economic hcentive exists
for associations of livestock producers to invest in germplasm improvement by contracting research
institutions with the capacity to succesfully develop a spittlebug-resistant grass.
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Table 1. Biological and economical impact from different degrees of spittlebug infestation in various
proporfions of farm area under infestation in a dual-purpose preduction system located in the humid
tropics of Colombia.

Level and proportion  Stocking Milk’ Beef' Milk Beef Net
of farm area infested Rate Production Productin  Production  Production  Income
with spittlebug n Cast Cost
{(AU/ha) (kg/ha/yr) (kg/hatyr) ($/kg) {5/kg) {$/hafyr)

No infestation 1.16 390 95 0.123 .61 32
19 individuals/m®

-25% 1.14 382 G4 0.124 0.62 31

- 50% 1.12 375 92 0.125 0.62 30

- 100% 1.08 360 g8 0.126 0.63 27
25 individuals/m’

- 25% 1.06 357 87 0.128 0.63 26

- 0% 0.96 324 79 0.133 0.66 21

- 100% 0.76 258 63 0.142 0.70 10
50 individuals/m’

- 25% 0.72 243 59 0.146 0.72 7

- 56% 4.67 228 38 0,150 0.75 5
~160% .56 197 48 0.159 0.79 0

! Kilograms of fluid milk and kilograms of beef (live weight)

Table 2. Biological and economical impact from different degrees of spittlebug infestation in various
proportions of farm area under infestation in 2 dual-purpoese production system located in the dry
trapics of Colombia.

Level and Stocking Milk' Beel Milk Beef Net
proportion of Rate Production Production Production Production Income
farm area {AU/ha)  (kg/ha/yr)  (kg/hal/yr) Cost Cost (§/hatyr)
infested with (3/kg) {S’kg)
spittlebug
No infestation .93 529 84 Ga.118 0.57 42
10 individuals/m”
-25% 0.91 519 82 0.116 .57 40
- 50% (.90 509 81 0.117 0.38 39
- 100% (.86 489 78 0.119 (.59 36
25 individuals/m’
- 25% 0.85 434 7 0.120 0.59 35
- 50% 0.76 438 70 0.125 0.62 29
- 100% (.62 350 335 0.123 0.606 17
50 individuals/m’
-25% 0.57 328 52 0137 0.68 14
-50% 0.53 307 49 6.142 0.70 11
-100% 0.46 265 42 0.150 0.74 5

' Kilograms of fluid milk and kilograms of beef (live weight)



2.2.7 Recovery and maintenance of fungal and bacterial isolates entomopathogenic
to cassava pests (Anuar Morales, Rosalba Tobdn, Daniel Peck)

Ratinnale: Developing biorational options for pest management in cassava will depend on the
manipulation of natural enermies such as pathogens. Some fungal and bacterial pathogens of cassava
insects have been examined in past studies at CIAT, but the material has been neglected and poorly
maintained over the perdods of research nactivity, In parallel with development of a new collection of
fungal entomopathogens of spittiebugs in forage grasses, the objectives of this study were to (1) recover
pathogen material relevant to cassava production and (2) integrate new material from recent field
collections.

Methods: Eiforts were made to recover a series of isolates used in prior studies at CIAT but neglected
over a period of a few to several years during which they were stored under inappropriate conditions. All
fungal material was inoculated onto Sabureaud agar modified with veast extract (1%} a2nd lactic acid (1%}
and propagated as necessary to discard contaminants and recover pure material which was then stored on
sterile filter paper at -20°C (see activity 2.2.3}, A total of 34 isolates were put through this recovery
process. Secondly, new strains were isolated from matetial recently coliected in the field according to
previously established methodology (see activity 2.2.3).

Resuits: Of the 32 fungal and 2 bacterial isolates put through the recovery process, 21 fungal and 2
bacterial tcolates were deemed viable and recovered {Table 1). Many of these are currently being
propagated for inclusion in the ceparium. Bacteria were the major contaminant of the fungal material. In
four cases the strain could not be recovered because growth of fimgal contaminants such as Aspergilius and
Penicilium masked or suppressed the entomopathogenic strain. In the remaining five cases the material
was deemed unviable because repeated inoculations of different culture media could not produce growth,
This consequence is normal when fungal miateria! is stored for an extended period without occasional
reactivation on colture medivm.

A total of 26 new isalates of fungal enfomopathogens were obtained from specimens recently collected in
the Colombian departments of Cauca, Risaralda and Tolima, Of these 8 belong to the burrower bug
Cyrtomenus bergi, 17 to the stem borer Chilomima Karkel, and one to an unidertified white grub
(Scarabaeidae}.

Discussion: Only 21 of 32 fungal isolates were recovered after the extended period of neglect and poor
storage conditions. It is therefore critical that this material be well-maintained to stay available as a
resource for promoting biological control in cassava and other crops. The value of this material was further
compromised because the relevant collection data was insufficient and unreliable. For instance, 19 fungal
and 2 bacterial isolates were made on the same date (July 1994}, from the same host (C. berg?) at the same
site (Popayan), but no other data is available to ascertain whether these should be maintained as separate

isolates,

A major challenge in maintaining the strength of resources such as the entomopathogen ceparium and the
insect taxonomy collection is achieving continuity of management in the face of short term project structure
and loss of core funding. Like most genmplasm collections, maintenance is an ongoing invesiment of time
and resources such as in the case of fungal entomopathogens where it is desirable to reactivate material on
culture medium approximately every year. In addition, high quality functioning of this ceparium requires
collection norms that ensure registry of all relevant field data.
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Table 1. Host, origin and recovery status of fungal and bacterial isolates entomopathogenic to

different cassava insects,

Host species Origin Status Heost species Origin Status

Dept.  Mcpo. Dept. Mcpo.
Alewrotrachellus socialis undet. undet. 1 |Cyrtomenus bergi Cauca  Popayan [
Aleurotrachellus socialis undet. undet. 1 Cyrtomenus bergi Caucs  Popayan |
Aleurotrachellus socialis undet. undet. | I |Cyriomenus bergi Cauca  Popayan |
Corinus sp. Valle Lacumbre D |Cyriomenus bergi Cauca Popayan C
Cyrtomenus bergi undet. undet. D |Cyrtomenus bergi Cauca  Popayan D
Cyrtomenus bergl undet. undet. 1 [Cyrtomenus bergi Cauca Popayan |
Cyrtomenus bergi undet. undet. 1  (Cyrtomenus bergi Caucz  Popayan |
Cyrtomenus bergi Cauca Popayan D [Cyrtomenus bergi Cauca Popavan C
Cyrtomenus bergi Cauca Popayan S |Erinnyis ello undet.  undet. D
Cyrtomenus bergi Cauca Popayan 1 [Galeria mellonella Valle Pradera D
Cyrtomenus bergi Cauca Popayan C  |Galeria mellonella Valle  Pradera D
Cyrtomenus bergi Cauca Popayan S [Tricleurodes vaporariorum Valle Pradera 1
Cyrtomenus bergi Cauca Popayan D \Trialeurodes vaporariorum Valle  Pradera D
Cyrtomenus bergi Cauca Popayan S Trialeurodes vaporariorum Valle  Pradera I
Cyrtomenus bergi® Cauca Popayan D faraotula Valle  Palmira 1
Cyrtomenus bergi® Cauca Popayan D undet Valle  Palmira I
Cyriomenus bergi Cauca Popayan S jundet. undet.  undet. D
Cyrtomenus bergi Cauca Popayan S undet undet.  undet. D
Cyrtomenus bergi Caucs Popayan I pndet undet.  undst. C
Cyrtomenus bergi Caucs Popayan

'Status; C = Contaminated, D = Drying, I = Inoculated onto culture medium, S = Sterile

?Unknown bacteria.
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Activity 3.3 Facilitate communication through Newsletters, Journal, Workshops

3.3.1 TH Workshop on the Bioecology and Management of Grassland Spittlebugs
{Daniel Peck)

Despite the impact of spittlebugs in forage grasses, sugar cane and other graminoid crops in the New
‘World, there is little expertise on their biclogy and management outside of CIAT and EMBRAPA. Access
to information is also extremely limited because there is no text that summarizes our knowledge of the
family Cercopidae and existing guides fo grassland spiftlebugs are outdated, tmprecise and ignore family
level bioecology, To partially fill this gap, four workshops on the Bioecology and Management of
Grassland Spittlebugs have been carried out from 1997 10 2000, three in CIAT and one in Ecuador,

The fourth workshop took place 23-27 October, 2000 at CIAT. Like past events, the abjective was (o unite
new direct collaborators of CIAT and other researchers, professors and agronomists working in forage
grasses, sugar cane, or entomology. The workshop was five days of intensive lectures, labs and discussions
to provide 2 theoretical and practical foundation on spittiebugs as insects 50 that they can be better
interpreted as pests. At the time of preparation, the fifth workshop had confirmed participation of 21
people from 12 institutions: CENICANA (Centro de Investigacion de la Cafia de Aziicar de Colombia),
CIAT, CINCAE (Centro de Investigaciones sobre la Cafia de Awdcar del Ecuador), CORPOICA (C.L
Carimagua, C.I. Tibaitata), InCauca, $,A. (commercial sugar cane company), Laverlam, 5.A. {commercial
biolegicals company), Universidad de la Amazonia, Universidad de Canca, Universidad del Pacifico at
Buenaventura, Universidad de Sucre, and Universidad Nacional at Medellin and Palmira.

3.3.2 Proposal development: Distribution patterns of grassiand spittlebugs for
gauging range expansion and invasion risk (Daniel Peck, Vinton Thompson
[Roosevelt University], Francisco Lopez)

Summary: The determinants of distribution for grassiand spittichugs will be evaluated based on 2 detailed
assessment of the fauna in the United States, Costa Rica and Colombia. Grassland spittiebugs are highly
injuripus pests in forage grasses, sugar cane and other cultivated graminoids. Because of ineffective
management sirategies, these insects are becoming increasingly important in certain areas as {1} emergent
pests due to changing cultural practices, (2) invading pests due to natural range expansion and {3}
introduced pests due to invasion from exotic sources. Scientists from Roosevelt University (Chicago) and
the Intemational Center for Tropical Agriculture (CIAT, Cali, Colombia) will coliaborate in identifying
museum material and collecting locality data from the approximately 21 species that occur in these three
countries during visits to 13 institutions. Taxonomic and locality data will be augmented with information
on elevation and geographic coordinates using Geographic Information Systems (GIS) resources at CIAT.
These data will be analyzed with Flora-Map, a modern diagnostic tool developed at CIAT that allows
access to GIS climate surfaces for assessing the distribution patterns of species. Ouiputs such as species-
specific climate diagrams and probability climate range maps will characterize species distribution and help
to identify the key determinants of species range. This information will permit the identification of areas of
outbreak and invasion risk in the U.S., as well as potential source regions. Results will enable researchers
i high-value and pesticide-intensive commodity activities of the U.S. to assess and ameliorate Invasion
risks, and prepare preventive measures and establish management alteratives that reduce reliance on
pesticides, Results will also provide new tools and information for advancing spittlebug management
throughout Latin America, promoting gains in forage, rmilk and beef production, alleviating environmental
degradation and poverty, and contributing to regional food security.

Collaborators: Vinton Thompson, Biology Department, Roosevelt University, Chicago

Donor: USDA, Foreign Agricultural Service, 2001 Scientific Cooperation Research Program
Status; Submitted to donor by Roosevelt University
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3.3.3 Proposal development: Characterization of Prosapia simulans, a new
spittlebug pest in forage grasses of Colombia (Daniel Peck, Jairo Rodriguez)

Summary: The Central American forage grass and cane pest, P. simulans, was recently detected for the
first time in Colombia and South America (see activity 1.1.2). Some populations in the Cauca Valley are at
economically damaging levels Brachiaria decumbens. Despite its high pest status in Central America,
there is relatively little biological information on this species. The purpose of this project is to guide future
management programs of P. simulans in forage grasses and sugar cane of the Cauca Valley by carrying out
an initial diagnosis of this new pest problem. The objectives are to gather information on its distribution,
biology, behavior and phenology, as well as establish mechanisms of information and technology transfer.
Distribution data will be obtained from field visits and the collaboration of UMATASs (Munipal units for
agricultural technical assistance) and producers groups, and analyzed with Flora-Map, a software tool for
assessing distributions of species according to climate variables. Studies on biology and behavior will be
carried out at CIAT according to established methodologies (see activity 1.1.3}. Detailed population
surveys over one year will be performed at two contrasting sites (lowland, upland) including population
fluctuation of spittlebug life stages, incidence of egg diapause, and incidence of natural enemies,
Information transfer will depend on field days for producers, training events for agronomists of the
UMATAS, an informative bulletin, and scientific publications. It is expected that outputs will foment
research by regional institutions on evaluating control tactics and arming an effective IPM program.

Collaborators: Universidad de la Pacifica at Buenaventura, Universidad Nacional at Palmira, UMATAs
Donor: Programa Nacional de Transferencia de Tecnologia Agropecuaria (PRONATTA)
Status: Submitted to donor

3.3.4 Proposal development: Methodologies for the evaluation and diagnosis of
spittlebugs in graminoid crops (Daniel Peck)

Summary: An effective program for the integrated pest management (IPM) of spittlebugs does not yet
exist, partially owing to difficult access to literature and inappropriate research methodologies. Stirmmlating
and comparing research results on grassland spittlebugs in diverse systems will depend on the
establishment and diffusion of the most recent and effective methodologies. In the last five years dramatic
advances have been made in methodologies such as population sampling, rearing, and the evaluation of
host plant resistance and entomopathogens. The purpose of this project is to elaborate and diffuse the
newest methodological and diagnostic tools for the management of grassland spittlebugs through
publication of an edited book, product of an international workshop of leading spittlebug researchers.
Specialists will be united in an international workshop to discuss and establish the most effective research
methodologies. The state-of-the-art will be summarized, published and diffused in an edited book. This
first international conference will also serve to stimulate collaboration among diverse advanced research
institutions that have contributed to improved spittlebug management. The detailed discussions will
produce a methodologies book that is broad-based and includes results of the most recent research
programs. Possible themes include: biology and behavior, damage quantification, egg diapause, fungal
entomopathogens, ornamentals and turfgrass, population dynamics, rearing, varietal resistance. Potential
contributors represent the following institutions: CENARGEN, CNPGC, DIECA, Pontificia Universidade
Catdlica, Roosevelt University, University of Georgia and USDA. Outputs will provide producers,
extension experts and researchers with the foundation required to advance management, and offer the
materials needed to establish IPM programs in the diverse systems where spittlebugs compete with
livestock or damage sugar cane. The stimulation of new research of greater quality, impact and
applicability is anticipated as is the consclidation of national and regional research programs and
collaborations among them. Outputs will also help researchers identify the frontiers of our understanding
of this diverse group of forage pests and the barriers to overcome it achieving their integrated management.

Collaborators: Various.
Donor: Not yet identified
Status: Submitted as concept note to Projects Office; has not yet been submitted to potential donors

48



3.3.5 Proposal development: Manual for the study of the biology and ecology of
grassland spittlebugs (Daniel Peck)

Summary: Difficult access to basic information and reference lists limit research advances on grassland
spittlebugs, There is no book that surmmarizes the basic information at the family level. In addition,
existing guides on grassland spittiebugs are not current, contain imprecise information, or do not consider
the insect in the context of its close relatives. The ohjective of this project is to broaden and publish a study
guide originally developed for four workshops given in Colombia and Ecuador. The guide’s focus will be
bisecology, not management per se, to provide sudents, extensionists and researchers with the information

foundation necessary to launch and carry out high impact studies.

Collaborators: None
Donor: Mone yet identified
Status: Submitted as concept note to Project Office; submitted to CEGA (Centro de Estudios Ganderos y

Agricolas} on their request but no funds available.

3.3.6 Proposal development: Vibrational communication as a taxonomic ool for
grassland spittlebugs (Francisco Lopez, Daniel Peck)

Sommary: The general objective of this proposal is to describe variation in vibrational commumication in
spitdebugs to detexmine whether bioacoustic calls could serve as a taxonomic tool and test whether they are
a mechansim of reproductive isolation. The specific objectives are (1) record and characterize male
courtship calls in Aeneolamia (three species), Mahanarva (three species), Prosapia (one species) and Zufia
(three species), {2) compare and contrast call structure among species and genera, (3) develop a
methodolgy to retransmit signals, and {4) demonstrate that courtship calls are a barrier to interspecific
mating by measuring the tie of response of the fermale to the male among different species pairs. Results
will further characterize substrate communication it the family Cercopidae, reveal taxonomic affinities
among species and genera in terms of male courtship calls, and provide a fundamental understanding of the

repraductive behavior in this bxportant pest complex.

Colighorators: None
Donor: Banco de la Republica (“La comunicacion vibracional como herramienta taxondmica en el

complejo salivazo de los pastos, principal limitante para la ganaderia colombiana™)
Status: Full proposal submitted; revisions requested and submitted; proposal not chosen for funding,
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PUBLICATIONS 2000

Journal Papers

Lopez, F., D. C. Peck & J. Montoya. 2001, Importancia de la comunicacién vibracional en el
comportamiento reproductivo del salivazo de los pastos (Homoptera: Cercopidae). Revista de Ia
Sociedad Colombiana de Entomelogia 26{1-2), in press.

Peck, D. C. 2000. A first description of reflex bleeding in froghoppers (Homoptera: Cercopidae) variation
in behavior and taxonornic distribution. Annals of the Entomwological Society of America
93(5%:1186-1194.

Peck, D. C., U. Castro, F. Lopez, A. Morales & J. Rodriguez. First records of the sugar cane and forage
grass pest Prosapia simulans (Homoptera: Cercopidae) in South America. Florida Entomologist.
Submiited and in review,

Peck, Ib. €., A. Morales & U. Castro. Design and management of a new small-scale rearing unit and
improved mass-rearing colony for grassiand spittiebugs (Homoptera: Cercopidae). Joumal of
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