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RESUREN

En   una   gran  variedad   de   hospederos   se  han   descrito   cambios   fenotfpicos

inducidos  por  parasitos.  Tales  cambios  se  ham  interpretado  como  adaptativos  para  el

parasito y/o hospedero, o simples consecuencias patol6gicas de la infecci6n. En sistemas

hospedero-parasito   con   participaci6n   de   hospederos   intermediarios,   la   evidencia

empfrica indica que la modificaci6n fenotipica de tales hospederos puede favorecer la

transmisi6n   del   parasito   hacia   hospederos   depredadores   definitivos   mediante   un

incremento   en   la  vulnerabilidad   a   la  depredaci6n.   De   este  modo,   la  transmisi6n

parasitaria   ocurriria   en   estrecha  relaci6n   a  una  interacci6n   depredador-presa.   Sin

embargo,  los  pafasitos  pueden  aumentar  su  transmisi6n  no  s6lo  incrementando  la

vulnerabilidad del hospedero intermediario a la depredaci6n, sino tambi6n mediante un

aumento en la tasa de contactos efectivos no depredatorios entre el vector y el hospedero

definitivo.  La transmisi6n  mediada por vectores  puede  ocurrir  mediante  la  saliva  del

vector al momento de alimentarse de un hospedero o mediante la deyecci6n del vector

sobre el hospedero del cual se alimenta. Al respecto, existe evidencia que apoya la idea

que   cambios   conductuales   en   el   proceso   de   alimentaci6n   inducidos  por  parasitos

salivales  favorecen  la  transmisi6n  parasitaria.  En  esta tesis,  evaldo  si  un parasito  de

transmisi6n por deyecci6n induce modificaciones en el fenotipo de su insecto vector. Se

examin6 de qu5 manera modificaciones en diversos rasgos del fenotipo del vector, tales

como el tiempo de desarrollo, rasgos conductuales, y tamafio corporal podrian favorecer

la transmisi6n del parasito flagelado hacia hospederos defihitivos.
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El  estudio  se  efectu6  en  un  sistema  end5mico   constituido  por  la  vinchuca

silvestre, A4eprcrz.cz Spz.7zo/cH. (Hemiptera': Reduviidae), y el parasito flagelado causante de

la enfermedad  de  Chagas,  r7}pcz77aso;#cr c7"zz. (Protozoa).  Se  siguieron cohortes  de A4:

spz.J?o/crz.  correspondientes  a  la  primera  generaci6n  en  cautiverio,   las  cuales  fueron

alimentadas con roedores de laboratorio infectados con I.  c7'.zfzz. (cohortes tratamiento) y

no infectados (cohortes control).

Los resultados indican que los insectos infectados presentan mayores tiempos de

muda que los controles. El impacto,del parasito fue dependiente del estadio considerado,

siendo  los  tiempos  de  muda  de  los  tres  dltimos  estadfos  ninfales  los  mas  afectados.

Adicionalmente, 71  c7"zz. disminuy6 los pesos corporales de los machos y las hembras de

los dltimos tres estadios. Cuando el sexo del hospedero fue considerado, las hembras se

demoraron mas tiempo que los machos en desarrollarse al estadio adulto. Por lo tanto, el

impacto  de  I.  cr#zz.  fue  dependiente  del  sexo.  Estos  resultados  indican  que  r.  crc¢zj.

modifica el tiempo de desarrollo de A4 spz.;?o/czz., lo cual constituye la primera evidencia

de modificaci6n fenotfpica inducida por parasitos dependiente del sexo y estadfo.

Los   insectos  vectores  infectados  presentan  una  reducci6n  en  el  tiempo  de

localizaci6n, un aumento en el ndmero de picadas y una disminuci6n en la cantidad de

sangre ingerida desde hospederos vertebrados.  El tiempo transcurrido entre el fin de la

ingesta  de  sangre  y  la  deyecci6n  se  redujo  en  presencia  del  parasito,  sugiriendo  que

cambios mediados por parasitos en la conducta de alimentaci6n y patr6n de deyecci6n

de  A4.   spz.7?o/crz.  promueven   la  dispersi6n  de   los  tripanosomatidos  hacia  hospederos

definitivos.
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Se evalu6  experimentalmente  la contribuci6n  separada de machos  infectados y

hembras  infectadas  en  la  reproducci6n  de  A4  spz.77o/c}z..  El  parasitismo  de  machos  y

hembras no afect6 la tasa de producci6n de huevos, la cantidad de huevos, el porcentaje

de huevos  con vitelo,  el porcentaje  de eclosi6n,  y el ndmero y peso  de las ninfas  del

primer estadfo. Sin embargo, los huevos de los parentales infectados fueron mas livianos

que aquellos provenientes  de parentales  controles,  indicando que el protozoo afect6  la

calidad  mss  que  la  cantidad  de  los  huevos.  Este  resultado  indica  que  la infecci6n  de

machos y hembras afecta de igual manera el desempefio reproductivo de A4 spz.#o/czz..

El analisis e integraci6n de la evidencia aqui presentada sugiere que, aun cuando

I.  crzfzz.  no  pareciera  impactar  sustancialmente  en  la  fecundidad  de  A4  spz.77o/c}z.,  1os

cambios  que  induce  en  la  ontogenia y  conducta  de  alimentaci6n  del  insecto  debieran

traducirse  en  un  mayor  potencial  de  transmisi6n  de  la  infecci6n  hacia  hospederos

definitivos.  Mas  antecedentes  desde  una  perspectiva  fisiol6gica  son  necesarios  para

explicar los mecanismos que subyacen a las modificaciones en los rasgos de historia de

vida   y   conducta   del   insecto   vector   A4leproz.cr   spz.77o/crz.   inducidos   por   el   parasito

Trypanosoma cruzi.
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ABSTRACT

Parasite-induced  phenotype  changes  have  been  described  in  a  wide  range  of

hosts. These changes have been explained as parasite adaptations, host adaptations, or

mere  side-effect  pathologies   of  parasitic  infections.   In  host-parasite   systems  with

intermediate  and  definitive  hosts,  empirical  evidence  indicates  that  intermediate  host

phenotype   modifications   could   increase   parasite   transmission   towards   predatory

definitive hosts by increasing the vulnerability of intermediate hosts to predation. In this

way,  parasite transmission  is  closely related  to  a predator-prey  interaction.  However,

parasites  can  increase  transmission  not  only  through  increases  in  intermediate  host

vulnerability, but also through increases in the rate of non-predatory effective contacts

between vectors and definitive hosts. Vector-bone parasites can be salivary transmitted

by vectors probing definitive hosts or by vector-infected dejections on bitten definitive

hosts.   Behavioral   changes  in  the  feeding  process  have  been  reported  for  salivary

transmitted  parasites  that  enhance  infection  transmission.  In  this  study,  I  assess  if a

dejection-transmitted  parasite  induces  alterations  in  the  vector  phenotype.  I  examine

whether modifications  in vector phenotypic traits  such as developmental time, feeding

behavior, and body weight influence the transmission of the parasite towards definitive

hosts.

This study was carried out in a trypanosomatid-insect relationship that is endemic

to Chilean arid zones. It consists on the causative agent of Chagas disease, the parasite

r7}pcrJ?osomcr   crz4zz.   Protozoa),   and   its   wild   vector   A4leprcrz.cz   spz.73o/czz.  (Hemiptera:
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Reduviidae).  Laboratory  cohorts  of A41.  spz.77o/czz. were  established  and  fed  on  r.  crzzz.-

infected and uninfected mice.

Results indicate that I.  c7.zfzz.-infected bugs showed a slower moulting time than

uninfected individuals. The impact of the parasite was age-dependent, as the last three

moults were the most affected stages.   In addition,  I.  c7"zz. decreased significantly the

weight of males  and  females  in the three  last stages.  When  insect sex was taken  into

account, female kissingbugs took longer time than males to develop into the adult stage,

which implies that the impact of r.  cr2{zz. is sex-dependent. These results indicate that I.

c77£zz. modifies the phenotype of A4:  spz.77o/crz.,  and provide the first evidence for age and

sex-dependent parasite-induced phenotype modification.

Infected A4lep;icrz.c7 spz.7?o/crz. reduced the time needed  for host vertebrate location,

increased the number of insect biting attempts, and decreased the blood intake from the

vertebrate host. The time elapsed between blood intake and dejection was reduced in the

presence  of  the  parasite,  suggesting  that  parasite-mediated  changes  in  the  feeding

behavior and dejection pattern of A4: spz.7co/oz. may promote the spread of trypanosomes

toward definitive hosts.

Using an experimental  design,  I  separated the contribution of male  and female

infection on kissingbug reproduction. Parasitism in males and females did not affect the

egg-laying rate, egg clutch size, the percentage of eggs with vitellus, the percentage of

egg  hatching,  and  the number and weight  of first  instar nymphs.  Eggs  coming  from

infected  parents,   however,  were  lighter  than   eggs   coming  from  uninfected  bugs,

indicating that the protozoan affected egg quality rather than egg quantity. This finding
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suggests that r.  c7`z4zz. inflicts a small reproductive cost to A4:  spz.72o/crz. regardless of the

sex that is infected.

Overall, the evidence here presented  suggests that,  even though  I.  cr"zz. has  a

small impact on A4: spz.7eo/cH. fecundity, it modifles the ontogeny and feeding behavior of

the  insect vector, which  should translate into a higher chance of parasite transmission

towards  a definitive host.  More physiological  evidence is necessary to understand the

mechanisms   underlying  the   life  history  and  behavioral   modifications   observed  in

Mepraia spinolai insects infected w.Ith Trypanosoma cruet.
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1. INTRODUCCI0N

Un  paradigma  importante  en  biologia  evolutiva  de  interacciones  hospedero-

pardsito es la habilidad de los parasitos para manipular el fenotipo de sus hospederos y

asf  facilitar  su propia transmisi6n  (ver Poulin  1998a,  1998b,  2000).  La  modificaci6n

fenotfpica inducida por  parasitos  ocurre  cuando  el  valor poblacional  promedio  de  un

carfcter fenotfpico cambia como consecuencia de la infecci6n parasftica. La importancia

de este efecto para la poblaci6n hospedera depende de la abundancia del pafasito y del

ndmero promedio de parasites por hospedero (Poulin & Thomas 1999). Existe evidencia

que indica que los parasitos modifican un amplio rango de caracteres en sus hospederos.

Tales  aspectos  incluyen  modificaciones  fisiol6gicas  ¢Iaye  &  Ojeda  1998;  Poulin  &

Thomas  1999),  conductuales  (e.g.,  Moore  1983;  Curtis  1987;  Gotelli  & Moore  1992;

Hechtel ef CZJ.1993; Poulin  1993; Krause & Godin  1994; Yan eJ c}/.1994; Vance  1996) y

morfol6gicas  (e.g.,  Hechtel  ef  cr/.   1993;  LOBue  &  Bell   1993;  Ballabeni  1995).  Estos

tipos   de   modificaciones   ham   sido   descritas   para   diversas   asociaciones   hospedero-

parasito, incluyendo hospederos vertebrados e invertebrados, los cuales interacthan tanto

con  endo   como   ectopardsitos  (Poulin   1994).   Aun  cuando   este  fen6meno  ha  sido

ampliamente  documentado  en  la  literatura,  el  grado  en  el  cual  la  mod.ificaci6n  en  el

fenotipo  del  hospedero  es  adaptativa  contintia  siendo  una  controversia  (Stamp  1981 ;

Poulin 1994; Poulin & Thomas 1999; Poulin 2000; Wilson 2000).

Desde  una  perspectiva  evolutiva,  los  canbios  en  el  hospedero  pueden  ser

adaptaciones para el propiquhospedero, si la modificaci6n conlleva una eliminaci6n de]



parasito, una mejor tolerancia al parasitismo, o una reducci6n en el irhpacto del parasito
I

sobre su adecuaci6n biol6gica (Minchella  1985;  Clayton & Wolfe  1993). Por otro lado,
I

si  el  cambio  es  adaptativo  para  el  parasito  ¢ip6tesis  de  manipuici6n),  este  tiltimo

debiera  obtener  algdn  tipo  de  beneficio  tal  como  un  aumento  en  su  probabilidad  de

transmisi6n hacia otros hospederos (Poulin  1995) y/o su tiempo de persistencia (Brown

199.9). Por tiltimo, si la modificaci6n del fenotipo es una mera consecuencia patol6gica

de  la infecci6n,  el cambio seria no-adaptativo para ambos  interactuantes (Poulin  1995,

1998b; Poulin & Thomas 1999). Un problema en los estudios realizados en esta area de

investigaci6n  es  el  uso  poco  riguroso  del  termino  adaptaci6n  (Combes  1991;  Poulin

1995).  En  general,  cualquier  cambio  en  el  fenotipo  del  hospedero  que  sigue  a  la

infecci6n ha sido laxamente aceptado como el resultado de la selecci6n natural actuando

sobre el hospedero o parasito. Poulin (1995)  sugiere al memos cuatro criterios para que

modificaciones   fenot{picas   en   hospederos   sean   consideradas   como   adaptaciones

verdaderas.

(1)  Co"p/e/.z.c7czc7:  rasgos  simples pueden  ser adaptaciones, pero pueden tambi6n

aparecer por azar como productos secundarios de otros cambios selectivos. Sin embargo,

es poco probable que rasgos complejos sean el producto de accidentes del azar.

(2) Prop6szto c7e c7z.sejzo: algunos caracteres adaptativos estin muy bien ajustados

a su funci6n y su  ambiente para aparecer por azar, y reflejan la fuerza de la selecci6n

natural.

(3)   Co7zve7'grJ7cz.cJ:   1as   adaptaciones   pueden   ser   reconocidas   a   una   escala

macroevolutiva.   Si  diferentes  linajes  de  parasitos  con  ciclos  de  vida  similares  ham



evolucionado  independientemente  la habilidad para causar alteraciones  id5nticas  en el

fenotipo de hospederos, entonces seguramente esta habilidad es adaptativa.

(4)  Eifectos  sobre   la  adecuaci6n  biol6gica..  un  carader  es  adaptativo  s±  se

demuestra que conlleva  un aumento de la adecuaci6n biol6gica del portador.

Desde   una  perspectiva  te6rica,   es   esperable   que   exista   variabilidad   intra-

poblacional de los parasitos en su habilidad para manipular la conducta de hospederos,

especialmente  si  la manipulaci6n  conlleva costos  asociados.  Para que  la capacidad de

modiflcar  el  fenotipo  de  los  hospederos  sea  adaptativa,  los  beneficios  en  adecuaci6n

biol6gica deben sobrepasar los costos incurridos. No obstante algunos parasitos pueden

producir   cambios   en   la   conducta   de   hospederos   sin   incurrir   en   ningdn   gasto,

simplemente por estar en el 6rgano apropiado por azar (Poulin l998a). La mayor{a de las

alteraciones   conductuales   descritas   en   hospederos   parecen   ser   el   resultado   de

interferencia  de  neuroqufmicos  del  hospedero  mediante  la  secreci6n  y  liberaci6n  de

hormonas y otros neuroquinicos por parte  del  parasito  ¢Ielluy & Holmes  1990; Hurd

1990; Thompson & Kavaliers  1994).

1.1 Interacciones entre parasitos y hospederos intermediarios

Las    interacciones    entre   pardsitos   y   hospederos    intermediarios   ham    sido

extensamente  documentadas  en  la  literatura  (Wilson  &  Edwards  1986;  Curtis  1987;

LOBue  &  Bell  1993;  Bakker  e/  cy/.   1997).  Se  ha  sugerido  que  modificaciones  en  la

morfologia y conducta de hospederos intermediarios producto  de la interacci6n con el

parasito  podrian  tener  un  efecto  importante  en  la  probabilidad  de  transmisi6n  del



parasito hacia un hospedero definitivo (Moore 1993). De hecho, se han descrito casos en

que cambios en la morfologia, tales como aumento en la conspicuidad (e.g., Bakker ef

cr/.  1997),  y  conducta  (e.g.,  Lim  &  Green  1991;  Levri  &  Lively  1996;  Bakker  ef  cz/.

1997; Thomas & Poulin  1998; Levri  1999; Mccurdy er CZJ.1999; Berdoy er cr/. 2000) de

hospederos  intermediarios parasitados  los toman  mss  susceptibles  a  ser  localizados  y

consumidos   por   hospederos   finales   (Poulin    l998a).   Adicionalmente,   hospederos

intermediarios infectados tienden a seleccionar sitios con caracteristicas que facilitarian

la dispersi6n del parasito aumentando la probabilidad de encuentro entre este tiltimo y su

hospedero definitivo (e.g.,  Curtis  1987; Lowenberger & Rau  1994; Maitland  1994).  La

complejidad de algunos cambios conductuales inducidos por pardsitos sugieren que ellos

beneficiarfan   al  pardsito  o  al  hospedero,  y  por  lo  tanto  podrfan  ser  consideradas

adaptaciones legitimas para uno u otro interactuante. Por ejemplo, hongos que parasitan

insectos provocan que sus hospederos mueran en la posici6n 6ptima para la dispersi6n

de sus esporas (Maitland  1994). Algunos trematodos digeneos hacen que sus hospederos

intermediarios,  gastr6podos,  cambien de microhabitat y se muden al sitio ideal para la

liberaci6n  de  las  cercarias  (Curtis  1987;  Lowenberger  &  Rau  1994).  Otro  caso  es  el

documentado  para  el  trematodo  digeneo  Dz.c7iocoe/z.zfur  c7e77c77'z.Zz.czf777,  transmitido  desde

una homiga hacia una oveja via ingesti6n.  El  pardsito  induce  a  la hormiga  a migrar

hacia la punta del pasto, aquel microhabitat forrajeado por la oveja, lo cual aumenta la

probabilidad  de  transmisi6n  a  su  hospedero  definitivo  (Poulin  1995).  En  este  mismo

grupo,    un    tiltimo    caso    ampliamente    documentado    es    del    trematodo    digeneo

fe#coc¢/o7.z.cJz.#rm   que   causa   que   los   tentaculos   de   gastr6podos,   sus   hospederos

intermediarios, cambien de tamafio, forma y color, y que palpiten en respuesta a la luz.
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Estos  cambios  capturarian  la  atenci6n  de  los  hospederos  definitivos,  aves,  quienes

aumentan  la  tasa  de  depredaci6n  sobre  tales  ejemplares  (Poulin   1995).  Fina]mente,

nematodos   mermftidos   inducen   a  sus   insectos   hospederos   a  ocupar  microhabitats

apropiados   para   la   emergencia   de   estados   adultos   del   pardsito   (Vance    1996).

Alteraciones de la conducta del hospedero que siguen a la infecci6n parasitaria es lo que

se  esperaria observar si  el  hospedero  actuara de una manera que beneficie al  parasito

(Curtis  1987;  Lowenberger  &  Rau  1994;  Maitland  1994;  Poulin  1995;  Vance  1996),

siempre  y  cuando  estas  alteraciones  sean  adaptaciones  mss  que  meras  consecuencias

patol6gicas  colaterales.   Sin  embargo,  s6lo  una  pequefia  fracci6n  de  los  estudios  de

cambios  conductuales  de  hospederos  inducidos  por parasitos  han  evaluado  su  efecto

sobre  la  adecuaci6n  biol6gica  de  los  participantes  (Poulin  1998a).  La  mayoria  de  los

estudios  se han  centrado  en  la detecci6n  de modificaciones  fenotfpicas en  hospederos

intermediarios  y  su  consecuente  aumento  en  la  probabilidad  de  ser  depredados  por

hospederos  definitivos.  Menos  conocida  es  la  situaci6n  en  que  la  transmisi6n  del

parasito no depende de una interacci6n tr6fica entre hospederos intermediario-definitivo,

sino de un contacto efectivo no depredatorio entre ambos participantes.

1.2 Modiflcaciones fenotipicas en insectos

Los  insectos  forman  el  grupo  mas  diverso  de  organismos  vivos  y  ham  sido

reiteradamente colonizados por parasitos a lo largo de su historia evolutiva (Molyneux

1993). Diversos taxa de par5sitos inducen variados cambios en sus insectos hospederos,

tales como alteraciones en la selecci6n de habitat (e.g., Maitland  1994), en los niveles de
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actividad  (e.g.,  Moore eJ a/.  1994),  en  los habitos  de  forrajeo  (e.g.,  Jenni  ef cr/.  1980;

Roberts  1981; Beach ef crJ.1985; Rossignol ef cr/.1986; Koella ef a/.1998; Anderson ef

cr/.1999), en la agregaci6n espacial (e.g., Wilson & Edwards 1986) y en la reproducci6n

(e.g., Carmichael eJ aJ.1993;  Simmons  1993; Adamo  1999). En las dltimas d5cadas, se

ha dado particular 5nfasis a aquellos insectos que acthan como vectores (u hospederos

intermediarios)  de  parasitos  de  importancia  m6dica,  tales  como  mosquitos  (4ec7es  y

j47eap¢e/es) y moscas tsetse (G/osisz.72cz). Por ejemplo, se ha demostrado que protozoos del

95nero P/c}smoc7z.z/in,  causantes de la malaria,  modifican la persistencia de alimentaci6n

de  sus  vectores  hembras  pertenecientes  al  g5nero  1477opAe/es  (Diptera:  Anophelinae)

(Rossignol ez cr/.  1986;  Wekesa ef cz/.  1992;  Koella ef cr/.  1998;  Anderson ef cz/.  1999).

Las especies del g6nero P/c7s7#odz.z" son transmitidas mediante la saliva del mosquito al

momento de picar a un hospedero definitivo. Experimentos efectuados por Koella e/ c7/.

(1998) indican que tanto la frecuencia de picada como la duraci6n de dicho evento (i.e.,

volumen de sangre obtenido) se modifica debido a la migraci6n de PJcrs77eocJz.2j77z hacia el

aparato succionador del vector. Anderson eJ cz/. (1999) encontraron que la modificaci6n

en  la  conducta  de  alimentaci6n  de  mosquitos  depende  del  estadfo  de  desarrollo  del

pardsito,  ocurriendo  principalmente  cuando  el  protozoo  se  encuentra  en  su  estado

transmisible  (esporozoito).  Por  otro  lado,  Wekesa  ef CZJ.  (1992)  documentaron  que  la

conducta de alimentaci6n de mosquitos hembras  infectadas no dependia de los niveles

de infecci6n con esporozitos de P/czs7#oc7z.#7# spp. ni de la edad o estado reproductivo de

las   hembras.    Estudios   realizados   en   otras   dos   especies   de   moscas   picadoras,
```..)

P%Jebofo7##s   spp.   (Diptera:   Psychodidae)   y  .4ec7es   spp.   (Diptera:   Culicinae),   ham

demostrado  modificaciones en las  conductas de  alimentaci6n de individuos  infectados



con    los    parasitos    fez.sfez72c77cz.cr    spp.    (Protozoa)    y    P/crgr.o7`c7Zis    spp.    (Trematoda:

Plagiorchiidae), respectivamente (Beach ez cr/.1985; Webber ef cr/.1987).

Alteraciones de la conducta de muchos insectos succionadores de sangre debido

a  infecciones  con  tripanosomatidos  (Protozoa),  aunque  no  tan  conspicuas  ni  letales

como  aquellas  inducidas por helmintos  en  sus  hospederos  intermediarios,  parecen  ser

muy eflcientes (Schaub  1992). Al respecto,  existen dos mecanismos por los cuales los

tripanosomatidos pueden aumentar el ndmero de ataques de los insectos vectores  sobre

los  dadores  de  sangre.   (1)  Los  tripanosomatidos  y  el  insecto  vector  compiten  por

metabolitos  presentes  en  la  sangre  ingerida.  La  evidencia  experimental  indica  que

aquellos vectores  que  mueren por  inanici6n  y estin  infectados  con  I.  c7`24zz. presentan

mss remanentes  de hemoglobina en el  intestino  que  insectos no  infectados,  indicando

que el deceso puede ser causado por un agotamiento de nutrientes traza, por los cuales el

flagelado y el insecto estarfan compitiendo (Schaub  1992; Kollien & Schaub 2000). (2)

Los tripanosomas interfieren con el proceso de ingesti6n del vector. Estos efectos sobre

insectos   succionadores   de   sangre   esfan   conectados   con   perturbaciones   del   tracto

digestivo,   especialmente   el   intestino   anterior   y   medio.   Frecuentemente,   vectores

infectados  succionan  voltimenes  de  sangre  muy  pequefios,  y  por  lo  tanto  necesitan

alimentarse mas veces y atacar a nuevos hospederos, aumentando asi la probabilidad de

transmisi6n  del  parasito  (Molyneux  &  Jefferies   1986;  Schaub   1992).  Un  caso  bien

estudiado es el de la mosca tsetse (Diptera:  Glossinidae),  insecto vector que transmite

protozoos africanos  del  g6nero  I;qupcr;7asowcz,  parasito  que  invade el  sistema nervioso

causando la enfermedad del suefio en humanos. Los resultados presentados por Jenni ef
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cr/.   (1980)   indican   que   moscas   tsetse   (GJassz.7gcz   sp.)   infectadas   con   r7}pcr#oso7#cr

presentan diferencias en su conducta de alimentaci6n, realizando un mayor ndmero de

intentos de picada y alimentandose mss vorazmente, debido a una funci6n deteriorada

de los mecanorreceptores ubicados en el labrum.

Los  resultados  de  los  estudios  realizados  en  insectos  succionadores  de  sangre

indican  que  los pardsitos podrian modificar la conducta de hospederos  intermediarios,

incrementando  asi su probabilidad de transmisi6n hacia hospederos definitivos  (i.e.,  la

evidencia en el caso de insectos vectores apoya la hip6tesis de manipulaci6n). Notorio

en tales estudios, sin embargo, es la ausencia de estimaciones del valor adaptativo de la

modificaci6n conductual.

1.3 Modificaciones fenotipicas y el sistema en estudio

En sistemas hospedero-parasito con participaci6n de hospederos intermediarios y

definitivos,  1a evidencia empirica indica que la modificaci6n fenotfpica de hospederos

intermediarios    puede    favorecer    la    transmisi6n    del    pafasito    hacia    hospederos

depredadores definitivos mediante un incremento en la vulnerabilidad a la depredaci6n.

En  este  tipo  de  sistemas,  1a transmisi6n parasitaria  ocurre  en  estrecha relaci6n  a una

interacci6n    depredador-presa.    Sin    embargo,    los   parasitos   pueden   aumentar   su

transmisi6n  no  s6lo  incrementando  la vulnerabilidad  del  hospedero  intermediario  a  la

depredaci6n,  sino  tambi5n  mediante  un  aumento  en  la tasa  de  contactos  efectivos  no

depredatorios  entre  el  hospedero  intermediario  (vector)  y  el  hospedero  definitivo.  La
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transmisi6n parasitaria mediada por vectores puede ocurrir mediante la saliva del vector

al  momento  de  picar  a  su  hospedero  o  mediante  la  deyecci6n  del  vector  sobre  un

hospedero  picado.   Al   respecto,   existe   evidencia   que   apoya   la  idea   que   cambios

conductuales   en   el   proceso   de   alimentaci6n   inducidos   por   pardsitos   resultarian

adaptativos  para  la  transmisi6n  parasitaria.  Sin  embargo,  todos  los  estudios  se  han

efectuado  en  sistemas  con  pafasitos  de  transmisi6n  salival,  desconoci6ndose  si  los

cambios conductuales son igualmente adaptativos en parasitos con transmisi6n mediante

deyecci6n.

Un  estudio  realizado por Afiez  & East  (1984)  examin6  el  efecto  del protozoo

rJ"pcrj2aso7"cr rcz72geJz. en la conducta de alimentaci6n de j}%oc772z.zfs' pro/z.xzAs (Hemiptera:

Reduviidae).  En  este  estudio  los  autores  mostraron  modificaci6n  en  la  conducta  de

alimentaci6n  del  vector,  especificamente un  aumento  en  la tasa de picada de  insectos

infectados  con  I.   rcz72ge/I..  Al  igual  que  otros  vectores  de  pafasitos  de  imporiancia

m6dica,  r.  rcrj7ge/z. se transmite mediante la saliva del insecto al momento de picar. Por

lo  tanto,  no  existe  evidencia  empirica  del  efecto  que puede  tener  un parasito  que  se

transmite por deyecci6n sobre la conducta de su vector.

Para sistemas tripanosomatido-triatomino existe solamente un estudio que indica que

pardsitos r7#pcr7?aso7#cr c7`z4zz. podrfan estar modificando el tiempo de desarrollo en ninfas

de  r7.z.crzo7#o  z.#/esfcz7zs  caeis  dos  Santos  &  Lacombe  1985).  Especfficamente,  insectos

infectados demorarfan mas tiempo en alcanzar la madurez al compararlos con individuos

sin  la  infecci6n.  Sin  embargo,  estudios  posteriores  realizados  por  Schaub  (1992)  no

mostraron   diferencias   entre   grupos   infectados   y   no   infectados,   atribuyendo   las

diferencias   observadas   en   el   estudio  previo   a  problemas   de  disefio   experimental,
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particularmente debido a crianza en aislamiento. De acuerdo a los resultados obtenidos

por Schaub (1992), la mortalidad de estos insectos no serfa afectada por la presencia del

parasito  protozoo.   rrypcz#oso"¢  crzjzz.  estaria  actuando  como  un  agente  de  estFes

sin6rgico,  que  conduce  a  efectos  adversos  s6lo  si  un  segundo  agente  de  estr5s  esta

presente. Bajo condiciones 6ptimas de alimentaci6n la p5rdida de metabolitos provocada

por el parasito se compensaria con un aumento en el ndmero de eventos de alimentaci6n

y/o del volumen de sangre ingerida (Juarez 1970).

Pocos estudios en sistemas tripanosomatido-vector han evaluado la sobrevivencia

y la tasa reproductiva de insectos adultos. Un trabajo realizado por Schaub (1994) indic6

que  los  tripanosomatidos  no  incrementan  el  tiempo  de  vida  de  insectos  hospederos

mediante castraci6n o reducci6n de la reproducci6n como en otros sistemas de pafasitos-

hospederos   intermediarios.    Los   estudios   con    r.    crz4zz.   ham   mostrado   resultados

contradictorios   al   evaluar   si   insectos   adultos   son   afectados  por   la   infecci6n.   Sin

embargo, en el sistema r7}f}cr77osomcr cr2fzz.-rrz.c7Jo"c7 I.7!/es/cr;7s ocurre una leve reducci6n

en   la  tasa  de  postura  de   huevos   durante   las   dos  primeras   semanas   del   per{odo

reproductivo     y     un     decaimiento     en     la     tasa     de     eclosi6n     (Schaub     1994).

Desafortunadamente, las comparaciones entre estudios son dificiles de realizar debido a

que  las  condiciones  experimentales,  como  por  ejemplo  frecuencia  de  .alimentaci6n,

condiciones  abi6ticas,  niveles  de  hacinamiento,  no  son  equivalentes.   Un  problema

adicional es que la tasa reproductiva de estos  insectos disminuye con la edad (Schaub

1992).



1.3.1 Biologia del vector y parasite

Mepraia  spinolai  Porter,  \934  (SinorLinla...  Triatoma  spinolai),  es  un  .insecto

perteneciente   a   la   Subfamilia   Triatominae   (Hemiptera:   Reduviidae).   Las   especies

pertenecientes a esta subfamilia se caracterizan por (i) presentar hematofagia obligada,

(ii) poseer un ciclo de vida hemimetabolo y (iii) requerir la sangre de un vertebrado para

alcanzar  el  estado  adulto.  Su  cuexpo  es  alargado,  y  aplastado  dorsoventralmente  en

ayuno.  El  tamafio  va desde  5  mm  (instar  I)  hasta 4.5  cm  (adulto).  La  coloraci6n  del

cuerpo es cafe-plomizo (estadfos I al V) o negro con bandas de color anaranjado sobre el

conexivo en el estado adulto (Lent & Wygodzinsky 1979).

A4:eprc7z.cr  spz.77o/crz.  es  una  especie  silvestre  end6mica  de  Chile  (Schenone  e/  cJ/.

1980;   Fotografias   1   &   2),   que  presenta  un  marcado  polimorfismo,   con  hembras

micr6pteras y machos micr6pteros, braqufpteros o macr6pteros (Canals ef cr/.  1998).  Se

distribuye desde la zona norte (Paralelo  18) hasta los alrededores de Santiago (Paralelo

34)  (Neghme  1982).  Esta  especie  ha  sido  descrita  en  sectores  abrigados  y  soleados,

desde la cordillera (3000 msnm) hasta sectores costeros (Gajardo-Tobar 1960; Schenone

ef cz/.  1980). El habitat de A4  sp' z.77o/crz. esfa constituido por zonas pedregosas,  grietas en

rocas o tierra, madrigueras de animales y gtianeras de aves (Fotografia 3). En muy pocas

ocasiones ha sido encontrado en viviendas humanas o en zonas periurbanas (Schenone ez

aJ.  1980). Este triatomino se alimenta principalmente de sangre de mamiferos y aves a

cualquier hora del  dia,  lo  cual  lo  diferencia de otras especies de habitos  estrictamente

noctumos (Gajardo-Tobar 1960; Canals ef cr/.1997).



12

Los  triatominos  han  sido  motivo  de  estudio  debido  a  que  son  participantes

activos de la enfermedad de Chagas.  Se ham descrito  118 especies en el mundo, de las

cuales  105  se  encuentran en America,  dnico  continente  donde  la subfamilia ejerce  su

papel como vector (Schofield  1994; Galvao ef crJ. 2003). Aproximadamente 53 de estas
\

especies  son portadoras  de  r7)pcz79oso"c7  c7"zz.,  siendo  la mayorfa responsables  de  la

mantenci6n    del    ciclo    silvestre    de    la    enfermedad    infecciosa    (Zeled6n    1974).

Especfficamente,  para A41.  spz.7®oJcrz.  se  ha  descrito  una prevalencia  de  infecci6n  con  r.

cr2&z. de 11.4-26.00/o (Apt & Reyes  1990; Ordenes ef cr/.  1996).

r7#pcr7?os'omcr  crzjzz.,   es   un  protozoo   mastig6foro  perteneciente   a  la   familia

Trypanosomatidae,  en  cuyo  ciclo biol6gico  intervienen insectos vector?s y mamfferos

(Atias & Apt 1991 ; Fotografias 4 & 5). Se transmite principalmente a trav5s de vectores

de  la subfamilia Triatominae (800/o)  (Schofield  1994).  Otras  formas de transmisi6n en

humanos  son  la via transplacentaria, transfusi6n  sanguinea y accidentes  de laboratorio

(Apt & Reyes  1986,1990;  Schenone & Rojas  1989;  Schofield  1994). El parasito puede

ser  encontrado  tanto  en  deyecciones  de  insectos  infectados  como  en  la  sangre  de

hospederos vertebrados (Schenone & Rojas 1989).

En  sus  diversos  hospederos  y  en  medios  de  cultivo,   I.   crzzz.  presenta  tres

aspectos morfol6gicos fundamentales. (i) El tripomastigoto se encuentra en la sangre de

mamiferos  y  en   el   intestino  posterior  de  los  triatominos.  No   se  multiplica,  pero

constituye la forma infectante para los mamiferos y los triatominos. En los mamfferos,

es  el  diseminador  de  la  infecci6n  via  sanguinea.  (ii)  El  epimastigoto  es  la  forma  de

multiplicaci6n del parasito en el intestino del triatomino. (iii) El amastigoto es la forma

de multiplicaci6n del parasito y lo lleva a cabo en el interior de las c5lulas del mamifero
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(Atias  & Apt  1991).  Estudios mas recientes de Kollien  &  Schaub  (2000)  describen  18

formas   diferentes   al   considerar   los   estados   intermedios   mas   importantes   de   este

Protozoo.

El  ciclo de transmisi6n de r.  crz4zz. comienza cuando una vinchuca se infecta al

ingerir sangre de un mamifero infectado con tripomastigotos. En el ldmen del intestino

medio del insecto, los par5sitos se multiplican muy activamente como epimastigotos por

fisi6n binaria y, al cabo de  15 a 30 dfas, se desarrollan los tripomastigotos metaciclicos

en el  intestino posterior del triatomino.  Cuando  el  insecto  infectado pica al mamffero,

emite  deyecciones  con  tripomastigotos,  los  que  atraviesan  la  piel  por  el  sitio  de  la

picadura  o  por  las  mucosas.   En   el  mamifero,   los  tripomastigotos   metaciclicos  se

introducen  en  las  c5lulas  del  tejido  celular  laxo,  vecino  al  sitio  de  penetraci6n,  y

adquieren  la forma de amastigotos.  Los  amastigotos  se multiplican por fisi6n  binaria,

repletan la c6lula que termina por romperse, e ingresan los parasitos a la circulaci6n bajo

el aspecto de tripomastigotos, diseminindose por todo el organismo. El ciclo biol6gico

se  completa  cuando  los  tripomastigotos  son  ingeridos  por  triatominos  hemat6fagos

(Atias & Apt 1991; Cox  1993).

1.3.2 Potencial de modificaci6n fenotipica en el sistema en estudio

El  sistema  de  estudio  elegido  esta  constituido  por  la  vinchuca  silvestre,  "ep7~crz.cr

spz.77o/crz.  (Hemiptera:  Reduviidae),  y el  parasito  causante  de  la enfermedad  de  Chagas,

r7}pa#oso77M   c7"zz.   (Protozoa).   Este   sistema   end6mico   permite   abordar   diversas
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problematicas  de  la interacci6n parasito-vector poco  estudiadas  en  el  caso  de  insectos

triatominos.

En general,  los estudios  en triatominos que examinan los fenotipos de vectores

infectados ham incluido solamente uno de sus varios estadios de desarrollo (e.g., Afiez &

East  1984).  Sin embargo, existen varias razones para indicar que no todos los estadfos

ontogen5ticos del vector responden de igual manera al impacto de un parasito. Primero,

la expresi6n de un cambio fenotfpico en un hospedero intermediario (o vector) debiera

depender del momento en que ocurre la infecci6n, es decir, el tiempo que ha transcurrido

desde que el parasito entr6 en contacto con el vector (tiempo acumulado de contacto).

Segundo, ciertos estadios de desarrollo pueden ser mss sensibles al impacto del parasito,

dependiendo   de   la   asignaci6n   de   energ{a   a   otras   funciones   relacionadas   con   la

adecuaci6n biol6gica. Por lo tanto, al no incoxporar la variable ontogen6tica en estudios

pardsito-vector se podrian enmascarar aspectos importantes de la interacci6n. El primer

prop6sito  de  esta  tesis  es  examinar  si  el  parasito  I.   c7"zz.  modifica  el  tiempo  de

desarrollo  de  la vinchuca silvestre A4eprczz.cr spz.#o/crz.,  considerando  el tiempo  de  muda

acumulado  y  estadfo-por-estadio.  Adicionalmente,  evaldo  si  el  impacto  de  I.   c7'#zz.

depende del sexo del vector. Especificamente, abordo las siguientes preguntas: ( 1) 4Es el
\

tiempo  de  desarrollo  del vector A4:  spz.77o/crz. afectado  por el parasito  I.  orz*zz.?  (2)  6Son

los distintos estadios ninfales de A4: spz.72o/oz. afectados de la misma manera por I.  crzfzz.?

(3) tson los fenotipos de vectores machos y hembras igualmente sensibles al parasito?

Durante  el  periodo  de  transmisi6n  de  los  parasitos,   las  presiones  selectivas

debieran  favorecer  a  aquellos  parasitos  que  pueden  manipular  a  sus  vectores  y  asf

aumentar la probabilidad de transmisi6n (Hurd 2003). Debido a que I.  c7.#zz. se transmite
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principalmente  por  autoinoculaci6n  realizada  por  el  mismo  hospedero  definitivo,  es

importante  evaluar la ocurrencia de  sincronizaci6n  entre  la picada y la deyecci6n por

parte del insecto. Canals ef cr/. (1999) estudiaron la conducta de alimentaci6n de estadios

ninfales  V  en  A4:  spz.7?a/czz.,  y  encontraron  que  solamente  un  3.7°/o  de  los  individuos

deyectaban sobre la presa despu5s de picar. Sin embargo, en dicho estudio no se indica

el estatus de infecci6n de A4: xpz.7zo/czz. con r.  c7'.zfzz.. El segundo prop6sito de esta tesis es

estudiar los componentes de la conducta de A4 spz.J7o/oz. que inciden en la transmisi6n del

parasito y si la infecci6n modifica alguno de ellos. Se examinan las conductas asociadas

a   la   alimentaci6n   que   estin   directa   o   indirectamente   relacionadas   al   sistema   de

transmisi6n del protozoo.

Muchos  parasitos  de  insectos  reducen  la  salida  reproductiva  de  sus  vectores

(Hurd   1998;  Webb  &  Hurd   1999).  La  destrucci6n  mecanica  de  las  g6nadas  no  es

frecuente;  usualmente  la  reducci6n  en  la  producci6n  de  huevos  se  debe  a  cambios

morfol6gicos,  fisiol6gicos  o  conductuales  del  fenotipo  del  hospedero  (Webb  & Hurd

1999).  El  tercer  prop6sito  de  esta  tesis  es  evaluar  el  impacto  del  parasitismo  en  el

desempefio reproductivo del vector A4 spz.77o/cw.. Se abordan las siguientes preguntas: (1 )

6Es  el  tamafio  de  los  vectores  adultos  modificado  por  el  parasito?  (2)  6Reduce  el

parasito  el  desempefio  reproductivo   de   su   insecto  vector  en  terminos  de  tasa  de

producci6n de huevos, porcentaje de eclosi6n, ndmero/peso de huevos?  (3) tExiste un

compromiso entre cantidad y calidad de huevos y ninfas primer estadio producidas por

los insectos? (4) tson los vectores machos y heinbras afectados de la misma manera por

la infecci6n?
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1.4 0bjetivos generales e hip6tesis

1) Evaluar el efecto  del protozoo  parasito  rTzp¢#asana! cr#zJ. sobre el tiempo de

desarrollo  de  su  insecto  vector 44:cpr¢z.a  spz.Ho/¢z..  Con  respecto  a  este  objetivo  se

someterin a prueba las siguientes hip6tesis:

1.1   Si  la  expresi6n  de  un  cambio  fenotipico  en  un  vector  es  un  efecto  aditivo  que

depende   del  .tiempo   acumulado   de   contacto   vector-parasito,   a  mayor  tiempo

transcurrido   desde   que   el   parasito   contacta   al   vector,   mayor   debiera   ser   la

probabilidad de observar una modificaci6n en el fenotipo de este dltimo (Capftulo

I).,

1.2  Si  los  parasitos  no  modifican  de  igual  manera  el  fenotipo  de  vectores  machos  y

hembras,  la modificaci6n fenotipica debiera ser mayor en aquel sexo que presente

mayores requerimientos energ6ticos (Capitulo 1).

1.3  Si la modificaci6n fenotfpica inducida por el parasito posee valor adaptativo para el

vector, tal cambio debiera reducir el  impacto en adecuaci6n biol6gica atribuible al

parasitismo (Capfrolo 1).
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2) Evaluar el efecto del parasito protozoo 7lrypa!#oso"a cr#zz. sobre la conducta

de  alimentaci6n  de  su  insecto  vector  44:cpraz.a  spz.#o/az..  Con  respecto  a  este

objetivo se sometera a prueba la siguiente hip6tesis:

2.1  Si  los parisitos  con transmisi6n por  deyecci6n  aumentan  su  adecuaci6n  biol6gica

modificando    la    conducta    de    alimentaci6n    de    sus    vectores    (Hip6tesis    de

manipulaci6n),  se debieran observar modificaciones en el proceso de alimentaci6n

del  vector  coincidentes  con  un  aumento  de  la  probabilidad  de  transmisi6n  del

parasito (Capfulo 2).

3) Evaluar el efecto del parfsito protozoo  rrypaHosoJ„a! c7.wzz. sobre la fecundidad

de su  insecto  vector tl4:epr4z.a spz.#o/a!z..  Con  respecto  a este  objetivo  se  someteran  a

prueba las siguientes hip6tesis:

3.1  Si  el parasito disminuye la fecundidad de insectos infectados,  se debiera esperar la

menor producci6n, tamafio y viabilidad de huevos cuando uno de los parentales esta

infectado (Capfulo 3).

3.2  Si  el  parasito  disminuye  la fecundidad  de  insectos  infectados  dependiendo  de  su

sexo,   se   debiera   esperar   un   mayor   efecto   en   el   sexo   con   la   mayor   carga

reproductiva, en este caso la hembra (Capitulo 3).



1.5 Bibliograffa

18

Adamo,  S.A.  1999. Evidence for adaptive changes in egg laying in crickets exposed to

bacteria and parasites. Animal Behaviour, 57:  117-124

Anderson,   R.A.,   Koella,   J.C.   &  Hurd,   H.   1999.   The   effect   of  PJcrs%oc7z.%m  };oeJJ.I.

77z.gej`z.e7qsz.s  infection  on  the  feeding  persistence  of ,4j7apfae/es  stepfoe79sz.  Liston

throughout the sporogonic cycle. Proceedings of the Royal  Society of London a,

266:  1729-1733

Afiez, N.  & East, J.S.  1984.  Studies on  r7"pc77®oso"cr rcr7gge/I. Tejera,1920.11.  Its effect

on feeding behaviour of triatome bugs. Acta Tropica, 41,: 93-95

Apt, W.  & Reyes, H.  1986. Aspectos epidemiol6gicos de la Enfermedad de Chagas en

Chile,1. Distribuci6n geografica,  indices de infecci6n en vectores y en humanos.

Parasitologia al Dia,10: 94-101

Apt,   W.   &   Reyes,   H.   1990.   Algunos   aspectos   de   la   Enfermedad   de   Chagas   en

Latinoam5rica. Parasitologia al Dia,  14: 23-40

Atias,  A.  &  Apt,  W.1991.  Enfermedad  de  Chagas.  En:  Parasitolog{a clinica.  A  Atlas

(ed.). Tercera edici6n, Publicaciones t5cnicas Mediterrineo. Santiago, Chile

Bakker,  T.C.M.,  Mazzi, D.  & Zala,  S.  1997.  Parasite-induced  changes  in behavior and

color  make  Gcr7#7#crrz# p#/ex  more  prone  to  fish  predation.  Ecology,  78:   1098-

1104

Ballabeni, P.  1995. Parasite-induced gigantism in a snail:  a host adaptation? Functional

Ecology, 9: 887-893



19

Beach, R., Kiilu, G. & Leeuwenberg, J.1985. Modification of sandfly biting behavior by

fez.sfemcr73z.cr leads to increased parasite transmission. American Journal of Tropical

Medicine and Hygiene, 34: 278-282

Berdoy,  M.,  Webster,  J.P.  & MacDonald,  D.W.  2000.  Fatal  attraction  in rats  infected

with  rorap/czsz#cz  go77c7z.z..  Proceedings  of the  Royal  Society  of London  a,  267:

1591-1594

Brown, S.P.  1999. Cooperation and conflict in host-manipulating parasites. Proceedings

of the Royal Society of London 8, 266:  1899-1904

Canals,  M.,  Solis,  R.,  Valderas,  J.,  Ehrenfeld,  M.  &  Cattan,  P.E.   1997.  Preliminary

studies on temperature selection and activity cycles of rrz.c7ro7"cr z.#/esfcz#s and r.

spz.#o/crz. (Heteroptera: Reduviidae),  Chilean vectors of Chagas disease. Journal of

Medical Entomology, 34:  11-17

Canals,  M.,  Solis,  R.,  Tapia,  C.,  Ehrenfeld,  M.  &  Cattan,  P.E.  1999.  Comparison  of

some behavioral and physiological feeding parameters of I;`z-crfomcr z.#/esfcr#s Klug,

1834  and  A4:eprcrz.cr  spz.7?o/az.  Porter,   1934,  vectors  of  Chagas  disease  in  Chile.

Memorias do Instituto Oswaldo Cruz, 94: 687-692

Canals, M., Ehrenfeld, M., Solis, R., Cruzat, L., Pinochet, A., Tapia, C.  & Caftan, P.E.

1998.  Biologfa  comparada  de  "eprcw.¢  spz.J2o/oz.  en  condiciones  de  laboratorio  y

terreno: cinco afros de estudio. Parasitologia al Dia, 22: 72-78

Carmichael, L.M., Moore, J. & Bjostad, L.B.1993. Parasitism and decreased response to

sex pheromones  in  male Perz.p/cr#efzz  a77ze7.z.ccz#cr  (Dictyoptera:  Blattidae).  Journal

of Insect Behavior, 6: 25-32



20

Clayton,  D.H.   &  Wolfe,  N.D.   1993.   The  adaptive  significance  of  self-medication.

Trends in Ecology and Evolution, 8: 60-63

Combes,  C.  1991.  Ethological  aspects  of parasite  transmission.  American  Naturalist,

138:  866-880

Cox,   F.E.G.    1993.   Parasitic   protozoa.   En:   Modern   Parasitology:   a   textbook   of

parasitology. FEG Cox (ed.). Blackwell Scientific Publications. Oxford, UK

Curtis,  L.A.   1987.  Vertical  distribution  of  an  estuarine  snail  altered  by  a  parasite.

Science, 235:  1509-1511

Gajardo-Tobar, R.  1960. Anotaciones sobre un insecto de importancia m6dica. Boletin

del Hospital de Vifia del Mar,16:  131-141

Galvao,  C.,  Carvallo,  R.,  Da  Silva  Rocha,  D.  &  Juberg,  J.  2003.  A  checklist  of the

current  valid  species  of the  sub family  Triatominae  Jeannel,   1919  uremiptera,

Reduviidae) and their geographical distribution, with nomenclatural and taxonomic

notes. Zootaxa, 202:  1-36

Gotelli, N.J. & Moore, J.  1992. Altered host behaviour in a cockroach-acanthocephalan

association. Animal Behaviour, 43 : 949-959

Haye,  P.A.   &  Ojeda,  F.P.   1998.   Metabolic  and  behavioral   alterations  in  the  crab

ZJeJ#z.grcrprz4s  creJ7zj/crJas  (Milne-Edwards  1837)  induced  by  its  acanthocephalan

parasite  P7.o¢/z.co//z.a  ¢77fcr7`cfz.c#f  (Zdzitowiecki   1985).  Journal  of Experimental

Marine Biology and Ecology, 228: 73-82

Hechtel,   L.J.,   Jonhnson,   C.L.   &  Juliano,   S.A.   1993.   Modification   of  antipredator

behavior   of  Caecidotea   intermedius  by   its   parasite  Acanthocephalus   dirus.

Ecology, 74: 710-713



21

Helluy,  S.  &  Holmes,  J.C.   1990.  Serotonin,  octopamine,  and  the  clinging  behavior

induced  by the parasite Po/y"orp¢zfs pczrcrc7or2# (Acanthocephala)  in  Gc77#7#cz7"s

/crcz{strz.s (Crustacea). Canadian Journal of zoology, 68:  1214-1220

Hurd,   H.   1990.   Physiological   and   behavioural   interactions   between  parasites   and

invertebrate hosts. Advances in Parasitology, 29: 271-318

Hurd, H.  1998. Parasite manipulation of insect reproduction: who benefits? Parasitology,

116:  S113-S121

Hurd,  H.  2003.  Manipulation  of medically  important insect vectors by their parasites.

Annual Review of Entomology, 48:  141-161

Jenni, L., Molyneux, D.H., Livesey, J.L. & Galun, R.1980. Feeding behaviour of tsetse

flies infected with salivarian trypanosomes. Nature, 283 : 383-385

Juarez,   E.   1970.   Comportamento   do   rrz.c7ro7#o   z.#/es/cz77s   sob   varias   condicoes   de

laboratorio. Revista de Sadde Ptiblica, 4:  147-166

Koella, J.C.,  Sorensen, F.L. & Anderson, R.A.  1998. The malaria parasite, P/czs"oJz.#J#

/cr/czpcrrzfffl,  increases  the  frequency  of multiple  feeding  of its  mosquito  vector,

.4#opfee/es gr77cbz.cre. Proceedings of the Royal Society of London a, 265: 763-768

Kollien,   A.H.   &   Schaub,   G.A.   2000.   The   development  of  r7}pc777oso"cr  cr#zz.  in

Triatominae. Parasitology Today,16: 381-387

Krause, J.  &  Godin, J-G.J.  1994.  Influence of parasitism on the shoaling behaviour of

banded  killifish,  Fzj#c7zf/as  c7z.ap¢cr;qzfs'.  Canadian  Journal  of Zoology,  72:   1775-

1779



22

Lent, H. & Wygodzinsky, P.1979. Revision of the triatominae (Hemiptera: Reduviidae)

and  their  significance  as  vectors  of Chagas  disease.  Bulletin  of the  American

Museum of Natural Histoty,163:  130-138

Levri,  E.P.   1999.   Parasite-induced  change  in  host  behavior  of  a  freshwater  snail:

parasitic manipulation or byproduct of infection? Behavioral Ecology,10: 234-241

Levri,  E.P.  &  Lively,  C.M.   1996.  The  effects  of  size,  reproductive  condition,  and

parasitism on foraging behaviour in freshwater snail, Pofc}map};rg.as cr#fz.poc7cr7`"in.

Animal Behaviour, 51 : 891-901

Lim,  S.S.L.  &  Green,  R.H.   1991.  The  relationship  between  parasite  load,  crawling

behaviour,  and   growth  rate  of  "crcoz#cr  bcr/Zfez.ca  from  Hudson  Bay,   Canada.

Canadian Journal of zoology, 69: 2202-2208

LOBue,   C.P.   &   Bell,   M.A.    1993.   Phenotypic   manipulation   by   cestode   parasite

Schistocephalus   solidus  Of  its  .rrfuemnediate  host,  Gasterosteus  aculeatus,  the

threespine stickleback. American Naturalist,  142: 725-735

Lowenberger,  C.A.  & Rau, M.E.  1994. P/czgr.orc¢is e/egr77s:  emergence,  longevity and

infectivity   of  cercaiae,   and   host   behavioural   modifications   during   cercarial

emergence. Parasitology,109: 65-72

Maitland,  D.P.   1994.  A  parasitic  fungus  infecting  yellow  dung flies  manipulates  host

perching behaviour. Proceedings of the Royal Society of London a, 258:  187-193

Mccurdy, D.G., Forbes, M.R. & Boates, J.S.1999. Evidence that the parasitic nematode

Sky.crb7.77oc/cri;cr manipulates host  Coropfrz.zfm  behavior to  increase transmission to

the sandpiper, CczJz.c7risp2jsz./Jc}. Behavioral Ecology,10: 351 -357



23

Minchella, D.J.  1985. Host life-history variation in response to parasitism. Parasitology,

90: 205-216

Molyneux,  D.H.  1993.  Vectors.  En:  Modern Parasitology:  a textbook of parasitology.

FEG Cox (ed.). Blackwell Scientific Publications. Oxford, UK.

Molyneux, D.H. & Jefferies, D.1986. Feeding behaviour of pathogen-infected vectors.

Parasitology, 92: 721-736

Moore,  J.   1983.  Responses  of an  avian  and  its  isopod  prey  to  an  acanthocephalan

parasite. Ecology, 64:  1000-1015

Moore, J.  1993. Parasites and the behavior of biting flies. Joumal of parasitology, 79:  1 -

16

Moore, J., Freehling, M. & Gotelli, N.J.1994. Altered behavior of two species of blattid

cockroaches infected with A4o7?I./zJor77#.a 7#oj?I./z/o7imz.s (Acanthocephala). Journal of

Parasitology, 80: 220-223

Neghme, R.A.1982. La tripanosomiasis en America. Creces, 3: 23-28

0rdenes,  H.V.,  Ehrenfeld,  M.,  Cattan,  P.E.  &  Canals,  M.   1996.  Infecci6n  tripano-

triatomina  de  rrz.crfo7„cz  spz.j?o/crz.  en  una  zona  de  riesgo  epidemiol6gico.  Revista

M5dica de Chile,124:  1053-1057

Poulin,  R.  1993.  Age-dependent  effects  of parasites  on  antipredator responses  in  two

New Zeland freshwater fish. Oecologia, 96: 431-438

Poulin,  R.  1994.  Parasite  manipulation  of host  behaviour:  should  hosts  always  lose?

Oikos, 70: 479-484



24

Poulin, R.1995. "Adaptive" changes in the behaviour of parasitized animals:  a critical

review. International Journal for Parasitology, 25:  1371-1383

Poulin, R.  1998a. Evolutionary ecology of parasites:  from  individuals to communities.

Chapman & Hall. London, UK

Poulin, R.  1998b. Evolution and phylogeny of behavioural manipulation of insect hosts

by parasites. Parasitology,  116: S3-S 1

Poulin, R.  2000. Manipulation of host behaviour by parasites:  a weakening paradigm?

Proceedings of the Royal Society of London 8, 267: 787-792

Poulin, R. & Thomas, F.  1999. Phenotypic variability induced by parasites: extent and

evolutionary implications. Parasitology Today,15: 28-32

Reis  dos  Santos,  J.  &  Lacombe,  D.   1985.  Estudos  relativos  a  duracao  da  ecdise  e

ovoposicao  de  r;`z.czfoz79a  z.72/esr/cz7zs  infectado  pelo  r7"pcr77oso7#cr  c7"zz..  Anais  da

Academia Brasileira de Ciencias, 57:  127

Roberts,  L.W.   1981.   Probing  by   G/osisz.7zcr  morsz.Jcz#s  77zorsz.rt777s  and  transmission  of

r7}pc777oso7„cr (Nannomonas)  co72go/e7cse. American Journal of Tropical Medicine

and Hygiene, 30: 948-951

Rossignol, P.A., Ribeiro, J.M.C. & Spielman, A.1986. Incresed biting rate and reduced

fertility in sporozoite-infected mosquitoes. American Journal of Tropical Medicine

and Hygiene, 35: 277-279

Schaub,    G.A.    1992.    The   effects   of   trypanosomatids   on    insects.    Advances   in

Parasitology, 31 : 255-319

Schaub,  G.A.  1994. Pathogenicity of Trypanosomatids on  insects.  Parasitology Today,

10: 463-468



25

Schenone, H. & Rojas, A.  1989. Algunos datos y observaciones pragmaticas en relaci6n

a la epidemiolog{a de la Enfermedad de Chagas. Boletin Chileno de Parasitologfa,

44: 66-86

Schenone,  H.,   Villarroel,   F.,   Rojas,  A.   &  Alfaro,   E.   1980.   Factores   biol6gicos  y

ecol6gicos  en  la  epidemiologia  de  la  enfermedad  de  Chagas  en  Chile.  Boletin

Chileno de Parasitologia, 35 : 42-54

Schofield,  C.J.   1994.  Triatominae,  biologia  y  control.  Eurocommunica  Publications.

West Sussex, UK

Simmons, L.W.  1993. Some constraints on reproduction for male bushcrickets, J2egzte#cr

verjccz/z.s'   (Orthoptera:   Tettigoniidae):   diet,   size   and   parasite   load.   Behavioral

Ecology and Sociobiology, 32:  135-139

Stamp, N.  1981.  Behavior of parasitized  aposematic  caterpillars:  advantageous  to  the

parasitoid or the host? American Naturalist,  118: 715-725

Thomas, F. & Poulin, R.1998.   Manipulation of a mollusc by a trophically transmitted

parasite: convergent evolution or phylogenetic inheritance? Parasitology,  116: 431 -

436

Thompson,   S.N.   &  Kavaliers,   M.I.   1994.  Physiological  bases  for  parasite-induced

alterations of host behaviour. Parasitology,109: S 119-S 138

Vance,  S.A.  1996.  The  effect of the mermithid parasite  Gcrstro;#er7#z.s sp.  (Nematoda:

Mermithidae)   on   the   drift   behaviour   of  its   may fly   host,   Bcre/z.s   bz.cc7#c7crzz4s

(Ephemeroptera:  Baetidae):  a trade-off between  avoiding  predators  and  locating

food. Canadian Journal of zoology, 74:  1907-1913



26

Webb,  T.J.  & Hurd,  H.  1999.  Direct manipulation of insect reproduction by agents  of

parasite origin. Proceedings of the Royal Society of London a, 266:  1537-1541

Webber,   R.A.,   Rau,   M.E.   &   Lewis,   D.J.   1987.   The   effects   of  P/crgz.ocfrz.a  #ob/ez.

(Trematoda:   Plagiorchiidae)   metacercariae   on   the   behavior   of  ,4ec7es   cJegrpfz.

larvae. Canadian Journal of zoology, 65:  1340-1342

Wekesa,   J.W.,   Copeland,   R.S.   &   Mwangi,   R.W.    1992.   Effects   of  P/c7s"oc7z.win

/cJ/czZ7cJr#m on blood feeding behavior of naturally infected Anopheles mosquitoes

in Western Kenya. American Joumal of Tropical Medicine and Hygiene, 47: 484-

488

Wilson,  K.  2000.  Parasite  manipulation:  how  extensive  is  the  extended  phenotype?

Trends in Ecology and Evolution,15: 395

Wilson, K. & Edwards, J.C.  1986. The effects of parasitic infection on the behavior of

an  intermediate  host,  the  American  cockroach,  Perzp/cr77eJ¢  cr"erz.ccr77cr,  infected

with the acanthocephalan, A4o77z./zJo;.#".s 7#o7zz.JZJor77".a. Animal Behaviour,  34:  942-

944

Yam,  G.,  Stevens,  L.  &  Schall,  J.J.   1994.  Behavioral  changes  in  rrz.bo/I.#"  beetles

infected with a tapeworm:  variation in effects between beetle species and among

genetic strains. American Naturalist,143 : 830-847

Zeled6n, R.1974. Epidemiology, modes of transmission and reservoir hosts of Chagas'

disease in Trypanosomiasis and Leishmaniasis.  Ciba Foundation Symposium, 20:

51-77



1.6 Fotografias

1.    Ninfa de quinto instar de A4elprczz.cr spz.77oJcrz.

2.    Hembra adulta de A4lepraz.c7 spz.77o/czz. (cortesfa Mariana Acufia)
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3.    Habitat   de   A4ep7icrz.cz  spz.77oJczz.,   Reserva  Nacional   Las   Chinchillas,   Auc6,   IV

Regi6n

4.    Fomas   en   el   ciclo   de   vida   de   rj#pcr7casomcr   c7'.zfz'z.:   (a)   promastigoto,   (b)

epimastigoto, (c) tripomastigoto, y (d) amastigoto (Cox 1993)

5.   Microfotografia electr6nica de I;}pcz79oso7#cz c7"zz. (Cox 1993)
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2. Parasite-induced changes in the developmental time of a trypanosome-infected

kissingbug

SUMMARY

30

The  extent  to  which  parasites  manipulate  the  host  phenotype  to  increase  the

probability of transmission,  or the host phenotype change represents an incidental side

effect of parasite  infection  is  a contentious  issue.  In this paper I examine whether the

protozoan   parasite   r7"f7cr;?osofflcz   crztzz.   modifies   the   developmental   time   of  the

kissingbug  A4ep#crz.cr  spz.7eo/crz.  (Hemiptera;  Reduviidae).  Results  indicate  that  I.  cr2jzz.-

infected bugs showed a slower moulting time than uninfected individuals. The impact of

the parasite was age-dependent, as the last three moults were the most affected stages.

In addition, r.  c;"zz. decreased significantly the weight of males and females in the three

last stages. When insect sex was taken into account, female kissingbugs took longer time

than males to develop into the adult stage, which implies that the impact of I.  cr#zz. is

sex-dependent.   These  results   indicate  that   r.   crz4zz.  modifies  the  phenotype  of  A4:

spz.77o/crz.,  and  provide  the  first  evidence  for  age  and  sex-dependent  parasite-induced

phenotype modification.
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1. INTRODUCTION

Host-parasite    interactions    are    often    described    as    a    resource-consumer

relationship,  where parasites  maximize  fitness,  either by  increasing the probability  of

completing its life cycle, or by increasing offspring production as a consequence of host

infection. The way parasites exploit their host populations, however, can have different

consequences for host fitness. On the one hand, parasites can reduce directly host fitness

through  increases  in mortality  and  castration  (Minchella  1985;  Ballabeni  1995;  Poulin

1998).  On  the  other  hand,  subtle  and  more  indirect  parasite  impacts  such  as  host

phenotype modifications, can lead to decreased host survivorship or reproduction after

the  new  host phenotype  is  expressed.  Even though  these  parasite-induced phenotype

modifications  have  long  attracted  the  attention  of parasitologists,  only  recently  the

ecological and evolutionary consequences of these epigenetic modifications have been

examined.  Many  studies  have  described  that  parasites  can  modify  a  wide  range  of

physiological, behavioural and moaphological host traits ¢Iolmes & Bethel 1972; Moore

& Gotelli  1990; Hechtel e/ c}/.  1993; Mouritsen & Jensen  1994; Ballabeni  1995; Moore

1995;  Vance  1996;  Poulin  & Thomas  1999).  However,  whether these host alterations

represent simple pathological side-effects of parasite infection, consequences of parasite

manipulation to  increase transmission to  another host,  or host adaptations to minimize

the costs of being parasitized is still a source of controversy (Poulin 2000; Wilson 2000).

Recent  studies  have  warned  that unless  quantitative  assessments  reveal  a  significant

overall effect of the host phenotype change on parasite fitness, the host change should

not cr prz.o7-z. be considered as parasite adaptations (Moore & Gotelli  1990; Poulin 2000;
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Tompkins  er cr/.  2004).  In the  absence  of such  evidence,  the  more parsimonious  null

hypothesis  that altered host phenotype  is  simply  an  incidental  side  effect of infection

cannot be rejected.

In this study, I focus in a trypanosomatid-insect relationship endemic to Chilean

arid zones, that consists on the protozoan parasite  r"pcr77osomcr cr2/zz. and its reduviid

vector    A4lep7icrz-cr    spz.7go/czz.    (Lent    e/    cr/.     1994).    Several    studies    on    Triatomine-

trypanosomatid  interactions  have  investigated  whether  parasites  produce  behavioural

alterations,  disturbances  of organ  systems,  pre-adult  development  delay,  reduction  in

lifespan  and reproductive  rate,  and  synergistic  effects  between the  parasite  itself and

other  stressors  (e.g.,  Molyneux  ef  cr/.   1978;  Afiez  &  East  1984;  Reis  dos  Santos  &

Lacombe  1985;  Schaub  1989;  Giojalas  e/ cr/.  1990).  Even though  results  indicate  that

trypanosomatids have in general few pathological effects on insect vectors, most studies

assume  that  insect  developmental  stage  and  sex  do  not  influence  the   impact  of

rrypcrrzosourcr on the host phenotype.  However,  hosts of different ages and sexes may

represent  different  resource  environments  for parasites  because  of the  age-dependent

energy budget and energy allocation pattern at the time of infection (Gerard & Theron

1997). For example, the weakening of insects by ageing or adverse weather conditions

may  increase  the  pathogenicity  of  the  flagellates  (Schaub   1994).   Likewise,   some

parasites induce juvenilization and sexual reversal in males but not females (Tomalak ef

cr/.  1984;  Hurd  1990),  which  suggests  that  overall  conclusions  on  the  importance  of

trypanosomatids in modifying the insect phenotype may be contingent to the host sex

that  is  affected.  In this paper,  I  evaluate  the  importance  of I.  crz&z.  in  modifying the

developmental time  of A4  spz.;7oJczz. on a cumulative and per  instar basis.  In  addition,  I
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examine whether the phenotypic impact of r.  crzfzz. is contingent to the host sex that is

involved in the interaction. More specifically, I will address the following questions: (I)

Does  r.  cr#zz. affect the developmental time of its vector A4. spz.jco/cH.? (2) Does  r.  cra!zz.

modify the host phenotype evenly across host ontogeny? (3) Are male and female host

phenotypes evenly sensitive to I. crz4zz.?

2. MATERIAL AND RETHODS

a) Study system

The   kissingbug   A4leprcw.cr   spz.77o/c#.   (rrz.cr/o"cr   spz.72o/czz.)   is   one   of  the   two

triatomine  species  responsible of r7]+f7cr72oso772cr c7zfzz. transmission  in arid and  semiarid

Chile  (Lent  ef  cr/.   1994).  This  strictly  hematophagous  and  diurnal species  distributes

between  18°  and  34°  S,  and  its  main  habitat  includes  stay  grounds,  bird  nests,  rock

crevices, and caves although it has been also found in rustic and abandoned houses (Lent

&  Wygodzinsky   1979;  Schofield  ef  CZJ.   1982;  Canals  ef  cr/.   1997).  A4:epr¢z.cz  spz.j?o/czz.

requires  blood of vertebrates,  such  as rodents,  foxes,  rabbits,  marsupials  and birds,  to

complete its life cycle (Sagua ef cz/.  2000;  Canals ef cr/.  2001). The development of this

hemimetabolous  insect includes an egg,  five nymphal  instars,  and an  adult.  Often one

full engorgement is sufficient for molting from one larval instar to the next ceollien &

Schaub  2000).  This  species  is the  only  conspicuously polymorphic  of the triatomine,

presenting macropterous, brachypterous, micropterous males, and micropterous females

(Lent & Wygodzinsky 1979).
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The  protozoan parasite  r.  cr#zz.  is the  causative  agent of Chagas  disease.  This

heteroxenous    trypanosomatid     possesses     a     life     cycle     that     involves     several

moxphologically  different  stages  such  as  amastigotes,  epimastigotes,  promastigotes,

trypomastigotes and spheromastigotes (Kollien & Schaub 2000). Infection of definitive

hosts  occurs by contamination of mucous  membranes with bug feces  or urine, which

contain  the  infectious  metacyclic  trypomastigote  stage  of the  flagellate  (Kollien  &

Schaub   1997).   Once   inside  the   insect  vector,   the  trypanosomatid   multiplies   and

differentiates in the digestive tract.

(tjly Experimental design

One  hundred  crossings  were  carried  out  between  adult  A4  spz.77oJczz.  males  and

females captured as fifth instar nymphs at the Reserva Nacional Las Chinchillas (31 °30'

S,  71°06'   W,  IV  Region,  Chile).  Eggs  were  daily  isolated  from  the  crossings  jars,

cleaned and placed in sterile plastic containers. Once the first instar nymphs emerged, a

random  assignment  to  treatment  (infected  with  I.  c7'.cfzz.)  or  control  (uninfected)  was

performed.  Previous  reports  indicate  that maintenance  in  isolation  or  in  overcrowded

conditions, may represent stress factors for triatomines (Schaub 1994). I minimized such

effects  by  housing  nymphs  at  individual  3.2  cm  x  3.6  cm  compartments  in  an  18-

compartment  plastic  box  (11.4  cm  x  20.5  cm).  0lfactive  and  visual  stimuli  among

neighbors  were  allowed  by  setting  small  holes  on  the  walls  of compartments.  Each

compartment was provided with sandy bottom and a folded piece of paper as a refuge
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for  bugs.  All  insects  were  reared  in  a  climatic  chamber  at  26°  C,  65-70%  relative

humidity, and 14:10 h L:D cycle.

A total of 549 treatment nymphs were infected at the first feed 3 - 4 weeks after

eclosion using I.  cr#zz. infected laboratory mice (C3H strain).  The  r.  c7nez. strain used

was  isolated  in  May  2002  from  A4  spz.#o/¢z.  collected  at  the  Reserva  Nacional  Las

Chinchillas.  Trypanosomes  in  feces  and  urine  of field-captured  insects  were  used  to

infect mice by intraperitoneal inoculation. Since 2002, the strain has been maintained by

cyclical transmission across mouse generations.  A total  of 523  control nymphs fed on

uninfected laboratory mice 3 - 4 weeks after eclosion. Only engorged first instar nymphs

were used in this study.   After each moulting, all nymphs were starved for 3 weeks and

then fed on mice until the adult moult. The experimental feeding opportunities used in

this  study  try  to  resemble  natural  situations  with  only  one  engorging  chance  after

moulting. Nymphs were weighted before and after the feeding event in an analytic scale

®recision  0.1  mg).  Interstadial  developmental  time  and mortality were recorded  on  a

daily  basis  until   adults   emerged,   and   sex  was   determined   according  to   sexually

dimorphic  characters  (Lent  &  Wygodzinsky   1979).  To  ensure  bug  engorgement,  a

mouse was arrested in a mesh cage and one bug at a time was allowed to feed on it. All

stages  of control  nymphs  were  fed  with  uninfected  mice.  To  ensure  that  treatment

nymphs were truly infected, I examined the presence of I. cr#zz. in fecal samples of fifth

instar nymphs by light microscopy OVIKON Diaphot-FXA), compressing 5  Hl of fresh

fecal  drops between a slide and a  18  mm x  18  mm cover-slip. The presence of motile

parasites in 50 microscopic fields was recorded using an x400 magnification. All bugs
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fed with infected mice showed evidence of I.  c7.a{zz. in their feces. Mouse parasitaemia

was  checked  on a weekly basis,  and  only infected mice with  increasing parasitaemia

were used for bug feeding (Feilij eJ cr/.  1983). In order to avoid any host effect on insect

development  (e.g.,  blood  quality,  odour  stimuli),  2-month  old  mouse  males  from  the

same genetic line were used for feeding purposes.

(c) Statistical analyses

I analyzed moulting time (the number of days elapsed between the last meal and the

next  instar emergence)  and  nymph weight  (the weight of each  nymph  3  weeks  after

moulting)  with  two-way  repeated-measures  ANOVAs,  with  status  and  sex  as  main

factors.  Cumulative moulting time  (the time elapsed from first-instar nymph to adult)

was  analyzed  with  a  two-way  ANOVA,  with  status  and  sex  as  main  factors.  The

dependent variables were log-transformed for normality and checked for homogeneity of

variance  by  using the  Fmax test  (Sokal  &  Rohlf  1995).  Because  differences  in  insect

weight  can  be  attributable  not  only  to  an  effect  of  T.   c7'nez.,  but  also  to  between-

individual variation in the volume of ingested blood, I compared the cumulative ingested

blood  (the  total  amount  of blood  ingested  by  each  individual  along  its  life  cycle)

between groups using a two-way ANCOVA with fifth nymph weight as covariate, and

status and sex as main effects.
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3. RESULTS

Over  the  entire  study,  only  36.50/o  of the  initial  first-instar  nymphs  reached

maturity (123 males and 268 females).  Consequently, all the subsequent analyses were

performed using this restricted, but complete dataset. To avoid any confounding effect

attributable to male polymorphism, only micropterous males (n =  117) were considered

in analyses.  When  infected and control  groups were considered  separately,  27.1% and

45.10/o  nymphs  completed  their  life  cycle,  respectively  (Chi-squared  test  with  Yates'

continuity correction, Jri  = 36.9, p < 0.001).  Surviving infected bugs presented a lower

male  frequency than  uninfected  bugs  (22.8°/o  versus  35.2°/o,  respectively,  Chi-squared

test  with  Yates'  continuity  correction, .Xi  =  6.02, p  =  0.014),  indicating  that  groups

differed in the resulting male to female ratio (infected group = 1 :3.4, uninfected group =

1 : 1.8).

The mean moulting time for infected and uninfected individuals at each nymphal

stage  are  summarized  in  Table  1.  Infected  males  required  7  -25°/o more time  on the

average to moult than uninfected ones, but the reversal situation was observed for fifth

nymphs reaching maturity, where control nymphs required 9% more time than treatment

individuals.  The  same  trend  was  observed  for  females.  Infected  females  required  2  -

24% more time on the average to moult than control bugs. The same result was observed

for cumulative moulting time data. Infected males and females required  18 and 55 extra

days on the average, respectively, to reach maturity than control individuals (table 1 ).

Results  revealed  a  significant  effect  of infection  on  the  moulting  time.  Infected

insects required more time to moult through their ontogeny in comparison to uninfected
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individuals   (figure   lcr,a).   Similarly,   there  was   a  significant  effect  of  sex   on  the

developmental time  of bugs.  Males required  less time to  moult than  females  (table  1,

flgure Icy,a), and the greatest difference between sexes occurred when moulting from IV

to V instar. The significance of time revealed that younger nymphs required less time to

moult to the next developmental  stage. The only significant interactions were status x

time (F4, i3oo = 2.65, p < 0.05) and sex x time (F4, i3oo = 9.13, p < 0.001), suggesting that

the  significance  of main  effects  are  contingent  to  the  instar  stage  that  is  considered

(figure  Icy,a).  A second analysis revealed  a significant effect of infection on the mean

weight  of  3  week  starved  nymphs.  Uninfected  insects  were  heavier  than  infected

individuals  (figure  lc,cD.  Fourth,  fifth and adult instars  showed the  larger differences.

There  were  significant  effects  of sex  and  time  on  the  insect  weight.  Females  were

heavier than males, and older instars heavier than younger ones (Lent & Wygodzinsky

1979).  In  this  analysis the  only  significant  interactions  were  status  x time  (F4,  1268 =

13.49, p < 0.001) and sex x time (F4, 1268 = 29.92, p < 0.001) (flgure lc,cD.

Analysis on cumulative moulting time revealed about the same results as above, with

strong effects  of status  and  sex on moulting time  (Two-way ANOVA:  status, Fi,325 =

22.124, p < 0.001; sex, Fi,325 = 7.205, p < 0.01; status and sex, Fi,325 = 4.570, p < 0.05).

However,  unlike the previous  analysis, there was a significant status x sex interaction

suggesting that the effect of r. c7"zz. expresses on sexual differences in cumulative rather

than in instar-dependent moulting time. While control males did no differ from control

females, moulting time differed between sexes in infected M spz.77o/crz., females requiring

42  extra  days  on  the  average  to  reach  maturity  (table  1).  Finally,  analysis  on  the

cumulative ingested blood revealed a strong effect of sex (Fi, 3i6 = 84.84, p < 0.001), but
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neither status (Fi, 3i6 = 0.93, p = 0.34) nor the sex x status interaction (Fi, 3i6 = 2.90, p =

0.09),  influenced  the  total  amount  of blood  ingested  by  the  insects.  Therefore,  even

though  female vectors  ingested more blood than males,  the parasite had no  effect on

blood  intake  iri  A4  spz.77o/crz.  when  standardized  by  insect  weight  (mean  (mg)  ±  s.e.,

Females: treatment: 504.5 ±  10.7, control: 625.0 ± 12.3; Males: treatment: 382.9 ±  14.4,

control: 439.1 ± 9.5).

4. DISCUSSION

Results from this study indicate that r. c7'.z4zz.-infected kissingbugs are smaller and

need more time to reach maturity than uninfected bugs. Even though the physiological

mechanisms  underlying  this  pattern  are  unknown  at  present,  previous  studies  have

suggested  that  trypanosomatids  may  compete  for  trace  nutrients  otherwise  entirely

available  for triatomines  caollien  &  Schaub  2000),  and  a  critical  level  of metabolite

concentration concerned with moulting is needed to initiate the hormonal induction of

moulting (Schaub  1992).  The  impact  r.  cr#zz. has  on the  developmental time  of their

insects hosts seems to be a more widespread phenomenon than previously thought. For

example,  Reis  dos  Santos  &  Lacombe  (1985)  found  that  r.  crwzz.  retards  the  larval

developmental  time  in  the  pre-adult  stages  of  infected  rrjcrfoz#cr  I.77/esJtus  (but  see

Schaub 1989). It is possible that I. crztzz. acts as a subpathological stressor that translates

in  a  small  size  and  retarded  developmental  time  of  infected  hosts  when  feeding

opportunities are restricted (see also Schaub 1992).
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One potential consequence of the retarded developmental time shown by infected

kissingbugs  is  that  trypanosomes  increase  spread  toward  definitive  vertebrate  hosts

through  increases  in  the  number  of  feeding  events  made  by  kissingbugs  to  reach

maturity.  Several  studies  have  shown  that  infected  bloodsucking  insects  attack  their

hosts  more  often  than  uninfected  ones,  which  would  translate  into  higher  disease

transmission (Jenni ef cr/.  1980;  Afiez & East  1984).  Trypanosomatids and insect hosts

seem to compete for metabolites in the ingested blood, making the insects to be hungry

earlier (Schaub  1994).  When the insect vectors  die from  starvation, more remnants of

hemoglobin are present in the gut of r. c7`#zz.-infected than uninfected insects, suggesting

that the cause of death can be due to trace nutrient depletion acollien & Schaub 2000).

However, when r. c7"zz. - infected insects are raised under optimum feeding conditions,

the reduction in the amount of metabolites seem to be compensated by an increase in the

number of feeding events and/or the ingested blood volume (Schaub  1992). Likewise, it

has been  suggested that established trypanosomes  are capable  of regulating their own

population  size  and  quality  through  programmed  cell  death,  which  may  ameliorate

resource   competition   with   hosts,   and  hence   extend  the   host  lifespan  to   increase

opportunities  for transmission  q3illingsley  1998).  This  situation has been  observed  in

crTher  trypa;rrosoma;tiids  sock  a;s  Trypanosoma  rangeli  a:nd  Blastocrithidia  triatomae

infecting species from the genus j2faoc7#z.zfs. For example,  r.  7.cr#ge/z. - infected J2%oc7j".#s

pro/z.x#s  needed  10-40%  more  time  to  reach  the  adult  stage  compared  to  uninfected

insects. In this case,  I.  c77tzz.-infected bugs experience a  1.5-fold biting rate increase in

comparison to uninfected insects (Botto-Mahan eJ cJ/., in prep.), which verifies partly the

idea of increased parasite transmission.
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The  impact of the protozoan parasite on the phenotypic  change  of d4  spz.72o/c}z.

was  age-related,  and  stronger in older rather than younger instars.  Two  non-mutually

exclusive explanations may help to understand these results. On the one hand, because

the body growth rate of parasitized insects tend to decline as infection proceeds (Hurd

1990), which  is often accompanied by  impaired  food consumption and a concomitant

alteration in gross conversion efficiency (Thompson 1983), it is possible that cumulative

parasite   loads   acquired   through   successive   feeding   events   along   insect   ontogeny

translate into late rather than early phenotype change expression. On the other hand, it is

possible that infected nymphs closer to maturity carry out an extra energy expenditure

related to reproduction than younger infected nymphs. Theory predicts that when two or

more  life-history  traits  compete  for  resources,  a  trade-off arises  because  individuals

cannot allocate resources to one trait without a concomitant reduction in allocation to a

competing trait  (Steams  1989,  1992).  Parasites  are  being recognized  as  an  important

factor influencing life-history evolution (M®1ler 1997). It is widely known that parasites

have the potential to decrease reproductive output of hosts by competing for nutrients or

forcing hosts to invest in immune function. When resource allocation to reproduction is

still favored, allocation to somatic growth, self-maintenance, and immune function may

be severely compromised. The extent to which r.  crz&z. impacts on the energy budget of

A4:  spz.73oJcrz.,  and  influences resource  allocation {o  body mass  and moulting need to be

assessed in future studies.

Analyses of cumulative moulting time revealed a strong sex x status interaction,

indicating  that  the  magnitude  of the  impact  of  r.  c7`ztzz.  on  moulting  time  was  sex-

dependent,  with  females  being  more  affected than  males.  In  addition  to  the potential
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fltness  advantage  for parasite transmission,  if the parasite-induced phenotypic  change

has fitness consequences for A4 spz.79o/crz., this strategy may represent an alternative way

by  which  bugs  tolerate  the  resource  limitation  imposed  by  r.  c7'.ezz..  Hence,  parasite-

mediated selection for plastic life history strategies may allow hosts to compensate for

some  of the  fitness  losses  attributable  to  parasitism.  Because  strategies  to  avoid  or

tolerate  parasitism  are  often  sex-specific  as  a  consequence  of sex  differences  in  the

resource  allocation  trade-off between  parasite  defense  and  other  components  of the

phenotype   (Tschirren   ef   cJ/.    2003),    it   is   possible   that   reproductive   allocation

compromises   development   and   body   growth   mainly   in   female   rather  than   male

individuals. The resolution of these trade-offs associated with tolerance and reproduction

will be a result of the selection pressures imposed by parasites on the separate sexes. A

better  understanding  of the  host  fitness  costs  and  parasite  benefits  will  help  us  to

understand the adaptive significance of parasite-induced phenotypic change both from

the host and parasite perspectives.
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Table  I.  Summary  of the  mean  moulting  time  (days  ±  I  s.e.)  of r.  c7'z#z.-infected  and

uninfected A4:ep7icrz.cr spz.77o/crz.. Parenthesis indicates sample size.

Males                                                        Females

Stage                     infected                 uninfected                     infected                un infected

Ii Il instar            20.32± 1.18

(34)

Ill Ill instar          22.79 ± 1.07

(34)

IIIi Iv instar          30.97 ± 1.55

(33)

Ivi v instar          62.15 ± 9.68

(26)

V i adult               87.24 ± 9.91

(33)

17.80 ± 0.27

(83)

21.12 ± 0.34

(82)

25.85 ± 0.43

(81)

46.45 ± 3.27

(82)

94.71 ± 6.89

(83)

20.36 ± 0.57

(115)

23.40 ± 0.59

(112)

35..  51  ±  1.36

(112)

88. 63 ± 5.39

(98)

84.66 ± 7.83

(Ill)

18.78 ± 0.29

(153)

22.97 ± 0.46

(148)

29.57 ±  1.07

(152)

67.51 ± 3.79

(150)

72.43 ± 5.74

(150)

`Iiadult               222.86±  12.17          204.98±6.21            264.13±6.93           208.90±4.63

(21 )                              (79) (88) (141)



FIGURE CAPTION

49

Figure  1 . Effects of r7}pcz73oso"cz cr#zz. parasite on "eproz.cr spz.7co/czz. vector. Mean (±  I

s.e.)  moulting  time  of (c7)  female  and  (a)  male  vectors.  Two-way  repeated-measures

ANOVA:  status, Fi,325 = 72.568, p < 0.001; sex, Fi,325 = 3.920, p < 0.05; time, F4.i3oo =

2J;+2.772, p < 0.001.  Mean  (±  I  s.e.) starved weight of (c)  female and (dy male vectors.

Two-way  repeated-measures ANOVA:  status, F„H =  54.05, p <  0.001;  sex,  Fi£H =

28.43, p < 0.001 ; time, F4,1268 = 6524.34, p < 0.001. Closed and open circles represent I.

cr#zz.-infected and uninfected vectors, respectively.
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3. Parasite-induced changes in the feeding behaviour of a rryp¢Hasoj„a! crwzz--

infected triatomine: implications for parasite transmission

SU"ARY

Parasites have been hypothesised to manipulate the feeding behaviour of their

invertebrate vectors to increase the probability of transmission to definitive hosts. Partial

support for this hypothesis comes from protozoan species with salivary transmission. I

present   laboratory   evidence   that   infection   of   the   kissingbug   A4ep7`¢z.cr   SPJ.77o/crz.

(Hemiptera;  Reduviidae)  with  the  dejection-transmitted  protozoan  r7')pcr77oro7#cz  crzfzz.

reduced the time needed  for host vertebrate  location,  increased  insect biting attempts,

and decreased the blood intake from the vertebrate host. The time elapsed between blood

intake  and  dejection  was  reduced  in  the  presence  of the  parasite,  suggesting  that

parasite-mediated changes in the feeding behaviour and dejection pattern of A4 spz.77o/crz.

may promote the spread of trypanosomes toward definitive hosts.
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1. INTRODUCTION

The  way  parasites  induce  host  changes  that  increase  the  likelihood  of parasite

transmission   has   long   attracted   the   attention   of  parasitologists   and   evolutionary

ecologists Q'oulin  1998; Moore 2002).  Many studies have described that parasites can

modify  a  wide  range  of  physiological,  behavioural,  and  morphological  host  traits

(Holmes  &  Bethel  1972;  Moore  &  Gotelli  1990;  Hechtel  ef  crJ.   1993;  Mouritsen  &

Jensen   1994;  Ballabeni   ,1995;  Moore   1995;  Vance   1996;  Poulin  &  Thomas   1999).

However,  whether these  host alterations  represent  simple pathological  side-effects  of

parasite  infection,  consequences  of parasite  manipulation  to  increase  transmission  to

another host,  or host  adaptations  to  minimize the  costs  of being parasitized  is  still  a

source of controversy G'oulin 2000; Wilson 2000).

In  general,  changes  in  host  behaviour  or  appearance,  are  related to  the  mode  of

parasite transmission such as ingestion of the intermediate host/parasite, surface contact

between succesive hosts, or inoculation of parasites by intermediate hosts Qlurd  1990).

Examples  of transmission  by  inoculation  are  hematophagous  vectors,  which  exhibit

altered  feeding  behaviour  and  increased  blood  parasite  transmission  (Molyneux  &

Jeffries  1986;  Moore  1993;  Hurd 2003).  In vectors, the  foraging process  is  central to

parasite transmission and reported host modifications include the promotion of salivary

pathology  (Schaub  1992),  an  increase  in  probing  behaviour  (Killick-Kendrick  eJ  cr/.

1977; Afiez & East 1984; Beach eJ aJ.  1985; Wekesa er c7J.1992), and a decrease in blood

location ability (Moore 2002).
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In trypanosome-insect associations, two mechanisms have been suggested to explain

the   increase   in   the   number   of  attacks   on   hosts   by   bloodsucking   insects.   First,

trypanosomatids  and  insect  hosts  compete  for  metabolites  in  the  ingested  blood,  and

resource depletion would lead to new feeding attempts  (Schaub  1992).  Partial  support

for this mechanism has been reported. For example, phlebotomine flies infected with bat

trypanosomes seem to compete for metabolites essential for egg development (Williams

1976). Likewise, trypanosome-infected triatomines might compete for trace nutrients as

evidenced by the higher amount of hemoglobin remnants in the gut of infected bugs in

comparison  to  uninfected  bugs  (Kollien  &  Schaub  2000).  Second,  the  trypanosomes

interfere with the ingestion process by means of digestive tract disturbances, especially

the  foregut  and the  anterior midgut,  promoting  new  feeding  attempts  (Schaub  1992).

Evidence  for  this  mechanism  comes  from  feis%7#cr77z.cz-sandfly  associations,  a  system

with salivary parasite transmission, where cases of blocked foreguts have been reported.

The pharynx of sandflies can be blocked for its entire length with a plug of parasites

implying that only small quantities of blood can be uptaken. Infected sandflies continue

trying to obtain a bloodmeal  at the same or different location increasing the chance of

parasite  transmission  in  comparison  to  infected  sandflies  that  engorge  successfully

(Killick-Kendrick ef cr/.  1977;  Schaub  1992). Another feeding alteration produced by a

salivarian-transmitted parasite was reported by Jenni ef 4/.  (1980), where  r7}pcz73osoz#cr

co#go/e77se-infected tsetse  flies seemed to be more voracious  and probed  significantly

more times than uninfected flies (but see Moloo 1983).

Few  studies  have  examined  the  effect  of  trypanosomes  on  triatomine  feeding

behaviour (see review in  Schaub  1992).  Afiez & East (1984)  showed that the probing
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behaviour  of  the  triatomines  jz¢oc77zz.as  7iobcfsfzfs  and  Jt.  pro/z.xz/s  was  increased  by

infection  with   the   salivarian-transmitted   r7prpcr#oso]#a  7i¢7!ge/z..   Moreover,   infected

insects  fed  for  longer periods  than  uninfected  individuals.  In  this  study  I  focus  on  a

trypanosomatid-insect   system,   the   protozoan   parasite   I;"pcr;cosomcr   crztzz.   and   its

reduviid vector A4leprcrz.c7 spz.;co/crz.,  an endemic association from the arid zones of Chile

(Lent  ef  cz/.   1994).  In  this  system,  infection  of definitive  vertebrate  hosts  occurs  by

contamination  of  mucous  membranes  with  bug  feces  or  urine,  which  contain  the

infectious metacyclic trypomastigote  stage of the  flagellate  (Kollien  &  Schaub  1997).

Once  inside  the  insect vector,  the trypanosomatid  multiplies  and  differentiates  in  the

digestive tract. This endemic trypanosome-triatomine association allows us to examine

the effect of the infection not only on the behaviour related to blood intake but also the

dejection pattern of bugs. Because 7:  c7"zz. is a dejection-transmitted parasite, the most

critical  aspect  of parasite  transmission  is the  synchrony between  blood  ingestion  and

dejection.

In this paper, I assessed the effect of rrypcr7®oso7#cz c7.2£zz. on the feeding process of its

vector A4eprcrz.cz spz.;co/czz.. More specifically,  I explore the following questions:  (1) does

the  parasite  modify  the  time  needed  by  the  vector to  detect  and  contact  a potential

definitive  host?  (2)  Does  the parasite modify the  number  of bites,  feeding time,  and

biting rate of its triatomine vector? (3) Does the parasite synchronize blood intake and

dejection  by  its  vector?  (4)  Are  male  and  female  vectors  evenly  affected  by  the

infection?  If  behavioural  alterations  are  detected,  a  more  general  question  can  be

addressed: (5) do behavioural modifications increase parasite transmission?
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2. MATERIAL AND RETHODS

¢a) Study aystem

The   kissingbug   A4lepj`crz.cr   spz.77o/cz!.   (r7~z.crfo7#cr   spz.7®oJcr].)    is    one   of   the   two

triatomine species responsible of r7"pcr72osoz„cr cr#zz. transmission  in  arid and  semiarid

Chile  (Lent  ef  cr/.   1994).  This  strictly  hematophagous  and  diurnal  species  distributes

between  18°  and  34°  S  and  its  main  habitat  includes  stay  grounds,  bird  nests,  rock

crevices, and caves although it has been also found in rustic and abandoned houses (Lent

&  Wygodzinsky   1979;   Schofield  ef  crJ.   1982;   Canals  ef  cr/.   1997).  A4ep7`crz.cr  spz.#o/crz.

requires  blood  of vertebrates,  such  as rodents,  foxes,  rabbits,  marsupials  and birds,  to

complete its life cycle (Sagua ef cr/.  2000; Canals ef c7/.  2001). The development of this

hemimetabolous insect includes an egg,  five nymphal  instars, and the adult.  Often one

full engorgement is sufficient for moulting from one larval instar to the next (Kollien &

Schaub   2000).   This   insect  is  the   only  conspicuously  polymorphic   species  within

triatomines,  with  macropterous,  brachypterous,  micropterous  males,  and  micropterous

females (Lent & Wygodzinsky  1979). The protozoan parasite r7prp¢73oso779a c7'.zfzz. is the

causative  agent of Chagas  disease.  This heteroxenous trypanosomatid possesses  a life

cycle that involves  several moxphologically  distinct stages that can be found  in  insect

vectors and mammalian hosts (Kollien & Schaub 2000).

ubn Irf ected and unirfected f iifth instar nymphs

A4eprcrz.cr spz.7zo/az.  eggs  were  obtained  from  crossings  between  adult  males  and

females captured as fifth instar nymphs at the Reserva Nacional Las Chinchillas (31°30'



57

S,  71°06'  W,  IV  Region,  Chile).  Eggs  were  daily  isolated  from  the  crossings  jars,

cleaned and placed in sterile plastic containers. Once the first instar nymphs emerged, a

random  assignment  to  treatment  (infected  with  r.  c7':zfzz.)  or  control  (uninfected)  was

performed.  Each  nymph  was  individually  housed  in  a  3.2  cm  x  3.6  cm  clear plastic

compartment   of  an   18-compartment   box   (11.4   cm   x   20.5   cm).   Each   individual

compartment was provided with sandy bottom and a folded piece of paper as refuge for

the  bug.  All  insects  were  reared  in  a  climatic  chamber  at  26°  C,  65-70%  relative

humidity, and 14:10 h L:D cycle.

Treatment nymphs were infected at the first feed 3 - 4 weeks after eclosion using

I.  crz&z. infected laboratory mice (C3H strain).  The I.  c7"zz. strain used was isolated in

May  2002  from  A4eproz.cz spz.7?a/cH.  collected  at  the  Reserva Nacional  Las  Chinchillas.

Trypanosomes in feces and urine of field-captured insects were used to infect mice by

intraperitoneal  inoculation.   Since  2002,  the  strain  has  been  maintained  by  cyclical

transmission  across  mouse  generations.  Control  nymphs  fed  on uninfected  laboratory

mice 3 - 4 weeks after eclosion. After each moult, infected and uninfected nymphs were

starved for 3  weeks  and  then fed  on  infected  and  uninfected mice,  respectively,  until

obtaining fifth instar nymphs. To ensure bug engorgement, mice were arrested in a mesh

cage and one bug at a time was allowed to feed on it. To ensure that treatment nymphs

were truly infected, I examined the presence of I.  c7"zz. in fecal samples of fifth instar

nymphs by light microscopy OVIKON Diaphot-FXA),  compressing 5  Hl  of fresh fecal

drops between a slide and a 18 mm x 18 mm cover-slip. The presence of motile parasites
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in 50 microscopic fields was recorded using an x400 magnification. All bugs fed with

infected mice showed evidence of r. c7'"zz. in their feces.

® Experimerital design

Experiments  were  carried  out  seven  weeks  after  bugs  moulted  to  fifth  instar.

Treatment and  control  insects were starved  since their last bloodmeal  as  fourth  instar.

Experiments  of  101  infected  and  155  uninfected  fifth  instar nymphs were performed

inside an  experimental chamber provided with a video camera recorder (SONY DCR-

TRV27).  The  chamber  was  artificially  lighted  and  temperature  and  relative  humidity

controlled, 26° C and 70°/o, respectively. At the beginning of the experiment the nymph

was kept under an upside down black tube placed on one randomly assigned comer of a

square  glass  recipient  (20.7  cm  x  20.7  cm).  After  a  5  min-habituation,  insects  were

released and allowed to feed on an uninfected anaesthetised mouse placed at the center

of the recipient. Recording started with bug locomotion and ended with bug dejection. In

order to avoid any host effect on insect behaviour I(e.g., odour stimuli), only 2-month old

male mice (cc7 30 g) from the same genetic line were used for feeding purposes. Mice

were used as host once a week. Nymph weight was recorded at the beginning and end of

the feeding experiment.

Respect to host location, the following vector behavioural traits were measured:

(i)  vector  activation  (i.e.,  time  elapsed  between  the  beginning  of the  experiment  and

insect locomotion), (ii) orientation to the host (i.e., time elapsed between activation and

antenna  orientation),  and  (iii)  contact  (i.e.,  time  elapsed  between  activation  and  host
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contact).  Respect  to  feeding  behaviour,  the  following  variables  were  measured:  (i)

rostrum  ejection  (i.e.,  time  elapsed  between  activation  and  extension  of rostrum),  (ii)

flrst bite (time elapsed between activation and first bite), (iii) total number of bites, (iv)

feeding  time  (including  all  feeding  bites),  (v)  biting  rate  (total  number  of bites/total

feeding  event),  and  (vi)  blood  intake  (amount  of  blood  ingested,  measured  as  the

difference  between  post-feeding  nymph  weight  and  pre-feeding  nymph  weight).  The

total feeding event corresponded to the time elapsed between the first bite and the end of

blood  ingestion.  Respect to  dejection  pattern,  the  variable  examined  was  the  time  of

dejection,  measured as the time  elapsed between the  end of blood  ingestion and fecal

drop deposition. The end of blood ingestion was considered as the moment of cessation

of biting attempts after engorgement.

(d) Statistical analyses

The variables related to host location were analyzed in a two-way MANCOVA, with

status of infection and host sex as single factors and starvation period as covariate. To

examine effects on each dependent variable, two-way ANCOVAs were performed with

status and sex as single factors and starvation period as covariate. Starvation period was

computed   as   the   number  of  days   elapsed   between   the   last  blood   ingestion,   i.e.,

engorgement  as  fourth  instar  nymphs,  and  the  blood  ingestion  during  the  feeding

experiment.

The variables related to feeding behaviour were analyzed in a two-way MANOVA,

with status of infection and host sex as single factors. To examine the separate effects on

each  dependent variable,  two-way ANOVAs  were performed with  status  of infection
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and host sex as single factors. For dejection pattern, the time of dejection. was analyzed

with  a two-way ANCOVA,  with  status  and  sex as  fixed  effects  and  feeding time  as

covariate. All response variables were checked for homogeneity of variance by using the

Fmax test. To obtain normality, variables were log or square root-transformed (Sokal &

Rohlf 1 995).

3. RESULTS

A  total  of  101   and   155  experiments  of  r.   crz&z.-infected  and  uninfected  A4.

spz.J7o/crz., respectively, were carried out. Because insect behaviour may be contingent to

the  host  sex  that  is  examined,  once  fifth  instar  nymphs  reached  maturity,  sex  was

established according to diagnostic characters (Lent & Wygodzinsky  1979; Frias er cr/.

1987).   Treatment   experiments   included   60   females   and   41   males,   and   control

experiments  included  86  females  and  69  males.  Initial weights  of un fed  infected  and

uninfected  insects  differed  significantly  between  treatments  (Mean  (mg)  ±   1   s.e.:

infected:  males  =  32.65  ±  1.34,  females = 41.14 ±  1.14;  uninfected:  males  = 47.38 ±

1.48,  females  =  61.06  ±  1.65.  Two-way  ANOVA:  Status:  Fi,251  =  141.89, p  <  0.001;

Sex: Fi25i = 61.25, p < 0.001).  Overall, females were heavier than males, and infected

bugs presented smaller weights than uninfected individuals.

¢al) Host location

Results   from   a  two-way   MANCOVA   on   host   location  variables   showed

significant differences between infected and uninfected bugs (Wilks'lambda = 0.96, p =

0.03). However, no significant effect was detected between males and females (Wilks'
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lambda = 0.99, p = 0.52). Two-way ANCOVAs revealed that infected bugs detected and

orientated to mouse hosts almost twice faster than those uninfected, but activation and

contact  did  not  differ  between  experiment  and  control  (tables  1  and  2).  Sex  had  no

significant effect on host location variables (table 2).

(bD Feeding behaviour

Results from a two-way MANOVA showed significant effects of infection stauls

and  sex on the feeding behaviour variables (Status:  Wilks'  lambda = 0.80, p < 0.001;

sex:  Wilks'  lambda = 0.66, p <  0.001).  On the  average,  infected  insects  ejected their

rostrum 43 sec faster than control insects, bitted 27% more times than uninfected insects,

and  had  a  biting  rate  45%  higher  than  controls  (tables   1   and  3).  When  sex  was

considered,  females needed  6  extra minutes to  engorge than males  (i.e.,  feeding time;

tables 1 and 3). Likewise, the blood intake depended on the infection status and host sex

(table 1  and 3). Infected insects ingested 29% less blood than uninfected individuals3 and

females ingested 520/o more blood than males.

(c) Dejection pattern

A two-way ANCOVA revealed signiflcant effects of infection status and sex on

dejection pattern (Status, Fi,243 = 7.24, p = 0.008; sex, Fi,243 = 6.09, p = 0.014; status and

Sex, Fi,243 = 0.595, p = 0.441). Infected insects dejected 3 min faster on the average than

those uninfected individuals. In terms of sex differences, males dejected  1 min faster on

the average than females (table I).
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4. DISCUSSION

In this  study I  examined the  effect of rxp{pcr79aso77!cz  crafzz. on three  consecutive

components of the feeding process of its bloodsucking vector A4lepr¢z.cr spz.#o/crz.. Results

from several parasite-insect associations with salivary parasite transmission converge in

documenting an altered foraging pattern (Moore 2002). The mechanisms responsible of

such  alterations  range  from  physiological  blockage  and  salivary  gland  pathology  to

sensory   interference   and   food   depletion   (Schaub   1992).   Unlike   previous   studies,

however,  this  research  has  focused  on  a  I.  cj"zz.-transmission  by  fecal  dejection  that

implies that other aspects of the foraging and feeding behaviour need to be examined to

assess parasite effect.

Host location

A global analysis showed that even though infected and uninfected bugs differed

on host location traits,  no differences were detected between male and female  insects.

Separate  analyses  indicated that infected bugs  detected  and  orientated to mouse hosts

almost twice faster than those uninfected regardless of the sex considered, and excluding

any   starvation   effect.   Previous   studies   have   reported   that   competition   between

trypanosomes and triatomine  insects may result in hungry bugs more alert to potential

host stimuli (Schaub  1992; Kollien & Schaub 2000). The  1.5-fold reduction in the body

weight  of  r.  c774zz.-infected  A4:  spz.77o/crz.  compared  with  control  bugs  provides  partial

support  for  this  proximal  explanation.  Parasite-induced  alterations  in  host  location

ability had not been previously reported for trypanosome-triatomine systems.
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Feeding behaviour

A  global  analysis  indicated  significant  effects  of infection  status  and  sex  on

feeding  behaviour  variables.  r"pczj7osol7zcr  c7.zfzz.-infection  and  sex  affected  different

aspects  of the  feeding behaviour.  For example,  rostrum ejection,  number of bites,  and

biting rate  depended  only  on  infection status.  Infected  insects  became ready to probe

before than uninfected individuals. Similar to other parasite-vector systems (see review

in Moore 2002),  I.  c7"zz.-infected  insects  increased the number of bites and the biting

rate  as  compared  to  control  insects.  Because  r.   cr"zz.  transmission  occurs  through

dejection,  no  physiological  blockage  or  salivary  gland  pathology  can  be  invoked  to

explain this altered behaviour. On'ce inside the triatomine vector,  r.  crztzz. colonizes the

small  intestine and rectum of the insect (Kollien & Shaub 2000), which turns unlikely

that a migration of parasites occurs toward the foregut and anterior midgut at the time of

bloodfeeding. Again, this altered behaviour can be a mere consequence of a higher level

of starvation  of  infected  bugs  due  to  trace  nutrient  depletion,  which  translates  into

infected bugs eager to bite.

The  time  require  to  become  engorged  was  higher  for  females  than  males,

regardless  of the  infection  status.  This  result  is  not  surprising  for two  reasons.  First,

females are 1.3-fold larger on the average than males. If females and males ingest blood

at the same rate, females would need more time to engorge because of size differences.

Second,  females of this triatomine species have a specialized connexivum with a large

expansive  membranous  area  that  separates  the  ventral  connexival  plates  from  the

urostemites  (Lent  &  Wygodzinsky  1979).  This  large  membranous  area  would  allow

females to ingest larger volumes of blood implying longer feeding periods.
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The amount of blood uptaken was dependent of infection status and host sex. The

finding that infected insects ingested less blood than uninfected could,  in principle, be

explained by the smaller weight shown by infected bugs. When the body weight effect

was removed, this effect disappeared a = 0.89),  supporting the idea that alteration in

this trait  is  not necessarily the result  of a  direct  influence  of I.  c77&z.  on the  feeding

behaviour of its vector. On the contrary, an indirect side effect of parasite-mediated body

weight reduction could be the most likely explanation.

Impaired  feeding  may  have  several  consequences  for  hematophagous  insect

fitness.   For  example,   infected  insects  may  be  malnourished,  produce  smaller  egg

clutches, and incur more risk from defensive hosts as they attempt to feed (Moore 2002).

Reduction in mean egg weight has been observed for I. c7"zz.-infected Meprcrz.cz spz.77o/czz.,

which  suggests  that feeding  alterations  due to  parasitic  infection  could  translate  into

fitness consequences a3otto-Mahan ej crJ., in prep).

Dejection pattern

The time  elapsed  between the  end of blood  ingestion  and  fecal  drop  dejection

was  affected by infection  status and host sex.  In  general,  male insects  dejected  I  min

faster on the average than females. It is possible this effect reflects the fact that females

have  a  larger  anterior  midgut  than  males  to  storage  bloodmeals  (Kollien  &  Schaub

2000).

The most remarkable finding of this study is that infected insects dejected 3 min

faster  on  the  average  than  uninfected  controls.  When  insects  deject,  the  metacyclic

trypomastigotes  are released  and parasite transmission can occur. Apparently,  I.  c7`2&j
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decreases  the  time  between   blood   ingestion   and   dejection   of  A4:   spz.73o/crz..   If  this

reduction in dejection time and the increase in the number of bites emitted by the vector

are   considered   together,   the   probability   of  parasite   transmission   may   increase

substantially    because    more    bites    imply    more   potential    wounds    for   parasite

contamination. It is possible that behavioural changes result from competition between

trypanosomatids and insect host by metabolites in the ingested blood, making the insect

hungry earlier.  On the  other hand,  because  r.  cr2zz.  locates  in the  small  intestine  and

rectum of its vector, the protozoan could accelerate the dejection process by releasing

itself from the rectum  in the presence of fresh bloodmeal,  or by parasitic excretion of

laxative compounds.

In  summary,  in this  study I presented evidence  of parasite-induced changes  in the

feeding process of A4: spz.72o/crz.. Most of these behavioural alterations are probably mere

side effects of the infection, as a consequence of a resource curtailment experienced by

the insect during its ontogeny. However, the modiflcation in the dejection pattern can be

the result of direct  I.  crzfzz. interference  in the posterior intestinal region  of the  insect

vector.
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Table  I. Descriptive statistics (mean ± s.e.) of variables related to host location, feeding

behaviour and dejection pattern in A4ep7icyz.cz spz.#oJoz.. Female sample size:  uninfected =

86, infected = 60. Male sample size: uninfected = 69, infected = 40.

Vari ab le                               Uninfected                        Infected

Activation (min)
female

male

Orientation (min)
female

male

Contact (min)
female

male

Rostrum ejection (min)
female

male

First bite (min)
female

male

Feeding time (min)
female

male

Number Of bites
female

male

Biting rate (ninber x mir{] )
female

male

Blood intake (mg)
female

male

Time Of dejection (min)
female

male

1.64 ± 0.22
1.15 ± 0.18

0.43 ± 0.16
0.96 ± 0.29

1.96 ± 0.32
3.52 ± 0.51

2.72 ± 0.36
4.31 ± 0.52

3.52 ± 0.41
5.36 ± 0.57

I.38 ± 0.31
1.25 ± 0.32

0.31 ± 0.09
0.41  ± 0.21

1.79 ± 0.28
2.47 ± 0.64

2.19 ± 0.32
2.99 ± 0.65

3.17 ± 0.42
3.57 ± 0.65

25.39 ± 1.53                       22.54± 1.99
18.02± 1.08                        18.54± 1.53

5.33 ± 1.42
4.32 ± 0.79

0.16 ± 0.02
0.18 ± 0.02

7.42 ± 1.48
7.30 ± 2.04

0.25 ± 0.03
0.28 ± 0.04

397.32± 12.18                    286.17±9.31

241.56 ± 5.57                   206.22 ± 10.05

11.47±2.28                         8.33 ±  I.14

9.99±1.18                           7.63±  1.01
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Table 2. Summary of effects of rrypcr#asofflo crzfzz.-infection on variables related to host

location in Mep;ioz.a spz.79o/cw.. All comparisons were performed by two-way ANCOVAs,

with starving period as covariate.

Variable             Source of variation               df               MS                 F

A c tiva tio n                Sta;fas

Sex

Status x sex

Error

Ori e ntation             Starfus

Sex

Status x sex

EITor

Co#fczct                    Status

Sex

Status x sex

EITor

I                   0.925

1                     1.404

1                    0.867

234                 1.341

1                   16.245

I                   2.033

I                  2.234

234               2.212

I                     1.869

1                     2.716

1                    3.395

234               2.961

0.690             0.407

1.047              0.307

0.647             0.422

7.345             0.007

0.919               0.339

1.010                0.316

0.631               0.428

0.917               0.339

1.146               0.285



72

Table  3.  Summary  of effects  of r7)!pc777oso"cr  c7'7£zz.-infection  on  variables  related  to

feeding  behaviour  in A4leprczz.cr spz.7co/crz..  All  comparisons were performed  by two-way

AINONAls.

Variable                Source of variation          df             MS                F

Rostrum ejection          Srdrfus

Sex

Status x sex

Error

First bite Status

Sex

Status x sex

Error

Feeding time                 Sfa"s

Sex

Status x sex

Error

Number of bites             Srdrfurs

Sex

Status x sex

Error

Biting rate Status

Sex

Status x sex

Error

Blo a d intake                     Sf yarfu:rfus

Sex

Status x sex

Error

1                  9.837

1                2.400

1                   4.818

251              2.373

I                5.777

I                  1.786

1                  4.641

251               I.536

1                   0.199

1                   3.173

1                   0.481

251              0.229

1                 10.652

1                   0.613

1                    0.138

251                1.721

1                  8.848

I               0.944

1                 0.009

251              0.585

1                4.700

1                    11.213

I                 0.084

251               0.120

4.145              0.043

1.010                0.316

2.030              0.156

3.760             0.054

1.162              0.282

3.021               0.083

0.869              0.352

13.868           < 0.001

2.103               0.148

6.188               0.014

0.356              0.551

0.080             0.777

15.115            < 0.001

1.613               0.205

0.015              0.902

39.004          < 0.001

93.106          < 0.001

0.69               0.405
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4. Fecundity response of a trypanosome-infected kissingbug

suh4nun¥

The  influence  of parasites  on  insect  host  fecundity  has  long  been  studied  in

natural and experimental conditions. Most studies, however, have evaluated the impact

of parasitism on  female hosts only, without consideration of the contribution of male

infection  for  final  host  reproduction.  In  this  study,  I  examine  the  influence  of the

protozoan  r7"pcr77asoz#cz  cr"zz. on the reproductive  success  of the kissingbug "ep7icrz.cz

spz.7zo/oz., using an experimental design that separates the contribution of male and female

infection on kissingbug reproduction. Parasitism in males and females did not affect the

egg-laying rate, egg clutch size, the percentage of eggs with vitellus, the percentage of

egg hatching,  and the number  and weight of first  instar nymphs.  Eggs  coming  from

infected  parents,   however,  were  lighter  than   eggs  coming  from  uninfected  bugs,

indicating that the protozoan affected egg quality rather than egg quantity. This finding

suggests that  r.  c7Bfzz. inflict a slight reproductive cost to M  spz.77o/¢z. regardless  of the

sex that is infected.
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It  widely   known   that  parasites   can   reduce   host   fitness   components.   This

reduction  may  include  short-term  mortality,  complete  or  partial  castration,  or  slight

reductions  in  host  fecundity  (Minchella   1985;  Ballabeni   1995;  Poulin   1998).  Even

though the effects of parasitism are often seen, there is still a low understanding of the

mechanisms involved in host fecundity reduction (Moore 2002). On the one hand, if life-

history trade-offs  exist,  resource  allocation to  defense,  growth  and  maintenance  may

compromise  resource  allocation  to  reproduction,  and  hosts  may  reduce  reproductive

effort as an adaptive strategy to tolerate parasitism (Forbes  1993; Perrin ef cJ/.1996). On

the other hand,  host fitness reduction may be  largely unrelated to  host adaptation,  but

represent a pathological side-effect of infection.  In insects, most studies evaluating the

effect of parasitism on host fitness have  implicitly assumed that life-history trade-offs

rather  than  pathogenicity  govern  host  reproduction.  Because  strategies  to  avoid  or

tolerate  parasitism  are  often  sex-specific  as  a  consequence  of sex  differences  in  the

resource  allocation  trade-off between  parasite  defense  and  other  components  of the

phenotype    (Tschirren    eJ   cr/.    2003),    it   is   possible   that   reproductive    allocation

compromises  reproduction mainly  in  female rather than male  individuals.  As  a result,

most studies have exanined the impact of parasites on the female fecundity component,

without consideration of the male infection status for final reproduction (see review in

Hurd 2001). However, it is known that females may receive direct benefits from mating

with uninfected males if infected males have a low energy allocation to spermatophore

production,  provide  low-quality  ejaculates,  or  do  not  stimulate  oviposition  (Simmons
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1993; Polak 1998; Fellowes ef c7/.  1999; Lehmann & Lehmann 2000). Consequently, the

net resource availability to host reproduction may be contingent not only to female but

also to male infection status. In spite of its importance, few studies have examined the

influence  of both  male  and  female  infection  on  host  reproductive  success  (Zuk  &

MCKean 1996; Sheridan e/ cr/. 2000).

In this work,  I  focus  on  a trypanosome-kissingbug system that consists  on the

protozoan  parasite  r7}pcr77asoz#cr  c7"zz.  and  its  reduviid  vector  "eprcrz.cr  Spz.73o/crz.,  to

inquire  into  the  importance  of sex-dependent parasitism  on  several  host reproductive

variables. More specifically, I address the following questions: (1) which are the effects,

if any, of male and female infection on the reproductive success ofA4: spz.#o/crz.? (2) Does

A4:  spz.72o/az. females  benefit from  mating with  uninfected males?  (3)  Does A4  spz.72o/crz.

males benefit from mating with uninfected females?

r7)pcr#aso77gcr crz4zz. is the causative agent of Chagas disease.  This heteroxenous

trypanosomatid  possesses  a  life  cycle  that  involves  several  moaphologically  distinct

stages,  and  infection  of definitive  hosts  occurs  by  contamination  with  the  infectious

metacyclic trypomastigote stage of the flagellate (Kollien & Schaub  1997, 2000). Once

inside the insect vector, the trypanosomatid multiplies and differentiates in the digestive

tract.  The kissingbug A4leprcrz.a spz.#o/¢z. is  one of the triatomine species responsible of

rrypcr;7oso7#a  cr#zz.  transmission  in  arid  and  semiarid  Chile  (Lent  ef  cr/.   1994).  This

strictly hematophagous and diurnal vector species distributes between 1 80 and 340 S and

its  main  habitat  includes  stay  grounds,  bird  nests,  rock  crevices,  and  caves  (Lent  &

Wygodzinsky  1979).  A41epr¢z.a spz.#oJaz. requires  blood  of vertebrates,  such  as  rodents,

foxes, rabbits, marsupials and birds, to complete its life cycle (Sagua ef crJ. 2000; Canals
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eJ cr/.  2001).  The development of this hemimetabolous  insect includes egg,  five  instar

nymphs, and the adult. Often one full engorgement is sufficient for moulting from one

larval instar to the next (Kollien & Schaub 2000).

2. MATERIAL AND RETHODS

® Inf;ected and unirifected adults

Adult  kissingbugs   were   obtained   from   a  "ep7icrz.c}  spz.77o/az.   colony  of  first

laboratory generation. Along their development,  all the experimental bugs were reared

individually in a 3.2 cm x 3.6 cm clear plastic compartment of an  18-compartment box

(11.4 cm x 20.5 cm) placed in a climatic chamber at 26° C, 65-70% relative humidity,

and  14:10 h L:D cycle. Each individual compartment was provided with sandy bottom

and  a folded  piece  of paper as refuge.  Experimental  kissingbugs  were  fed  from  first

instar nymphs throughout the fourth instar with I.  c7"zz.-infected laboratory mice (C3H

strain).  The  I.  c7"zz. strain used was isolated in May 2002 from „ep7ic7z.a spz.77o/crz. bugs

collected  at  the  Reserva  Nacional  Las  Chinchillas  (31°30'  S,  71°06'  W,  IV  Region,

Chile).  Trypanosomes  in  feces  and urine  of field-captured  insects were used to  infect

mice  by  intraperitoneal  inoculation.  Since  2002,  the  strain  has  been  maintained  by

cyclical transmission across mouse generations. To ensure that nylxphs fed with infected

mice were truly infected, we examined the presence of I. c7"zz. in fecal samples of fifth

instar nymphs by light microscopy OVIKON Diaphot-FXA), compressing 5  Hl of fresh

fecal drops between a slide and an  18 mm x  18 mm cover-slip. The presence of motile
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parasites in 50 microscopic fields was recorded using an x400 magnification. All bugs

fed with infected mice showed evidence of I.  c7.zfzz. in their feces. Both groups of fifth

instar nymphs fed on uninfected mice. All uninfected adults fed along their ontogeny on

C3H uninfected mice.

(b» Experimental design and reproductive output

Crossings were carried out between unmated males and females. All adults used

had recently reached maturity (within two weeks). To establish the effect of I.  cr#zJ. on

male reproductive performance, I crossed infected males with uninfected females (n =

13  crossings).  To  assess the  effect  of I.  c7"zz. on  female  reproductive performance,  I

crossed  infected  females  with  uninfected  males  (n = 25  crossings).  Control  crossings

included  uninfected  males  and  uninfected  females  (n  =  21   crossings).  Each  couple

stayed  together  in  a  7  cm  high  x  6  cm  diameter plastic  container with  a meshed-lid.

Containers were labeled and provided with a folded piece of paper as refuge. Laboratory

conditions  were   as  previously   described.   All   couples   fed   every  three   weeks   on

uninfected   mice   until   engorgement.   Couple   survivorship   and   mounts   were   daily

recorded. All couples mated during the experimental period. During the two flrst months

of the  mating  period,  eggs  were  daily  removed  from  parental  containers,  counted,

weighted in an analytic scale ®recision: 0.I  mg) and placed in a new-labeled container.

For the rest of the mating period, eggs were weekly counted and removed. The first 20

nymphs hatched from each egg-container were weighted. After that, nymphs were daily

counted and removed.
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I  examined  whether  infection  influenced  adult weight by comparing the  body

weight of infected and uninfected bugs one day after reaching maturity. In addition, a

separate set of female insects was dissected to extract their fresh ovaries (65 infected and

109 uninfected). All adult females had reached maturity a month before ovary extraction

was performed. All weight measurements were performed in an analytic scale ®recision

0.1  mg).

To examine whether reproductive output was affected by the infection status of

males  and  females,  I performed  separate one-way ANOVAs by  sex on the following

dependent variables: (1) percentage of eggs with vitellus (empty eggshells not included)

(2) egg-laying rate (measured as the number of eggs per day),  (3) egg clutch size, (4)

egg weight (mg), (5) percentage of egg hatching, (6) number of first instar nymphs, and

(7)  weight  of  first  instar  nymphs  (mg).  All  dependent  variables  were  checked  for

homogeneity of variance by using Fmax tests and transformed to obtain normality (Sokal

& Rohlf 1995). Linear regression analysis was performed between egg weight and first

instar nymph weight using the mean values per crossing.

3. RESULTS

The body weight of infected males did not differ from uninfected males (mean ±

1s.e. (mg); infected:  89.23 ± 5.19; uninfected:  101.91 ± 4.66; one-way ANOVA: Fi,32 =

2.81  , p =  0.103).  However,  the  body weight of infected  females  was  lower than the

weight of uninfected  females (mean ±  1  s.e.  (mg);  infected:  140.91  ± 7.88; uninfected:

176.08 ± 7.82;  one-way ANOVA: Fi,44 = 9.45  , p = 0.004).  Because infected females
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have a lower ovary weight than uninfected ones (mean ± s.e.  (mg):  infected =  15.59 ±

1.49; uninfected = 26.52 ± 2.32; one-way ANOVA: Fi,i7i = 12.29, p < 0.001), it is quite

possible that lighter bugs have listter ovaries. This assertion was partially corroborated

after testing the effect of infection on ovary weight using body weight as covariate in a

one-way  ANCOVA.  Results  revealed  absence  of infection  effect  (Fi,i7i  =  0.13, p  =

0.23), indicating that body weight accounted for an important fraction of the variance in

ovary weight.

rrypcr#asoz#cr c7z4zz' did not affect the percentage of eggs with vitellus, egg-laying

rate,  and  egg  clutch  size  in  male  and  female  experiments  (table  1).  Notwithstanding,

females mated with infected males produced eggs lighter than control crossings (mean ±

1  s.e.  (mg);  treatment:  2.42 ±  0.01;  control:  2.48  ±  0.01;  table  1).  Likewise,  infected

females mated with uninfected males produced eggs lighter than control crossings (mean

± 1  s.e. (mg); treatment: 2.41 ± 0.02; control: 2.48 ± 0.01; table  1).

The  percentage  of egg  hatching,  and  the  number  of first  instar nymphs  were

unaffected by  I.  c7"z7. in male and female treatments (table  I).  The weight of nymphs

coming from experimental males showed a borderline significance with control nymphs

(mean  ±  1   s.e.  (mg);  infected:   I.82  ±  0.06;  uninfected:   1.89  ±  0.02; p  =  0.08),  but

nymphs  coming  from  experimental  females  did  not  differ  from  those  coming  from

control  crossings  (table  1).  Even though the effects of I.  crz&z. on egg weight did not

completely translate  into  concomitant  differences  in the  first  instar  offspring weight,

resultsfromlinearregressionusingmeanweightvaluesperclutch,revealedasignificant

association between egg weight and first instar nymph weight in pooled data (a ± s.e.:

0.65±0.11,R2=0.42,p<0.001,n=36clutches,figure1).



4. DISCUSSION

Impact Of Trypanosoma cruzi on host body siz;e
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Results from this study indicate that infected M  spz.#o/cH. female size had a  1.3-

fold reduction in comparison to control individuals. Infected females reached a smaller

size at maturity as compared to uninfected ones, which suggests that r.  c7"zz. probably

curtails essential nutrients involved in host growth (Thompson  1983; Hurd  1990). Like

most  cases  of parasite-insect vector  relationships  (e.g.,  Zez.£fa7„cr#z.cr-infected  sandflies,

filarial  worm-infected  mosquitoes,  filarial nematode-infected  blackflies,  see review  in

Hurd 2003), trypanosomatids and their insect hosts seem to compete for metabolites and

trace nutrients present in the ingested blood (Schaub  1994; Kollien & Schaub 2000). In

this study, experimental kissingbugs were exposed to  r.  crztzz. infection as early as the

first nymphal  stage, probably increasing the chance that parasites and insects compete

for nutrients along host development.  This potential mechanism for host size decrease

requires,   however,   that   infected   hosts   decrease   energy   allocation   to   growth   and

maintenance. Notwithstanding, studies performed on mollusks have shown exactly the

opposite pattern, that is,  an increase in host size due to  infection (Lim & Green  1991;

Ballabeni  1995;  see  review  in  Minchella  1985).  These  reverse  alterations  have  been

interpreted as a host physiological response that diverts resources from reproduction to

somatic  growth  and  maintenance  in  situations  of partial  or  complete parasite-induced

castration  a3allabeni  1995).  Even though trypanosomatids do not increase growth and

lifespan of their insect hosts through castration or fecundity reduction (Schaub  1994), I
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cannot rule  out  the  possibility that  host  size  decrease  results  from  fine-tuned  energy

allocation processes  favoring  insect  survival  over  somatic  growth.  Hurd  ez cr/.  (1995)

have  suggested  that  female  body  size  can  affect  reproduction  in  two  ways.  First,

fecundity  can  be  limited  by the  number of ovarioles presents  in  each  ovary.  Second,

body  weight  reduction  may  affect  blood  feeding  and  bloodmeal  utilization  for  egg

production.  In  this  study,  the  reduction  in  body  weight  of I  c7"zz.-infected  females

translated  into  ovary  size  reduction  as  expected.  Likewise,  behavioural  data  on  the

feeding  performance   of  A4:   spz.7zo/czz.   indicate   that   feeding   efficiency   and   size   of

bloodmeals decrease in I. c7.2tzz.-infected insects (Botto-Mahan eJ cr/., in prep.).

Impact Of Trypanosoma  eruz} on host reproduedon  and the role  Of sendependeut

infection

Excepting for egg weight,  r.  c7'2£zz. had no  overall  effect on  host reproduction.

This lack of effect is concordant with previous findings that trypanosomatids often have

a reduced effect on host reproductive rates (see review in Schaub 1992). For example, I.

crz4zz.-infected r7`z.crfoma I.;g/esfous had a slight reduction in egg-laying rate and hatching

rate.  Unforfunately,  most previously reported  results  are  contradictory because  of the

varying  experimental  conditions  such  as  bloodmeal  source,  stage  of infection,  vector

ageing, and trypanosome strain inoculates, which precludes useful generalizations. For

exaniple,theweakeningofinsectsbyageingoradverseweatherconditionsmayincrease

the pathogenicity of the flagellates (Schaub 1994).
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Eggs coming from infected females were lighter than control eggs. Reduction in

bloodmeal  size  due to  impaired  feeding  behaviour  of infected  insects  has  been  often

invoked as an adverse effect on egg quantity and quality ururd ef cr/.  1995). Even though

infection had no effect on the egg production of A4: spz.j?o/crz., however, it is possible that

matemal investment on the number of eggs compromise yolk allocation in this species.

Life-history  theory   states  that  investment  in   offspring  size  is  at  the  expense  of

investment  into  the  number  of offspring  (Steams  1992).  This  trade-off is  driven  by

energetic,   physiological,   morphological   and/or   genetic    constraints   on   the   total

reproductive  ouq]ut.  Results  from  this  study  suggest  that  r.   crz4zz.  can  represent  an

energetic constraint on female reproduction that translates into a constant egg production

at the expense of yolk investment.

Interestingly,   eggs   sired  by   infected   males   showed   a  weight  reduction   in

comparison to control eggs. It is known that reduction in male fitness could be caused by

sexual selection and/or by the direct effect of parasite infection (Pai & Yam 2003). In this

study, pre-copulatory sexual selection can be rule out because the experimental design

considered  crossings  of one  male  with  one  female.  However,  post-copulatory  sexual

selection driven by females cannot be overlooked (Simmons 2001). For example, it has

been reported that male body size influences ejaculate size and the magnitude of female

postmating responses in insects (Cook 1992;  Savalli & Fox  1998). On the other hand, a

direct effect of infection on seminal product quality is also a plausible explanation for

infection-induced  egg  weight  reduction  in  male  kissingbugs.  For  instance,  seminal

products have been reported to provide nutrients that have a positive influence on female
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reproduction  through  incorporation  into  female  somatic  tissue  and  developing  eggs

(Hoelzer 1989; Rosenqvist & Johansson 1995).

In summary, even though  I.  c7'.££zz. decreased the body weight and ovary size of

A4: spz.J?o/czz., most reproductive variables were unaffected by the infection. Egg weight

was the only determinant of fecundity that was affected by the parasite regardless of the

sex that was  infected, and this effect did not translate into a concomitant reduction in

first-instar nymph quality.

ACKNOWLEDGEMENTS

I  am  grateful  to:   CONAF  IV  Region  for  access  to  the  field  sites;  A.   Solari  for

collaboration  and  laboratory  space;  N.  Fabres,  S.  Ortiz,  and  A.  Sazo  for  laboratory

support. I specially thank the Ecophysiology Group for office and laboratory space, and

to R. Medel  for advice and  support throughout the course of this research. This study

was  funded  by  FONDECYT  grant  2010022,  Depto.  Postgrado  &  Postftulo-U.Chile:

Beca  PG/23/01   &  PG/14/02,  MILENIO  P99-106-F-ICM  &  P02-05l-F-ICM,  and  a

graduate fellowship granted by CONICYT.



85

REFERENCES

Ballabeni, P.1995 Parasite-induced gigantism in a snail: a host adaptation? Fzj73cf. Eco/.

9, 887-893.

Canals,  M.,  Cruzat,  L.,  Molina,  M.C.,  Ferreira,  A.  &  Cattan,  P.E.  2001  Blood  host

sources  of "epr¢z.a  spz.7®o/crz.  ¢Ieteroptera:  Reduvidae),  wild  vector  of Chagas

disease in Chile. J. Mec7. E7gJoz#o/. 38, 303-307.

Cook,  D.  F.   1992  The  effect  of male  size  on  receptivity  in  female  £#cz./z.c}  capJ.I.#a

@iptera: Calliphoridae). I J77sect Befecrv. 5, 365-374.

Fellowes,  M.D.E.,  Kraaijeveld,  A.R.  &  Godfray,  H.C.J.  1999  The  relative  fitness  of

Drosapfez./cr "e/cJ#ogaszer @iptera, Drosophilidae) that have successfully defended

themselves  against  the  parasitoid .4sobcrfa  fcrbz.dcz  urymenoptera,  Braconidae).  J.

Evol. Biol. 12, 123-128.

Forbes, M.R.L.  1993 Parasitism and host reproductive effort. Oz.frog 67, 444-450.

Hoelzer, G.A.1989 The good parent process of sexual selection. ,4#z.in. BefacIV. 38,1067-

1078.

Hurd,   H.   1990   Physiological   and   behavioural   interactions   between   parasites   and

invertebrate hosts. .4civ. Pc}rc}sz.Zo/. 29, 271-318.

Hurd,  H.  2001  Host  fecundity reduction:  a strategy  for damage  limitation?  TREE 17:

363-368.

Hurd,  H.  2003  Manipulation  of medically important  insect vectors  by their parasites.

4#J7.  Eel;. E77Jo"o/.  48,141-161.



86

Hurd, H., Hogg, J.C. & Renshaw, M.1995 Interactions between 6loodfeeding, fecundity

and infection in mosquitoes. Pc77.¢sz./o/.  roc7ay 11, 411416.

Kollien,  A.H.  &  Schaub,  G.A.   1997  rryp¢#osoxpa  crazz.  in  the  rectum  of the  bug

rrz.crfo77zcz z.7c/esfcr7rs:  effects of blood ingestion of the vector and artificial diuresis.

Parasitol. Res. 83, 781-788.

Kollien,   A.H.   &   Schaub,   G.A.   2000   The  development  of  r"pa#osoz%a  c7ngz.  in

Triatominae. P¢7iczsz.Jo/.  roJey 16, 381-387.

Lehmann,    G.U.C.    &    Lehmann,    A.W.    2000    Spermatophore    characteristics    jn

bushcrickets vary with parasitism  and remating interval.  Befrcn;.  EcoJ.  Socz.o6z.o/.

47, 393-399.

Lent, H. & Wygodzinsky, P.  1979 Revision of the triatominae (Hemiptera: Reduviidae)

and their significance as vectors of Chagas disease. Bzf/. .4;#. "#s. IVcrf. j7z.sfo.  163,

130-138-

Lent, H., Jurberg, J. & Galvas, C. 1994 Revalidacao de genero "epr4rz.a Mazza, Gajardo

and Jorg, 1940 uremiptera, Reduviidae, Triatominae). "ezH. J#sf. Otwcr/do C7"z 89,

347-352.

Lim,  S.S.L.  &  Green,  R.H.   1991.  The  relationship  between  parasite  load,  crawling

behaviour,  and growth rate of "ocomo GcrJffrz.ca (L.)  quollusca, Pelecypoda) from

Hudson Bay, Canada. Ccr#. I ZooJ. 69, 2002-2008.

Minchella, D.J.  1985 Host life-history variation in response to parasitism. Porcrsz.Jo/ogy

90, 205-216.

Moore, I. 2002 Parasites and the  behavior Of animals. Now York.. Oxford TJniversity

Press.



87

Pai, A. & Yan, G. 2003 Effects of tapeworm infection on male reproductive success and

matingvigorintheredflourbeetle,rrz.6oJz.2tmcasfcr#ez.in.JParaLsz.roJ.89,516-521.

Perrin, N.,  Christe, P.  & Richner, H.  1996 0n host life-history response to parasitism.

Oz.fog 75, 3 17-320.

Polak, M.  1996 Ectoparasitic effects on host survival and reproduction: the Drosopfrz.Ja-

"c}croche/es association. Eco/ogy 77,1379-1389.

Powhm, FL.  1998  Eryolutionary  ecology  Of parasites:  from  individuals  to  communities.

London: Chapman & Hall.

Rosenqvist, G. & Johansson, K.1995 Male avoidance of parasitized females explained

by direct benefits in a pipefish. ,472z.7". Be¢crv. 49,1039-1045.

Sagua, H., Araya, J., Gonzalez, J. & Neira, I. 2000 A4ep7icrz.a spz.j9o/crz. in the Southeastern

Pacific  Ocean  Cost (Chile)-First insular record  and  feeding pattern on the Pan de

Azticar Island. A41ez%. J#s'f.  OswczJdo Crz&  95,167-170.

Savalli, U.M. & Fox, C.W.1998. Sexual selection and the fitness consequences of male

bodysizeintheseedbeetleS:Zcz}or/I.7#boJzfs.j473z.".j}efaov.55,473-483.

Schaub,  G.A.1992 The effects of trypanosomatids on insects. .4ch;.  PcFTcrsz./o/. 31, 255-

319.

Schaub,  G.A.  1994 Pathogenicity of Trypanosomatids on insects. P¢rclsz.JOJ.  rody 10,

463-468.

Sheridan, L.A.D., Poulin, R., Ward, D. F.  & Zuk, M, 2000  Sex differences in parasite

infectionsamongarthropodhosts:isthereamalebias?Oz.fos88,327-334.



88

Simmons,   L.W.   1993   Some   constrains   on   reproduction   for   female   bushcrickets,

Regzfe77c}  vej-fz.ccr/z.s   (Orthoptera:   Tettigoniidae):   Diet,   size   and  parasite   load.

Behav. Ecol. Sociobiol. S2, 13S-140.

S;rmmous, L.IV.  2:001  Sperm  competition  and  its  evohaionary  consequences  in  the

z.77sects'. princeton: princeton university press.

SohaLl, FL.R.  & Ftohif, F.I.199S  Biometry.  The principles  and practice  Of statistics  in

bz.o/ogz.ccr/ 7ies'ec7jic%. New York: WIT Freeman & Company.

Steams, S.  1992 77}e evo/#Jz.o# a//i/e fez.sJorz.es. New York: Oxford University Press.

Thompson, S.N.  1983 Biochemical and physiological effects of metazoan endoparasites

on their host species. Co7#pcrrcrfz.ve Bz.oche7#z.stry cz7zc7 Pkys'z.o/ogy 748,  183-21 1.

Tschirren,  8.,  Fitze,  P.S.  &  Richner,  H.  2003  Sexual  dimorphism  in  susceptibility to

parasites  and  cell-mediated  immunity  in  great tit  nestlings.  J.  f4#z.7#.  Eco/.  72,

839-845.

Zuk,  M.  &  MCKean,  K.  A.  1996  Sex  differences  in parasite  infections:  patterns  and

processes. J77f. I Pcrrcrsz.Zo/. 26,1009-1024.



:I
'III:

68

I

9€1'0

080'0

08€'0

8SZ`0
|oaffa@[oIN



90

FIGURE CAPTION

Figure1.Linearregressionanalysisbetweenmeanwei8htofeggsandfirst-instar

nymphs from 36 crossings of A4 fpz.72o/czz..
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5. DISCUSI0N Y CONCLUSIONES FINALES

En   este   estudio   se   examin6   la   interacci6n   entre   el   protozoo   flagelado

rrypcJ#oso"a  cr%zz.  y  su  vector  silvestre  en  Chile  "epraz.a  Spz.7zoJclz.  (Hemiptera;

Reduviidae).   Este   sistema  end5mico   permiti6   abordar   diversos   aspectos   de   la

interacci6n  pardsito-vector  hasta  ahora  no  considerados  en  estudios  de  insectos

triatominos.   Se  examin6  de  qu5  manera  diversos  rasgos   del  fenotipo  de  este

organismo,  tales  como  el  tiempo  de  desarrollo,  rasgos  conductuales,  y  tamafio

corporal  inciden  en  la  transmisi6n  del  parasito  flagelado.  El  primer  objetivo  fue

examinar el efecto de r.  cr#zz. sobre el tiempo de desarrollo de su vector M spz.#o/czz.,

considerando  el  tiempo  de  muda  sobre  una  base  acumulada  y  por  estadfo.  Los

resultados  obtenidos  del     seguimiento   de   cohortes   indicaron  que   los   vectores

infectados presentan menores pesos coxporales y requieren mss tiempo para alcanzar

la madurez  que  los  insectos  control  (no  infectados).  Se  desconoce  el  mecanismo

flsiol6gico que subyace a este patr6n observado. Sin embargo, estudios realizados en

otras  asociaciones tripanosomatido-insecto  indican que los  interactuantes  compiten

por  elementos  trazas  presentes  en  la  sangre  ingerida  por  los  vectores,  y  que  los

insectos  requeririan  de  un  nivel  cn'tico  de  metabolitos  para  gatillar  la  inducci6n

homonal  del  proceso  de  muda  (Schaub   1992;  Kollien  &  Schaub  2000).  Una

consequencia  de  esta  demora  en  el  tiempo  de  desanollo,  es  que  I.  crzjzz.  podia

aumentar  su probabilidad  de transmisi6n  a hospederos  vertebrados  definitivos.  El

razonamiento   para   esta   proposici6n   es    que   insectos   infectados   requerin'an

alimentarse un mayor ndmero de veces para alcanzar la madurez (Schaub  1994) y

consecuentemente transmitir el parasito via fecas contariadas. La modificaci6n en
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el  tiempo  de  desarrollo  y  en  los  pesos  corporales  fue  dependiente  del  estadio  en

cuesti6n. Las ninfas de los tiltimos estadfos fueron proporcionalmente mas afectadas

que aquellas de los estadfos tempranos. Esto puede ser explicado por la disminuci6n

de  la  tasa  de  crecimiento  corporal  de  los  insectos  parasitados  a  mayor  carga

parasitaria  (Hurd   1990),  lo  cual  estaria  acompafiado  con  un  decremento  en  el

consumo de alimento (Thompson 1983). Una segunda explicaci6n, no excluyente de

la anterior, es que las ninfas de estadfos tardfos, cercanas a la madurez, presentan un

gasto  extra  de  energia  para  asignar  a  la producci6n  de  gametos  y  desarrollo  de

6rganos reproductivos. El grado en el cual I  cJ'2/zz. afecta el presupuesto energ6tico

de   M  fpz.Jco/czz.,  y  su influencia sobre  la distribuci6n de recursos  a crecimiento  y

muda necesita ser evaluado en detalle en estudios de compromisos en la asignaci6n

de recursos.

Los resultados  del tiempo  acumulado  de  muda revel6  que  la magnitud  del

impacto  que  ejerce  I  crz/zz.  sobre  el  tiempo  de  muda es  dependiente  del  sexo  en

consideraci6n. Las hembras infectadas fueron proporcionalmente mas afectadas que

los machos infectados. En general, las estrategias para evitar o tolerar el parasitismo

son especificas del sexo que se evaltie, debido a que los sexos presentan diferentes

compromisos  en  la  asignaci6n  de  recursos  a  defensa  contra  parasitos  y  otros

componentes del fenotipo (Tschirren ez cr/. 2003)

El segundo objetivo del trabajo fue examinar los componentes de la conducta

de  alimentaci6n  de  A4   fp!.7coJaz.  que  incidfan  en  la  transmisi6n  del  parasito  y

determinar cuales rasgos conductuales son modificados en presencia de I.  c7'z!zz..  Se

ha  descrito  que  durante  el  pen'odo  de  transmisi6n  de  los  parasitos,  las  presiones

selectivas  debieran  favorecer  a  aquellos  pardsitos  que  pueden  manipular  a  sus
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vectores y asf aumentar la probabilidad de transmisi6n hacia el  hospedero definitivo

(Hurd 2003). En este estudio, se encontr6 que conductas asociadas a la localizaci6n

de hospedero  definitivo,  la conducta de  alimentaci6n y  el patr6n de  deyecci6n se

modifican  en presencia  de  7:  crzzzz..  Insectos  infectados  requirieron memos  tiempo

para detectar y  orientarse  hacia hospederos  definitivos  que  los  insectos  controles.

Esto se podria deber a que insectos infectados presentan menores tamafios corporales

producto de una competencia parasito-vector por nutrientes presentes en el intestino

del insecto (Schaub 1992; Kollien & Schaub 2000), lo cual se traducin'a en sintomas

de  inanici6n  anticipados,  provocando  que  los  insectos  est6n  mds  alerta  frente  a

estimulos  provenientes  de  potenciales  hospederos.  Con respecto  a la  conducta  de

alimentaci6n,  los insectos picaron mss veces  a sus presas y aumentaron la tasa de

picada en presencia del pardsito. Sabiendo que I.  c7`zfzz. se aloja principalmente en el

recto  de  la vinchuca,  es  posible  descartar,  en primera instancia,  un bloqueo  de la

proboscide o el desarrollo de patologias asociadas a las glindulas salivales (Schaub

1992; Kollien & Shaub 2000), mecanismos invocados para explicar modificaciones

en  la  conducta  de  alimentaci6n  de  otros  insectos  vectores  de  parasitos  que  son

transmitidos mediante inoculaci6n salival directa (revisi6n en Moore 2002). Una vez

mss, esta conducta alterada por parte de los insectos infectados se puede deber a los

mayores  niveles  de  inanici6n  producto  de  la  competencia  parasito-vector  que  se

traduce en un insecto menos eficiente al momento de encontrar un vaso sanguineo

apropiado para picar y alimentarse.  Por otro  lado,  el  sexo  fue determinante en los

tiempos involucrados en la ingesta de sangre. Las hembras necesitaron mas tiempo

para alimentarse que los machos, lo cual probablemente se debe a su mayor tamafio

corporal (Lent & Wygodzinsky  1979).  La cantidad de sangre ingerida fue afectada
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por el estatus de infecci6n y por el sexo en consideraci6n. Tal como ha sido indicado

previamente, los insectos infectados presentaron un menor peso corporal. Al remover

el efecto  del tamafio corporal no  se observ6  evidencia de un efecto  del  estatus  de

infecci6n pero  si  del  sexo,  lo  cual  sugiere  que  este  resultado  podr'a intexpretarse

como un efecto indirecto producido por rna reducci6n del tamafio corporal de los

vectores en presencia de I. c7`2tzz..

Con respecto al patr6n de deyecci6n, se observ6 efectos del sexo y del estatus

de   infecci6n.   Los   machos   deyectaron   mas   rapido   que   las   hembras,   debido

probablemente  a  que  6stos  pres6ntan  intestinos  medios  y  anteriores  con  menor

capacidad de almacenaje que las hembras. Por otro lado, los insectos infectados con

I   cJ`z&z.   presentaron   deyecciones   precipitadas   en   comparaci6n   a   los   insectos

controles.  Este  resultado  indica  que  los  insectos  infectados  presentan  rna  mayor

sincrom'a entre el fin del evento  de picada y la emisi6n de fecas infectantes.  Este

resultado posee importantes consecuencias para el entendimiento de la transmisi6n

parasitica,  la  cual  ocurre  precisamente  al  momento  de  liberar  los  tripomastigotes

metaciclicos de las fecas en la cercani'a de los hospederos marm'feros reci6n picados.

Los resultados de este trabajo indican la importancia de considerar integralmente el

proceso   de   alimentaci6n.   Los   insectos   infectados   detectan  mas   rapido   a   sus

hospederos, los pican mas veces implicando un mayor ninero de perforaciones en la

piel,   y   deyectan   en   menor   tiempo   que   los   insectos   controles.   Todos   estos

antecedentes, sumado al hecho que los insectos infectados pican'an numericamente

mss durante su ontogeria para alcanzar la madurez, revelan'a rna importante presi6n

ejercida por el parisito para ser transmitido a su hospedero definitivo.
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El tercer objetivo de este trabajo fue examinar el desempefio reproductivo de

A4 spz.72o/crz. en presencia de I.  c7-zzz.. Existe evidencia que indica que los parasitos de

insectos reducen la salida reproductiva de sus hospederos (Hurd 1998; Webb & Hurd

1999).   En  insectos,   la  destrucci6n  mecinica  de  las   g6nadas  no   es  frecuente.

Usualmente,   la   reducci6n   en   la   producci6n   de   huevos   se   debe   a   cambios

morfol6gicos,  fisiol6gicos  o  conductuales  en  el  fenotipo  del  hospedero  (Webb  &

Hurd  1999). Un resultado de este estudio es que I.  crazz. reduce el tamafio corporal

en  que  ocurre  la  reproducci6n  de  vectores  machos  y  hembras.   Esto   se  debe

probablemente  a  la  reducci6n  de  nutrientes  disponibles  para  el  crecimiento  del

insecto (Thompson 1983; Hurd 1990).  Se ha indicado que la reducci6n en el tamafio

de las hembras puede afectar directamente la fecundidad debido a rna reducci6n en

el ninero de ovariolos. Ademas, la reducci6n en peso puede reducir la ingestion de

sangre  y  su  utilizaci6n  en  la  producci6n  de  huevos  (Hurd  eJ  crJ.   1995).  En  este

estudio, el inico determinante de la fecundidad que fue sensible a la presencia de I

cr#zz., fue el peso de los huevos provenientes de machos y hembras infectados. Otros

componentes de la fecundidad tales como  la producci6n de huevos,  el peso  de las

ninfas  y  el  ntimero  de  ninfas  producidas  no  fueron  afectados  por  el  estatus  de

infecci6n  de  los parentales.  Probablemente,  1a reducci6n  en  la cantidad  de  sangre

ingerida por hembras infectadas se tradujo en rna reasignaci6n de los recursos dentro

del  item  reproducci6n  a  trav6s  de  mantener  constante  el  ninero  de  huevos  a

expensas de la inversi6n en yema por huevo. En el caso de los machos infectados, el

razonamiento  es  similar  al  de  las  hembras  infectadas  en t6rmino  de  comprondsos

energ6ticos.    Los   productos   seminales   que   proveen   nutrientes   podian   estar

empobrecidos   en  presencia  de  la  infecci6n.   Como  tales  nutrientes  pueden  ser
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incoxporados a tejido  somatico de la hembra y a los huevos en desarrollo (Hoelzer

1989; Rosenqvist & Johansson 1995), es posible que la infecci6n masculina se haya

traducido en una baja contribuci6n patemal al peso de los huevos.

En  conclusion,  mss  antecedentes  son  necesarios  para  explicar  desde  rna

perspectiva  fisiol6gica  los  mecanismos  que  subyacen  a  las  modificaciones  en  los

rasgos de historia de vida y conducta del insecto vector Meprcrz.cz spz.#o/czz. revelados

en presencia de pafasito r7}pcz72aso77€cz crgizz.. El analisis e integraci6n de la evidencia

aqui presentada sugiere que aunque  I  c7.zjzz. no pareciera impactar sustancialmente

en la fecundidad de M spz.;co/crz., los cambios inducidos en la ontogenia y conducta de

alimentaci6n  del  hospedero  probablemente  se  traducen  en  un  mayor potencial  de

transmisi6n de la infecci6n hacia otros hospederos potenciales.
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