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Abstract 

Recenl evolutionary studies have suggesled that females have a more robust immune system than males. Using two damselfly speeies 
(HelOerina americana and Argla r,."pi), we tested if females produced higher immune responses (as phenolOJlidase and hydrolytic 
enzymes), had a higher survival (using a nylon implant inserled in the abdomen IInd measuring survival after 24 h) and fewer parasiles 
(gregarines and water mites) than males. We also tesled whether immune dilTerenees should emerge in dilTerenl body areas (thoraJl vS. 
abdomen) within eaeh seJl wilh the predietion that only females will differ with the abdomen having a higher immune response Ihan Iheir 
thorax sinee Ihe fomer area, for ecologieal and physiologiclIl reasons, may be H larget zone for inereased immune investmenl. Animals 
were adults of approximately the same age. In both species, femaJes were more immunocompetcnt than males, blll only in H. americana 
females were immune responses grealer in the abdomen than in the thorHx. However, there were no difTerenees in survival and paras;te 
intensity or the probabililY of being parasitised between the se}\es in eilher of the two species. Thus, this study lends panial support to the 
principIe lhat fe maJes are better at defending than males despite the nulf difTerence in parasitism and survivul. 
ro 2006 Elsevier Ltd. AII rights reserved. 

Keywords: Immune sexual dimorphism; PhenoloJlida.e; Hydrolylic em:ymcs; Survival; Parasilism; Damsdllics 

1. Introductlon 

In vertebrates, the fael thal remales mount bclter 
immune responses than males has been explained as a 
trading off efTect of testosterone on males which increases 
the expression of courtship traits but suppresses immune 
ability (Folstad and Karter, 1992). This idea, however, has 
been strongly debated since the precise role of testosterone 
on immune responses is undear (e.g. Roberts el al., 2(04). 
Intereslingly. the facl that females mount better immune 
responses than males is not restricted 10 vertebra tes as Ihis 
also occurs in ¡nvertebrates (reviewed by Rolff, 2002; Zuk 
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E-mail addres.r:acurdobll@ccologia.unam.mx (A. Córdobu-Aguilar). 
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and Stoehr, 2002; Schmid-Hempel, 2003). Given that 
invertebrates do nOI use testosterone and, nevertheless, 
show sexual differences in immunity, three hypotheses 
explaining this dimorphism have been put forward in 
which it is assumed that immunity is costly (e.g. Siva-Jothy 
and Thompson, 2002). The first hypothesis is based on the 
sexual selection pressure faced by males whose investment 
in irnmunity will be reduced as a consequence of investing 
more on secondary sex traits (Zuk. 1990; Zuk and 
McKean, 1996). The second hYPolhesis indicates Ihal 
seleclion will operate on increasing female 10ngevilY as a 
way to maximise reproductive success via egg production 
(Rolff. 2002) giving, therefore, high priority 10 immunity 
(RollT, 2002; Zuk and Stochr, 2002). A more recent 
hypothesís suggests that rather than being fixed, immunity 
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is flexible attending to rcsouree availability with scx specific 
changes in relation lo reproductive opportunilies (McKcan 
and Nunney, 2005). 

Sorne evidence in insects suggests thal these cost-based 
hypotheses of the sexual immune dimorphism may explain 
male and female differences in immunity. For example, in 
Drosophila melano{}aSler, males Ihat were housed Wilh one 
female, mounted better immune responses when challcnged 
with Escherichia coli than males housed with Ihree (emales 
(McKean and Nunney, 200 1). Also, males housed with 
males mounted better responses Ihan males housed wilh 
females. These differenccs are presumably due lo lhe 
negative effect of courtship behaviour and male-male 
competition for females on male immunily (McKean and 
Nunney, 2001). 

Despite these sources of evidence, studies Ihat have 
eompared immune response differences and, funhermore. 
ability lo resist an infcelion in bOlh sexes have been 
criticised for a number of reusons. For example, il has been 
suggested thal both eomponents of the immune syslem 
(humoral and cellular) ought to be measured before 
conclusions are drawn, as males may have better immu
nocompetence than females in sorne particular immune 
respects but nol in others (Zuk and McKean. 1996: 
Adamo, 2004; Morales-Montor et al., 2004). Furthermore, 
differenees in survivorship after an immune insull should 
be measured under similar condilions lO conlrol ror 
differences in potential ecologieal pressures Iha! bolh sexes 
experienee (predalors, food aeeess, among others) (Zuk 
and McKean, 1996; Adumo, 2004). Anolher polenlial 
souree of critieism is that selection for immunily may 
operale differentiaJly in distinct regions of the body in bolh 
sexes in insects. For example, a better immune response in 
the abdomen compared to thorax is expected in females bul 
not in males. Several explanations can be put forward ror 
this: (a) Ihe female abdomen is more likely lO be damaged 
during mating than other body regions (e.g. Crudgington 
and Siva-Jothy, 2000: Blackenhorn el al., 2002; Reinhardt 
et al., 2003); (b) the abdomen i5 a first target lonc ror 
sexualIy transmitted palhogens (Kncll and Weberley. 
2004); (e) Ihe abdomen is more frequently attacked by 
predators during oviposi tion, espccially for lerreslrial 
insects thal lay eggs underwater (far example, odonates; 
Corbel, 1999); (d) the abdomen is the place where eggs are 
produced and, compared lO sperm, eggs occupy a larger 
area so Ihat immune responses should also be more largely 
distributed in this region; and (e) eggs should be equipped 
with a robusl immune machinery against parasitoids and 
pathogens (c.g. Asgari et al.. 1998). That Ihere are regional 
differences in immunily in Ihe body has been already 
documented in invertebrales and vertebrales (Ziclinski and 
Portner, 2000; see also Adamo, 2004). Howcver, lO our 
knowledge, these differences have not becn examined using 
an evolutionary perspective. Finally, another criticism is 
thal age has becn a confounding variable in many sludies 
(i.e. variation in parasitic in[eetion with age; e.g. Micha
lakis and Hochberg, 1994). 

In Ihis work we have lested the hypotheses Ihat the 
female's immune response and her survival aner an 
immune challenge are higher Ihan in Ihe male. We used 
Iwo species of damselflies, Helaerina americana and Argia 
rezpi, to investigate these implications. We measured two 
immune parameters which provide a general picture of 
cellular and humoral response, phenoloxidase (PO) activity 
and hydrolytic enzymes. Although PO panicipales in non
immune fune!ions (Cerenius and S6derhiill. 2004), lhe PO 
cascade also rcsulls in Ihe melanisalion and dealh of 
palhogens (Tzou et al., 2002; Cerenills and S6derhilll, 2004: 
Chrislenscn et al., 2005), while hydrolylic enzymes are 
involved in the killing and degradation ofmicro-organisms 
(Cheng, 1992; Tzou el al., 2002; Hetru et al., 2(03) or 
modificalions of Ihe molecular conformation surface of 
palhogens, and therefore favour rccognition of phagocytic 
cells (Cheng. 1992; Cajaraville el al., 1995). Additionally, 
we also compured lhe types and quanlily of proteases in 
bOlh sexes as these are involved in lhe uctivation of PO 
cascade (Cerenius and S6derhiill. 2004). 

First, we compared the immune response of both sexes. 
Our predietion is that females will have higher immune 
responses than males. Assuming potential sex-dependent 
differences in immunity in body regions in the same 
organism, we also looked for differenees between the 
abdomen and thorax within each seXo Our expectation was 
thal differences should only be obscrved in females with Ihe 
abdomen having a higher immllne response. We lesled thc 
survival of bolh sexes under a similar immune challenge in 
their natural conditions. The conseqllent prediclion for this 
is Ihat more females than males will survive .. We also 
looked [or differences in parasile intensity and occurrence 
in adults of both scxes controlJing for host age. Although 
parasitism rate or probability of being parasitised are not 
lhe best indicators of differences in immunoeompetence 
between the sexes due to different exposure lo parasites 
(Rolff. 2002), we wanted to see whelher Ihese parameters 
showed similar sexual differences lo those of immunity. We 
recorded the number of two endo- and ectoparasitic agents, 
respectively, prolozoan gregarines and water mites. A 
number of studies have shown that these agents are the 
most common pathogens in odonate adults (reviewed by 
Corbet. 1999) causing a large negative impact on male and 
female fitness (ror gregarines see for example Siva-Jothy 
and Plaislow, 1999 and Córdoba-Aguilar et al.. 2003; for 
miles see ror example Forbes, 1991; Forbcs and Baker. 
1991; Braune and Rolff, 200 1, but see Andrés and Cordero, 
1998). Our predictions were that males are more likely to 
be parasitised or Ihat, when both sexes are parasitised, 
males have more parasites Ihan females. 

2. Materials and methods 

2.1. lmmune assessment 

H. americana males and females were obtained from the 
Tehuixtla river (Morelos, Mexico) in May, 2004. A. lupi 
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Conlrera~Garduno: Capitulo VII 

En este trabajo se exploraron diferentes preguntas que tienen que ver con la senalización de la condición a 

través de los caracteres sexuales secundarios (CSS) y en particular con la relación entre CSS y la 

respuesta Inmune en la libélula territorial H. americana_ A continuación resumiré mis resultados, los discutiré 

en conjunto y mencionaré algunas de las preguntas que derivan de este trabajo_ 

Los machos territoriales, en comparación con los machos no territoriales de H. americena, 

mostraron una mejor respuesta inmune expresada como capaCidad melanótica, cantidad de fenoloxidasa 

(PO) y enzimas hldroliticas (EH)_ Además, tuvieron manchas alares més grandes, más grasa y vivieron por 

más tiempo después de un reto inmune. 

Encontré un fuerte vinculo entre las reservas de grasa y la melanlzación, pues existió una 

correlación positiva entre ambas variables, lo cuál persistió después de una pelea larga por el territorio. 

Ademés, en la pOblación con aparentemente más recursos, los machos tuvieron manchas més grandes y 

produjeron melanina con mayor intensidad y más répido que los machos de la población con pocos 

recursos_ 

En general, mis resultados concuerdan con la teorla, ya que los machos senalan su condición a 

través de sus CSS y tal se"alización aparentemente es honesta (Zahavl, 1975; Andersson, 1994; Cotton et 

al., 2004a), pero en particular, concuerdan con la hipótesis de Sheldon & Verhulst (1996), pues mis datos 

muestran que las libélulas más pigmentadas también montaron una buena respuesta inmune en 

comparación con las menos pigmentadas_ Esta relación no es nueva y ha llevado a pensar Que en 

calopterlgldos tal relación se originó por elección femenina. De acuerdo con esta idea. en algunas especies 

en dónde las hembras eligen a los machos en función de su cortejo y pigmentación se ha visto que los 

machos con mayor pigmentación alar expresaron más PO (Siva-Jothy, 1999, 2000) y melanlzaclón 

(CÓrdoba-Agullar, 2002) que los no pigmentados. Sin embargo, nosotros proponemos Que dicha relación 

pudo haber evolucionado por competencia masculina, pero de manera indirecta. Me refiero a que, los 

machos fXJdrlan señalar su condición (reservas de grasa) a otros machos a través del tamano de la 

mancha, pues en H. americana, las hembras aparentemente no eligen de manera directa a los machos de 

manchas grandes, sino que se aparean con los machos territoriales (Grether, 1996a). Dada la relación entre 

grasa y respuesta inmune, las hembras apareadas con machos territoriales no solo lo harlan con machos 

que tengan buenas reservas de grasa sino también, con machos que tengan una buena respuesta inmune . 

Dado Que el género Hetaerina es el menos derivado en los calopterigidos (Misof e/ al., 2000; Dumont e/ al., 

2005), es posible que en este grupo la relación: elección femenina-respuesta inmune, sea derivada de la 

relación: competencia masculina-grasa-respuesta inmune. 

Por otro lado, se ha propuesto que para que un atributo sexual secundario sea considerado 

indicador de condición, este debe ser más sensible a los retos ambientales, en comparación con otros 

atributos no sexualmente seleccionados (Cotton et a/., 2004a). Mis datos en H. americana apoyan la idea 

porque el tamano de la mancha se redujo al someter 8 los machos adultos inmaduros a constantes retos 
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Figure 5. Relatlve time (mean ± SE) devoled lo prey capture in each habita!. Sample sizes are 

provided in Ihe text. 
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