
ARTICLE

Immune and oxidative stress trade-offs in four classes of Ruffs
(Philomachus pugnax) with different reproductive strategies
George A. Lozano, David B. Lank, and Brianne Addison

Abstract: Immunity and resistance to oxidative stress are two mechanistically related aspects of self-maintenance that are
usually not studied together in connection to ecological or evolutionary relevant variables. Whereas many studies compare two
sexes, here we use Ruffs (Philomachus pugnax (L., 1758)), a species in which males have three alternative reproductive morphs:
independents, satellites, and faeders. Previous work suggested that immune function in Ruffs depends on energetic constraints
or potential of injuries. Based on their behaviour and life history, the three male morphs and females can be placed on an ordinal
scale with independents at one end and females at the other, and these two explanations predict opposite patterns along this
continuum. Innate and cell-mediated immunity decreased along this axis from independents to females, supporting a risk-of-
injury explanation over the energetic constrains hypothesis. No such pattern was evident for oxidative stress or resistance, and
no relationship was detected between immunity and oxidative resistance or stress. Hence, during the breeding season immunity
reflected the risk of injury, with faeders located in the immunological continuum between females and other male morphs.
Species with alternative reproductive strategies provide particularly useful systems in which to address the evolution and
ecology behind physiological mechanisms.
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Résumé : L’immunité et la résistance au stress oxydatif sont deux aspects de l’entretien reliés sur le plan mécaniste qui, en ce
qui concerne leurs liens avec des variables écologiques ou évolutionnaires pertinentes, ne sont normalement pas étudiés
ensemble. Alors que de nombreuses études comparent deux sexes, nous nous penchons sur les combattants variés (Philomachus
pugnax (L., 1758)). une espèce dont les mâles se présentent sous trois formes reproductrices distinctes, à savoir, les indépendants,
les satellites et les « faeders ». Des travaux antérieurs ont indiqué que la fonction immunitaire chez les combattants variés
pourrait dépendre de contraintes énergétiques ou du potentiel de blessure. À la lumière de leur comportement et de leur cycle
de vie, les trois formes de mâles et les femelles peuvent être disposées sur une échelle ordinale sur laquelle les indépendants
occupent une extrémité et les femelles, l’autre. Or, les deux explications susmentionnées prédisent des distributions contraires
le long de ce continuum. L’immunité innée et à médiation cellulaire diminue, le long de cet axe, des mâles indépendants vers les
femelles, appuyant l’explication reliée au risque de blessure plutôt que l’hypothèse des contraintes énergétiques. Une telle
tendance n’est pas observée en ce qui concerne le stress oxydatif ou la résistance à l’oxydation, et aucun lien n’a été détecté entre
l’immunité et la résistance à l’oxydation ou le stress oxydatif. Ainsi, durant la période de nidification, l’immunité reflète le risque
de blessure, les faeders se situant, dans le continuum immunologique, entre les femelles et les autres formes de mâles. Les
espèces présentant des stratégies de reproduction alternatives constituent des systèmes particulièrement utiles pour étudier
l’évolution et l’écologie des mécanismes physiologiques. [Traduit par la Rédaction]

Mots-clés : Philomachus pugnax, combattant varié, stratégie d’accouplement alternative, immunoécologie.

Introduction
Life-history theory is based on the fact that all fitness compo-

nents cannot be simultaneously maximized, so organisms neces-
sarily face a myriad of trade-offs at several levels of complexity
and temporal and spatial scales (Williams 1966; Pianka 1976; Stearns
1992; Roff 2002). In general, resources, time and energy, can be allo-
cated towards growth, reproduction, and self-maintenance. Invest-
ment in immune function is essentially a choice of self-maintenance
over growth and reproduction, and as such, it ought to vary predict-
ably with the organism’s ecology and life history (Lochmiller and
Deerenberg 2000; McDade 2003; Lee 2006;
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dants (Surh and Packer 2005). Oxidative damage is caused by free
radicals, which are produced by normal metabolic processes, and
also specifically as a defence against microbes, and are harmful
to DNA, proteins, and cell membranes (Surh and Packer 2005;
Halliwell and Gutteridge 2007; Matata and Elahi 2007). Free-
radical oxidation is one of the main mechanistic hypotheses of
aging (Harman 1956; Beckman and Ames 1998), and it is involved
in most diseases, either causally, or, more often, as an associated
consequence (
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disagreement with Erel (2004), an anonymous reviewer suggested
that this test only measures the “nonenzymatic” antioxidant
capacity.

Total oxidant status (TOS) of plasma was measured using a col-
orimetric assay, modified from Erel (2005). The assay measures
the oxidation of (Fe2+) ferrous ion-o-dianisidine complex by
plasma oxidants to ferric ion (Fe3+) that reacts with xylenol or-
ange, changing colour from yellow to red. Hydrogen peroxide
(H2O2) was used as a standard, and plasma values are expressed as
�mol H2O2
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P < 0.01 for both). Transformations (square root, ln, or log10) were
not sufficient to attain normality, so nonparametric tests were
used.

Anti-PHA and anti-LPS IgY were significantly correlated
(Spearman’s correlation: r = 0.535, P < 0.05). Neither anti-PHA
(Kruskal–Wallis ANOVA by ranks: H[3,60] = 2.57, P = 0.463) nor
anti-LPS (Kruskal–Wallis ANOVA by ranks; H[3,59] = 4.12, = 0.249)
differed among the four genders. Regressions were not significant
(P > 0.05). Variances did not differ between the two sexes or
among the four genders (Levene’s test, P > 0.05 for all tests).

Total antioxidant capacity and total oxidative stress
Response variables were tested for normality using Lilliefors test

and morphs were compared using ANOVAs or Kruskal–Wallis tests,
as appropriate. In all cases, before-, after-, and �- TAC and TOS did not
differ significantly among the four genders (least-squares means—
�TAC in mmol trolox equivalent/L: independents = 0.22, satellites =
0.27, faeders = −0.38, females = −0.12; �TOS in �mol H2O2
equivalent/L: independents = 0.024, satellites = 0.010, faeders =
−0.020, females = −0.014). Also, there were no significant patterns
with the genders on an ordinal scale (independent, satellite,
faeder, female), as analysed with regression.

Innate immunity versus oxidative capacity (TAC) and
oxidative stress (TOS)

Baseline TAC was not correlated with baseline agglutination
titre, a measure of antibodies, but it was negatively correlated
with baseline lysis titre (r = −0.44, n = 24, P = 0.03), which is a
measure of antibodies and complement. However, the relation-
ship between TAC and lysis titre neither differed among the four
genders (ANOVA for homogeneity of slopes interaction effect:
F[3,17] = 0.75, P = 0.5) nor between the two sexes (ANCOVA main
effects: F[3,20] = 1.23, P = 0.33). No significant relationships occurred
between oxidative stress and immunity, before or after the LPS
injection.
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females. Furthermore, the strength of the immune response is
negatively related to subsequent survival in orange females,
whereas it is positively related in yellow females (Svensson et al.
2001). Hence, the morph adapted to fast reproduction, i.e., the
orange morph, has a more susceptible immune system and is less
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