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Abstract

The ability of vertebrates to evolve different defense strategies in response to varying
parasitism regimes remains poorly understood. Hosts may adopt two different strategies to defend
themselves against parasites: tolerance (hosts alleviate the negative fitness consequences of parasite
infection) and resistance (hosts strengthen their immune response as parasite burden increases).
Both strategies are effective but fitness has been reported to decline faster in less tolerant
individuals. Here, we assessed the number of splenocytes and the cell-mediated response (proxies
for resistance) and body condition (a proxy for tolerance) in four populations of a Greek endemic
lizard (Podarcis gaigeae), each exposed to different infection risk (defined as the cumulative effect of
parasite burden and duration of exposure). We anticipated that populations with heavy parasite
burden would enhance the efficacy of theirimmune response (resistance) compared to lizards
deriving from parasite-poor habitats. We also predicted that populations with longer exposure to
parasites would be adopted and be more tolerant. Each factor (duration of exposure and parasite
burden) had a distinct effect on the immune response and thus, our results where rather
complicated. Lizards with heavy parasite burden and aperiodic exposure demonstrated resistance,
whereas lizards with heavy parasite burden and chronic exposure were more tolerant. Populations
with low parasite burden and minimal exposure were more resistant. Our results suggest that the
development of some immunological strategies may be differentiated under different infection risks,

even within the same species.

This article is protected by copyright. All rights reserved.



Keywords: Cell-mediated response, Islands, Mixed Lymphocyte Reaction, Reptiles, Immune

Resistance, Immune Tolerance

Introduction

In natural populations, parasites are considered as powerful means guiding selection, as they
influence hosts’ overall fitness and alter the composition of species in ecological communities
(Altizer et al., 2003, Beldomenico et al., 2008). To compensate the negative effects of parasites,
vertebrates have evolved an efficient immune system that includes a plethora of non-specific and

specific mechanisms to fend parasites off (Altizer et al., 2003, Elgert, 1996).

Parasites deprive energy and nutrients from their host, induce detrimental effects on host
fitness and modulate host density (Wikelski et al., 2004, Bize et al., 2010). To confront parasites’
infestation, hosts can employ the two main, complementary components of immune defense
response: resistance (i.e., hosts strengthen their immunological response as parasite burden
increases; the lower infection intensity the higher the resistance) and tolerance (i.e., hosts alleviate
the reduction in fitness due to parasite infection, without reducing parasite infection) (Raberg et al.,
2009, Baucom & de Roode, 2011). Resistance, though effective and direct, is energetically costly and
may affect numerous life-history traits of the host (Lochmiller & Deerenberg, 2000, Martin et al.,
2006). On the contrary, tolerance may not protect the host against parasites as effectively, but
induces no collateral damages (Schneider & Ayres, 2008, Raberg et al., 2009). Hence, hosts that are
capable to fight parasites are not always the healthiest ones and, conversely, hosts with high
parasite burden might retain their good condition (Bize et al., 2008). The defense strategy and the
magnitude of the immune response that hosts will adopt are affected by infection risk and parasite

prevalence (Lindstrom et al., 2004, Schmid-Hempel, 2003, Bordes et al., 2012). Resistance and
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tolerance are equally used by animals (Raberg et al., 2009, Sorci, 2013). However the majority of
ecological studies dealing with wild populations tend to directly examine the extend of immune
response (resistance) and neglect the impact of parasite burden on body condition and other fitness
traits (assessed by tolerance) (e.g. Amo et al., 2006, Kalbe & Kurtz, 2006, Lindstrom et al., 2004, Lee

et al., 2006, Schneider & Ayres, 2008, Svensson & Raberg, 2010).

In Mediterranean ecosystems periodic disturbances by traditional land-use practices, such as
livestock grazing, limit landscape diversity and create nutrient-poor sites (Fleischner, 2002). On top
of that, livestock transfer mites and ticks that, besides their direct effects, such as blood removal and
decrease of reproductive performance (Chilton & Bull, 1993, Vaclav et al., 2007), are potential
vectors of blood parasites (Fleischner, 1994, Telford, 2008). Such problems further deteriorate in
insular taxa, which are more susceptible to parasites that decrease hosts’ body condition and health

status (Beadell et al., 2007, Huyghe et al., 2010, Garrido & Pérez-Mellado, 2013).

The immune response of vertebrates may be affected by the parasitism regime in a certain
habitat (Bordes et al., 2012, Lindstrém et al., 2004, Rynkiewicz et al., 2013). Here, we investigated
the role of infection risk (defined as the cumulative effect of parasite burden and duration of
exposure to parasites) in driving immunological variation using as model organism the Skyros wall
lizard (Skyros Archipelago, Greece). We tested four populations that are subjected to different
grazing regimes (none, aperiodic or chronic; Fig. 1) and experience different levels of parasitism
(Pafilis et al., 2013). We assessed the T cell-mediated response and the number of splenocytes
(proxies for resistance) and body condition (a proxy for tolerance) and assessed them in accordance
to parasite burden. We hypothesized that heavily parasitized lizards from the grazed biotopes would
invest more in active immune defense (resistance) than lizards with low parasite burden. We also
anticipated that lizards that are exposed for longer periods to parasites would be more tolerant due
to long-term host-parasite interactions and the high energetic cost of resistance (Lindstrom et al.,

2004, Rynkiewicz et al., 2013, Schmid-Hempel & Ebert, 2003).
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Materials and Methods

Study system

The Skyros wall lizard (Podarcis gaigeae) is an insectivorous, small-bodied (snout-to-vent length -
SVL: 40-73 mm), lacertid lizard that lives on Skyros Island and on 21 surrounding islets [Central
Aegean Sea, Greece; (Valakos et al., 2008)]. In this study we used exclusively adult male lizards to
eliminate any age- or sex-related effects on immunity (Saad & Deeb, 1990, Smith & John-Alder,
1999). Sampling was conducted in accordance with the Greek National Legislation (Presidential
Decree 67/81). Lizards (36 in total) were collected in spring 2011 from the islets Diavates (N
38°47'20, E 24°30'46; 9 individuals; no grazing) and Lakonissi (N 38°50'56, E 24°28'30; 9 individuals;
aperiodic grazing), as well as from two different locations of Skyros Island, Palamari (N 38°57'40, E
24°30'32; 9 individuals; no grazing) and Nyfi (N 38°49'22, E 24°34'02; 9 individuals; chronic grazing)
(Fig. 1). All individuals were transferred to the animal facilities of the Faculty of Biology at the
University of Athens. Lizards were housed individually in vitreous terraria (20 x 25 x 15 cm) under a
controlled photoperiod (12 h light: 12 h dark), had access to water ad libitum and were fed once
every other day with mealworms (Tenebrio molitor) coated with mineral powder (TerraVit Powder,
JBL GmbH & Co. KG). For each lizard we recorded body length (SVL) and body mass using a digital
caliper (Silverline 380244, accurate to 0.01 mm) and a digital scale (Ohaus, Scout-TM, accurate to
0.01g), respectively. Additionally, we estimated body condition as the residuals of the linear
regression of log,o-transformed weight against log,o-transformed SVL (proxy for energy reserves;

Bancila et al., 2010, Labocha et al., 2014).

Parasite prevalence and infestation levels

A blood sample from each lizard was obtained by clipping off the tail tip. Blood smears were
prepared on microscope slides to examine the presence of intra-erythrocytic parasites. Smears were

air dried, fixed in absolute methanol for 10 min and stained in Giemsa (Sigma-Aldrich) diluted 1:9
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(v/v) with phosphate buffer (pH 7.2) for 20 min. Samples were analyzed using an optical microscope
at 100x. The haemoparasites identified were haemogregarines. The infestation levels for
haemogregarines were estimated for each lizard as the percentage of infected cells on a total of
2000 red blood cells counted (hereafter ‘haemogregarine infestation levels’) (Amo et al., 2007).
Haemogregarine prevalence was estimated as the percentage of infected lizards (i.e., the relative
frequency of infected individuals within the population). We also recorded the presence/absence of
ticks (Ixodes ricinus) for each lizard captured in the field and estimated tick infestation levels (mean

number of ticks per lizard) and tick prevalence (Pafilis et al., 2013).

Preparation and storage of spleen cells

Due to the small body size of Podarcis species, withdrawal of sufficient quantity of peripheral blood
cells was not possible and thus, we used spleen cells (Valakos et al., 2007). Spleen cells were counted
in a Neubauer chamber using Trypan blue and adjusted to 2x10° splenocytes/mL complete medium
(CM) [consisting of RPMI-1640 (Gibco, NY, USA) supplemented with 1% fetal calf serum (FCS; Gibco),
2 mM L-glutamine (Sigma-Aldrich), 10 mM N-2-hydroxyethylpiperazine-N'-2-ethanesulfonic acid
(Hepes), 5x10° M 2-mercaptoethanol and 1% penicillin—streptomycin (all from Gibco)]. Splenocytes
were used either fresh or frozen. For cryopreservation, spleen cell suspensions were centrifuged at
1500 rpm for 5 min at 4°C; the cell pellet was diluted in 90% (v/v) FBS, 10% (v/v) dimethyl-sulfoxide
(DMSO) and stored at -80°C. After thawing, splenocytes were examined for viability and proliferative

response (see Supplementary Material 1).

Determination of T cell-mediated responses

Cell-mediated responses were assessed using one-way xenogeneic mixed lymphocyte reaction (MLR)
that determines T-cell proliferation (Lightbody et al., 1971, Turka & Lechler, 2009). In one-way MLR,

stimulating/donor cells are inactivated after treatment with mitomycin-C (mit-C; Bach and Voynow
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1966). Mit-C arrests proliferation of the cells, but allows them to maintain their antigenicity (Tomasz

et al., 1987). As a result, the proliferation measured is due to responder T-cell activation.

As responder cells, we used freshly thawn spleen cells from Diavates, Nyfi and Lakonissi lizards
(for details see Supplementary Material 1) and freshly isolated splenocytes of Palamari lizards.
Responder splenocytes were co-cultured with inactivated splenocytes (stimulators) of a donor P.
erhardii lizard. For inactivation P. erhardii splenocytes were treated with 25 pg/mL mit-C (Kyowa,
Japan; for experimental details see Supplementary Material 2). Mit-C was deactivated with the
addition of FCS and stimulators were washed thrice in CM by centrifugation at 1500 rpm for 5 min at
25°C. Two x 10° responder splenocytes from each animal in 100 pL aliquots were mixed with an
equal number of stimulators at a final volume of 200 pL/well in U-bottomed 96-well tissue culture
plates (Costar, Cambridge, MA, USA). Unmixed (2x10° cells/well) responders (to quantify basal cell-

proliferative responses of each animal) and stimulators were used as controls.

All cultures were set up in triplicates and incubated for five days at 37°C (Valakos et al., 2007).
During the last 18 h of incubation, 50 pl of RPMI-1640 containing 1 pCi [*H]-thymidine were added
per well (Valakos et al., 2007). Cultures were harvested in a semi-automated cell harvester (Skatron
Inc., Tranby, Norway). The radioactivity incorporated into cellular DNA was determined by liquid
scintillation counting. Data were expressed as counts per minute (cpm) and stimulation index (S.1.)

was calculated according to the equation:

cpm of co — cultured spleen cells
S.IL.= - .
sum of cpm of unmixed responder and stimulator spleen cells
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Statistical approach

Cell-mediated responses were expressed as S.I. values. We first examined the heteroscedasticity and
normality of the data. Whenever parametric assumptions were not met, data were transformed. If
transformations were unsuccessful, non-parametric tests were performed, otherwise we used
parametric tests. To assess the differences in body length, body mass, body condition, S.I. values and
number of cells per spleen, we used one-way ANOVA, coupled with post-hoc Tukey HSD test. As
fixed effect, we used the locality of individuals. To reduce the within-group error in cell-mediated
response caused by the effect of body size (Amo et al., 2006, Sacchi et al., 2007, Meylan et al., 2013),
we repeated the latter analysis using the residuals of S.I. values against SVL as the dependent
variable. We conducted a chi-square test to assess the differences in parasite (ticks and
haemogregarines) prevalence between populations. Kruskal-Wallis ANOVA coupled with Median test

was used to examine infestation levels.

To explain the variation of resistance for the raw data as estimated by S.I. values and the
number of cells per spleen, we employed generalized linear mixed model (GLMM) using the type of
grazing (aperiodic, long-term, none), tick and haemogregarine infestation levels and body condition
as fixed effects, and including locality and habitat (islet or island site) as nested random effects. The
statistical significance of each predictor was determined by likelihood ratio tests (LRT). This analysis
was carried out separately for P. gaigeae populations subjected to different grazing regimes.
Similarly, to elucidate the variation in body condition between individuals of the same population,
we used mixed models fitted by maximum likelihood using tick and haemogregarines infestation
levels, the number of splenocytes and S.I. values as fixed effects, including locality and habitat
nested random effects when needed. All statistical analyses were conducted in R (v. 2.15.3) software
(R Development Core Team, 2013). GLMM were conducted using the package Ime4 (Bates et al.,

2015).
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Results

Effects of locality on body size, body weight and body condition

Lizards from Diavates were heavier (ANOVA; F; 3, = 204.62, P < 0.001) and longer (ANOVA; F3 3, =
28.63, P < 0.001) compared to those from Lakonissi, Palamari and Nyfi (Table 1). Lakonissi lizards
were located in the middle of this gradient (Tukey HSD test; Ps < 0.05). Diavates lizard populations
had higher mean body condition index compared to Lakonissi conspecifics (ANOVA; F336=3.39, P =

0.029). Besides the latter finding, no further differences were registered (Table 1).

Effects of locality and grazing on parasite burden

Tick and haemogregarine infestation levels were significantly higher in Lakonissi and Nyfi lizards
(grazed biotopes) compared to Diavates and Palamari (goat-free sites) conspecifics (Kruskal-Wallis;
H336 =11.78, P =0.008 and H; 35 = 11.38, P = 0.010, respectively; Table 1 and Fig. 2). Similarly, tick
and haemogregarine prevalence were higher in Lakonissi and Nyfi populations (x* test, Fisher exact
test, P < 0.05; Table 1). The GLM showed that parasite burden was positively related with the grazing

regime, but not with locality and habitat (F; 3, = 9.82, P < 0.001).

Effects of locality and grazing on immunological response

The comparison of S.I. values revealed statistically significant differences among populations
(ANOVA, F;3, =54.144, P < 0.001), with Diavates lizards demonstrating substantially higher
splenocyte proliferation compared to Lakonissi, Nyfi and Palamari lizards (Fig. 3A). Nevertheless,
given the major effects of body size to cell-mediated response (=0.81, F134=142.90, P<0.001),
we reanalysed the data using the residuals of cell-mediated response to SVL. After correcting for SVL,

we found that the Nyfi population showed a lower cell-mediated response compared to Diavates,
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Palamari and Lakonissi (ANOVA, F33, = 6.70, P = 0.001; Fig. 3B). Lakonissi lizards had also significantly
more splenocytes compared to the other three P. gaigeae populations (ANOVA; F; 3, = 14.36, P <
0.001; Table 1). However, these differences were not related to SVL (rz =0.001, F;3,=0.023,P=

0.881).

The variation of T-cell mediated responses for the raw data as expressed by S.I. values could
be explained by host body condition (log likelihood = -71.58, df = 4, P < 0.001; Table 2). The number
of splenocytes was related to body condition and grazing regime (log likelihood =303.36, df =4, P =
0.001; Table 2). Tick and haemogregarine infestation levels did not significant influence neither S.I.

values nor the number of splenocytes (Table 2).

When the analysis was carried out separately among populations subjected to different
infection risk using the two components of cell-mediated response (indices for resistance) as the
dependent varibles, we found that S.I. values were negatively related to body condition (log
likelihood = -25.85, df = 3, P = 0.040) under no grazing (in Palamari and Diavates) (Table 3). To the
contrary, the number of splenocytes was not related with any variable (log likelihood = 158.36, df =
3, P =0.441; Table 3). In Lakonissi (aperiodic grazing) the variation in resistance as estimated by S.I.
values was negatively correlated with body condition (log likelihood =-37.27, df = 3, P < 0.001),
whereas haemogregarine infestation levels were positively correlated with the number of
splenocytes (log likelihood = 58.23, df = 3, P <0.001; Table 3). Finally, in lizards under chronic grazing
(Nyfi), S.1. values (log likelihood = -16.704 df = 3, P = 0.972) and the number of splenocytes (log

likelihood = 72.66, df = 3, P = 0.594) were not correlated by any variable (Table 3).
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Similarly, when body condition used as the dependent variable we found that this was
negatively related with S.I. values (log likelihood =-42.34, df = 4, P = 0.046; Table 4) for
Palamari/Diavates lizards (no grazing). Moreover, Lakonissi lizards’ body condition (aperiodic
grazing) was negatively related to S.I. values and parasite load (log likelihood = -44.29, df =4, P <
0.001; Table 4). Finally, body condition of Nyfi lizards (chronic grazing) was positively related to

haemogregarine infestation levels (log likelihood = -25.88, df = 4, P = 0.042; Table 4).

Discussion

In this study, we aimed to investigate the role of parasite burden and period of exposure to parasites
as drivers of immune defense mechanisms in a Mediterranean lizard. However, our results did not
fully support our initial assumptions and revealed a rather complex relation between infection risk
and immune response induced. Heavily parasitized lizards that were aperiodically exposed to
parasites (Lakonissi) invested more in cell-mediated response and demonstrated resistance. Lizards
with high parasite burden and chronic exposure to parasites (Nyfi) were more tolerant. Finally,
lizards with low parasite burden and, at the same time, minimal exposure (Diavates and Palamari)
were more resistant. Our findings shed light on the relationship between grazing, body condition
and infection risk: livestock presence directly increases parasite burden that negatively affects body

condition. The duration of grazing though has debatable effects on body condition.

Nyfi lizards demonstrated high tolerance in response to their long exposure to parasites and
the high infection risk due to grazing, and their body condition was positively correlated with
haemogregarine infestation level but not with ticks (Table 4). Previous researchers suggested that
chronic exposure to parasites dictates hosts to evolve higher tolerance, in order to reduce the

severity of parasite consequences and minimize the impact of infection on their fitness (Bordes et al.,

This article is protected by copyright. All rights reserved.



2012, Rynkiewicz et al., 2013), and, thus, reduce their cell-mediated response. These hosts usually
evolve strong innate and humoral responses, while the magnitude of cellular response decreases
(Ardia et al., 2011, Lindstrom et al., 2004, Mallon et al., 2003, Rynkiewicz et al., 2013). In other
words, hosts living in parasite-rich environments choose to avoid a cost-efficient type of defense
(resistance) without experiencing a fitness reduction caused by parasites (Lindstrom et al., 2004,
Schneider & Ayres, 2008). Though our findings support this idea and Nyfi lizards withstand the
effects of parasitism on body condition (Fig. 3), a more generalized conclusion cannot be drawn at
present, as we only used one assay (MLR) and estimated only the cell-mediated response as well as
the parasite range tested was narrow. The high tolerance status of Nyfi lizards was only observed for
haemogregarine and not for tick infestation. Therefore, more data including the evaluation of
humoral immunity and a broader range of parasites will shed more light in the interactions between

immune defense and infection risk.

Contrary to Nyfi population, Lakonissi lizards, that had also high parasite burden (Fig. 2) but
aperiodic exposure, were more resistant (Table 3). This reflects a greater investment in cell-mediated
response and enhanced activation of the immune system due to parasitism (Bordes et al., 2012,
Rynkiewicz et al., 2013). Lakonissi islet is subjected to irregular grazing and thus, host-parasite
interactions are discontinuous and only for a short period (Pafilis et al., 2013). Therefore, Lakonissi
lizards would be expected to benefit by investing in cell-mediated response whenever infection risk
and hence, parasite burden increases, in order to defend themselves against parasites (Gasparini et
al., 2001, Schmid-Hempel & Ebert, 2003). The high parasite burden, however, negatively affected
body condition (Table 4), indicating lower tolerance of Lakonissi lizards. This observation is in
agreement with the concept that resistance and tolerance are two different components of immune

defense usually engaged in antagonistic relation (Raberg et al., 2007, Schneider & Ayres, 2008).
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Interestingly, though tick and haemogregarine prevalence and infestation levels were
considerably low in Diavates and Palamari lizards (Fig. 2), where no grazing occur and infection risk is
low, spleen cell proliferation (S.l. values) was high and statistically similar to the values recorded for
Lakonissi population (Fig. 3). This contradicts the traditional concept of investment on active
immunity, according to which hosts would strengthen their immunological response only when
parasites numerically increase (Altizer et al., 2003). We have to denote however, that in our study
we focused on a small fraction of the wide parasite fauna (which additionally includes
gastrointestinal and lung parasite communities, mites, helminths, etc) that infest lizards (Roca et al.,
2009, Yildirimhan et al., 2011). Therefore, the observed reduced immune response against parasites
(i.e. no correlation) in Diavates and Palamari (Table 3) must be approached with caution, due to the
limited taxa of parasites monitored herein. Hence, the observed high cell-mediated response of

Diavates and Palamari lizards might be linked to other parasites that were not investigated.

Resistance to parasites and the development of an effective immune response are
energetically costly and an organism has to divert energy from other biological traits and
physiological processes (eg. reproduction, locomotor capacity, tail regeneration, growth). However,
energy reallocation could lead to trade-offs (Bordes et al., 2012, Lochmiller & Deerenberg, 2000, van
der Most et al., 2011, Amo et al., 2006, Huyghe et al., 2010). We believe that a scenario like this
could explain the decline in body condition that was observed in relation to the increasing
immunological response and parasite burden (Table 4) in Lakonissi, Diavates and Palamari lizards
(but not in Nyfi), because of the “price paid” to develop a highly effective response to control
parasites. Moreover, the decrease in lizards’ fitness in Lakonissi population could also explain the
significant decline in the density of this population that has previously been reported during the

years of grazing (Pafilis et al., 2013).
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Taken as a whole, our findings suggest that the type of defense a host will adopt is more
complicated than what it was previously thought. In agreement with previous studies, we found that
resistance is beneficial when parasites reduces hosts’ fitness (Bordes et al., 2012, Rynkiewicz et al.,
2013, Apanius et al., 2000), while tolerance may be activated when hosts experiencing high parasite
burden and the infection risk is high (Bordes et al., 2012, Rynkiewicz et al., 2013, Lindstrom et al.,
2004). Nevertheless, we showed that under different infection risks, populations within a single
species could evolve different defense strategies that may have divergent effects on population’s
dynamics and host-parasite interactions (Rausher, 2001, Svensson & Raberg, 2010, Schneider &
Ayres, 2008). Nyfi lizards experience high and constant infection risk and have evolved tolerance. On
the other hand, irregular host-parasite interactions (Lakonissi) and low parasite burden (Diavates and
Palamari) restrict lizards to invest more in immunity (resistance) when necessary. Nevertheless,
resistance, as translated to increased cell-mediated responses, seems to trade-off for tolerance
(Simms & Triplett, 1994, Schneider & Ayres, 2008) and lizards from these three sites experience a
significant reduction in their body condition. Today the introduction of exotic parasites on wildlife
populations through human activities is increasing (Wikelski et al., 2004, Daszak et al., 2000). Thus,
the understanding of the variation in immune responsiveness in different populations turns out to be

quite important.

Acknowledgements

We are grateful to Kyriakos Antonopoulos for sea transportation. Part of this study was supported by

the Latsis Foundation Research Projects 2010.

This article is protected by copyright. All rights reserved.


https://www.researchgate.net/publication/252686553_Island_and_Taxon_Effects_in_Parasitism_and_Resistance_of_Lesser_Antillean_Birds?el=1_x_8&enrichId=rgreq-2faf42a818f60d72392caca868b24195-XXX&enrichSource=Y292ZXJQYWdlOzMwMzQ3ODM3ODtBUzozNjYyOTQzNjU5NDk5NTJAMTQ2NDM0Mjc5MDA3MQ==
https://www.researchgate.net/publication/303012302_Two_ways_to_survive_infection_What_resistance_and_tolerance_can_teach_us_about_treating_infectious_diseases?el=1_x_8&enrichId=rgreq-2faf42a818f60d72392caca868b24195-XXX&enrichSource=Y292ZXJQYWdlOzMwMzQ3ODM3ODtBUzozNjYyOTQzNjU5NDk5NTJAMTQ2NDM0Mjc5MDA3MQ==
https://www.researchgate.net/publication/303012302_Two_ways_to_survive_infection_What_resistance_and_tolerance_can_teach_us_about_treating_infectious_diseases?el=1_x_8&enrichId=rgreq-2faf42a818f60d72392caca868b24195-XXX&enrichSource=Y292ZXJQYWdlOzMwMzQ3ODM3ODtBUzozNjYyOTQzNjU5NDk5NTJAMTQ2NDM0Mjc5MDA3MQ==
https://www.researchgate.net/publication/303012302_Two_ways_to_survive_infection_What_resistance_and_tolerance_can_teach_us_about_treating_infectious_diseases?el=1_x_8&enrichId=rgreq-2faf42a818f60d72392caca868b24195-XXX&enrichSource=Y292ZXJQYWdlOzMwMzQ3ODM3ODtBUzozNjYyOTQzNjU5NDk5NTJAMTQ2NDM0Mjc5MDA3MQ==
https://www.researchgate.net/publication/8405608_Immunological_investments_reflect_parasite_abundance_in_island_populations_of_Darwin's_finches?el=1_x_8&enrichId=rgreq-2faf42a818f60d72392caca868b24195-XXX&enrichSource=Y292ZXJQYWdlOzMwMzQ3ODM3ODtBUzozNjYyOTQzNjU5NDk5NTJAMTQ2NDM0Mjc5MDA3MQ==
https://www.researchgate.net/publication/8405608_Immunological_investments_reflect_parasite_abundance_in_island_populations_of_Darwin's_finches?el=1_x_8&enrichId=rgreq-2faf42a818f60d72392caca868b24195-XXX&enrichSource=Y292ZXJQYWdlOzMwMzQ3ODM3ODtBUzozNjYyOTQzNjU5NDk5NTJAMTQ2NDM0Mjc5MDA3MQ==
https://www.researchgate.net/publication/235649285_Associations_between_innate_immune_function_and_ectoparasites_in_wild_rodent_hosts?el=1_x_8&enrichId=rgreq-2faf42a818f60d72392caca868b24195-XXX&enrichSource=Y292ZXJQYWdlOzMwMzQ3ODM3ODtBUzozNjYyOTQzNjU5NDk5NTJAMTQ2NDM0Mjc5MDA3MQ==
https://www.researchgate.net/publication/235649285_Associations_between_innate_immune_function_and_ectoparasites_in_wild_rodent_hosts?el=1_x_8&enrichId=rgreq-2faf42a818f60d72392caca868b24195-XXX&enrichSource=Y292ZXJQYWdlOzMwMzQ3ODM3ODtBUzozNjYyOTQzNjU5NDk5NTJAMTQ2NDM0Mjc5MDA3MQ==
https://www.researchgate.net/publication/235649285_Associations_between_innate_immune_function_and_ectoparasites_in_wild_rodent_hosts?el=1_x_8&enrichId=rgreq-2faf42a818f60d72392caca868b24195-XXX&enrichSource=Y292ZXJQYWdlOzMwMzQ3ODM3ODtBUzozNjYyOTQzNjU5NDk5NTJAMTQ2NDM0Mjc5MDA3MQ==
https://www.researchgate.net/publication/271795124_Costs_and_Benefits_of_Plant_Responses_to_Disease_Resistance_and_Tolerance?el=1_x_8&enrichId=rgreq-2faf42a818f60d72392caca868b24195-XXX&enrichSource=Y292ZXJQYWdlOzMwMzQ3ODM3ODtBUzozNjYyOTQzNjU5NDk5NTJAMTQ2NDM0Mjc5MDA3MQ==
https://www.researchgate.net/publication/11883064_Rausher_MD_Co-evolution_and_plant_resistance_to_natural_enemies_Nature_411_857-864?el=1_x_8&enrichId=rgreq-2faf42a818f60d72392caca868b24195-XXX&enrichSource=Y292ZXJQYWdlOzMwMzQ3ODM3ODtBUzozNjYyOTQzNjU5NDk5NTJAMTQ2NDM0Mjc5MDA3MQ==
https://www.researchgate.net/publication/42763413_Galapagos_Birds_and_Diseases_Invasive_Pathogens_as_Threats_for_Island_Species?el=1_x_8&enrichId=rgreq-2faf42a818f60d72392caca868b24195-XXX&enrichSource=Y292ZXJQYWdlOzMwMzQ3ODM3ODtBUzozNjYyOTQzNjU5NDk5NTJAMTQ2NDM0Mjc5MDA3MQ==
https://www.researchgate.net/publication/221723030_Is_there_sex-biased_resistance_and_tolerance_in_Mediterranean_wood_mouse_Apodemus_sylvaticus_populations_facing_multiple_helminth_infections?el=1_x_8&enrichId=rgreq-2faf42a818f60d72392caca868b24195-XXX&enrichSource=Y292ZXJQYWdlOzMwMzQ3ODM3ODtBUzozNjYyOTQzNjU5NDk5NTJAMTQ2NDM0Mjc5MDA3MQ==
https://www.researchgate.net/publication/221723030_Is_there_sex-biased_resistance_and_tolerance_in_Mediterranean_wood_mouse_Apodemus_sylvaticus_populations_facing_multiple_helminth_infections?el=1_x_8&enrichId=rgreq-2faf42a818f60d72392caca868b24195-XXX&enrichSource=Y292ZXJQYWdlOzMwMzQ3ODM3ODtBUzozNjYyOTQzNjU5NDk5NTJAMTQ2NDM0Mjc5MDA3MQ==
https://www.researchgate.net/publication/12671093_Emerging_Infectious_Diseases_of_Wildlife--_Threats_to_Biodiversity_and_Human_Health?el=1_x_8&enrichId=rgreq-2faf42a818f60d72392caca868b24195-XXX&enrichSource=Y292ZXJQYWdlOzMwMzQ3ODM3ODtBUzozNjYyOTQzNjU5NDk5NTJAMTQ2NDM0Mjc5MDA3MQ==
https://www.researchgate.net/publication/41111018_Resistance_and_tolerance_in_animal_enemy-victim_coevolution_Trends_Ecol_Evol?el=1_x_8&enrichId=rgreq-2faf42a818f60d72392caca868b24195-XXX&enrichSource=Y292ZXJQYWdlOzMwMzQ3ODM3ODtBUzozNjYyOTQzNjU5NDk5NTJAMTQ2NDM0Mjc5MDA3MQ==

References

Altizer, S., Harvell, D. & Friedle, E. 2003. Rapid evolutionary dynamics and disease threats to

biodiversity. Trends in Ecology & Evolution 18: 589-596.

Amo, L., Lépez, P. & Martin, J. 2006. Nature-based tourism as a form of predation risk affects body

condition and health state of Podarcis muralis lizards. Biological Conservation 131: 402-409.

Amo, L., Lépez, P. & Martin, J. 2007. Habitat deterioration affects body condition of lizards: A
behavioral approach with Iberolacerta cyreni lizards inhabiting ski resorts. Biological

Conservation 135: 77-85.

Apanius, V., Yorinks, N., Bermingham, E. & Ricklefs, R. E. 2000. Island and taxon effects in parasitism

and resistance of Lesser Antillean birds. Ecology 81: 1959-1969.

Ardia, D. R., Parmentier, H. K. & Vogel, L. A. 2011. The role of constraints and limitation in driving

individual variation in immune response. Functional Ecology 25: 61-73.

Bancila, R. I., Hartel, T., Plaiasu, R., Smets, J. & Cogalniceanu, D. 2010. Comparing three body
condition indices in amphibians: a case study of yellow-bellied toad Bombina variegata.

Amphibia-Reptilia 31: 558-562.

Bates, D., Maechler, M., Bolker, B. & Walker, S. 2015. Fitting Linear Mixed-Effects Models Using

Imed4. Journal of Statistical Software 67: 1-48.

Baucom, R. S. & de Roode, J. C. 2011. Ecological immunology and tolerance in plants and animals.

Functional Ecology 25: 18-28.

Beadell, J. S., Atkins, C., Cashion, E., Jonker, M. & Fleischer, R. C. 2007. Immunological change in a
parasite-impoverished environment: divergent signals from four island taxa. PLoS ONE 2:

e896.

This article is protected by copyright. All rights reserved.


https://www.researchgate.net/publication/252686553_Island_and_Taxon_Effects_in_Parasitism_and_Resistance_of_Lesser_Antillean_Birds?el=1_x_8&enrichId=rgreq-2faf42a818f60d72392caca868b24195-XXX&enrichSource=Y292ZXJQYWdlOzMwMzQ3ODM3ODtBUzozNjYyOTQzNjU5NDk5NTJAMTQ2NDM0Mjc5MDA3MQ==
https://www.researchgate.net/publication/252686553_Island_and_Taxon_Effects_in_Parasitism_and_Resistance_of_Lesser_Antillean_Birds?el=1_x_8&enrichId=rgreq-2faf42a818f60d72392caca868b24195-XXX&enrichSource=Y292ZXJQYWdlOzMwMzQ3ODM3ODtBUzozNjYyOTQzNjU5NDk5NTJAMTQ2NDM0Mjc5MDA3MQ==
https://www.researchgate.net/publication/227665941_The_role_of_constraints_and_limitation_in_driving_individual_variation_in_immune_response?el=1_x_8&enrichId=rgreq-2faf42a818f60d72392caca868b24195-XXX&enrichSource=Y292ZXJQYWdlOzMwMzQ3ODM3ODtBUzozNjYyOTQzNjU5NDk5NTJAMTQ2NDM0Mjc5MDA3MQ==
https://www.researchgate.net/publication/227665941_The_role_of_constraints_and_limitation_in_driving_individual_variation_in_immune_response?el=1_x_8&enrichId=rgreq-2faf42a818f60d72392caca868b24195-XXX&enrichSource=Y292ZXJQYWdlOzMwMzQ3ODM3ODtBUzozNjYyOTQzNjU5NDk5NTJAMTQ2NDM0Mjc5MDA3MQ==
https://www.researchgate.net/publication/223708824_Tourism_as_a_form_of_predation_risk_affects_body_condition_and_health_state_of_Podarcis_muralis_lizards?el=1_x_8&enrichId=rgreq-2faf42a818f60d72392caca868b24195-XXX&enrichSource=Y292ZXJQYWdlOzMwMzQ3ODM3ODtBUzozNjYyOTQzNjU5NDk5NTJAMTQ2NDM0Mjc5MDA3MQ==
https://www.researchgate.net/publication/223708824_Tourism_as_a_form_of_predation_risk_affects_body_condition_and_health_state_of_Podarcis_muralis_lizards?el=1_x_8&enrichId=rgreq-2faf42a818f60d72392caca868b24195-XXX&enrichSource=Y292ZXJQYWdlOzMwMzQ3ODM3ODtBUzozNjYyOTQzNjU5NDk5NTJAMTQ2NDM0Mjc5MDA3MQ==
https://www.researchgate.net/publication/229193424_Habitat_deterioration_affects_body_condition_of_lizards_a_behaviorial_approach_with_Iberolacerta_cyreni_lizards_inhabiting_ski_resorts_Biol_Conserv?el=1_x_8&enrichId=rgreq-2faf42a818f60d72392caca868b24195-XXX&enrichSource=Y292ZXJQYWdlOzMwMzQ3ODM3ODtBUzozNjYyOTQzNjU5NDk5NTJAMTQ2NDM0Mjc5MDA3MQ==
https://www.researchgate.net/publication/229193424_Habitat_deterioration_affects_body_condition_of_lizards_a_behaviorial_approach_with_Iberolacerta_cyreni_lizards_inhabiting_ski_resorts_Biol_Conserv?el=1_x_8&enrichId=rgreq-2faf42a818f60d72392caca868b24195-XXX&enrichSource=Y292ZXJQYWdlOzMwMzQ3ODM3ODtBUzozNjYyOTQzNjU5NDk5NTJAMTQ2NDM0Mjc5MDA3MQ==
https://www.researchgate.net/publication/229193424_Habitat_deterioration_affects_body_condition_of_lizards_a_behaviorial_approach_with_Iberolacerta_cyreni_lizards_inhabiting_ski_resorts_Biol_Conserv?el=1_x_8&enrichId=rgreq-2faf42a818f60d72392caca868b24195-XXX&enrichSource=Y292ZXJQYWdlOzMwMzQ3ODM3ODtBUzozNjYyOTQzNjU5NDk5NTJAMTQ2NDM0Mjc5MDA3MQ==
https://www.researchgate.net/publication/5964030_Immunological_Change_in_a_Parasite-Impoverished_Environment_Divergent_Signals_from_Four_Island_Taxa?el=1_x_8&enrichId=rgreq-2faf42a818f60d72392caca868b24195-XXX&enrichSource=Y292ZXJQYWdlOzMwMzQ3ODM3ODtBUzozNjYyOTQzNjU5NDk5NTJAMTQ2NDM0Mjc5MDA3MQ==
https://www.researchgate.net/publication/5964030_Immunological_Change_in_a_Parasite-Impoverished_Environment_Divergent_Signals_from_Four_Island_Taxa?el=1_x_8&enrichId=rgreq-2faf42a818f60d72392caca868b24195-XXX&enrichSource=Y292ZXJQYWdlOzMwMzQ3ODM3ODtBUzozNjYyOTQzNjU5NDk5NTJAMTQ2NDM0Mjc5MDA3MQ==
https://www.researchgate.net/publication/5964030_Immunological_Change_in_a_Parasite-Impoverished_Environment_Divergent_Signals_from_Four_Island_Taxa?el=1_x_8&enrichId=rgreq-2faf42a818f60d72392caca868b24195-XXX&enrichSource=Y292ZXJQYWdlOzMwMzQ3ODM3ODtBUzozNjYyOTQzNjU5NDk5NTJAMTQ2NDM0Mjc5MDA3MQ==
https://www.researchgate.net/publication/222557953_Rapid_evolutionary_dynamics_and_disease_threats_to_biodiversity_Trends_Ecol_Evol?el=1_x_8&enrichId=rgreq-2faf42a818f60d72392caca868b24195-XXX&enrichSource=Y292ZXJQYWdlOzMwMzQ3ODM3ODtBUzozNjYyOTQzNjU5NDk5NTJAMTQ2NDM0Mjc5MDA3MQ==
https://www.researchgate.net/publication/222557953_Rapid_evolutionary_dynamics_and_disease_threats_to_biodiversity_Trends_Ecol_Evol?el=1_x_8&enrichId=rgreq-2faf42a818f60d72392caca868b24195-XXX&enrichSource=Y292ZXJQYWdlOzMwMzQ3ODM3ODtBUzozNjYyOTQzNjU5NDk5NTJAMTQ2NDM0Mjc5MDA3MQ==
https://www.researchgate.net/publication/227660183_Ecological_immunology_and_tolerance_in_plants_and_animals?el=1_x_8&enrichId=rgreq-2faf42a818f60d72392caca868b24195-XXX&enrichSource=Y292ZXJQYWdlOzMwMzQ3ODM3ODtBUzozNjYyOTQzNjU5NDk5NTJAMTQ2NDM0Mjc5MDA3MQ==
https://www.researchgate.net/publication/227660183_Ecological_immunology_and_tolerance_in_plants_and_animals?el=1_x_8&enrichId=rgreq-2faf42a818f60d72392caca868b24195-XXX&enrichSource=Y292ZXJQYWdlOzMwMzQ3ODM3ODtBUzozNjYyOTQzNjU5NDk5NTJAMTQ2NDM0Mjc5MDA3MQ==
https://www.researchgate.net/publication/302430431_Fitting_linear_mixed-effects_models_using_lme4?el=1_x_8&enrichId=rgreq-2faf42a818f60d72392caca868b24195-XXX&enrichSource=Y292ZXJQYWdlOzMwMzQ3ODM3ODtBUzozNjYyOTQzNjU5NDk5NTJAMTQ2NDM0Mjc5MDA3MQ==
https://www.researchgate.net/publication/302430431_Fitting_linear_mixed-effects_models_using_lme4?el=1_x_8&enrichId=rgreq-2faf42a818f60d72392caca868b24195-XXX&enrichSource=Y292ZXJQYWdlOzMwMzQ3ODM3ODtBUzozNjYyOTQzNjU5NDk5NTJAMTQ2NDM0Mjc5MDA3MQ==

Beldomenico, P. M., Telfer, S., Gebert, S., Lukomski, L., Bennett, M. & Begon, M. 2008. Poor
condition and infection: a vicious circle in natural populations. Proceedings of the Royal

Society B: Biological Sciences 275: 1753-1759.

Bize, P., Jeanneret, C., Klopfenstein, A. & Roulin, A. 2008. What makes a host profitable? Parasites

balance host nutritive resources against immunity. The American Naturalist 171: 107-118.

Bize, P., Piault, R., Gasparini, J. & Roulin, A. 2010. Indirect costs of parasitism are shaped by variation

in the type of immune challenge and food availability. Evolutionary Biology 37: 169-176.

Bordes, F., Ponlet, N., Bellocq, J., Ribas, A., Krasnov, B. & Morand, S. 2012. Is there sex-biased
resistance and tolerance in Mediterranean wood mouse (Apodemus sylvaticus) populations

facing multiple helminth infections? Oecologia 170: 123-135.

Chilton, N. B. & Bull, C. M. 1993. A comparison of the off-host survival times of larvae and nymphs of

two species of reptile ticks. International Journal for Parasitology 23: 693-696.

Daszak, P., Cunningham, A. A. & Hyatt, A. D. 2000. Emerging infectious diseases of wildlife - Threats

to biodiversity and human health. Science 287: 443-449.

Elgert, K. 1996. Immunology: Understanding the Inmune System. Wiley & Liss, New York, USA.

Fleischner, T. L. 1994. Ecological costs of livestock grazing in western North America. Conservation

Biology 8: 629-644.

Fleischner, T. L. (2002) Land hel hostage: a history of livestock and politics. In: Welfare ranching: the
subsidized destruction of the American West, (Wuerthner, G. & Matteson, M., eds.). pp. 33-

38. Island Press, Washington, DC.

Garrido, M. & Pérez-Mellado, V. 2013. Prevalence and intensity of blood parasites in insular lizards.

Zoologischer Anzeiger 252: 588-592.

This article is protected by copyright. All rights reserved.


https://www.researchgate.net/publication/247113005_A_comparison_of_the_off-host_survival_times_of_larvae_and_nymphs_of_two_species_of_reptile_ticks?el=1_x_8&enrichId=rgreq-2faf42a818f60d72392caca868b24195-XXX&enrichSource=Y292ZXJQYWdlOzMwMzQ3ODM3ODtBUzozNjYyOTQzNjU5NDk5NTJAMTQ2NDM0Mjc5MDA3MQ==
https://www.researchgate.net/publication/247113005_A_comparison_of_the_off-host_survival_times_of_larvae_and_nymphs_of_two_species_of_reptile_ticks?el=1_x_8&enrichId=rgreq-2faf42a818f60d72392caca868b24195-XXX&enrichSource=Y292ZXJQYWdlOzMwMzQ3ODM3ODtBUzozNjYyOTQzNjU5NDk5NTJAMTQ2NDM0Mjc5MDA3MQ==
https://www.researchgate.net/publication/5678935_What_Makes_a_Host_Profitable_Parasites_Balance_Host_Nutritive_Resources_against_Immunity?el=1_x_8&enrichId=rgreq-2faf42a818f60d72392caca868b24195-XXX&enrichSource=Y292ZXJQYWdlOzMwMzQ3ODM3ODtBUzozNjYyOTQzNjU5NDk5NTJAMTQ2NDM0Mjc5MDA3MQ==
https://www.researchgate.net/publication/5678935_What_Makes_a_Host_Profitable_Parasites_Balance_Host_Nutritive_Resources_against_Immunity?el=1_x_8&enrichId=rgreq-2faf42a818f60d72392caca868b24195-XXX&enrichSource=Y292ZXJQYWdlOzMwMzQ3ODM3ODtBUzozNjYyOTQzNjU5NDk5NTJAMTQ2NDM0Mjc5MDA3MQ==
https://www.researchgate.net/publication/225724363_Indirect_Costs_of_Parasitism_are_Shaped_by_Variation_in_the_Type_of_Immune_Challenge_and_Food_Availability?el=1_x_8&enrichId=rgreq-2faf42a818f60d72392caca868b24195-XXX&enrichSource=Y292ZXJQYWdlOzMwMzQ3ODM3ODtBUzozNjYyOTQzNjU5NDk5NTJAMTQ2NDM0Mjc5MDA3MQ==
https://www.researchgate.net/publication/225724363_Indirect_Costs_of_Parasitism_are_Shaped_by_Variation_in_the_Type_of_Immune_Challenge_and_Food_Availability?el=1_x_8&enrichId=rgreq-2faf42a818f60d72392caca868b24195-XXX&enrichSource=Y292ZXJQYWdlOzMwMzQ3ODM3ODtBUzozNjYyOTQzNjU5NDk5NTJAMTQ2NDM0Mjc5MDA3MQ==
https://www.researchgate.net/publication/233966447_Prevalence_and_intensity_of_blood_parasites_in_insular_lizards?el=1_x_8&enrichId=rgreq-2faf42a818f60d72392caca868b24195-XXX&enrichSource=Y292ZXJQYWdlOzMwMzQ3ODM3ODtBUzozNjYyOTQzNjU5NDk5NTJAMTQ2NDM0Mjc5MDA3MQ==
https://www.researchgate.net/publication/233966447_Prevalence_and_intensity_of_blood_parasites_in_insular_lizards?el=1_x_8&enrichId=rgreq-2faf42a818f60d72392caca868b24195-XXX&enrichSource=Y292ZXJQYWdlOzMwMzQ3ODM3ODtBUzozNjYyOTQzNjU5NDk5NTJAMTQ2NDM0Mjc5MDA3MQ==
https://www.researchgate.net/publication/221723030_Is_there_sex-biased_resistance_and_tolerance_in_Mediterranean_wood_mouse_Apodemus_sylvaticus_populations_facing_multiple_helminth_infections?el=1_x_8&enrichId=rgreq-2faf42a818f60d72392caca868b24195-XXX&enrichSource=Y292ZXJQYWdlOzMwMzQ3ODM3ODtBUzozNjYyOTQzNjU5NDk5NTJAMTQ2NDM0Mjc5MDA3MQ==
https://www.researchgate.net/publication/221723030_Is_there_sex-biased_resistance_and_tolerance_in_Mediterranean_wood_mouse_Apodemus_sylvaticus_populations_facing_multiple_helminth_infections?el=1_x_8&enrichId=rgreq-2faf42a818f60d72392caca868b24195-XXX&enrichSource=Y292ZXJQYWdlOzMwMzQ3ODM3ODtBUzozNjYyOTQzNjU5NDk5NTJAMTQ2NDM0Mjc5MDA3MQ==
https://www.researchgate.net/publication/221723030_Is_there_sex-biased_resistance_and_tolerance_in_Mediterranean_wood_mouse_Apodemus_sylvaticus_populations_facing_multiple_helminth_infections?el=1_x_8&enrichId=rgreq-2faf42a818f60d72392caca868b24195-XXX&enrichSource=Y292ZXJQYWdlOzMwMzQ3ODM3ODtBUzozNjYyOTQzNjU5NDk5NTJAMTQ2NDM0Mjc5MDA3MQ==
https://www.researchgate.net/publication/12671093_Emerging_Infectious_Diseases_of_Wildlife--_Threats_to_Biodiversity_and_Human_Health?el=1_x_8&enrichId=rgreq-2faf42a818f60d72392caca868b24195-XXX&enrichSource=Y292ZXJQYWdlOzMwMzQ3ODM3ODtBUzozNjYyOTQzNjU5NDk5NTJAMTQ2NDM0Mjc5MDA3MQ==
https://www.researchgate.net/publication/12671093_Emerging_Infectious_Diseases_of_Wildlife--_Threats_to_Biodiversity_and_Human_Health?el=1_x_8&enrichId=rgreq-2faf42a818f60d72392caca868b24195-XXX&enrichSource=Y292ZXJQYWdlOzMwMzQ3ODM3ODtBUzozNjYyOTQzNjU5NDk5NTJAMTQ2NDM0Mjc5MDA3MQ==
https://www.researchgate.net/publication/5404872_Poor_condition_and_infection_A_vicious_circle_in_natural_populations?el=1_x_8&enrichId=rgreq-2faf42a818f60d72392caca868b24195-XXX&enrichSource=Y292ZXJQYWdlOzMwMzQ3ODM3ODtBUzozNjYyOTQzNjU5NDk5NTJAMTQ2NDM0Mjc5MDA3MQ==
https://www.researchgate.net/publication/5404872_Poor_condition_and_infection_A_vicious_circle_in_natural_populations?el=1_x_8&enrichId=rgreq-2faf42a818f60d72392caca868b24195-XXX&enrichSource=Y292ZXJQYWdlOzMwMzQ3ODM3ODtBUzozNjYyOTQzNjU5NDk5NTJAMTQ2NDM0Mjc5MDA3MQ==
https://www.researchgate.net/publication/5404872_Poor_condition_and_infection_A_vicious_circle_in_natural_populations?el=1_x_8&enrichId=rgreq-2faf42a818f60d72392caca868b24195-XXX&enrichSource=Y292ZXJQYWdlOzMwMzQ3ODM3ODtBUzozNjYyOTQzNjU5NDk5NTJAMTQ2NDM0Mjc5MDA3MQ==
https://www.researchgate.net/publication/201997575_Ecological_Costs_of_Livestock_Grazing_in_Western_North_America?el=1_x_8&enrichId=rgreq-2faf42a818f60d72392caca868b24195-XXX&enrichSource=Y292ZXJQYWdlOzMwMzQ3ODM3ODtBUzozNjYyOTQzNjU5NDk5NTJAMTQ2NDM0Mjc5MDA3MQ==
https://www.researchgate.net/publication/201997575_Ecological_Costs_of_Livestock_Grazing_in_Western_North_America?el=1_x_8&enrichId=rgreq-2faf42a818f60d72392caca868b24195-XXX&enrichSource=Y292ZXJQYWdlOzMwMzQ3ODM3ODtBUzozNjYyOTQzNjU5NDk5NTJAMTQ2NDM0Mjc5MDA3MQ==

Gasparini, J., McCoy, K. D., Haussy, C., Tveraa, T. & Boulinier, T. 2001. Induced maternal response to
the Lyme disease spirochaete Borrelia burgdorferi sensu lato in a colonial seabird, the
kittiwake Rissa tridactyla. Proceedings of the Royal Society B: Biological Sciences 268: 647-

650.

Huyghe, K., Oystaeyen, A., Pasmans, F., Tadié, Z., Vanhooydonck, B. & Damme, R. 2010. Seasonal
changes in parasite load and a cellular immune response in a colour polymorphic lizard.

Oecologia 163: 867-874.

Kalbe, M. & Kurtz, J. 2006. Local differences in immunocompetence reflect resistance of sticklebacks

against the eye fluke Diplostomum pseudospathaceum. Parasitology 132: 105-116.

Labocha, M. K., Schutz, H. & Hayes, J. P. 2014. Which body condition index is best? Oikos 123: 111-

119.

Lee, K. A., Martin, L. B. |, Hasselquist, D., Ricklefs, R. E. & Wikelski, M. 2006. Contrasting adaptive
immune defenses and blood parasite prevalence in closely related Passer sparrows.

Oecologia 150: 383-392.

Lightbody, J., Bernoco, D., Miggiano, V. C. & Ceppellini, R. 1971. Cell mediated lympholysis in man
after sensitization of effector lymphocytes through mixed leukocyte cultures. Giornale di

batteriologia, virologia, ed immunologia 64: 243-254.

Lindstrom, K. M., Foufopoulos, J., Parn, H. & Wikelski, M. 2004. Immunological investments reflect
parasite abundance in island populations of Darwin's finches. Proceedings of the Royal

Society B: Biological Sciences 271: 1513-1519.

Lochmiller, R. L. & Deerenberg, C. 2000. Trade-offs in evolutionary immunology: just what is the cost

of immunity? Oikos 88: 87-98.

This article is protected by copyright. All rights reserved.


https://www.researchgate.net/publication/8405608_Immunological_investments_reflect_parasite_abundance_in_island_populations_of_Darwin's_finches?el=1_x_8&enrichId=rgreq-2faf42a818f60d72392caca868b24195-XXX&enrichSource=Y292ZXJQYWdlOzMwMzQ3ODM3ODtBUzozNjYyOTQzNjU5NDk5NTJAMTQ2NDM0Mjc5MDA3MQ==
https://www.researchgate.net/publication/8405608_Immunological_investments_reflect_parasite_abundance_in_island_populations_of_Darwin's_finches?el=1_x_8&enrichId=rgreq-2faf42a818f60d72392caca868b24195-XXX&enrichSource=Y292ZXJQYWdlOzMwMzQ3ODM3ODtBUzozNjYyOTQzNjU5NDk5NTJAMTQ2NDM0Mjc5MDA3MQ==
https://www.researchgate.net/publication/8405608_Immunological_investments_reflect_parasite_abundance_in_island_populations_of_Darwin's_finches?el=1_x_8&enrichId=rgreq-2faf42a818f60d72392caca868b24195-XXX&enrichSource=Y292ZXJQYWdlOzMwMzQ3ODM3ODtBUzozNjYyOTQzNjU5NDk5NTJAMTQ2NDM0Mjc5MDA3MQ==
https://www.researchgate.net/publication/6845071_Contrasting_adaptive_immune_defenses_and_blood_parasite_prevalence_in_closely_related_Passer_species?el=1_x_8&enrichId=rgreq-2faf42a818f60d72392caca868b24195-XXX&enrichSource=Y292ZXJQYWdlOzMwMzQ3ODM3ODtBUzozNjYyOTQzNjU5NDk5NTJAMTQ2NDM0Mjc5MDA3MQ==
https://www.researchgate.net/publication/6845071_Contrasting_adaptive_immune_defenses_and_blood_parasite_prevalence_in_closely_related_Passer_species?el=1_x_8&enrichId=rgreq-2faf42a818f60d72392caca868b24195-XXX&enrichSource=Y292ZXJQYWdlOzMwMzQ3ODM3ODtBUzozNjYyOTQzNjU5NDk5NTJAMTQ2NDM0Mjc5MDA3MQ==
https://www.researchgate.net/publication/6845071_Contrasting_adaptive_immune_defenses_and_blood_parasite_prevalence_in_closely_related_Passer_species?el=1_x_8&enrichId=rgreq-2faf42a818f60d72392caca868b24195-XXX&enrichSource=Y292ZXJQYWdlOzMwMzQ3ODM3ODtBUzozNjYyOTQzNjU5NDk5NTJAMTQ2NDM0Mjc5MDA3MQ==
https://www.researchgate.net/publication/7378875_Kalbe_M_Kurtz_J_Local_dierences_in_immunocompetence_reect_resistance_of_sticklebacks_against_the_eye_uke_Diplostomum_pseudospathaceum_Parasitology_132_105-116?el=1_x_8&enrichId=rgreq-2faf42a818f60d72392caca868b24195-XXX&enrichSource=Y292ZXJQYWdlOzMwMzQ3ODM3ODtBUzozNjYyOTQzNjU5NDk5NTJAMTQ2NDM0Mjc5MDA3MQ==
https://www.researchgate.net/publication/7378875_Kalbe_M_Kurtz_J_Local_dierences_in_immunocompetence_reect_resistance_of_sticklebacks_against_the_eye_uke_Diplostomum_pseudospathaceum_Parasitology_132_105-116?el=1_x_8&enrichId=rgreq-2faf42a818f60d72392caca868b24195-XXX&enrichSource=Y292ZXJQYWdlOzMwMzQ3ODM3ODtBUzozNjYyOTQzNjU5NDk5NTJAMTQ2NDM0Mjc5MDA3MQ==
https://www.researchgate.net/publication/44584978_Seasonal_changes_in_parasite_load_and_a_cellular_immune_response_in_a_colour_polymorphic_lizard?el=1_x_8&enrichId=rgreq-2faf42a818f60d72392caca868b24195-XXX&enrichSource=Y292ZXJQYWdlOzMwMzQ3ODM3ODtBUzozNjYyOTQzNjU5NDk5NTJAMTQ2NDM0Mjc5MDA3MQ==
https://www.researchgate.net/publication/44584978_Seasonal_changes_in_parasite_load_and_a_cellular_immune_response_in_a_colour_polymorphic_lizard?el=1_x_8&enrichId=rgreq-2faf42a818f60d72392caca868b24195-XXX&enrichSource=Y292ZXJQYWdlOzMwMzQ3ODM3ODtBUzozNjYyOTQzNjU5NDk5NTJAMTQ2NDM0Mjc5MDA3MQ==
https://www.researchgate.net/publication/44584978_Seasonal_changes_in_parasite_load_and_a_cellular_immune_response_in_a_colour_polymorphic_lizard?el=1_x_8&enrichId=rgreq-2faf42a818f60d72392caca868b24195-XXX&enrichSource=Y292ZXJQYWdlOzMwMzQ3ODM3ODtBUzozNjYyOTQzNjU5NDk5NTJAMTQ2NDM0Mjc5MDA3MQ==
https://www.researchgate.net/publication/259551749_Which_body_condition_index_is_best?el=1_x_8&enrichId=rgreq-2faf42a818f60d72392caca868b24195-XXX&enrichSource=Y292ZXJQYWdlOzMwMzQ3ODM3ODtBUzozNjYyOTQzNjU5NDk5NTJAMTQ2NDM0Mjc5MDA3MQ==
https://www.researchgate.net/publication/259551749_Which_body_condition_index_is_best?el=1_x_8&enrichId=rgreq-2faf42a818f60d72392caca868b24195-XXX&enrichSource=Y292ZXJQYWdlOzMwMzQ3ODM3ODtBUzozNjYyOTQzNjU5NDk5NTJAMTQ2NDM0Mjc5MDA3MQ==
https://www.researchgate.net/publication/18012792_Cell_mediated_lympholysis_in_man_after_sensitization_of_effector_lymphocytes_through_Mixed_Leukocyte_Culture?el=1_x_8&enrichId=rgreq-2faf42a818f60d72392caca868b24195-XXX&enrichSource=Y292ZXJQYWdlOzMwMzQ3ODM3ODtBUzozNjYyOTQzNjU5NDk5NTJAMTQ2NDM0Mjc5MDA3MQ==
https://www.researchgate.net/publication/18012792_Cell_mediated_lympholysis_in_man_after_sensitization_of_effector_lymphocytes_through_Mixed_Leukocyte_Culture?el=1_x_8&enrichId=rgreq-2faf42a818f60d72392caca868b24195-XXX&enrichSource=Y292ZXJQYWdlOzMwMzQ3ODM3ODtBUzozNjYyOTQzNjU5NDk5NTJAMTQ2NDM0Mjc5MDA3MQ==
https://www.researchgate.net/publication/18012792_Cell_mediated_lympholysis_in_man_after_sensitization_of_effector_lymphocytes_through_Mixed_Leukocyte_Culture?el=1_x_8&enrichId=rgreq-2faf42a818f60d72392caca868b24195-XXX&enrichSource=Y292ZXJQYWdlOzMwMzQ3ODM3ODtBUzozNjYyOTQzNjU5NDk5NTJAMTQ2NDM0Mjc5MDA3MQ==
https://www.researchgate.net/publication/248145878_Trade-oVs_in_evolutionary_ecology_just_what_is_the_cost_of_immunity?el=1_x_8&enrichId=rgreq-2faf42a818f60d72392caca868b24195-XXX&enrichSource=Y292ZXJQYWdlOzMwMzQ3ODM3ODtBUzozNjYyOTQzNjU5NDk5NTJAMTQ2NDM0Mjc5MDA3MQ==
https://www.researchgate.net/publication/248145878_Trade-oVs_in_evolutionary_ecology_just_what_is_the_cost_of_immunity?el=1_x_8&enrichId=rgreq-2faf42a818f60d72392caca868b24195-XXX&enrichSource=Y292ZXJQYWdlOzMwMzQ3ODM3ODtBUzozNjYyOTQzNjU5NDk5NTJAMTQ2NDM0Mjc5MDA3MQ==
https://www.researchgate.net/publication/12037345_Induced_maternal_response_to_the_Lyme_disease_spirochaete_Borrelia_burgdorferi_sensu_lato_in_a_colonial_seabird_the_Kittiwake_Rissa_tridactyla?el=1_x_8&enrichId=rgreq-2faf42a818f60d72392caca868b24195-XXX&enrichSource=Y292ZXJQYWdlOzMwMzQ3ODM3ODtBUzozNjYyOTQzNjU5NDk5NTJAMTQ2NDM0Mjc5MDA3MQ==
https://www.researchgate.net/publication/12037345_Induced_maternal_response_to_the_Lyme_disease_spirochaete_Borrelia_burgdorferi_sensu_lato_in_a_colonial_seabird_the_Kittiwake_Rissa_tridactyla?el=1_x_8&enrichId=rgreq-2faf42a818f60d72392caca868b24195-XXX&enrichSource=Y292ZXJQYWdlOzMwMzQ3ODM3ODtBUzozNjYyOTQzNjU5NDk5NTJAMTQ2NDM0Mjc5MDA3MQ==
https://www.researchgate.net/publication/12037345_Induced_maternal_response_to_the_Lyme_disease_spirochaete_Borrelia_burgdorferi_sensu_lato_in_a_colonial_seabird_the_Kittiwake_Rissa_tridactyla?el=1_x_8&enrichId=rgreq-2faf42a818f60d72392caca868b24195-XXX&enrichSource=Y292ZXJQYWdlOzMwMzQ3ODM3ODtBUzozNjYyOTQzNjU5NDk5NTJAMTQ2NDM0Mjc5MDA3MQ==
https://www.researchgate.net/publication/12037345_Induced_maternal_response_to_the_Lyme_disease_spirochaete_Borrelia_burgdorferi_sensu_lato_in_a_colonial_seabird_the_Kittiwake_Rissa_tridactyla?el=1_x_8&enrichId=rgreq-2faf42a818f60d72392caca868b24195-XXX&enrichSource=Y292ZXJQYWdlOzMwMzQ3ODM3ODtBUzozNjYyOTQzNjU5NDk5NTJAMTQ2NDM0Mjc5MDA3MQ==

Mallon, E. B., Loosli, R. & Schmid-Hempel, P. 2003. Specific versus nonspecificimmune defense in

the bumblebee, Bombus terrestris L. Evolution 57: 1444-1447.

Martin, L. B. I., Hasselquist, D. & Wikelski, M. 2006. Investment in immune defense is linked to pace

of life in house sparrows. Oecologia 147: 565-575.

Meylan, S., Richard, M., Bauer, S., Haussy, C. & Miles, D. 2013. Costs of mounting an immune

response during pregnancy in a lizard. Physiological and Biochemical Zoology 86: 127-136.

Pafilis, P., Anastasiou, |., Sagonas, K. & Valakos, E. D. 2013. Grazing by goats on islands affects the

populations of an endemic Mediterranean lizard. Journal of Zoology 290: 255-264.

R Development Core Team 2013. R: A Language and Environment for Statistical Computing. Vienna:

R Foundation for Statistical Computing.

Raberg, L., Graham, A. L. & Read, A. F. 2009. Decomposing health: tolerance and resistance to
parasites in animals. Philosophical Transactions of the Royal Society B: Biological Sciences

364: 37-49.

Raberg, L., Sim, D. & Read, A. F. 2007. Disentangling genetic variation for resistance and tolerance to

infectious diseases in animals. Science 318: 812-814.

Rausher, M. D. 2001. Co-evolution and plant resistance to natural enemies. Nature 411: 857-864.

Roca, V., Foufopoulos, J., Valakos, E. & Pafilis, P. 2009. Parasitic infracommunities of the Aegean wall
lizard Podarcis erhardii (Lacertidae, Sauria): Isolation and impoverishment in small island

populations. Amphibia Reptilia 30: 493-503.

Rynkiewicz, E. C., Hawlena, H., Durden, L. A., Hastriter, M. W., Demas, G. E. & Clay, K. 2013.
Associations between innate immune function and ectoparasites in wild rodent hosts.

Parasitology Research 112: 1763-1770.

This article is protected by copyright. All rights reserved.


https://www.researchgate.net/publication/247610060_Specific_versus_nonspecific_immune_defense_in_the_bumblebee?el=1_x_8&enrichId=rgreq-2faf42a818f60d72392caca868b24195-XXX&enrichSource=Y292ZXJQYWdlOzMwMzQ3ODM3ODtBUzozNjYyOTQzNjU5NDk5NTJAMTQ2NDM0Mjc5MDA3MQ==
https://www.researchgate.net/publication/247610060_Specific_versus_nonspecific_immune_defense_in_the_bumblebee?el=1_x_8&enrichId=rgreq-2faf42a818f60d72392caca868b24195-XXX&enrichSource=Y292ZXJQYWdlOzMwMzQ3ODM3ODtBUzozNjYyOTQzNjU5NDk5NTJAMTQ2NDM0Mjc5MDA3MQ==
https://www.researchgate.net/publication/235649285_Associations_between_innate_immune_function_and_ectoparasites_in_wild_rodent_hosts?el=1_x_8&enrichId=rgreq-2faf42a818f60d72392caca868b24195-XXX&enrichSource=Y292ZXJQYWdlOzMwMzQ3ODM3ODtBUzozNjYyOTQzNjU5NDk5NTJAMTQ2NDM0Mjc5MDA3MQ==
https://www.researchgate.net/publication/235649285_Associations_between_innate_immune_function_and_ectoparasites_in_wild_rodent_hosts?el=1_x_8&enrichId=rgreq-2faf42a818f60d72392caca868b24195-XXX&enrichSource=Y292ZXJQYWdlOzMwMzQ3ODM3ODtBUzozNjYyOTQzNjU5NDk5NTJAMTQ2NDM0Mjc5MDA3MQ==
https://www.researchgate.net/publication/11883064_Rausher_MD_Co-evolution_and_plant_resistance_to_natural_enemies_Nature_411_857-864?el=1_x_8&enrichId=rgreq-2faf42a818f60d72392caca868b24195-XXX&enrichSource=Y292ZXJQYWdlOzMwMzQ3ODM3ODtBUzozNjYyOTQzNjU5NDk5NTJAMTQ2NDM0Mjc5MDA3MQ==
https://www.researchgate.net/publication/264523217_Grazing_by_goats_on_islands_affects_the_populations_of_an_endemic_Mediterranean_lizard?el=1_x_8&enrichId=rgreq-2faf42a818f60d72392caca868b24195-XXX&enrichSource=Y292ZXJQYWdlOzMwMzQ3ODM3ODtBUzozNjYyOTQzNjU5NDk5NTJAMTQ2NDM0Mjc5MDA3MQ==
https://www.researchgate.net/publication/264523217_Grazing_by_goats_on_islands_affects_the_populations_of_an_endemic_Mediterranean_lizard?el=1_x_8&enrichId=rgreq-2faf42a818f60d72392caca868b24195-XXX&enrichSource=Y292ZXJQYWdlOzMwMzQ3ODM3ODtBUzozNjYyOTQzNjU5NDk5NTJAMTQ2NDM0Mjc5MDA3MQ==
https://www.researchgate.net/publication/5871465_Disentangling_Genetic_Variation_for_Resistance_and_Tolerance_to_Infectious_Diseases_in_Animals?el=1_x_8&enrichId=rgreq-2faf42a818f60d72392caca868b24195-XXX&enrichSource=Y292ZXJQYWdlOzMwMzQ3ODM3ODtBUzozNjYyOTQzNjU5NDk5NTJAMTQ2NDM0Mjc5MDA3MQ==
https://www.researchgate.net/publication/5871465_Disentangling_Genetic_Variation_for_Resistance_and_Tolerance_to_Infectious_Diseases_in_Animals?el=1_x_8&enrichId=rgreq-2faf42a818f60d72392caca868b24195-XXX&enrichSource=Y292ZXJQYWdlOzMwMzQ3ODM3ODtBUzozNjYyOTQzNjU5NDk5NTJAMTQ2NDM0Mjc5MDA3MQ==
https://www.researchgate.net/publication/23389424_Decomposing_health_Tolerance_and_resistance_to_parasites_in_animals?el=1_x_8&enrichId=rgreq-2faf42a818f60d72392caca868b24195-XXX&enrichSource=Y292ZXJQYWdlOzMwMzQ3ODM3ODtBUzozNjYyOTQzNjU5NDk5NTJAMTQ2NDM0Mjc5MDA3MQ==
https://www.researchgate.net/publication/23389424_Decomposing_health_Tolerance_and_resistance_to_parasites_in_animals?el=1_x_8&enrichId=rgreq-2faf42a818f60d72392caca868b24195-XXX&enrichSource=Y292ZXJQYWdlOzMwMzQ3ODM3ODtBUzozNjYyOTQzNjU5NDk5NTJAMTQ2NDM0Mjc5MDA3MQ==
https://www.researchgate.net/publication/23389424_Decomposing_health_Tolerance_and_resistance_to_parasites_in_animals?el=1_x_8&enrichId=rgreq-2faf42a818f60d72392caca868b24195-XXX&enrichSource=Y292ZXJQYWdlOzMwMzQ3ODM3ODtBUzozNjYyOTQzNjU5NDk5NTJAMTQ2NDM0Mjc5MDA3MQ==
https://www.researchgate.net/publication/7324193_Investment_in_immune_defense_is_linked_to_pace_of_life_in_house_sparrows_Oecologia?el=1_x_8&enrichId=rgreq-2faf42a818f60d72392caca868b24195-XXX&enrichSource=Y292ZXJQYWdlOzMwMzQ3ODM3ODtBUzozNjYyOTQzNjU5NDk5NTJAMTQ2NDM0Mjc5MDA3MQ==
https://www.researchgate.net/publication/7324193_Investment_in_immune_defense_is_linked_to_pace_of_life_in_house_sparrows_Oecologia?el=1_x_8&enrichId=rgreq-2faf42a818f60d72392caca868b24195-XXX&enrichSource=Y292ZXJQYWdlOzMwMzQ3ODM3ODtBUzozNjYyOTQzNjU5NDk5NTJAMTQ2NDM0Mjc5MDA3MQ==
https://www.researchgate.net/publication/233506798_Parasitic_infracommunities_of_the_Aegean_wall_lizard_Podarcis_erhardii_Lacertidae_Sauria_Isolation_and_impoverishment_in_small_island_populations?el=1_x_8&enrichId=rgreq-2faf42a818f60d72392caca868b24195-XXX&enrichSource=Y292ZXJQYWdlOzMwMzQ3ODM3ODtBUzozNjYyOTQzNjU5NDk5NTJAMTQ2NDM0Mjc5MDA3MQ==
https://www.researchgate.net/publication/233506798_Parasitic_infracommunities_of_the_Aegean_wall_lizard_Podarcis_erhardii_Lacertidae_Sauria_Isolation_and_impoverishment_in_small_island_populations?el=1_x_8&enrichId=rgreq-2faf42a818f60d72392caca868b24195-XXX&enrichSource=Y292ZXJQYWdlOzMwMzQ3ODM3ODtBUzozNjYyOTQzNjU5NDk5NTJAMTQ2NDM0Mjc5MDA3MQ==
https://www.researchgate.net/publication/233506798_Parasitic_infracommunities_of_the_Aegean_wall_lizard_Podarcis_erhardii_Lacertidae_Sauria_Isolation_and_impoverishment_in_small_island_populations?el=1_x_8&enrichId=rgreq-2faf42a818f60d72392caca868b24195-XXX&enrichSource=Y292ZXJQYWdlOzMwMzQ3ODM3ODtBUzozNjYyOTQzNjU5NDk5NTJAMTQ2NDM0Mjc5MDA3MQ==
https://www.researchgate.net/publication/234099008_Costs_of_Mounting_an_Immune_Response_during_Pregnancy_in_a_Lizard?el=1_x_8&enrichId=rgreq-2faf42a818f60d72392caca868b24195-XXX&enrichSource=Y292ZXJQYWdlOzMwMzQ3ODM3ODtBUzozNjYyOTQzNjU5NDk5NTJAMTQ2NDM0Mjc5MDA3MQ==
https://www.researchgate.net/publication/234099008_Costs_of_Mounting_an_Immune_Response_during_Pregnancy_in_a_Lizard?el=1_x_8&enrichId=rgreq-2faf42a818f60d72392caca868b24195-XXX&enrichSource=Y292ZXJQYWdlOzMwMzQ3ODM3ODtBUzozNjYyOTQzNjU5NDk5NTJAMTQ2NDM0Mjc5MDA3MQ==

Saad, A. H. & Deeb, E. L. 1990. Immunological changes during pregnancy in the viviparous lizard,

Chalcides ocellatus. Veterinary Immunology and Immunopathology 25: 279-286.

Sacchi, R., Rubolini, D., Gentilli, A., Pupin, F., Razzetti, E., Scali, S., Galeotti, P. & Fasola, M. 2007.

Morph-specific immunity in male Podarcis muralis. Amphibia-Reptilia 28: 408-412.

Schmid-Hempel, P. 2003. Variation in immune defence as a question of evolutionary ecology.

Proceedings of the Royal Society B 270: 357-366.

Schmid-Hempel, P. & Ebert, D. 2003. On the evolutionary ecology of specific immune defence.

Trends in Ecology & Evolution 18: 27-32.

Schneider, D. S. & Ayres, J. 2008. Two ways to survive infection: what resistance and tolerance can

teach us about treating infectious diseases. Nature Reviews Immunology 8: 889-895.

Simms, E. L. & Triplett, J. 1994. Costs and benefits of plant response to disease: resistance and

tolerance. Evolution 48: 1973-1985.

Smith, L. C. & John-Alder, H. B. 1999. Seasonal specificity of hormonal, behavioral, and coloration
responses to within- and between-sex encounters in male lizards (Sceloporus undulatus).

Hormones and Behavior 36: 39-52.

Sorci, G. 2013. Immunity, resistance and tolerance in bird—parasite interactions. Parasite

Immunology 35: 350-361.

Svensson, E. I. & Raberg, L. 2010. Resistance and tolerance in animal enemy-victim coevolution.

Trends in Ecology & Evolution 25: 267-274.

Telford, S. R. 2008. Hemoparasites of the Reptilia: Color atlas and text. CRC Press, Boca Raton, FL,

New York.

This article is protected by copyright. All rights reserved.


https://www.researchgate.net/publication/303012302_Two_ways_to_survive_infection_What_resistance_and_tolerance_can_teach_us_about_treating_infectious_diseases?el=1_x_8&enrichId=rgreq-2faf42a818f60d72392caca868b24195-XXX&enrichSource=Y292ZXJQYWdlOzMwMzQ3ODM3ODtBUzozNjYyOTQzNjU5NDk5NTJAMTQ2NDM0Mjc5MDA3MQ==
https://www.researchgate.net/publication/303012302_Two_ways_to_survive_infection_What_resistance_and_tolerance_can_teach_us_about_treating_infectious_diseases?el=1_x_8&enrichId=rgreq-2faf42a818f60d72392caca868b24195-XXX&enrichSource=Y292ZXJQYWdlOzMwMzQ3ODM3ODtBUzozNjYyOTQzNjU5NDk5NTJAMTQ2NDM0Mjc5MDA3MQ==
https://www.researchgate.net/publication/12865659_Seasonal_Specificity_of_Hormonal_Behavioral_and_Coloration_Responses_to_Within-_and_Between-Sex_Encounters_in_Male_Lizards_Sceloporus_undulatus?el=1_x_8&enrichId=rgreq-2faf42a818f60d72392caca868b24195-XXX&enrichSource=Y292ZXJQYWdlOzMwMzQ3ODM3ODtBUzozNjYyOTQzNjU5NDk5NTJAMTQ2NDM0Mjc5MDA3MQ==
https://www.researchgate.net/publication/12865659_Seasonal_Specificity_of_Hormonal_Behavioral_and_Coloration_Responses_to_Within-_and_Between-Sex_Encounters_in_Male_Lizards_Sceloporus_undulatus?el=1_x_8&enrichId=rgreq-2faf42a818f60d72392caca868b24195-XXX&enrichSource=Y292ZXJQYWdlOzMwMzQ3ODM3ODtBUzozNjYyOTQzNjU5NDk5NTJAMTQ2NDM0Mjc5MDA3MQ==
https://www.researchgate.net/publication/12865659_Seasonal_Specificity_of_Hormonal_Behavioral_and_Coloration_Responses_to_Within-_and_Between-Sex_Encounters_in_Male_Lizards_Sceloporus_undulatus?el=1_x_8&enrichId=rgreq-2faf42a818f60d72392caca868b24195-XXX&enrichSource=Y292ZXJQYWdlOzMwMzQ3ODM3ODtBUzozNjYyOTQzNjU5NDk5NTJAMTQ2NDM0Mjc5MDA3MQ==
https://www.researchgate.net/publication/20760461_Immunological_changes_during_pregnancy_in_the_viviparous_lizard_Chalcides_ocellatus?el=1_x_8&enrichId=rgreq-2faf42a818f60d72392caca868b24195-XXX&enrichSource=Y292ZXJQYWdlOzMwMzQ3ODM3ODtBUzozNjYyOTQzNjU5NDk5NTJAMTQ2NDM0Mjc5MDA3MQ==
https://www.researchgate.net/publication/20760461_Immunological_changes_during_pregnancy_in_the_viviparous_lizard_Chalcides_ocellatus?el=1_x_8&enrichId=rgreq-2faf42a818f60d72392caca868b24195-XXX&enrichSource=Y292ZXJQYWdlOzMwMzQ3ODM3ODtBUzozNjYyOTQzNjU5NDk5NTJAMTQ2NDM0Mjc5MDA3MQ==
https://www.researchgate.net/publication/271795124_Costs_and_Benefits_of_Plant_Responses_to_Disease_Resistance_and_Tolerance?el=1_x_8&enrichId=rgreq-2faf42a818f60d72392caca868b24195-XXX&enrichSource=Y292ZXJQYWdlOzMwMzQ3ODM3ODtBUzozNjYyOTQzNjU5NDk5NTJAMTQ2NDM0Mjc5MDA3MQ==
https://www.researchgate.net/publication/271795124_Costs_and_Benefits_of_Plant_Responses_to_Disease_Resistance_and_Tolerance?el=1_x_8&enrichId=rgreq-2faf42a818f60d72392caca868b24195-XXX&enrichSource=Y292ZXJQYWdlOzMwMzQ3ODM3ODtBUzozNjYyOTQzNjU5NDk5NTJAMTQ2NDM0Mjc5MDA3MQ==
https://www.researchgate.net/publication/10854823_Variaion_in_immune_defence_as_a_question_of_evolutionary_ecology?el=1_x_8&enrichId=rgreq-2faf42a818f60d72392caca868b24195-XXX&enrichSource=Y292ZXJQYWdlOzMwMzQ3ODM3ODtBUzozNjYyOTQzNjU5NDk5NTJAMTQ2NDM0Mjc5MDA3MQ==
https://www.researchgate.net/publication/10854823_Variaion_in_immune_defence_as_a_question_of_evolutionary_ecology?el=1_x_8&enrichId=rgreq-2faf42a818f60d72392caca868b24195-XXX&enrichSource=Y292ZXJQYWdlOzMwMzQ3ODM3ODtBUzozNjYyOTQzNjU5NDk5NTJAMTQ2NDM0Mjc5MDA3MQ==
https://www.researchgate.net/publication/41111018_Resistance_and_tolerance_in_animal_enemy-victim_coevolution_Trends_Ecol_Evol?el=1_x_8&enrichId=rgreq-2faf42a818f60d72392caca868b24195-XXX&enrichSource=Y292ZXJQYWdlOzMwMzQ3ODM3ODtBUzozNjYyOTQzNjU5NDk5NTJAMTQ2NDM0Mjc5MDA3MQ==
https://www.researchgate.net/publication/41111018_Resistance_and_tolerance_in_animal_enemy-victim_coevolution_Trends_Ecol_Evol?el=1_x_8&enrichId=rgreq-2faf42a818f60d72392caca868b24195-XXX&enrichSource=Y292ZXJQYWdlOzMwMzQ3ODM3ODtBUzozNjYyOTQzNjU5NDk5NTJAMTQ2NDM0Mjc5MDA3MQ==
https://www.researchgate.net/publication/222663304_On_the_Evolutionary_Ecology_of_specific_immune_defense?el=1_x_8&enrichId=rgreq-2faf42a818f60d72392caca868b24195-XXX&enrichSource=Y292ZXJQYWdlOzMwMzQ3ODM3ODtBUzozNjYyOTQzNjU5NDk5NTJAMTQ2NDM0Mjc5MDA3MQ==
https://www.researchgate.net/publication/222663304_On_the_Evolutionary_Ecology_of_specific_immune_defense?el=1_x_8&enrichId=rgreq-2faf42a818f60d72392caca868b24195-XXX&enrichSource=Y292ZXJQYWdlOzMwMzQ3ODM3ODtBUzozNjYyOTQzNjU5NDk5NTJAMTQ2NDM0Mjc5MDA3MQ==
https://www.researchgate.net/publication/242016155_Immunity_resistance_and_tolerance_in_bird-parasite_interactions?el=1_x_8&enrichId=rgreq-2faf42a818f60d72392caca868b24195-XXX&enrichSource=Y292ZXJQYWdlOzMwMzQ3ODM3ODtBUzozNjYyOTQzNjU5NDk5NTJAMTQ2NDM0Mjc5MDA3MQ==
https://www.researchgate.net/publication/242016155_Immunity_resistance_and_tolerance_in_bird-parasite_interactions?el=1_x_8&enrichId=rgreq-2faf42a818f60d72392caca868b24195-XXX&enrichSource=Y292ZXJQYWdlOzMwMzQ3ODM3ODtBUzozNjYyOTQzNjU5NDk5NTJAMTQ2NDM0Mjc5MDA3MQ==

Tomasz, M., Lipman, R., Chowdary, D., Pawlak, J., Verdine, G. & Nakanishi, K. 1987. Isolation and
structure of a covalent cross-link adduct between mitomycin C and DNA. Science 235: 1204-

1208.

Turka, L. A. & Lechler, R. I. 2009. Towards the identification of biomarkers of transplantation

tolerance. Nature Reviews Immunology 9: 521-526.

Vaclav, R., Prokop, P., Fekia & V. 2007. Expression of breeding coloration in European Green Lizards
(Lacerta viridis): variation with morphology and tick infestation. Canadian Journal of Zoology

85:1199-1206.

Valakos, E. D., Kourkouli, A., Skopeliti, M., Pafilis, P., Poulakakis, N., Voutsas, I. F., Lymberakis, P.,
Simou, C., Voelter, W. & Tsitsilonis, O. E. 2007. Combining immunological and molecular
data to assess phylogenetic relations of some Greek Podarcis species. Comparative

Biochemistry and Physiology Part B 147: 1-10.

Valakos, E. D., Pafilis, P., Sotiropoulos, K., Lymberakis, P., Maragou, P. & Foufopoulos, J. 2008. The

Amphibians and Reptiles of Greece. Chimaira, Frankfurt am Main.

van der Most, P. J., de Jong, B., Parmentier, H. K. & Verhulst, S. 2011. Trade-off between growth and

immune function: a meta-analysis of selection experiments. Functional Ecology 25: 74-80.

Wikelski, M., Foufopoulos, J., Vargas, H. & Snell, H. 2004. Galdpagos birds and diseases: invasive

pathogens as threats for island species. Ecology and Society 9: 5.

Yildirimhan, H. S., Bursey, C. R. & Altunel, F. N. 2011. Helminth parasites of the Balkan green lizard,

Lacerta trilineata Bedriaga 1886, from Bursa, Turkey. Turkish Journal of Zoology 35: 519-535.

This article is protected by copyright. All rights reserved.


https://www.researchgate.net/publication/267935571_Helminth_parasites_of_the_Balkan_green_lizard_Lacerta_trilineata_Bedriaga_1886_from_Bursa_Turkey?el=1_x_8&enrichId=rgreq-2faf42a818f60d72392caca868b24195-XXX&enrichSource=Y292ZXJQYWdlOzMwMzQ3ODM3ODtBUzozNjYyOTQzNjU5NDk5NTJAMTQ2NDM0Mjc5MDA3MQ==
https://www.researchgate.net/publication/267935571_Helminth_parasites_of_the_Balkan_green_lizard_Lacerta_trilineata_Bedriaga_1886_from_Bursa_Turkey?el=1_x_8&enrichId=rgreq-2faf42a818f60d72392caca868b24195-XXX&enrichSource=Y292ZXJQYWdlOzMwMzQ3ODM3ODtBUzozNjYyOTQzNjU5NDk5NTJAMTQ2NDM0Mjc5MDA3MQ==
https://www.researchgate.net/publication/20053500_Isolation_and_structure_of_a_covalent_cross-link_adduct_between_Mitomycin_C_and_DNA?el=1_x_8&enrichId=rgreq-2faf42a818f60d72392caca868b24195-XXX&enrichSource=Y292ZXJQYWdlOzMwMzQ3ODM3ODtBUzozNjYyOTQzNjU5NDk5NTJAMTQ2NDM0Mjc5MDA3MQ==
https://www.researchgate.net/publication/20053500_Isolation_and_structure_of_a_covalent_cross-link_adduct_between_Mitomycin_C_and_DNA?el=1_x_8&enrichId=rgreq-2faf42a818f60d72392caca868b24195-XXX&enrichSource=Y292ZXJQYWdlOzMwMzQ3ODM3ODtBUzozNjYyOTQzNjU5NDk5NTJAMTQ2NDM0Mjc5MDA3MQ==
https://www.researchgate.net/publication/20053500_Isolation_and_structure_of_a_covalent_cross-link_adduct_between_Mitomycin_C_and_DNA?el=1_x_8&enrichId=rgreq-2faf42a818f60d72392caca868b24195-XXX&enrichSource=Y292ZXJQYWdlOzMwMzQ3ODM3ODtBUzozNjYyOTQzNjU5NDk5NTJAMTQ2NDM0Mjc5MDA3MQ==
https://www.researchgate.net/publication/6459952_Combining_immunological_and_molecular_data_to_assess_phylogenetic_relations_of_some_Greek_Podarcis_species?el=1_x_8&enrichId=rgreq-2faf42a818f60d72392caca868b24195-XXX&enrichSource=Y292ZXJQYWdlOzMwMzQ3ODM3ODtBUzozNjYyOTQzNjU5NDk5NTJAMTQ2NDM0Mjc5MDA3MQ==
https://www.researchgate.net/publication/6459952_Combining_immunological_and_molecular_data_to_assess_phylogenetic_relations_of_some_Greek_Podarcis_species?el=1_x_8&enrichId=rgreq-2faf42a818f60d72392caca868b24195-XXX&enrichSource=Y292ZXJQYWdlOzMwMzQ3ODM3ODtBUzozNjYyOTQzNjU5NDk5NTJAMTQ2NDM0Mjc5MDA3MQ==
https://www.researchgate.net/publication/6459952_Combining_immunological_and_molecular_data_to_assess_phylogenetic_relations_of_some_Greek_Podarcis_species?el=1_x_8&enrichId=rgreq-2faf42a818f60d72392caca868b24195-XXX&enrichSource=Y292ZXJQYWdlOzMwMzQ3ODM3ODtBUzozNjYyOTQzNjU5NDk5NTJAMTQ2NDM0Mjc5MDA3MQ==
https://www.researchgate.net/publication/6459952_Combining_immunological_and_molecular_data_to_assess_phylogenetic_relations_of_some_Greek_Podarcis_species?el=1_x_8&enrichId=rgreq-2faf42a818f60d72392caca868b24195-XXX&enrichSource=Y292ZXJQYWdlOzMwMzQ3ODM3ODtBUzozNjYyOTQzNjU5NDk5NTJAMTQ2NDM0Mjc5MDA3MQ==
https://www.researchgate.net/publication/215757038_Trade-off_between_growth_and_immune_function_A_meta-analysis_of_selection_experiments?el=1_x_8&enrichId=rgreq-2faf42a818f60d72392caca868b24195-XXX&enrichSource=Y292ZXJQYWdlOzMwMzQ3ODM3ODtBUzozNjYyOTQzNjU5NDk5NTJAMTQ2NDM0Mjc5MDA3MQ==
https://www.researchgate.net/publication/215757038_Trade-off_between_growth_and_immune_function_A_meta-analysis_of_selection_experiments?el=1_x_8&enrichId=rgreq-2faf42a818f60d72392caca868b24195-XXX&enrichSource=Y292ZXJQYWdlOzMwMzQ3ODM3ODtBUzozNjYyOTQzNjU5NDk5NTJAMTQ2NDM0Mjc5MDA3MQ==
https://www.researchgate.net/publication/42763413_Galapagos_Birds_and_Diseases_Invasive_Pathogens_as_Threats_for_Island_Species?el=1_x_8&enrichId=rgreq-2faf42a818f60d72392caca868b24195-XXX&enrichSource=Y292ZXJQYWdlOzMwMzQ3ODM3ODtBUzozNjYyOTQzNjU5NDk5NTJAMTQ2NDM0Mjc5MDA3MQ==
https://www.researchgate.net/publication/42763413_Galapagos_Birds_and_Diseases_Invasive_Pathogens_as_Threats_for_Island_Species?el=1_x_8&enrichId=rgreq-2faf42a818f60d72392caca868b24195-XXX&enrichSource=Y292ZXJQYWdlOzMwMzQ3ODM3ODtBUzozNjYyOTQzNjU5NDk5NTJAMTQ2NDM0Mjc5MDA3MQ==
https://www.researchgate.net/publication/26254594_Towards_identification_of_biomarkers_of_transplantation_tolerance?el=1_x_8&enrichId=rgreq-2faf42a818f60d72392caca868b24195-XXX&enrichSource=Y292ZXJQYWdlOzMwMzQ3ODM3ODtBUzozNjYyOTQzNjU5NDk5NTJAMTQ2NDM0Mjc5MDA3MQ==
https://www.researchgate.net/publication/26254594_Towards_identification_of_biomarkers_of_transplantation_tolerance?el=1_x_8&enrichId=rgreq-2faf42a818f60d72392caca868b24195-XXX&enrichSource=Y292ZXJQYWdlOzMwMzQ3ODM3ODtBUzozNjYyOTQzNjU5NDk5NTJAMTQ2NDM0Mjc5MDA3MQ==

Supporting Information

Supporting Information 1. Storage of reptilian spleen cells and evaluation of their proliferative

response and viability.

Supporting Information 2. Determination of the optimal concentration of mit-C to arrest stimulator

cell proliferation.

Figure legends

Figure 1. Grazing pressure and parasite abundance for the four Podarcis gaigeae populations studied
during a period of six years (2006-2011). The graphical representation is based on the study of Pafilis

et al. (2013).

Figure 2. Boxplot of (A) tick infestation levels (mean number of ticks per lizard) and (B)
haemogregarine infestation levels (percentage of infected cells on a total of 2000 red blood cells

counted for each lizard) between the four populations under study.

Figure 3. Comparison of S.I. values between populations subjected to different grazing regimes as
acquired from (A) analysis of variance and (B) after correcting for SVL (using the residuals of S.I.

values against SVL).

This article is protected by copyright. All rights reserved.



Tables

Table 1. Descriptive statistics of body size (SVL), body mass, infestation levels, mean number of
blood parasites and mean number of cells per spleen (x10°) for the four populations included in the
study. Body condition was estimated as the residuals of the linear regression of log,o-transformed
weight against logy,-transformed SVL. Mean values * 1 SE are given for each parameter. The sample

size (N) for each variable and populations was N=9.

Table 2. Results of generalized linear mixed models as regard the variation of resistance expressed
by S.I. values and/or the number of cells in the spleen of individuals. As fixed effects we used the
type of grazing, tick and haemogregarine infestation levels, and body condition, while locality and
environment were treated as nested random effects. Models were fitted by maximum likelihood. P

values less than 0.05 are in bold.

Table 3. Results of generalized linear mixed models as regard the variation of resistance expressed
by S.I. values and/or the number of cells in the spleen according to host locality. As fixed effects we
used the tick and haemogregarine infestation levels and body condition. Models were fitted by

maximum likelihood. P values less than 0.05 are in bold.

Table 4. Results of generalized linear mixed models regarding tolerance as assessed by body
condition according to environmental grazing pressure. As fixed effects we used tick and
haemogregarine infestation levels, S.I. values and the number of splenocytes. Models were fitted by

maximum likelihood. P values less than 0.05 are in bold.
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Table 1.

Trait Nyfi (N) Palamari (P) Lakonissi (L) Diavates (D)
SVL (mm) 59.39+1.88 59.12+1.41 65.83 +3.33 83.97 £ 1.57
Weight (g) 6.03 £0.30 5.94+0.31 7.64 £ 0.47 18.07 £ 0.51
Body condition -0.02 £0.02 -0.02 £0.02 -0.03 +0.04 0.07 £0.02
Tick infestation 2.11+0.65 0.11+0.11 1.56+0.47 0.22+0.15
Tick prevalence 67% 11% 67% 22%
Haemogregarine
. . 9.33+2.35 1.33+0.80 3.44+1.23 0.78+0.43
infestation
Haemogregarine
78% 33% 67% 33%
prevalence
Cells/spleen 119.00 £ 3.31 105.44 £5.09 144.22 +5.85 104.00 £ 5.07
Table 2.
Dependent Independent Estimate Standard tvalue P value
variable variable error
S.l. values Tick infestation 0.005 0.009 0.512 0.609
levels
Haemogregarine 0.004 0.003 1.569 0.117
infestation levels
Body condition -0.790 0.134 -5.887 <0.001
Grazing 0.158 0.091 1.733 0.083
Splenocytes Tick infestation 1.137 2.074 0.548 0.583
levels
Haemogregarine -0.129 0.521 -0.248 0.804
infestation levels
Body condition -61.201 28.629 -2.138 0.003
Grazing -16.914 2.999 -5.640 <0.001
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Table 3.

Grazing/ Dependent Independent variable Estimate Standard t value P value
Population Vvariable error
No grazing/ S.l. values Tick infestation levels 0.023 0.063 0.378 0.705
Diavates & Haemogregarine -0.006 0.012 -0.543 0.587
Palamari infestation levels
Body condition -0.865 0.314 -2.754 0.006
Splenocytes  Tick infestation levels -7.872 12.084 -0.651 0.514
Haemogregarine -1.189 2497 -0.476 0.634
infestation levels
Body condition -57.830 48.437 -1.194 0.232
Aperiodic S.I. values Tick infestation levels 0.015 0.010 1.509 0.191
grazing/ Haemogregarine -0.002 0.004 -0.498 0.639
infestation levels
Lakonissi
Body condition -0.941 0.120 -7.852 <0.001
Splenocytes  Tick infestation levels 1.795 2.011 0.892 0.413
Haemogregarine 3.418 0.913 3.743 0.013
infestation levels
Body condition -25.909 24.152 -1.073 0.332
Chronic S.I. values Tick infestation levels 0.001 0.014 0.060 0.954
grazing/ Haemogregarine 0.001 0.006 0.192 0.855
infestation levels
Nyfi
Body condition -0.261 0.615 -0.424 0.689
Splenocytes  Tick infestation levels 0.189 1.952 0.097 0.927
Haemogregarine -1.022 0.833 -1.227 0.274
infestation levels
Body condition 124.611 88.067  1.415 0.216
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Table 4.

Grazing/ Dependent Independent variable  Estimate Standard t value P value
Population Vvariable error
No grazing/ Body condition  Tick infestation levels -0.052 0.038 -1.355 0.175
Diavates & Haemogregarine 0.001 0.007 0.104 0.917
Palamari infestation levels
S.l. values -0.268 0.123  -2.177 0.029
Splenocytes -0.001 0.001 -1.241 0.214
Aperiodic Body condition  Tick infestation levels 0.009 0.007 1.193 0.298
grazing/ Haemogregarine -0.019 0.006 -2.998 0.040
infestation levels
Lakonissi
S.I. values -1.164 0.107 -10.924 <0.001
Splenocytes 0.005 0.002 2.717 0.063
Chronic Body condition  Tick infestation levels 0.001 0.008 0.072 0.946
grazing/ Haemogregarine 0.007 0.002 3.202 0.032
infestation levels
Nyfi
S.l. values -0.315 0.283 -1.111 0.329
Splenocytes 0.003 0.002 1.754 0.154
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