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Host encounter and host compatibility are the main hypotheses
proposed to explain uneven patterns of parasitism (Combes 2001;
Guégan et al. 2005). These hypotheses suggest, respectively,
intrinsic differences in exposure to infestations because of, for
example, behaviour or ecology and uneven responses or ‘tolerance*
to parasites as a result of, for example, behaviour or immunology.

* Correspondence and present address: M. Sarasa, Departamento de Biologia
Animal, Biologia Vegetal y Ecologia, Facultad de Ciencias Experimentales, Uni-
versidad de Jaén, Campus Las Lagunillas, s.n. E-23071, Jaén, Spain.

E-mail address: mathieusar@hotmail.com (M. Sarasa).

1 E. Serrano is at the Servei d’Ecopatologiade Fauna Salvatge, Facultat de Vet-
erinaria, Universitat Autonoma de Barcelona, E-08193, Bellaterra, Barcelona, Spain.

2 G. Gonzalezand J. Joachim are at the Laboratoire Comportement et Ecologiede
la Faune Sauvage, Institut National de la Recherche Agronomique, BP 52627,
F-31326 Castanet-Tolosan Cedex, France.

3 J-E. Granados is at the Espacio Natural de Sierra Nevada, Carretera Antigua de
Sierra Nevada, km 7 E-18071, Pinos Genil, Granada, Spain.

4R C. Soriguer is at the Estacion Biol6 gica de Dofiana (C.S.I.C), Avenida Maria
Luisa s.n. Pabellon del Peru, E-41013, Sevilla, Spain.

Uneven parasitism has often been related to immunology (Zuk
1996; Zuk & McKean 1996). Nevertheless, the causal effect of host
behaviour variability on the biased distribution of pathogens is
a subject of increasing interest (Altizer et al. 2003). As the first line
of defence against parasitic assaults (Hart 1994), behaviour is
strongly relevant in understanding parasitism (see Barnard &
Behnke 1990). Most studies emphasize the impact of pathogens on
host behaviour or antiparasitic features (Dobson 1988; Barber et al.
2000; Moore 2002; Thomas et al. 2005). Studies on host behaviour
as a determining factor in parasitism often report relationships
between the timing of infestations and the seasonality of behaviour
(Tinsley 1990). Nevertheless, ‘permissive’ exposure and behav-
ioural inequalities at the between-individual scale still remain
poorly studied dimensions of this question (Bundy & Blumenthal
1990).

Studies on the link between host behaviour and parasitism use
either direct or indirect methods. The direct approach involves,
when possible, the use of antiparasitic treatment (Fox & Hudson
2001; Ferrari et al. 2003); otherwise real infestations are commonly
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used (Berriatuaet al. 1999; Skerratt 2003; Chronertet al. 2007), but

these have ethical problems and sanitary risks. Although the direct
approach is generally considered to be more informative, it does
not allow investigators to focus on behaviour as the determining
factor independently of the host immune system. Indirect
approaches, which partly resolve such problems, may involve
several methods. Although costly and difficult, a first alternative is
the use of direct behavioural observation, which still plays a key
role in current knowledge of the subject (e.g. Mooring et al. 2006).
Nevertheless, this method is often limited to observable individuals
over a set period of time and thus is potentially exposed to
a number of confounding factors. A second option is biotelemetry,
which provides new tools that partly solve the limitations on
fieldwork (e.g. Ji et al. 2005; Schauber et al. 2007) and reduce costs
(despite still being very expensive; see Cooke et al. 2004; Ropert-
Coudert & Wilson 2005). However, neither direct observation nor
biotelemetry provides direct knowledge of the relationship
between host behaviour and pathogen transmission, and both
often need to be used in parallel with epidemiological data to
encompass assumptions on the relationship between, for example,
interindividual distance and the probability of infestation. Finally,
fluorescent pigments and biomarkers are another interesting
approach to the exploration of social or trophic interactions,
especially in small species (Dickman 1988; Fisher 1999; Knowlton
& Olmstead 2001; Papillon et al. 2002). Nevertheless, the use of this
type of marker in the analysis of behaviour in relation to ectopar-
asitism in medium-sized and large hosts is difficult to put into
practice. Thus, a new tool with the advantages of current
approaches and without their drawbacks may improve current
perspectives and substantially enrich our knowledge of how host
behaviour influences ectoparasitism in these host species.

We investigated the potential of a new type of marker in the
study of host behavioural traits that are relevant to parasitism. First,
we designed ‘pseudoectoparasites’ (PEPs) that fitted our research
goals and conformed to ethical specifications. Second, we tested the
stability of PEP characteristics over time and during different
seasons. Given that PEPs are prone to desiccation, just as the
survival of free-living stages of parasite species is determined by
the climate (Arlianet al. 1989; Tembely 1998; O’Connor et al. 2006),
we would expect a decrease in the infectivity of PEPs over time
(prediction 1) and differences in the infectivity of PEPs between
seasons (prediction 2). Third, in a medium-sized ungulate we tested
the infectivity of such PEPs under a low invasive protocol (infes-
tation of feeding points with PEPs) and then monitored the short-
term dynamics in PEPs on hosts as an indicator of infective
persistence. Given that differential exposure may explain uneven
parasitism (Bundy & Blumenthal 1990; Lajeunesse et al. 2004) and
as access to food, especially all at feeding points, is often linked to
dominance (Appleby 1980; Jullien et al. 1988; Jgrgensen et al.
2007), we would expect a greater prevalence of PEPs in males than
in females (prediction 3) and in adults than in juveniles (prediction 4),
as well as a greater prevalence of PEPs with increased body weight
(prediction 5). Given that ungulate body weight usually differs
according to sex and increases with age, especially as a result of
growth (Granados et al. 2001; Lesage et al. 2001), we assessed the
relative effects of all factors by taking into account the effects of sex
and age on body weight. Ungulates perform antiparasitic and
maintenance behaviours (Murray 1990) and so after pseudoinfes-
tation we would expect infested animals to lose their PEPs with
time (prediction 6). Finally, according to the ‘body size principle*
that has emerged from the programmed grooming model (Hart
et al. 1992), smaller animals should lose their PEPs more quickly
than larger ones and so we would expect a faster return to an
‘uninfected status’ in females than in males (prediction 7) and
a faster return in juvenilesthan in adults (prediction 8).

METHODS
Pseudoectoparasites

The markers had to fit our protocols, be easy to monitor and
nonaggressive to hosts, and had to mimic the more ‘mechanical’
features of ectoparasites (e.g. adherence and infectivity), regardless
of the host immune system. In this study we used triangular
markers made of wood, all of the same green colour (Fig. 1). Given
the methodological purpose of this test, we made the markers
customizable. For example, the PEPs can be used with a single
colour (as in our test) or with a number of colours (Fig. 1)
depending on experimental requirements. The different shape of
each end of a triangular PEP increases the number of two-colour
combinations compared to a rectangular form (four versus three
possibilities; Fig. 1). In designing the markers we took into
consideration potential adaptations in further experiments, for
example on the dispersion of PEPs from several pseudoparasitic
sources infested with individualized coloured PEPs. Although we
monitored the markers from short distances (often below 20 m) in
the current experiment, they were visible for up to 80 m in
favourable conditions (we used a Swarovski spotting telescope
20-60x). However, their visibility might depend on the type of host
and the environment and their design may need to be changed for
other experiments. To attach the PEPs to the host, we used
a commercial and hypoallergenic wax (Trimona Handball Wax;
Johann Tripmacker, Braunschweig, Germany). PEPs became
attached to the surface of the coat and had little contact with the
skin. The wax (which is hypoallergenic and approved for human
use) was only in contact temporarily with the coat and no effect on
the skin was observed. After the PEPs dropped off, the little
remaining wax also disappeared rapidly when the hosts scratched
themselves against trees.

Experimental Study Site

The tests were performed on a stock reservoir of Iberian ibex,
Capra pyrenaica, in Dilar, Espacio Natural de Sierra Nevada
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Figure 1. Pseudoectoparasites.



(ENSN; 37° 9' N, 3° 31" E) Granada, southern Spain. This enclosure
protects 66 individually marked ibexes (41% males and 59%
females), ranging freely over 35 ha, whose normal feeding is
complemented daily by additional forage placed in mangers.

Stability of PEP Characteristics

The average life span of the free-living stages of ectoparasites
such as sarcoptic mange, Sarcoptes scabiei, is less than 7 days in
laboratory conditions resembling those in which natural infesta-
tions take place (Arlian et al. 1989; Pérez et al. 1997). Since we used
PEPs to explore how the host’s behaviour affects infestations by
contact-transmitted parasites such as Sarcoptes, we tested the
stability of PEP characteristics over a week. We placed 80 PEPs on
metallic supports exposed to the weather. To monitor the desic-
cation rate of waxed PEPs, we tested the adherence of a different set
of 10 PEPs each day (from day O to day 7) by calculating as an
indicator of adherence the number of strokes with a soft brush
needed to remove each PEP from the metallic supports. To test the
stability of the PEP desiccation rate between seasons, we repeated
this protocol in five periods that are potentially of interest for
further work on the timing of ectoparasitic infestations (1: August—
September 2007; 2: October—November 2007; 3: November—
December 2007; 4: January—February 2008; 5: March 2008).

Test Procedure

To avoid interobserver variability, M.S. carried out the entire
field procedure. During March 2007 he verified that all ibexes used
the feeding mangers and tolerance to the observer was developed
over 2 weeks. Next, and to test the ability of PEPs to infest medium-
sized hosts under a low invasive protocol, 150 PEPs were placed on
the edges of the seven mangers of the enclosure just prior to daily
feeding. Animals were monitored at 5 30 and 72 h after the
pseudoinfestation of the mangers to estimate the short-term
dynamics of PEPs on ibexes (infective ability and persistence).

The total prevalence of PEPs in the experimental group (Pgroup)
was estimated by the percentage of observed ibexes with PEPs.
Prevalence by sex or age was estimated by considering separately
males and females (Pmales @Nd Pfemales), @nd juveniles and adults
(Pjuveniles and Paduits). We considered females up to 2 years old and
males up to 4 years old to be juveniles and all the remaining
animals to be adult as per their allometric growth and ossification
rate (Granadoset al. 2001; Serrano et al. 2006).

Statistical Analysis

All analyses were performed using the R2.6.2 statistical package
(R Development Core Team 2008).

Stability of PEP characteristics
We used generalized linear models (GLMs) to test the effects of
time (number of days since the placing of the PEPs) and season

Table 1
Model selection in the analysis of pseudoectoparasite characteristics

(1-5) on the indicator of adherence (dependent variable). We used
an information-theoretical approach (see Whittingham et al. 2006)
based on Akaike’s information criterion (AIC, Burnham & Anderson
2002) and chose the most parsimonious model (lowest AIC, which
points out the model that provides an accurate approximation to
the structural information in the data at hand, see Burnham &
Anderson 2002) out of the possible subsets, ranging from the null
model (intercept only) to a model with explanatory variables and
two-order interactions. Models with Akaike differences of less than
two units and the relative importance of examined variables were
studied (RI, which quantifies the evidence for the importance of
each variable in the set of models, see Burnham & Anderson 2002),
especially if the Akaike weight (W;) of the best models was
moderate or low (Andersonet al. 2000, 2001).

Pseudoinfestation and short-term dynamics of PEPs

To test the inequalities of exposure to infestation (host
encounter hypothesis) at 5 h after infestation of the mangers, we
used GLMs. We tested the effects of ibex sex, age and body weight
on the individual pseudoparasitic status (infested or not by PEPs,
dependent variable). To take into account the effects of sex and age
on body weight we used in the analysis the residuals of body
weight on age in the logistic model estimated separately for males
and females (sex—age-specific body weight). We again used an
information-theoretical approach (see above), but we based model
selection on Akaike’s information criterion corrected for small
sample sizes (AlCc, Burnham & Anderson 2002).

Finally, to test the determining factors of the short-term
dynamics of PEPs on their hosts (infective persistence, longitudinal
data), we analysed the loss of PEPs in animals that were PEP-
infested 5h after infestation of mangers (host compatibility
hypothesis) using mixed-model analyses as recommended by
Paterson & Lello (2003). We tested the effects of time after infes-
tation and of the sex and age of ibexes (independent variables) on
individual pseudoparasitic status (PEP-infested or not, dependent
variable). We again used an information-theoretical approach
based on Akaike’s information criterion corrected for small sample
sizes (AICc, Burnham & Anderson 2002), as described above.

RESULTS
Stability of PEP Characteristics

The characteristics of PEPs changed with time, but did not differ
between seasons. The analyses of the stability of PEP adherence
showed that, independently of season, the time from the infesta-
tion was the most important parameter (W; %0.79, RI%1) to
explain the observed variability of adherence (Table 1).

Pseudoinfestation of Ibexes by PEP

Although no attraction or repulsion behaviour was observed,
numerous ibexes were infested by PEPs at 5 h after infestation of

Model N K AlC DAIC L (gi/x) Wi Relative importance
Time 400 3 —607.12 0.00 1.00 0.79 Time: 1.00

Timep season 400 7 —603.21 3.91 0.14 011 Season: 0.21
Time p season p time x season 400 1 —603.07 4.05 013 0.10

Null model 400 2 —241.65 365.47 0.00 0.00

Season 400 6 —235.45 37167 0.00 0.00

K% number of estimated parameters; AIC Y Akaike’s information criterion; DAICY. difference in AIC between the model and the most parsimonious model;
L(gi/x) ¥» Probability of the model being the Kullback—Leibler best model given the data set; W; ¥ Akaike weight of the model, see Burnham & Anderson (2002).



Figure 2. Localization of pseudoectoparasites on their hosts (a) at 5 h and (b) pooled results at 72 h after infestation of mangers.

mangers (Fig. 2). Prevalence of PEPs was high (piota ¥4 47.4%) and

influenced mainly by the sex and age of animals. In general, males

(Pmales 464.7%;  Premales ¥233.3%) and  juvenile individuals

(Pjuveniles ¥4 59.0%; Paduits ¥4 31.2%) were the most infested (Fig. 3).
According to the observed prevalences, the model that included the
effect of age was the best (W; ¥4 0.23), suggesting that the age of the
animals is the main factor explaining the distribution of PEPs
among the hosts. Three additional models had substantial support
(sex page, sex, sex page psex xage models; Table 2), high-
lighting the sex-dependent slope of the relationship between age
and probability of infestation (Fig. 3). Among the set of candidate
models, the Rl of age was the highest, followed by sex and sex—age—
specific body weight, supporting the hypothesis that the age of
hosts is the main determinant of the observed PEP prevalences
(Table 2).

Dynamics of PEPs on their Hosts

The life span of PEPs on hosts was limited and differences were
found according to age, but not to sex. For the data on the devel-
opment of infestation, the model that included time p age was the
best (W; ¥.0.38), followed by the model that included time
(W; ¥20.30), indicating a faster progressive loss of PEPs in adults
than in juveniles (Fig. 4). Among the explanatory variables, time
had the highest RI, and then age and sex (Table 3).

—=— Males
—— Females

Predicted probability of infestation

Age (years)

Figure 3. Predicted probability of infestation by pseudoectoparasites in terms of the
sex and age of hosts at 5 h after infestation of mangers.

DISCUSSION

In this study we tested a new tool for exploring the role of host
behaviour in ectoparasite transmission. Our results showed that
PEPs could be a promising alternative since they can be used in
contrasting seasons and they have features in common with ecto-
parasites as discussed below.

Characteristics of PEPs

The adherence of PEPs changed over time (as per our predic-
tion 1), but did not differ between seasons (which contrasts with
our prediction 2) probably because of the stability of the
commercial wax we used, which is made for use in all seasons. Our
results thus suggest that the infective ability of PEPs decreases over
time; similarly, free-living stages of ectoparasites have limited life
spans, and PEPs could be useful for exploring interseasonal varia-
tion in host behavioural traits.

Pseudoinfestation

The high prevalence observed 5 h after infestation of mangers
underlines the fact that fixed feeding points represent a serious
pathogenic risk to individuals. Although supplementary feeding is
a widespread management tool, it should be used with care in
wildlife population maintenance to avoid counterproductive
pathogenic infection (see Gortazar et al. 2007). Our results also
suggest that there is an uneven risk of infestation between indi-
vidual subclasses, which supports the host encounter hypothesis.
Males and juveniles were the most infected individuals, findings

Table 2
Model selection in the analysis of pseudoectoparasitic infestation

Model N K AlCc DAICc L(gi/x) W; Relative importance
Age 37 2 50.97 0.00 100 0.23 Age: 0.72
Sex p age 37 3 5166 0.69 0.71 0.16 Sex: 0.56
Sex 37 2 5226 129 0.53 0.12 BW:0.32
Sex p agep sexx age 37 4 52.92 195 0.38 0.09

Agep BW 37 3 5312 215 0.34 0.08

Null model 37 1 5316 219 0.33 0.08

Sex p agep BW 37 4 53.97 3.00 0.22 0.05

Sex p BW 37 3 5454 357 0.17 0.04

Agep BW p agex BW 37 4 5528 431 012 0.03

BW 37 2 5533 436 011 0.03

K% number of
corrected  for

BW ¥i sex—age-specific body weight; estimated parameters;
AlCc ¥4 Akaike’s information criterion small sample sizes;
DAICc % difference in AlCc between the model and the most parsimonious model;
L(gi/x) ¥» probability of the model being the Kullback—Leibler best model given the
data set; W; ¥4 Akaike weight of the model; see Burnham & Anderson (2002).
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Figure 4. Predicted probability of remaining infested by pseudoectoparasites in terms
of the time elapsed since infestation of manger and host age.

that agree with our prediction 3 but contradict our prediction 4. In
addition, no effect of the sex—age-specific body weight was detec-
ted (contrary to our prediction 5). The observed sex-biased infes-
tation seems to support the role of preferential access to feeding
points and dominance in the observed pattern. However, the age
bias and the apparent lack of a role for sex—age-specific body
weight also suggest that the subject is of greater complexity. Taking
into account the height of infested mangers and the smaller size of
juveniles, there may be greater contact at feeding between the
manger and the body of animals in juveniles than in adults.
Nevertheless, the Iberian ibex is a sexually dimorphic ungulate and
the observed sex inequalities do not seem to support this hypoth-
esis. The observed age bias could also be caused by a greater
tolerance shown by the highest-ranked ibex to the lowest-ranked
animals than to intermediated-ranked ones, as reported by
Bonanni et al. (2007) in cats, Felis silvestris catus, and possibly also
backed up by kinship discrimination (Ceacero et al. 2007). Such
patterns could lead to uneven diets such as those reported by
Dennehy (2001).

Furthermore, PEPs seemed to have a limited life span on hosts,
as stated in our prediction 6. Thus, PEPs could be an interesting
tool for use in the study of both short-term processes of host
surface cleaning and of the start of infestations, as illustrated by
the similarity between the observed distribution of PEPs on hosts
(Fig. 2) and the initial stage of mange infestation described in the
Iberian ibex (Le6n-Vizcaino et al. 1999). No effect of sex was
detected on the loss of PEPs by hosts, which disagrees with our
prediction 7. The life span of PEPs on adult hosts did, however,
seem to be shorter than on juvenile individuals, contrary to our
prediction 8. This paradoxical age inequality in the loss of PEPs
underlines the need to investigate further the factors determining
surface cleaning by taking into account frequency and also the
efficiency of related behaviours. However, the small sample size of
infested hosts, the small number of PEPs on each host and the
short period during which PEP loss was monitored (among other
potentially confounding factors) could have biased our results on
PEP loss according to sex and age. Thus, further work should
specifically focus on such inequalities to verify these detected
trends.

Table 3
Model selection in the analysis of loss of pseudoectoparasites by their host

Model N K AICc DAICc L(gi/x) W; Relative
importance

Timep age 18 3 63.16 0.00 1.00 0.38 Time: 0.98

Time 18 2 63.67 051 0.78 0.30 Age: 0.60

Timep age p sex 18 4 6618 3.01 0.22 0.08 Sex: 0.21

Timep age p time x age 18 4 66.20 3.03 0.22 0.08

Timep sex 18 3 66.54 3.38 0.18 0.07

Timep sex p time x sex 18 4 69.68 6.51 0.04 0.01

Timep age p sex p time x age 18 5 69.76 6.60 0.04 0.01

Timep age p sexp sex x age 18 5 69.84 6.68 0.04 0.01

Timep age p sex p time x sex 18 5 69.87 6.71 0.03 0.01

Age 18 2 70.85 769 0.02 0.01

K% number of estimated parameters; AICc ¥ Akaike’s information criterion cor-
rected for small sample sizes; DAICc ¥ difference in AlCc between the model and the
most parsimonious model; L(gi/x) ¥ probability of the model being the Kullback—
Leibler best model given the data set; W; ¥ Akaike weight of the model; see
Burnham & Anderson (2002).

Conclusions

Despite being a simple tool tested under a low invasive protocol,
the use of PEPs seems to be able to mimic parasitic infestation in
a medium-sized host species. Our test also underlined the role of
sex and age in determining behavioural factors of infestations, as
suggested by other authors (Bundy & Blumenthal 1990; Lajeunesse
et al. 2004). Further studies using PEPs with more targeted proto-
cols may enrich our knowledge of factors such as surface cleaning
efficiency, interindividual infestation of contact-transmitted
diseases, scratching site selection and the interindividual hetero-
geneity of behaviour. Although the aim of using PEPs is not to
substitute for existing methods for studying the relationship
between parasitism and host behaviour, this new method is
nevertheless a promising and complementary approach that may
further our understanding of previously poorly studied dimensions
of the interactions between host behaviour and parasitism.

Special thanks are due to the park wardens and fieldworkers
at the Espacio Natural de Sierra Nevada (ENSN), especially to
Francisco Casado Felipe, Antonio José Rodriguez Duefias and
Antonio Rodriguez Huete for their professional and personal
involvement in the study site. Constructive comments were
provided by Sylvain Losdat (University of Berne, Switzerland),
Cédric Girard-Buttoz (German Primate Centre, Germany) and two
anonymous referees. We also thank Michael Lockwood and Agnes
Sarasa for the English revision. We are grateful for the logistic
support of the ENSN. The study was partly financed by the
University Paul Sabatier Toulouse I, France (ATUPS 2007 grant).
M.S. was supported by a MENRT grant (France) and E.S. is supported
by the Juan de la Cierva Program (MINCINN, Spain). The research
activities of JE.G,, R.C.S. and J.M.P. are partially supported by the
Plan Andaluz de Investigacion (RNM-118) as wvell.

References

Altizer, S., Nunn, C. L., Thrall, P. H. Gittleman, J. L. Antonovics, J.,
Cunningham, A. A, Dobson, A. P, Ezenwa, V., Jones, K. E.,, Pedersen, A. B.,
Poss, M. & Pulliam, J. R. C. 2003. Social organization and parasite risk in
mammals: integrating theory and empirical studies. Annual Review of Ecology,
Evolution, and Systematics, 34, 517-547.

Anderson, D. R, Burnham, K. P. & Thompson, W. L. 2000. Null hypothesis testing:
problems, prevalence, and an alternative. Journal of Wildlife Management, 64,
912-923.

Anderson, D. R, Link, W. A, Johnson, D. H. & Burnham, K. P. 2001. Suggestions
for presenting the results of data analyses. Journal of Wildlife Management, 65,
373-378.

Appleby, M. C. 1980. Social rank and food access in red deer stags. Behaviour, 74,
294-309.



Arlian, L. G, Vyszenski-Moher, D. L. & Pole, M. J. 1989. Survival of adults and
developmental stages of Sarcoptes scabiei var. canis when off the host. Experi-
mental and Applied Acarology, 6, 181-187.

Barber, I., Hoare, D. & Krause, J. 2000. Effects of parasites on fish behaviour: a review

and evolutionary perspective. Reviews in Fish Biologyand Fisheries, 10, 131-165.

Barnard, C. J. & Behnke, J. M. 1990. Parasitism and Host Behaviour. London: Taylor &
Francis.

Berriatua, E., French, N. P, Wall, R,, Smith, K. E. & Morgan, K. L. 1999. Within-
flock transmission of sheep scab in naive sheep housed with single infested
sheep. Veterinary Parasitology, 83, 277-289.

Bonanni, R., Cafazzo, S., Fantini, C., Pontier, D. & Natoli, E. 2007. Feeding-order in
an urban feral domestic cat colony: relationship to dominance rank, sex and
age. Animal Behaviour, 74, 1369—-1379.

Bundy, D. A. P. & Blumenthal, U. J. 1990. Human behaviour and the epidemiology
of helminth infections: the role of behaviour in exposure to infection. In:
Parasitism and Host Behaviour (Ed. by C.J. Barnard & J. M. Behnke), pp. 264-289.
London: Taylor & Francis.

Burnham, K. P. & Anderson, D. R. 2002. Model Selection and Multimodel Inference:
a Practical Information-theoretic Approach. New York: Springer.

Ceacero, F, Landete-Castillejos, T., Garcia, A. J., Estévez, J. A. & Gallego, L. 2007.
Kinship discrimination and effects on social rank and aggressiveness levels in
Iberian red deer hinds. Ethology, 113, 1133—1140.

Chronert, J. M., Jenks, J. A,, Roddy, D. E., Wild, M. A. & Powers, J. G. 2007. Effects of
sarcoptic mange on coyotes at Wind Cave National Park. Journal of Wildlife
Management, 71, 1987-1992.

Combes, C. 2001. Parasitism. The Ecology and Evolution of Intimate Interactions.
Chicago: University of Chicago Press.

Cooke, S. J., Hinch, S. G., Wikelski, M., Andews, R. D., Kuchel, L. J, Wolcott, T. G. &
Butler, P. J. 2004. Biotelemetry: a mechanistic approach to ecology. Trends in
Ecology & Evolution, 19, 334—343.

Dennehy, J. J. 2001 Influence of social dominance rank on diet quality of pronghorn
females. Behavioral Ecology, 12, 177—-181.

Dickman, C. R. 1988. Detection of physical contact interactions among free-living
mammals. Journal of Mammalogy, 69, 865-868.

Dobson, A. P. 1988. The population biology of parasite-induced changes in host
behavior. Quarterly Review of Biology, 63, 139—-165.

Ferrari, N., Cattadori, I. M., Nespereira, J., Rizzoli, A. & Hudson, P. J. 2003. The role
of host sex in parasite dynamics: field experiments on the yellow-necked
mouse Apodemus flavicollis. Ecology Letters, 6, 1-7.

Fisher, P. 1999. Review of using rhodamine B as a marker for wildlife studies.
Wildlife Society Bulletin, 27, 318—-329.

Fox, A. & Hudson, P. J. 2001. Parasites reduce territorial behaviour in red grouse
(Lagopus lagopus scoticus). Ecology Letters, 4, 139-143.

Gortazar, C., Ferroglio, E., Hofle, U., Frolich, K. & Vicente, J. 2007. Diseases shared
between wildlife and livestock: a European perspective. European Journal of
Wildlife Research, 53, 241-256.

Granados, J.-E., Fandos, P., Marquez, F. J., Soriguer, R. C. & Pérez, J. M. 2001. Allo-
metric growth in the Spanish ibex, Capra pyrenaica. Folia Zoologica, 50, 234—-238.

Guégan, J.-F, Morand, S. & Poulin, R. 2005. Are there general laws in parasite
community ecology? The emergence of spatial parasitology and epidemiology.
In: Parasitism and Ecosystems(Ed. by F. Thomas, J-F. Guégan & F. Renaud),
pp. 22—-42. Oxford: Oxford University Press.

Hart, B. L. 1994. Behavioral defense against parasites: interactions with parasite
invasiveness. Parasitology, Supplement, 109, 139—-151.

Hart, B. L., Hart, L. A, Mooring, M. S. & Olubayo, R. 1992. Biological basis of
grooming behaviour in antelope: the body size, vigilance and habitat principles.
Animal Behaviour, 44, 615-631

Ji, W., White, P. C. L. & Clout, M. N. 2005. Contact rates between possums revealed
by proximity data loggers. Journal of Applied Ecology, 42, 595-604.

Jorgensen, G. H. M., Andersen, |. L. & Bge, K. E. 2007. Feed intake and social
interactions in dairy goats: the effects of feeding space and type of roughage.
Applied Animal Behaviour Science, 107, 239—-251.

Jullien, J.-M., Brandt, S. & Vassant, J. 1988. L’apportde mais, & points fixes, est-il un
moyen efficace de dissuader les sangliers de fréquenter les céréales en lait?
Bulletin Mensuel de I’Office National de la Chasse, 130, 19—26.

Knowlton, F. F. & Olmstead, S. R. 2001. Using iophenoxic acid injections of prey to
identify mammals that feed on them. Wildlife Society Bulletin, 29, 495-500.
Lajeunesse, M., Forbes, M. R. & Smith, B. P. 2004. Species and sex biases in

ectoparasitism of dragonflies by mites. Oikos, 106, 501-508.

Leon-Vizcaino, L., Ruiz de Ybafiez, M. R., Cubero, M. J., Ortiz, J. M., Espinosa, J.,
Pérez, L., Simon, A. & Alonso, F. 1999. Sarcoptic mange in Spanish ibex from
Spain. Journal of Wildlife Diseases, 35, 647—659.

Lesage, L., Créte, M., Huot, J. & Ouellet, J.-P. 2001. Evidence for a trade-off between
growth and body reserves in northern white-tailed deer. Oecologia, 126, 30—41

Moore, J. 2002. Parasites and the Behavior of Animals. Oxford: Oxford University
Press.

Mooring, M. S., Patton, M. L., Reisig, D. D., Osborne, E. R., Kanallakan, A. L.
& Aubery, S. M. 2006. Sexually dimorphic grooming in bison: the influ-
ence of body size, activity budget and androgens. Animal Behaviour, 72,
737-745.

Murray, M. D. 1990. Influence of host behaviour on some ectoparasites of birds and
mammals. In: Parasitism and Host Behaviour (Ed. by C. J. Barnard & J. M. Behnke),
pp. 290-314. London: Taylor & Francis.

O’Connor, L. J,, Walkden-Brown, S. W. & Kahn, L. P. 2006. Ecology of the free-
living stages of major trichostrongylid parasites of sheep. Veterinary Parasi-
tology, 142, 1-15.

Papillon, Y., Buffiere, L. & Butet, A. 2002. Rhodamine B as a collective marker for
studying movements of small mammals. Acta Theriologica, 47, 491-497.

Paterson, S. & Lello, J. 2003. Mixed models: getting the best use of parasitological
data. Trends in Parasitology, 19, 370—375.

Pérez, J. M., Ruiz-Martinez, |., Granados, J.-E., Soriguer, R. C. & Fandos, P. 1997.
The dynamics of sarcoptic mange in the ibex population of Sierra Nevada in
Spain: influence of climatic factors. Journal of Wildlife Research, 2, 86—89.

R Development Core Team 2008. R: A Language and Environment for Statistical
Computing. Vienna: R Foundation for Statistical Computing. http://www.
r-project.org.

Ropert-Coudert, Y. & Wilson, R. P. 2005. Trends and perspectives in
animal-attached remote sensing. Frontiers in Ecology and Environment, 3,
437-444.

Schauber, E. M., Storm, D. J. & Nielsen, C. K. 2007. Effects of space use and group
membership on contact rates among white-tailed deer. Journal of Wildlife
Management, 71, 155-163.

Serrano, E., Pérez, J. M., Christiansen, P. & Gallego, L. 2006. Sex-difference in the
ossification rate of the appendicular skeleton in Capra pyrenaica Schinz, 1838,
and its utility in the sex identification of long bones. Anatomia Histologia
Embryologia, 35, 69-75.

Skerratt, L. F. 2003. Clinical response of captive common wombats (Vombatus
ursinus) infected with Sarcoptesscabiei var. wombati. Journal of Wildlife Diseases,
39, 179-192.

Tembely, S. 1998. Development and survival of infective larvae of nematode
parasites of sheep on pasture in a cool tropical environment. Veterinary Para-
sitology, 79, 81-87.

Thomas, F., Adamo, S. & Moore, J. 2005. Parasitic manipulation: where are we and
where should we go? Behavioural Processes, 68, 185—199.

Tinsley, R. C. 1990. Host behaviour and opportunism in parasite life cycles. In:
Parasitism and Host Behaviour (Ed. by C.J. Barnard & J. M. Behnke), pp. 158—-192.
London: Taylor & Francis.

Whittingham, M. J,, Stephens, P. A,, Bradbury, R. B. & Freckleton, R. P. 2006. Why
do we still use stepwise modelling in ecology and behaviour? Journal of Animal
Ecology, 75, 1182—1189.

Zuk, M. 1996. Disease, endocrine-immune interactions, and sexual selection.
Ecology, 77, 1037—1042.

Zuk, M. & McKean, K. A. 1996. Sex differences in parasite infections: patterns and
processes. International Journal for Parasitology, 26, 1009—-1024.


http://www.r-project.org/�
http://www.r-project.org/�
http://www.r-project.org/�

