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Abstract. 1. Parasites are essential elements in healthy natural ecosystems.
Also, they constitute most of the world’s biodiversity. Therefore, they deserve
to be conserved together with their hosts.

2. The Iberian lynx (Lynx pardinus) is the most endangered felid in the world
because it only survives in two isolated populations in the Iberian Peninsula,
with no more than 300 free-ranging individuals.

3. Felicola (Lorisicola) isodoroi is a louse exclusively parasitic on the Iberian
lynx, and it appears to be scarcer and therefore more endangered than its host.

4. Current management activities devoted to the conservation of the Iberian
lynx, such as reproduction in captivity for restocking, could compromise the
survival of its louse species.

5. In this article we revise the ectoparasites of the Iberian lynx and discuss
their potential role for transmission of pathogens.

6. Also, we propose measures which could enhance the survival of F. (L.)

isidoroi.
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Introduction

Should we conserve parasites? It is difficult to respond to
this question without setting it in a particular context. The
negative impact which many parasites exert on the well-
being of millions of people, particularly in tropical and
subtropical areas, and to domestic animals worldwide is
incalculable in terms of economic and human loss (Cox,
1993). In natural ecosystems also, parasites may become a
serious threat to the survival of endangered host species
because outbreaks of parasitic diseases can trigger or accel-
erate population declines (Lyles & Dobson, 1993; Altizer
et al., 2007). The majority of mammal species considered
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threatened by parasites are carnivores or artiodactyls (Pe-
dersen et al., 2007). Most of these species have small and
fragmented populations with low genetic variability. For
these reasons, parasites that cause or transmit infectious
diseases might represent an additional factor that increases
stochastic extinction risk (McCallum & Dobson, 1995).
Nevertheless, parasites constitute a significant part of
biodiversity. Price (1980) estimated that a half of all
known plants and animals are parasites, at least at some
moment in their life cycle. More than 10% of the known
metazoan species are parasites (Poulin & Morand, 2004),
but if we also consider micro-organisms, then parasites
are estimated to represent more than half of all living spe-
cies (de Meeus & Renaud, 2002); these authors suggest
that no species is free from infection by parasites. Zimmer
(2000) estimated that the number of parasite taxa is
around four times greater than that of free-living taxa.
Dobson et al. (2008) estimated that between 3 and 5% of
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parasitic helminths are threatened with extinction in the
next 50-100 years. In natural scenarios, parasites contrib-
ute to maintain biodiversity and, therefore, there is merit
in conserving them (Thomas ez al., 2005). If modern con-
servation biology takes into account preservation of eco-
logical processes (conservation above the species level),
then parasitism, and therefore parasites, need to be con-
served as well (Pérez et al., 2006).

By removing less heterozygous individuals from host
populations, parasites are considered responsible for much
of the genetic diversity of natural populations (Coltman
et al., 1999; O’Brien, 2000). As a major selective force,
parasitism is linked to the appearance and evolution of
sex (Hamilton, 1980; Howard & Lively, 1994). They have
also proved to be useful to infer their host evolutionary
and demographic history (Whiteman & Parker, 2005).
Some authors have pointed out that parasites have their
own evolutionary value and, therefore, must be conserved
as much as free-living organisms (e.g. Rdzsa, 1992; Sam-
ways, 1994; Windsor, 1995).

Parasites are linked to all food webs and important in
the regulation of host populations and, potentially, con-
tribute to reduce the impact of toxic pollutants. Therefore,
parasite extinctions could negatively impact the health,
survival and abundance of a large number of free-living
species (Dobson et al., 2008).

The extinction of any host species is likely to cause the
loss of other species that depend on it (coextinctions), and
this cascade effect is most severe in mutualistic and para-
sitic interactions, particularly when host-specific parasites
are involved because the host is the only suitable habitat
for its unique parasites (Stork & Lyal, 1993; Durden &
Keirans, 1996; Altizer et al., 2007; Dunn et al., 2009).
Even when the host escapes extinction, the survival of its
specific parasites is not assured, as in the case of the suc-
cessful recovery programme that saved the Californian
condor, but caused the loss of its host-specific louse
(Stork & Lyal, 1993; Anonymous, 20006).

The Iberian lynx, Lynx pardinus: an endangered
host

The Iberian lynx, Lynx pardinus Temminck, 1827 is con-
sidered the most endangered felid species in the world and
has been categorised as ‘critically endangered’ by the
International Union for Conservation of Nature (IUCN)
(2010). Although its former range covered the entire Ibe-
rian Peninsula, its distribution suffered a 98% decline dur-
ing the second half of last century (Rodriguez & Delibes,
1992; Guzman et al., 2004), and only about 370 individu-
als currently remain, divided into two isolated breeding
populations: the Donana Natural Space (DNS) and its
surrounding biosphere reserve, and the Andujar -
Cardena mountains in Eastern Sierra Morena (ESM),
both in Andalusia (Fig. 1).

In 2003, an ex situ conservation programme for the Ibe-
rian lynx was initiated. The main goals of this programme
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Fig. 1. Current natural distribution of Lynx pardinus in two iso-
lated breeding populations (marked in black) and, potentially, of
its specific louse, Felicola (Lorisicola) isidoroi. Numbered red dots
refer to centres involved in the Iberian lynx conservation pro-
gramme (see text for details). Scale bar represents 100 km.

are: (i) to establish a captive and viable population (from
sanitary, genetic and demographic viewpoints), allowing
implementation of both natural and assisted reproduction
techniques and (ii) to obtain healthy lynx specimens for
their re-introduction into the historic distribution range of
this species (Vargas et al., 2008). Within this context, five
centres are involved in the programme: (i) El Acebuche
(Huelva, southern Spain), (ii) Zoobotdnico de Jerez
(Cddiz, southern Spain), (iii) La Olivilla (Jaén, southern
Spain), (iv) Silves (southern Portugal), and (v) Granadilla
(Cdceres, central Spain) (Fig. 1). At present, a total of 98
lynxes (50 males and 48 females) constitute the whole cap-
tive population. From these, 32 were captured in natural
habitats (25 from ESM and 7 from DNS) and 66 were
born in captivity. Two captive-born lynxes have been
released into the wild for the first time, in February 2011.
Also, there have been translocations of free-ranging ani-
mals from ESM that were released in DNS for genetic
reinforcement, as well as in two areas of its former range.
In total, 25 lynxes have been translocated since 2009.

As a generalised protocol, all animals involved in the ex
situ conservation programme and also those captured for
translocations are treated with insecticides pipettes (fipro-
nyl or selamectine) to eliminate ectoparasites to avoid
transmission of pathogens (Martinez et al., 2009; del Rey
et al., 2011).

Ectoparasites of the Iberian lynx: their role as
vectors for pathogens and their potential impact on
the host’s health

Hitherto, 14 ectoparasite species have been reported from
Iberian lynxes: eight ticks, four fleas, one louse and one
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hippoboscid fly (Table 1). Except for the louse, all of
them are temporary, haematophagous parasites which do
not show host-specificity (Combes, 2001; Poulin, 2007).
As discussed below, most of these ectoparasites have the
potential to transmit a wide variety of pathogenic agents
and/or to serve as intermediate hosts for other parasites,
even with zoonotic implications, that is, can be transmit-
ted to man. Therefore, their occurrence on an endangered
host species, like the Iberian lynx, is of concern and their
control seems to be reasonable.

The cattle tick, Rhipicephalus (Boophilus) annulatus
(Say, 1821) [formerly Boophilus annulatus] transmits
agents for babesiosis: Babesia bigemina (Smith & Kilborne
1893) and B. bovis Starcovici, 1893, and anaplasmosis:
Anaplasma marginale (Theiler, 1910) (Biberstein, 1999).
The brown dog tick, Rhipicephalus (R.) sanguineus (Latr-
eille, 1806) is a vector of FEhrlichia canis (Donatien &
Lestoquard, 1935), which causes canine ehrlichiosis in the
USA (Groves et al., 1975), as well of Rickettsia conorii
Brumpt, 1932, the causative agent of the Mediterranean
spotted fever in parts of Europe, Asia and Africa (Raoult
& Walker, 1990). Rhipicephalus (R.) sanguineus can also
transmit Rocky Mountain spotted fever (caused by Rick-
ettsia rickettsii Brumpt, 1922) to humans (Weiss, 1988).
Nothing is known about the role of Rhipicephalus (R.)
pusillus Gil-Collado, 1936 as vector of pathogens, but it
has been reported that R. (R.) turanicus Pomerantzev,
1940 transmits Rickettsia massiliae Beati & Raoult, 1993
(Matsumoto et al., 2005). Ixodes (Ixodes) ricinus
(Linnaeus, 1758), the castor bean tick, is vector for Babe-
sia spp. producing tick-borne bovine fever, Anaplasma

Table 1. List of ectoparasites recorded from the Iberian lynx

Group Species References
Ticks Rhipicephalus Hueli et al. (1991)
(Boophilus) annulatus
Rhipicephalus Hueli et al. (1991);
(Rhipicephalus) Cordero et al. (1994)
sanguineus
Rhipicephalus (R.) Hueli et al. (1991);
pusillus Cordero et al. (1994);
Milldn et al. (2007)
Rhipicephalus (R.) Hueli et al. (1991);
turanicus Milldn et al. (2007)
Rhipicephalus sp. Milldn et al. (2007)
Ixodes (Ixodes) ricinus Hueli et al. (1991)
Ixodes (1.) ventalloi Cordero et al. (1994)
Ixodes (Pomerantzevella) — Hueli et al. (1991)
hexagonus
Fleas Odontopsyllus Gil-Collado (1934)
quirosi quirosi
Spilopsyllus cuniculi Millan et al. (2007)
Pulex irritans Milldn et al. (2007)
Ctenocephalides canis Millan et al. (2007)
Lice Felicola (Lorisicola) Pérez and Palma (2001);
isidoroi Milldn et al. (2007)
Louse flies  Hippobosca Millan et al. (2007)
longipennis

phagocytophila (Foggie, 1949) producing red water fever,
Borrelia burgdorferi Burgdofer, 1982, the agent for Lyme
disease, and other pathogens (Marquardt et al., 2000). As
far as we know, nothing about their role as vectors for
pathogens has been reported for the rabbit tick Ixodes (1.)
ventalloi Gil-Collado, 1936 and the European dog tick or
hedgehog tick Ixodes (Pomerantzevella) hexagonus Leach,
1815.

The European rabbit flea, Spilopsyllus cuniculi (Dale,
1878) is known to be vector of the non-pathogenic Try-
panosoma nabiasi (Railliet, 1895) (Hamilton et al., 2005),
and the myxomatosis virus (Sobey & Conolly, 1971). The
human flea, Pulex irritans Linnaeus, 1758, transmits a
number of bacteria — such as Yersinia pestis Lehmann &
Neumann, 1896 — rickettsiae, viruses and is an intermedi-
ate host for the tapeworm Dipylidium caninum Linnaeus,
1758 (Durden & Traub, 2002). The dog flea, Ctenocepha-
lides canis (Curtis, 1826) can act as an intermediate host
of cestodes, such as D. caninum and Hymenolepis diminuta
(Rudolphi, 1819) (Arai, 1980).

Regarding trichodectid lice, only few cases of severe
infestations by Trichodectes canis (De Geer, 1778) have
been reported involving wolves (Canis [upus Linnaeus,
1758) and coyotes (Canis latrans Say, 1823) from North
America (Foreyt et al., 1978; Mech et al., 1985; Jiménez
et al., 2010). In such circumstances, alopecia, fur-matting,
seborrhoea, self-excoriations and skin lesions were attrib-
uted to the presence of high numbers of lice; those condi-
tions may lead to secondary infections and to exposure
during winter. But, in only two cases lice were considered
to be a possible secondary cause of host mortality (Mech
et al., 1985).

The dog louse-fly, Hippobosca longipennis (Fabricius,
1805) is a bloodsucking parasite found mainly associated
with carnivores. It can serve as an intermediate host for
the filarial nematodes Dipetalonema dracunculoides (Cob-
bold, 1870) and Acanthocheilonema sp. (Rani et al., 2011).
Hippobosca longipennis may be a vector of Rickettsia
conorii, Leishmania spp. and Dermatophilus congolensis
van Saceghem, 1915 (Anonymous, 2005), and a phoretic
agent of Cheyletiella yasguri Smiley, 1965, a mite causing
mange in dogs (Hafez & Hilali, 1978; Wilson & Bram,
1998).

Felicola (Lorisicola) isidoroi: an endangered louse

The family Trichodectidae (Insecta: Phthiraptera: Ischno-
cera) includes over 380 taxa (species and subspecies), all
of which parasitise mammals (Lyal, 1985; Price et al.,
2003). They can be distinguished from other ischnoceran
lice by the presence of three-jointed antennae and tarsi
with a single claw.

Pérez et al. (1990) studied the lice infesting a total of 38
wild carnivores from southern Spain, collected during the
period 1987-1988. Among them, 14 Iberian lynxes from
the Donana population (DNS) were sampled, but no lice
could be found. In January 1997, one adult male louse
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and a nymph were removed from the fur of an Iberian
lynx accidentally road-killed in Sierra de Andujar Natural
Park (ESM) (Jaén, southern Spain). On the basis of the
morphology and biometry of one adult male specimen,
Pérez and Palma (2001) described it as the new species
Felicola (Lorisicola) isidoroi (Fig. 2). These authors noted
the extreme low abundance and prevalence of the louse
on its endangered host and proposed measures towards
preserving it from extinction, such as avoiding the use of
insecticides during handling of captured and captive
lynxes. Recently, Milldn et al. (2007) found specimens
(number not determined) of F. (L.) isidoroi on one Iberian
lynx out of 26 animals sampled, indicating a low preva-
lence (3.9%, n = 26) and, presumably, a low intensity of
parasitism as well. The 26 lynxes examined originated
from both DNP (n = 18) and ESM (n = 8). However, we
have had access to the only louse specimen available from
that study — a female deposited in the Museo Nacional de
Ciencias Naturales (Madrid) — and we have identified it as
Felicola (Felicola) inaequalis (Piaget, 1880); hence, it was

Fig. 2. Male holotype of Felicola (Lorisicola) isidoroi, dorsal
view.
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incorrectly identified and labelled as F. (L.) isidoroi. The
species Felicola (Felicola) inaequalis is a regular and natu-
ral parasite of the Egyptian mongoose, Herpestes ichneu-
mon (Linnaeus) (Pérez et al., 1990). Therefore, we can
only conclude that the host name of that female louse was
incorrectly given as the Iberian lynx, or that the louse was
a straggler or contaminant from an Egyptian mongoose
onto an Iberian lynx. In either case, there is now no tangi-
ble evidence that any of the lice reported by Millan et al.
(2007) were, in fact, F. (L.) isidoroi. Therefore, only one
lousy lynx has been recorded from a total of 41
(14 + 1+ 26) sampled, with an overall prevalence of
2.4%, and, presumably, a low intensity of parasitism as
well. In addition, we have examined 22 skins of Iberian
lynxes from different localities preserved in the collection
of the Donana Biological Station (EBD-CSIC), but the
treatment that those skins received for their preservation
makes difficult the conservation of ectoparasites and,
therefore, we did not found any lice. Furthermore, we
have examined 24 additional skins kept frozen at the Cen-
tro de Andlisis y Diagnostico, Junta de Andalucia.
Although they had not received any treatment, we could
not found any lice on them. That negative result was not
surprising because half of them were from animals from
captive breeding centres, where the founders have been
treated when brought into captivity.

According to Milldn et al. (2007), the low numbers of
lynxes together with their solitary behaviour would lead
to a low number of lynx to lynx encounters and, conse-
quently, to a low level of louse transmission, hence the
observed low prevalence. On the other hand, the adult
female of F. (L.) isidoroi still remains unknown (Martin-
Mateo, 2009).

Further research on the phylogeny, status and
geographical distribution of Felicola (Lorisicola)
isidoroi with recommendations to prevent its
extinction

The existential value of a species as a product of evolu-
tion should be enough to justify the investment of
resources for conserving it. On the other hand, parasites
could serve as ecological and evolutionary markers.
Within this context some authors questioned the real
biological individuality of parasites because of their
dependence on their hosts (Dujardin & Dei-Cas, 1999).
These authors consider the host—parasite relationship as
a ‘whole’ unit, and that defining a parasite species
requires defining its host as well. This system has also
been considered as a ‘superorganism’ which has a ‘super-
genome’ (Combes, 2001).

Because of their direct cycle and host-specificity, lice are
ideal models to test coevolution and cospeciation processes
by comparing the phylogenies of both lice and hosts spe-
cies (Hafner & Nadler, 1988; Nadler et al., 1990). There-
fore, a molecular characterisation of F. (L.) isidoroi is a
difficult task, taking into account its extreme scarcity in
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the wild. Moreover, as mentioned above, the female of this
louse has not been described yet. But, this last objective
would involve actions detrimental to the survival of the
species, such as killing more specimens for their fixation,
slide-mounting and/or preparation for SEM studies.

Clearly, the first priority is to preserve the habitat of
F. (L.) isidoroi, i.e. its host (Pérez & Palma, 2001). Thus,
we need to do further research to characterise its
geographical distribution and its basic epidemiological
data such as prevalence and intensity of parasitism. This
may be achieved by sampling the fur of Iberian lynxes
captured for tagging or to be re-introduced and also of
those animals that die by any reason.

Maintaining Felicola (Lorisicola) isidoroi in vivo

Pérez and Palma (2001) recommended that insecticides
should not be used for ectoparasite extirpation on lynx
specimens captured and maintained in captivity, except in
extreme clinical cases. As reviewed before, the welfare of
these animals, however, could be compromised because of
the potential of pathogen transmission by ectoparasites
other than Felicola (L.) isidoroi. An alternative to this
would be — before topic treatment with insecticides — to
remove the lice manually and transfer them to another
live host. The inclusion of Felicola (L.) isidoroi in the Ibe-
rian Lynx Ex situ Programme has been recently approved
by the Iberian Lynx Captive Breeding Committee (I.
Sdnchez, pers. observ.). Therefore, any living louse that
may be found on any wild lynx will be transferred to cap-
tive lynxes for its conservation. Environmental enrichment
for lynxes kept in captivity would lead to a decrease in
behaviours such as locomotion, repeated pacing, vigilance
and over-grooming (Molld et al., 2011) which potentially
could reduce their ectoparasitic loads.

In vitro rearing of Felicola (Lorisicola) isidoroi

Regarding lice of the family Trichodectidae, Bovicola ca-
prae (Gurlt, 1843) and B. limbata Gervais, 1844, both ecto-
parasites of domestic goats, have been reared in vitro
(Benitez-Rodriguez et al., 1981, 1985, 1986). The life cycle
of both species was completed in the laboratory at
35+ 1.5°C and 75 + 5% relative humidity by using
scrapings from goat skin as food and host hair and/or artifi-
cial fibres as substrate for lice. These authors also recorded
data about adult survival, oviposition rate, and offspring
obtained in the laboratory cultures. A similar programme
to rear Felicola (L.) isidoroi in vitro could be established, if
sufficient specimens can be found from Iberian lynxes.

Promoting legal protection for the Iberian lynx louse?

Several Spanish invertebrate species, most of them
insects, have already been recognised as with certain degree

of threat and, therefore, included in a concrete IUCN cate-
gory (Rosas ef al., 1992; Verdu & Galante, 2005). There-
fore, their protection and conservation is supported by
national laws and international conventions as well. Never-
theless, the only louse species included in the IUCN Red
List of Threatened Species (2010) is Haematopinus oliveri
Mishra & Singh, 1978, parasitic on the pygmy hog (Porcula
salvania Hodgson, 1847) from India, despite an estimate of
six mammalian lice already extinct, and an expected extinc-
tion of a further 92 species (Koh et al., 2004). According
to these authors, the loss of species through coextinctions
represents a loss of irreplaceable evolutionary and coevolu-
tionary history and, therefore, coextinction would be taken
into account in future research, conservation programmes
and even legal-related issues.

Conclusion

In this article, we have discussed the plight of the Iberian
lynx and its host-specific louse and have argued in favour
of their future survival, not only because we have been
fortunate to be closely associated with these two iconic
species but also, because we strongly believe that parasites
deserve to be appreciated, protected and conserved as
much as their hosts. Our ultimate purpose is to draw
attention to the plight of all parasitic species, which are
or will be in danger of extinction as humankind continues
to encroach on and consume the natural world.

We believe that most humans are not sufficiently objec-
tive when the subject of protecting and saving a biological
species from extinction is considered. We fully agree with
all the arguments expressed in several pioneer papers on
this subject (Windsor, 1990, 1995; Rdzsa, 1992; Stork &
Lyal, 1993), especially with regard to the subjective way
species are treated by those responsible for their protec-
tion and preservation. We wholeheartedly echo Windsor’s
(1990, 1995) ‘Equal rights for parasites!”, and will end
with a quote from Stork and Lyal (1993) because, in our
opinion, their wise thoughts have not yet been listened to
and considered by the conservation community:

Those who would not consider a louse to be of the
same value as a bird raise an important ethical issue.
Most people consider the value of insects, either posi-
tive or negative (with perhaps the exception of but-
terflies), solely in terms of their direct contribution to
ecosystems and their direct or indirect effect on
humans. When discussing conservation priorities and
practices, we need to examine these values rather
than simply condemning portions of the animal king-
dom to extinction without thought.

Acknowledgements

Research activities of JMP were partially supported by
the Plan Andaluz de Investigacion, Junta de Andalucia

© 2013 The Royal Entomological Society, Insect Conservation and Diversity, 6, 680686



(RNM-118 group). We are grateful to Jos¢ Cabot and
Irene Zorrilla for assisting us with the examination of
lynx skins held in the collections of the Estacion Biologica
de Donana and the Centro de Andlisis y Diagndstico, Junta
de Andalucia, respectively. Also we thank Dr Pablo Guer-
rero for his drawing of the male depicted in Fig. 2.

References

Altizer, S., Nunn, C.L. & Lindenfors, P. (2007) Do threatened
hosts have fewer parasites? A comparative study in primates.
Journal of Animal Ecology, 76, 304-314.

Anonymous (2005) Hippobosca Longipennis. Dog fly, Louse fly, Blind-
Fly. Animal Disease Factsheets. International Veterinary Informa-
tion Services. The Center for Food Security & Public Health, Iowa
State University, Ames, lowa, p. 2. <http://www.ivis.org/
advances/Disease_Factsheets/hippobosca_longipennis.pdf >
28th October2011.

Anonymous (2006) Why save what we love to kill? The value of
small things. Seed Magazine. <http://seedmagazine.com/con-
tent/article/the_value_of_small_things/> 17th October 2012.

Arai, H. (1980) Biology of the Tapeworm Hymelolepis Diminuta.
New York Academic Press, New York, New York.

Benitez-Rodriguez, R., Soler Cruz, M.D., Munoz Parra, S. &
Florido Navio, A. (1986) In vitro culture of Bovicola limbata
Gervais 1844 (Mallophaga), study of its survival and life cycle.
Folia Parasitologica, 33, 381-384.

Benitez-Rodriguez, R., Soler-Cruz, M.D. & Guevara-Benitez,
D.C. (1981) Mantenimiento “in vitro” de Bovicola caprae
Gurlt, 1843. Revista Ibérica de Parasitologia, 41, 305-312.

Benitez-Rodriguez, R., Soler-Cruz, M.D., Munoz-Parra, S. & Flor-
ido-Navio, A.M. (1985) Alimentation et milieux utilises dans
I’élevage au laboratoire des mallophages de Capra hircus. Influ-
ence du diamétre du poil ou de la fibre artificielle. Cahiers OR-
STOM, Série Entomologie Médicale et Parasitologie, 23, 25-29.

Biberstein, E.L. (1999) Anaplasmataceae. Veterinary Microbiology
(ed. by D.C. Hirsh and Y.C. Zee), pp. 304-307. Blackwell Sci-
ence, Malden, Massachusetts.

Coltman, D.W., Pilkington, J.G., Smith, J.A. & Pemberton, J.M.
(1999) Parasite-mediated selection against inbred in Soay sheep
in a free-living, island population. Evolution, 53, 1259-1267.

Combes, C. (2001) Parasitism: The Ecology and Evolution of Inti-
mate Interactions. The University of Chicago Press, Chicago,
[llinois.

Cordero, M., Castanon, L. & Reguera, A. (1994) fndice-Cata’logo
de zoopardsitos ibéricos, 2* ed. Universidad de Leon, Leon, Spain.

Cox, F.E.G. (ed.) (1993) Modern Parasitology, 2nd edn. Blackwell
Science, Oxford, UK.

Dobson, A., Lafferty, K.D., Kuris, A.M., Hechinger, R.F. &
Jetz, W. (2008) Homage to Linnaeus: how many parasites?
How many hosts? Proceedings of the National Academy of Sci-
ences of the United States of America, 105, 11482—11489.

Dujardin, L. & Dei-Cas, E. (1999) Towards a model of host-
parasite relationships. Acta Biotheoretica, 47, 253-266.

Dunn, R.R., Harris, N.C., Colwell, R.K., Koh, L.P. & Sodhi,
N.S. (2009) The sixth mass coextinction: are most endangered
species parasites and mutualists? Proceedings of the Royal Soci-
ety B, Biological Sciences, 276, 3037-3045.

Durden, L.A. & Keirans, J.E. (1996) Host-parasite coextinction
and the plight of tick conservation. American Entomologist, 42,
87-91.

Conserving lice from the Iberian lynx 685

Durden, L.A. & Traub, R. (2002) Fleas (Siphonaptera). Medical
and Veterinary Entomology (ed. by G. Mullen and L. Durden),
pp. 103-128. Academic Press, San Diego, California.

Foreyt, W.J., Long, G.G. & Gates, N.L. (1978) Trichodectes
canis: severe pediculosis in coyotes. Veterinary Medicine and
Small Animals Clinics, 73, 503-505.

Gil-Collado, J. (1934) Sobre dos especies nuevas de afanipteros
espanoles. Eos, 10, 153-160.

Groves, M.G., Dennis, G.L., Amyx, H.L. & Huxsoll, D.L. (1975)
Transmision of Ehrlichia canis to dogs by ticks (Rhipicephalus san-
guineus). American Journal of Veterinary Research, 36,937-940.

Guzmadn, J.N., Garcia, F.J., Garrote, G., Pérez de Ayala, R. &
Iglesias, M.C. (2004) El Lince ibérico (Lynx pardinus) en
Esparia y Portugal. Censo — diagnostico de sus poblaciones.
DGCN, Ministerio de Medio Ambiente, Madrid, Spain.

Hafez, M. & Hilali, M. (1978) Biology of Hippobosca longipennis
(Fabricius, 1805) in Egypt (Diptera: Hippoboscidae). Veteri-
nary Parasitology, 4, 275-288.

Hafner, M.S. & Nadler, S.A. (1988) Phylogenetic trees support
the coevolution of parasites and their hosts. Nature, 332,
258-259.

Hamilton, W.D. (1980) Sex versus non-sex versus parasite. Oikos,
35, 282-290.

Hamilton, P.B., Stevens, J.R., Holz, P., Boag, B., Cooke, B. &
Gibson, W.C. (2005) The inadvertent introduction into Austra-
lia of Trypanosoma nabiasi, the trypanosome of the European
rabbit (Oryctolagus cuniculus), and its potential for biocontrol.
Molecular Ecology, 10, 3167-3175.

Howard, R.S. & Lively, C.M. (1994) Parasitism, mutation accu-
mulation and the maintenance of sex. Nature, 367, 554-557.

Hueli, L.E., Garcia, P., Delibes, M. & Beltran, J.F. (1991)
Ixodidos (Acarina: Ixodidae) pardsitos de carnivoros del Par-
que Nacional de Donana (Huelva, Espana). p. 27. Actas del 1°"
Simposio Iberico de Garrapatas Ixodoideas y Enfermedades
Transmisibles. Zaragoza, Spain.

International Union for Conservation of Nature (IUCN) (2010)
The TUCN red list of threatened species. Version 2010.4.
<www.iucnredlist.org > 26th September 2011.

Jiménez, M.D., Bangs, E.E., Drew, M., Nadeau, S., Asher, V.J.
& Sime, C. (2010) Dog lice (Trichodectes canis) found on
wolves (Canis lupus) in Montana and Idaho. Northwestern Nat-
uralist, 91, 31-333.

Koh, L.P., Dunn, R.R., Sodhi, N.S., Colwell, R.K., Proctor,
H.C. & Smith, V.S. (2004) Species coextinctions and the biodi-
versity crisis. Science, 305, 1632-1634.

Lyal, C.H.C. (1985) A cladistic analysis and classification of tricho-
dectid mammal lice (Phthiraptera: Ischnocera). Bulletin of the
British Museum. Natural History ( Entomology), 51, 187-346.

Lyles, A.M. & Dobson, A.P. (1993) Infectious disease and intensive
management: population dynamics, threatened hosts, and their
parasites. Journal of Zoo and Wildlife Medicine, 24, 315-326.

Marquardt, W.C., Demaree, R.S. & Grieve, R.B. (2000) Parasi-
tology and Vector Biology, 2nd edn. Academic Press, San
Diego, California.

Martinez, F., Lopez, G., Pérez, M.J., Molina, 1., Aguilar, J.M.,
Quevedo, M.A. & Vargas, A. (2009) Health aspects integration
in the Iberian lynx conservation. [lberian Lynx Ex Situ
Conservation: An Interdisciplinary Approach (ed. by A. Vargas,
C. Breitenmoser and U. Breitenmoser), pp. 166-182. Fundacion
Biodiversidad, Madrid, Spain.

Martin-Mateo, M.P. (2009) Fauna Ibérica. Vol. 32. Phthiraptera,
Ischnocera. Museo Nacional de Ciencias Naturales (CSIC),
Madrid, Spain.

© 2013 The Royal Entomological Society, Insect Conservation and Diversity, 6, 680686



686 Jesus M. Perez, Inigo Sdnchez and Ricardo L. Palma

Matsumoto, K., Ogawa, M., Brouqui, P., Raoult, D. & Parola,
P. (2005) Transmission of Rickettsia massiliae in the tick Rhipi-
cephalus turanicus. Medical and Veterinary Entomology, 19,
263-270.

McCallum, H. & Dobson, A. (1995) Detecting disease and para-
site threats to endangered species and ecosystems. Trends in
Ecology and Evolution, 10, 190-194.

Mech, L.D., Thiel, R.P., Fritts, S.M. & Berg, W.E. (1985) Pres-
ence and effects of the dog louse Trichodectes canis (Malloph-
aga, Trichodectidae) on wolves and coyotes from Minnesota
and Wisconsin. American Midland Naturalist, 114, 404-405.

de Meeus, T. & Renaud, F. (2002) Parasites within the new phy-
logeny of eukariotes. Trends in Parasitology, 18, 247-251.

Milldn, J., Ruiz-Fons, F., Mdrquez, F.J., Viota, M., Lopez-Bao,
J.V. & Martin-Mateo, M.P. (2007) Ectoparasites of the endan-
gered Iberian lynx, Lynx pardinus, and sympatric wild and
domestic carnivores in Spain. Medical and Veterinary Entomol-
ogy, 21, 248-254.

Molld, M.1., Quevedo, M.A. & Castro, F. (2011) Bobcat (Lynx
rufus) breeding in captivity: the importance of environmental
enrichment. Journal of Applied Animal Welfare Science, 14,
85-95.

Nadler, S.A., Hafner, M.S., Hafner, J.C. & Hafner, D.J. (1990)
Genetic differentiation among chewing louse populations
(Mallophaga: Trichodectidae) in a pocket gopher contact zone
(Rodentia: Geomyidae). Evolution, 44, 942-951.

O’Brien, S.J. (2000) Adaptive cycles: parasites selectively reduce
inbreeding in Soay sheep. Trends in Ecology and Evolution, 15,
7-9.

Pedersen, A.B., Jones, K.E., Nunn, C.L. & Altizer, S. (2007)
Infectious diseases and extinction risk in wild mammals. Con-
servation Biology, 21, 1269-1279.

Pérez, J.M., Meneguz, P.G., Dematteis, A., Rossi, L. & Serrano,
E. (2006) Parasites and conservation biology: the ‘ibex-ecosys-
tem’. Biodiversity and Conservation, 15, 2033-2047.

Pérez, J.M. & Palma, R.L. (2001) A new species of Felicola
(Phthiraptera: Trichodectidae) from the endangered Iberian
lynx: another reason to ensure its survival. Biodiversity and
Conservation, 10, 929-937.

Pérez, J.M., Soler, M.D., Benitez, R., Ruiz, 1., Diaz, M., Palo-
mares, F. & Delibes, M. (1990) Phthiraptera from some wild
carnivores in Spain. Systematic Parasitology, 15, 107-117.

Poulin, R. (2007) Evolutionary Ecology of Parasites, 2nd edn.
Princeton University Press, Princeton, New Jersey.

Poulin, R. & Morand, S. (2004) Parasite Biodiversity. Smithso-
nian Books, Washington, District of Columbia.

Price, P.W. (1980) Evolutionary Biology of Parasites. Princeton
University Press, Princeton, New Jersey.

Price, R.D., Hellenthal, R.A., Palma, R.L., Johnson, K.P. &
Clayton, D.H. (2003) The chewing lice: world checklist and
biological overview. [llinois Natural History Survey Special
Publication, 24, 1-501.

Rani, PAM.A., Coleman, G.T., Irwin, P.J. & Traub, R.J. (2011)
Hippobosca longipennis — a potential intermediate host of a spe-
cies of Acanthocheilonema in dogs in northern India. Parasites
& Vectors, 4, 143.

Raoult, D. & Walker, D.H. (1990) Rickettsia rickettsii and other
spotted fever group rickettsiae (Rocky Mountain spotted fever
and other spotted fevers). Principles and Practice of Infectious

Diseases (ed. by G.L. Mandell, R.G. Douglas Jr and J.E. Ben-
nett), 3rd edn, pp. 1465-1471. Churchill Livingstone, New
York, New York.

del Rey, T., Lopez, G., Molina, I., Pérez, M.J., Boixader, J.,
Serra, R., Viqueira, N., Munoz, L., Fandos, N., Gongalves,
N., Canales, R., Flores, L., Asensio, V. & Mendoza, J.L.
(2011) Protocolo de cuarentena para la translocacion interpob-
lacional en el lince ibérico. <www.lifelince.org/public/protocol o_
cuarentena_translocacion.pdf> 14th September 2012.

Rodriguez, A. & Delibes, M. (1992) Current range and status of
the Iberian lynx (Felis pardinus Temminck, 1824) in Spain. Bio-
logical Conservation, 61, 189—-196.

Rosas, G., Ramos, M.A. & Garcia-Valdecasas, A. (1992) Inverte-
brados esparioles protegidos por convenios internacionales.
ICONA-CSIC, Madrid, Spain.

Rozsa, L. (1992) Points in question — Endangered parasite spe-
cies. International Journal for Parasitology, 22, 265-266.

Samways, M.J. (1994) Insect Conservation Biology. Chapman &
Hall, London, UK.

Sobey, W.R. & Conolly, D. (1971) Myxomatosis: the introduc-
tion of the European rabbit flea Spilopsyllus cuniculi (Dale) into
wild rabbit populations in Australia. Journal of Hygiene, Cam-
bridge, 69, 331-346.

Stork, N. & Lyal, C.H.C. (1993) Extinction or ‘co-extinction’
rates? Nature, 366, 307.

Thomas, F., Bonsall, M.B. & Dobson, A.P. (2005) Parasitism,
biodiversity, and conservation. Parasitism and Ecosystems
(ed. by F. Thomas, F. Renaud and J.F. Guégan), pp. 124-139.
Oxford University Press, New York, New York.

Vargas, A., Sanchez, 1., Martinez, F., Rivas, A., Godoy, J.A.,
Roldan, E., Simon, M.A., Serra, R., Pérez, M.J., Ensenat, C.,
Delibes, M., Aymerich, M., Sliwa, A. & Breitenmoser, U.
(2008) The Iberian lynx (Lynx pardinus) conservation breeding
programme. International Zoo Yearbook, 42, 190-198.

Verdu, J.R. & Galante, E. (Eds) (2005) Libro rojo de los inverte-
brados de Espana. Direccion General de Conservacion de la
Naturaleza, Madrid, Spain.

Weiss, K. (1988) The role of rickettsiosis in the History. Biology
of Rickettsial Diseases (ed. by D.H. Walker), Vol. I, pp. 2-14.
CRC Press Inc, Boca Raton, Florida.

Whiteman, N.K. & Parker, P.G. (2005) Using parasites to infer
host population history: a new rationale for parasite conserva-
tion. Animal Conservation, 8, 175-181.

Wilson, D.D. & Bram, R.A. (1998) Foreign pests and vectors
of arthropod-borne diseases. Foreign Animal Diseases (ed. by
W.W. Buisch, J.L. Hyde and C.A. Mebus), pp. 225-239.
United States Animal Health Association, Richmond, Virginia.

Windsor, D.A. (1990) Heavenly hosts. Nature, 348, 104.

Windsor, D.A. (1995) Equal rights for parasites. Conservation
Biology, 9, 1-2.

Zimmer, C. (2000) Parasite rex: inside the bizarre world of Nat-
ure’s most dangerous creatures. Arrow Books, London, UK.

Accepted 25 December 2012
First published online 5 February 2013

Editor: Raphael Didham
Associate editor: Donald Quicke

© 2013 The Royal Entomological Society, Insect Conservation and Diversity, 6, 680-686



