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1 Introductory remarks

1.1 Threats to biodiversity

Expansion of the human population has inexorably led to the destruction
and degradation of ecosystem diversity with the consequence of a biologi-
cal diversity crisis on the Earth. The example of the thylacine (Thylacinus
cynocephalus) in Tasmania is among the best known cases of recent
mammal extinctions. What is less recognized is the fact that in addition to
habitat deterioration and hunting, a disease could have played a central
role in this extinction (Guiler 1961). Another example is the white-tailed
deer (Odocoileus virginianus). During the last century, the range of the
white-tailed deer has expanded greatly in North America as a result of hu-
man forestry activities. During the colonisation of new territories, white-
tailed deer was a carrier for meningeal worm (Parelophostrongylus
tenuis). Whereas meningeal worm was not virulent for white-tailed deer,
moose (Alces americana) and woodland caribou (Rangifer tarandus) were
highly susceptible to the nematode and succumbed to neurologic diseases
(Anderson 1972). This demonstrates that habitat deterioration may pro-
mote range expansion of one host species with a parasite that may function
like a biological weapon against its potential competitors. These two cases,
among others, highlight the importance of taking into account diseases and
parasites when studying the causes of the decline of threatened popula-
tions.

This chapter investigates how parasites are involved and interact with
the main causes of population declines and also emphasizes the positive
roles that parasites may play in the maintenance of biodiversity.
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1.2 Do we need to conserve parasite species?

Pandas, tigers, right whales and gorillas are emblematic and charismatic
species worldwide and a consensus exists for the need of their conserva-
tion. The same is true for economically important species such as sal-
monids and sturgeons. But do we really need the conservation of parasitic
species? Not really! During our childhood, we all have favourite stuffed
animals (representing one of these emblematic species) we take to sleep.
However, do you ever see a child squeezing a stuffed worm, flea or tick?
The lack of affect for cryptic species and the perception of parasites as dis-
gusting creatures among the public certainly leads to a disinterest among
governmental and conservation agencies to preserve them. Fortunately, in
1990, Donald A. Windsor expressed his concern for this matter in the fa-
mous slogan: “Equal Rights for Parasites!” (Windsor 1990). Five years
later he pleaded once more for parasite conservation in an editorial that
appeared in “Conservation Biology” (Windsor 1995). During the same
time, the ominous term “co-extinction” was proposed to characterize the
dual extinction of a host and its specialized parasite (Stork and Lyal 1993).
Despite the passing of 15 years since these passionate declarations and the
exponential increase of an interest in conservation biology, we can point
out that parasitic species are far from being in a leading position among
current conservation priorities. Very few parasites are listed on the IJUCN
Red List of Threatened Species (IUCN, 2003; Whiteman and Parker
2005). Some parasite extinctions have been even intentionally provoked as
revealed by the will to remove parasites from hosts in captive breeding
programs (Stork and Lyal 1993).

To convince resource managers that parasites are an important compo-
nent of all ecosystems, the following arguments, which mainly rely on
their potential utilitarian effects, are advocated by the parasites’ defenders.
First, parasites are living organisms and are de facto part of biodiversity.
They shape community structure by reducing competitive abilities and
vulnerability to predation of their hosts and have strong impact on ecosys-
tem functioning (Hudson 2005). Moreover, parasites could maintain biodi-
versity by mediating competitive interactions between different members
of an ecosystem. Because the rate of molecular evolution is usually faster
in parasite DNA than that within the homologous loci of their hosts
(Moran et al. 1995; Nieberding et al. 2004), the study of the evolution of
parasite DNA sequences could provide valuable information on past popu-
lation dynamics, evolutionary history and current demographic processes
of endangered hosts (Whiteman and Parker 2005). Parasites could thus be
used as a biological “magnifying glass” (Nieberding et al. 2004). Another
utilitarian effect of parasites is their potential use as indicators of environ-
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mental quality and ecosystem health (Marcogliese 2005). Indeed, parasites
may be used as accumulation indicators of heavy metal contamination,
particularly in aquatic ecosystems (Sures et al. 1999). In addition, parasite
species and composition revealed perturbations in ecosystem structure and
function (Marcogliese 2005). Furthermore, the use of parasite in human
medicine is a new promising field of investigation, as illustrated by the use
of helminths as therapeutic agents for inflammatory disease (Hunter and
McKay 2004).

2 Parasite resistance and stress

2.2 Environmental stress and parasite susceptibility

Wild animals in their natural habitat have to cope not only with predictable
environmental changes such as the cycles of seasons and their associated
modifications in resource availability and temperature but also with unpre-
dictable events such as catastrophes, spread of new diseases and human
disturbances. Whereas animals react adaptively by behavioural and physio-
logical modifications to predictable changes, unpredictable disturbances
may have negative effects on population dynamics of living organisms. In-
creasingly rapid disappearing and fragmentation of habitats, which may be
considered as unpredictable environmental changes, translates in a cascade
of negative effects and can result in physiological stress on animals
(Suorsa et al. 2003, 2004). The first physiological responses of an animal
to stressful stimuli include cardiovascular effects and a hormonal response
involving synthesis and secretion of glucocorticosteroids (Romero 2004).
Consequently, a corticosteroid response might be a good indicator of a
stress response (Hofer and East 1998). It is, therefore, not surprising that
corticosteroid level is measured in many studies in ecology and conserva-
tion biology that have evaluated the effect of different environmental and
human perturbations on the stress level of wild animals (Creel et al. 1997;
Creel et al. 2002; Mostl and Palme 2002; Romero 2004; Palme et al.
2005). The consequences of a stress response on parasite resistance are
complex and alter host immunocompetence in different ways (Apanius
1998). The immune system appears to be down regulated under stressful
environmental conditions (von Holst 1998), particularly under severe
chronic stress with prolonged periods of high cortisol concentrations
(Mostl and Palme 2002). Stress stimuli may arise due to different factors in
a perturbed environment. Habitat fragmentation may be related to chronic
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food shortage (Zanette et al. 2000). Thus degradation of environmental
conditions may decrease resource availability that in turn affects body
condition and immune defences (Chandra and Newberne 1977; Klasing
1998; Christe et al. 2003). As body condition is usually positively corre-
lated with immune defences (Mgller et al. 1998), individuals with poor
body condition will be especially vulnerable to attacks of parasites (Christe
et al. 1998; Christe et al. 2000). Edge effect due to fragmentation may also
be a source of stress because predators may have easy access to dense for-
est patches which were previously inaccessible. It has been experimentally
demonstrated that exposure to predators reduced the ability of hosts to
cope with parasitism mediated through effects on immune function
(Navarro et al. 2004). Consequently parasitism may be favoured in frag-
mented habitat through the effect of predators. Thus, parasites, which can
also be considered as an environmental stressor, may reinforce the effect
of habitat degradation and participate in the reduction of a population.

In addition to habitat degradation and fragmentation, anthropogenic fac-
tors such as environmental pollution, hunting, tourism and leisure activities
exert a negative pressure on wildlife and are thought to cause stress
(Fowler 1999; Mullner et al. 2004). Clearly, more studies are needed to in-
vestigate the relationship between anthropogenic factors, level of stress
and parasitism in endangered populations.

3 Parasitism in isolated and declining population

3.1 Review of theory on parasitism and extinction risks

Conservation biology deals with two major paradigms: population inva-
sion and population decline. Both are related to each other (i.e. decline
may be a result of an invasion) and both emphasize the potential roles of
parasites and/or pathogens (Prenter et al. 2004).

Theoretical, experimental and empirical studies have established clearly
that parasites play important roles in regulating population dynamics (Scott
1987; Scott and Dobson 1989; Albon et al. 2002; Rosa et al. in this vol-
ume) and structuring free-living communities (Minchella and Scott 1991;
Morand and Arias Gonzalez 1997; Hudson and Greenman 1998; Tompkins
et al. 2001). Parasites then have a large impact on biological conservation
(Dobson and May 1988; McCallum and Dobson 1995; Sasal et al. 2000),
as parasites and pathogens may compromise reintroduction or transloca-
tion programs (Viggers et al. 1993). They may have a higher impact on
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threatened species generally characterized by a lower level of genetic vari-
ability, particularly on genes associated to immune system (Hedrick,
2003).

3.1.1 Threshold in host-parasite population dynamics

Small-sized host populations may be prone to extinction due to stochastic
events. Several processes, including the Allee effect (Stephens and Suther-
land 1999; see below), may increase the probability of extinction of small
populations. These processes operate when host population size decreases
to under a critical or threshold level, below which populations are almost
doomed. Population viability analysis is one approach that has been devel-
oped for management purposes of small-sized endangered populations.

Threshold size has been also extensively studied in the case of host-
parasite dynamics (Dobson 1989). The basic reproductive number, Ry, is
the major concept in host-parasite population dynamics. This quantity is
defined as the number of new infections occurring after introduction of one
parasite, or one infected host, into a naive and susceptible host population.
Ro is positively linked to host density in the case of direct-transmitted para-
sites (see Rosa in this book). Parasites, or infection, can spread in the
population when Ro>1 and as Ry depends on host density, the condition of
parasite invasion corresponds to a case when the density of host population
exceeds a threshold density. Obviously, host-parasite dynamics are viewed
in terms of parasite invasion or parasite invisibility. The task of disease
management is then to decrease Ry below one, i.e., below the threshold
density.

The interplay between host and parasite thresholds has not been consid-
ered adequately. Deredec and Courchamp (2003) emphasized the impor-
tance of the relative position of the host and parasite thresholds: when the
parasite threshold is higher than that of the host, the parasite is driven to
extinction and the host population is relieved of its parasite; when the host
population threshold is higher than that of the parasite, the host is driven to
extinction while the parasite continues to exert strong pressure on the host
until it reaches its own threshold. Hence, mathematical epidemiology and
population dynamics are important tools for investigating thresholds and
persistence of both hosts and parasites. They may help in determining the
conditions to maintain a high level of parasite threshold in comparison to
the host threshold.
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3.2 Which diseases are important for conservation?

Microparasites are generally considered as an important threat in conserva-
tion biology (Daszak et al. 2000; Cleaveland et al. 2001). All conservation
textbooks refer to the canine distemper virus, rinderpest and the avian ma-
laria as examples of pathogen-driven extinction. Introduced diseases have
been implicated in the local extinction of a number of species (McCallum
and Dobson 1995; Vitousek et al. 1997) and the global species extinction
of Hawaiian birds (VanRiper et al. 1986) and the thylacine (Guiler 1961)
among others. Daszak et al (2000), in their review, mentioned 19 mi-
croparasites and no macroparasites as important threats for conservation
and as zoonotic threats for human health through spill-over. The lack of
reference to macroparasites may suggest that they are indeed less impor-
tant, and that their survey is not of major interest, with the notable excep-
tion of ectoparasites (ticks, fleas) because of their roles as vectors of nu-
merous virus, bacteria and protozoans.

Moreover, results based on comparative analyses in carnivores show
that host species that live in low density within a restricted geographic area
experience low parasitic pressure in terms of parasite species diversity,
suggesting that parasites may not represent a particularly important risk for
these host species (Torres et al. 2006). In contrast, widespread host species
that live in high density are exposed to a wide range of parasite species
that may affect drastically the population dynamics of these carnivores,
suggesting that macroparasites may regulate them at least locally. These
results lead to the paradox that parasite infection, and particularly that of
macroparasites, is less crucial for small and isolated populations than for
large populations. This paradox is apparent and resolved by considering
the investment in immune defences, which is directly related to the preva-
lence and/or diversity of parasites as a mean to control infection (Martin et
al. 2001). Evidence comes again from comparative studies, which suggest
that hosts allocate their investment in immune function as a function of
their probability of exposure to parasites (Mgller and Legendre 2001;
Mgller et al. 2005). Large populations are composed of highly immuno-
competent individuals and small populations of low immunocompetent
ones. Hence, parasites and pathogens are threats to small and isolated
populations because of poor performance of their immune system against
pathogen introduction, but parasites (and parasite diversity) are probably
necessary to maintain high levels of immune defence, which helps against
new pathogens.
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3.3 Allee effect

The Allee effect may be defined as “a positive relationship between any
component of individual fitness and either numbers or density of con-
specifics” (Stephens et al. 1999). The beneficial effects of conspecifics not
only include antipredator vigilance, predator dilution, social thermoregula-
tion, reduction of inbreeding but also social facilitation of reproduction
through helpers (Stephens and Sutherland 1999; Courchamp et al. 2000).
When population size reaches a low density, animal species that are sub-
ject to an Allee effect will suffer from a reduction in some aspects of their
fitness that in turn will affect negatively growth rate of populations. Be-
cause of their potential role in extinctions of declining species, the Allee
effects have thus become much studied in conservation biology (Stephens
and Sutherland 1999; Lafferty and Gerber 2002). Interestingly, Allee ef-
fects and parasitism have several features in common that are of interest
when studying population dynamics in conservation biology (Deredec
2005). For example, theoretical models demonstrated the importance of
host density in the probability for a parasite to become established in a host
population (see above) and empirical studies have shown a positive rela-
tionship between host sociality or density and parasite prevalence and in-
tensities (Anderson and May 1978; Brown and Brown 1986; Mgller et al.
1993; Stanko et al. 2002; Altizer et al. 2003). Thus, animal species that ag-
gregated as a behavioural response to the strong Allee effects, would be
more prone to suffer the negative effects of parasites. Parasite species may
also be subject to the Allee effects that influence the occurrence and the
severity of epidemics as illustrated by patchy distributions of worms in
hosts as a result of the necessity for female worms to find a mate in order
to reproduce (Cornell et al. 2004).

It has been suggested that sexual selection, in particular female mate
preferences, could lead to an Allee effect (Mgller and Legendre 2001). If
only males of poor quality are available for mating in a small population,
females may refrain from reproduction or reproduce at a low rate. As a
consequence of mating with a male of a non-preferred phenotype, females
could decrease their parental investment resulting in poor reproductive
success (Mgller and Legendre 2001). Parasite-mediated sexual selection
has been the focus of numerous studies since the influential hypothesis of
Hamilton and Zuk (1982). A meta-analysis of the available studies related
to this topic has revealed a negative relationship between parasite load,
immunocompetence and the expression of male secondary sexual charac-
ters (Mgller et al. 1999). Thus, parasites, by decreasing the expression of
male secondary sexual characters, may contribute and reinforce the poten-
tial Allee effects created by sexual selection.
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4. Invasive species and parasites

4.1 Parasite mediated competition

Mediation of competition by parasites is one mechanism of parasite inter-
ference (Anderson 1972; Hudson and Greenman 1998; Poulin 1999). Para-
site-mediated competition is inferred when two different host species have
different susceptibilities to the same non-specific parasite species. The
presence of a given host species may decrease the fitness of the other host
species simply by transmitting a pathogen to the more vulnerable host spe-
cies (Hudson and Greenman 1998). The abundance of the more vulnerable
host to the parasite is then depleted, potentially under the host threshold.
Moreover, as the parasite infects two host species, the parasite threshold is
obviously low. This “apparent” competition, mediated via a shared patho-
gen, differs from the classical competition for limited resources. Strong
evidence of this competition was obtained not only from experiments but
also from the field (Tompkins et al. 2000), e.g. red and grey squirrels in
England (Tompkins et al. 2002b) and pheasant and grey partridge in Eng-
land (Tompkins et al. 2002a). Parasite-mediated competition may operate
for introduced host species, as they can be best competitors simply by in-
troducing and transmitting a new parasite to the naive native species. This
can lead to a non-fit combination that can be more pathogenic (Hudson
and Greenman 1998; Prenter et al. 2004). In this case, the invader uses
parasites as biological weapons. Immune-naive residents will be weakened
or even Killed by the new pathogens.

The most famous example of such a process comes from the history of
the expansion of European humans through America where million of na-
tive people were killed by the influenza and other pathogens that accom-
panied conquistadors.

4.2 Parasite release hypothesis

Parasite mediated competition is not the only way by which parasites may
interfere in competition processes. Recently, it was shown that many in-
troduced species lost most of their parasites from their native habitats
when introduced to new ones (Torchin et al. 2002; Torchin et al. 2003).
This could be responsible for the demographic explosion of some intro-
duced species, formulated as the “parasite release hypothesis”.



27 Biological conservation and parasitism 601

The parasite release hypothesis was proposed as an ecological mecha-
nism to explain the success of introduced species. As the introduced spe-
cies lose their parasites when invading new habitats, they have a competi-
tive advantage over local species. Mitchell and Power (2003) and Torchin
et al. (2003) found that parasitism is significantly reduced in organisms in
their introduced range, supporting the “parasite release hypothesis”. One
cause to explain that invaders may leave behind their parasites is that many
parasites have complex life cycle stages with more than one host. If one of
those hosts is absent in the new colonized area, the life-cycle of the para-
site would be disrupted.

4.3 Immunity

In the invasion process, invasive host species harbouring a high diversity
of parasites in their native habitat have advantages as they lose a large
number of parasites and pathogens (see above). Invasive host species have
another advantage if they have invested in strong immune defences in their
natural range, which may then subsequently confer a better capacity to
control parasites that they may acquire in the introduced habitat. Hosts
having evolved strong immune defences are prime candidates for success-
ful invasion (and also more resistant towards invaders). This hypothesis
was proposed in the case of introduced plants and recently for the case of
introduced animals (Lee and Klasing 2004; Mgller and Cassey 2004). In
contrast, hosts that are exposed to a low diversity of parasites may invest
less in immune defences. Maintaining a strong immune system for threat-
ened host species, or for individual hosts maintained in captivity in the
view of reintroduction, is a new task for conservation biologists.

5 Conservation genetics and parasites

5.1 Genetic diversity and pathogen resistance

Habitat fragmentation and its degradation is probably one of the main fac-
tors leading to the disappearance of many species. Indeed, it often leads to
a decrease in population sizes as well as to the appearance of barriers to
gene flow between isolated populations. The small populations that result
from this fragmentation often suffer from reduction of genetic diversity as-
sociated with genetic drift and inbreeding effects. This loss of genetic
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variation can result in a rapid reduction of fitness (lower possibility to
adapt to long term changes in environment, poor reproductive ability asso-
ciated with a lower sperm quality, higher juvenile mortality, lower general
survival, etc) (O’Brien 1994). Several recent studies (Cassinello et al.
2001; Keller and Waller 2002; Spielman et al. 2004) also showed that
populations with a low genetic variability are generally more susceptible to
infectious viruses, bacteria and other pathogens. The case of the cheetah
(Acinonyx jubatus) is probably one of the best known concerning this phe-
nomenon., The two major subspecies of cheetah (A. jubatus jubatus from
southern Africa and A. jubatus raineyi from eastern Africa) display mark-
edly reduced levels of genetic variability compared to other mammal spe-
cies (O’Brien 1994). This would result in intensive inbreeding. When a
breeding colony of this species was contaminated by feline infectious peri-
tonitis (FIP) in Oregon state (USA), 100% of the captive animals showed
morbidity symptoms and 60% of them died (O’Brien 1994). In contrast, in
domestic cats, the mortality incidence of this virus is very rare (around
1%). According to O’Brien (1994), the high sensitivity of this cheetah col-
ony to the FIP would be directly linked to the very low (almost monomor-
phic) level of variation of the Major Histocompatibility (MHC) genes
characterising the cheetah.

A wide variety of gene classes (where the MHC is the most notable but
see also the eosinophil-associated RNase (EARs) genes, the tumor necrosis
factor gene promoter, the interleukine receptor or the y-interferon recep-
tors; Hill 1998; Zhang et al. 2000) are normally variable in natural popula-
tions and could contribute to disease resistance. MHC genes encode cell-
surface glycoproteins, binding antigens derived from pathogens and para-
sites and constitute the most polymorphic genes in vertebrates (Parham
1999; Charbonnel et al. in this volume). They present antigens to T-
lymphocytes which develop the appropriate immune responses. Two major
groups of MHC genes are recognised: the MHC class | genes are specific
to the immune defence against intracellular pathogens by binding peptides
mainly derived from viral proteins or cancer infected cells. The MHC class
Il genes present with T-lymphocytes, peptides essentially derived from ex-
tra-cellular parasites (bacteria, nematodes, cestodes, etc.). The variability
of MHC genes is correlated with the diversity of the T-lymphocyte recep-
tors, which, in turn, determine the resistance of an organism to pathogens
and parasites (Parham 1999).

Therefore, the cheetah, with its very low variability of MHC genes, is
not well protected against the FIP and probably against many other patho-
gens and therefore is at a high risk of extinction. However, according to
several recent studies, several processes would help to maintain high levels
of MHC genes diversity. Indeed, these studies demonstrated that the anti-
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gen binding sites (ABS) display more non-synonymous than synonymous
substitutions compared to what would be observed under neutral theory (in
this condition, the rate of synonymous substitution is predicted to be larger
than the rate of non-synonymous substitution as the latter change the
amino acid composition and would be likely deleterious) (Sommer 2005).
This phenomenon cannot be explained by higher mutation rates in this re-
gion (Hughes and Yeager 1998) and the hypothesis accepted at present is
that this particular nucleotide diversity in MHC genes would be the result
of balancing selection. This would allow the maintenance of large numbers
of alleles in populations and also the persistence of allelic diversity over
long periods of time. Following this strategy, the binding of a large set of
antigens would be possible.

Two main types of balancing selection have been proposed to explain
high levels of genetic diversity in MHC genes of vertebrates:

- “Overdominance” strategy (Hedrick 1998; Richman 2000), where the
heterozygotes are expected to have higher fitness than parental homozy-
gotes as the latter will carry less divergent allelic sequences and, therefore,
will have less chance to resist a large panel of antigens and/or multiple
types of pathogens and parasites.

- “Frequency dependent selection” strategy (Hedrick 1998). This occurs
when an allele or genotype is favoured at one frequency, but disadvan-
taged at another frequency. This hypothesis is based on the fact that host-
parasite dynamics is considered as a co-evolutionary race. Pathogens adapt
to infect the most common genotype, leaving rare genotypes least infected.
If alleles are favoured when they are rare, but selected against when they
are common, this will result in a balanced polymorphism (Sommer 2005)

Different studies confirmed the effect of balancing selection on the high
MHC diversity. One of the best examples concerns the Nicolas Island fox
(Urocyon littoralis dickeyi) (Aguilar et al. 2004). On the basis of different
neutral markers (microsatellites, minisatellites and allozymes), this species
is considered as one of the most monomorphic among sexually reproduc-
ing species. Regarding the low variability of these markers, this species
would have many problems of fitness as well as low resistance to patho-
gens. However, it is characterised by a surprising high level of MHC di-
versity which makes it much more resistant to what could be expected.
This observation is interpreted as being the result of intense periodic bal-
ancing selection at the MHC which may have allowed the persistence of
variation within this species despite strong genetic drift.
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5.2. Inbreeding, MHC and risk of extinction

Under some circumstances (for example, particular historical events such
as bottlenecks or founder effects), strength of selection acting on MHC
genes can be insufficient to maintain variation in small or fragmented
populations over a long period of time (Sommer 2005). In these cases, the
power of genetic drifts can be stronger than the power of selection. This
can lead to a loss of genetic diversity not only on the neutral markers but
also on the MHC genes. This would explain the very low genetic variabil-
ity in highly threatened species such as the cheetah (Acinonyx jubatus) (see
above), the Asian lion (Pantera leo persica) (O’Brien, 1994), the common
hamster (Cricetus cricetus) in the Netherlands (Smulders et al. 2003), the
Scandinavian beaver (Castor fiber) (Ellegren et al. 1993), the Northern
elephant seal (Mirounga angustirostris) (Hoelzel et al. 1999) and the
Scandinavian moose (Alces alces) (Ellegren et al. 1996). Under these cir-
cumstances, threatened species present a high risk of extinction as they can
be very sensitive to new diseases and changes in environment.

However, other studies demonstrated that endangered species such as
the Przewalski’s horse (Equus przewalski) (Hedrick et al. 1999), the Ara-
bian oryx (Oryx leucoryx) (Hedrick et al. 2000) and the Malagasy giant
jumping rat (Hypogeomys antimena) (Sommer 2003) are characterised by
a low number of MHC alleles but which are separated by a high level of
nucleotide and amino acid divergence. Analysis at the ABS showed that
non-synonymous substitutions were higher than synonymous ones, sug-
gesting selection leading to an increase of amino acids changes in the ABS
region and thus to higher divergences between MHC alleles (Sommer
2003). These studies indicated that other selection processes are able to
maintain some MHC polymorphism (not on the number of alleles but
rather on the genetic difference between the existing alleles) even in spe-
cies surviving bottlenecks. This would be sufficient to prevent immediate
pathogen-induced declines. However, such kind of adaptive processes to
changing conditions is probably limited and does not predict the outcome
effects of introduced pathogens, which differ from commonly encountered
diseases. Probably, the maintenance or even renewal of variation in func-
tional important regions of the MHC, either from mutation, recombination
or immigration from other populations, would be an important genetic
component to allow an appropriate immune response (Sommer 2005).
However, too strong genetic bottlenecks, leading to important inbreeding
depressions, do not permit such kind of processes to operate and this ex-
plains why some species like the cheetah or the Asian lion are so sensitive
nowadays to diseases.
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6. Management

6.1 Breeding program and risk of parasite transmission

As mentioned by McCallum and Dobson (1995), “diseases and parasites
pose particularly severe problems in captive populations, in which animals
are held at high density, may be stressed and may be exposed to cross-
species transmission”. During the last 20 years, a great amount of zoos
worldwide have participated in the management of endangered species.,
Many threatened species have captive populations that act as insurance
against extinction in the wild and, indeed, captive breeding programs have
saved some endangered species from extinction (e.g. Pere David’s deer,
European bison, etc) (Frankham et al. 2002). Because parasites may have
negative effects on their host, veterinarians in zoos take great care to re-
duce or even to remove entirely parasite loads on captive animals. As the
ultimate goal of breeding programs in zoos is to increase threatened popu-
lations or to reintroduce individuals into the wild, parasites play an impor-
tant role. What could be the consequences of maintaining hosts during
many generations in a parasite-free environment? The potential risk is to
release into the wild individuals that have lost their defences against patho-
gens and diseases. Once in the wild, they will be in contact with a vast ar-
ray of parasite species and may be unable to resist to their detrimental ef-
fects. Maintaining some parasites on individual hosts kept in captivity
could be a way to solve part of this problem.

6.2 Beneficial effects of parasites and parasite conservation in
captive breeding program

Macroparasites, because of chronic infections, have evolved several kinds
of immune evasion strategies (Charbonnel et al. in this volume). Some
strategies of immunomodulation displayed by many macroparasites may
have some beneficial effects on their hosts by regulating Th1/Th2 cytokine
responses (Weinstock et al. 2004). Th1 responses induce inflammatory cell
activity to control intracellular infections while Th2 responses drive hu-
moral immune responses to control extra-cellular parasites (see Weil et al.
in this volume).

Mice with helminths have blunted Thl responses while helminths pro-
mote Th2 responses associated with production of interleukin 4 (IL-4),
which helps impede Th1l cell differentiation. Thus, induction of IL-4 could
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underlie the alterations seen in host immunity (i.e. high inflammatory ac-
tivities). Helminths also appear to protect the host from aberrant Th2 dis-
eases such as asthma and food allergy (Weinstock et al. 2004), and there is
now an immunological basis for protection by helminths. Human epidemi-
ological data and several animal studies support the notion that helminths
protect the host from immunological disease (Elliott et al. 2005), particu-
larly those caused by the activation of the Th1 response by microparasites.
For example, helminths protect mice and rats from experimental autoim-
mune encephalomyelitis, as welll as other diseases of immunity. Thus,
natural exposure to helminths may guard animals from developing severe
immunological diseases, suggesting that helminths should be useful in
conserving both endangered and captive species.

Gompper and Williams (1998) proposed a series of measures to main-
tain endangered parasite species originating from threatened hosts in cap-
tive breeding program. However, they pointed out that because most of the
public disapprove of protecting parasite species, attempts to conserve
unique species of parasites could result in a hostile public response against
efforts to preserve hosts. Therefore they proposed a series of measures
aimed to save parasite species without damaging attempts to conserve
hosts. One of those measures was to find alternative hosts to maintain
parasite populations for potential reintroduction once the host population
was restored. However, the problem of parasite conservation concerns
mainly highly host-specific parasites. To find alternative hosts on which
specialist parasite populations would be viable may be a difficult task be-
cause experiments on cross-species infection have shown a strong decrease
on both parasite survival and reproductive success on the foreign host,
even if this new host species belongs to the same host genus (Giorgi et al.
2004).

7 Concluding remarks

The consequence of human population growth is closer contact between
human and reservoir hosts of numerous diseases. The spread of disease to
endangered wildlife species due to contact with humans and domestic ani-
mals, and vice versa, increases as humans and their domestic animals get
in more contact with these species due to habitat fragmentation. Emer-
gence of new diseases and particularly those from small mammals such as
rodents or bats are of great public health concern (Leroy et al. 2005). Con-
servation medicine, a new theme within the field of conservation biology,
has been viewed as the application of medicine to improve the conserva-
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tion of wildlife and ecosystems (Aguirre et al. 2002). Conservation medi-
cine, according to Otsfeld et al. (2002) is “devoted to understanding the in-
teractions among human-induced and natural changes in (1) climate, habi-
tat and land use; (2) pathogens, parasites, and pollutants; (3) biodiversity
and health within animal communities; (4) health of humans” (Ostfeld et
al. 2002). The 2005 “Anus horribilis” for bats worldwide illustrates the
importance of this new field of investigations. While it was discovered in
China that bats are the reservoir of SARS virus (Lau et al. 2005; Li et al.
2005), it was found in Africa that they are probably the reservoir for Ebola
virus (Leroy et al. 2005).

We strongly hope that this chapter will convince ecologists and conser-
vation biologists that pathogens and parasites, mostly investigated by vet-
erinarians and physicians, should not be ignored or eradicated because of
their crucial importance to wild and domestic animals and humans.

References

Aguilar A, Roemer G, Debenham S, Binns M, Garcelon D, Wayne RK (2004)
High MHC diversity maintained by balancing selection in an otherwise ge-
netically monomorphic mammal. Proc Natl Acad Sci USA 101:3490-3494

Aguirre AA, Ostfeld RS, Tabor GM, House C, Pearl MC (2002) Conservation
medicine. Ecological health in practice. Oxford Univ Press, Oxford

Albon S, Stien A, Irvine RJ, Ropstad R, Halvorsen O (2002) The roles of parasites
in the dynamics of a reindeer population. Proc R Soc Lond B 269:1625-1632

Altizer S, Nunn CL, Thrall PH, Gittleman JL, Antonovics J, Cunningham AA,
Dobson AP, Ezenwa V, Jones KE, Pedersen AB, Poss M, Pulliam JRC (2003)
Social organization and parasite risk in mammals: Integrating theory and em-
pirical studies. Ann Rev Ecol Evol Syst 34:517-547

Anderson RC (1972) The ecological relationships of meningeal worm and native
cervids in North America. J Wildl Dis 8:304-310

Anderson RM, May RM (1978) Regulation and stability of host-parasite popula-
tion interactions. 1. Regulatory processes. J Anim Ecol 47:219-247

Apanius V (1998) Stress and immune defense. Adv Study Behav 27:133-153

Brown CR, Brown MB (1986) Ectoparasitism as a cost of coloniality in cliff swal-
lows (Hirundo pyrrhonota). Ecology 67:1206-1218

Cassinello J, Gomendio M, Roldan ER (2001) Relationship between coefficient of
inbreeding and parasite burden in endangered gazelles. Cons Biol 15:1171-
1174

Chandra RK, Newberne PM (1977) Nutrition, immunity, and infection. Plenum,
New York

Christe P, Mgller AP, DeLope F (1998) Immunocompetence and nestling survival
in the house martin — the tasty chick hypothesis. Oikos 83:175-179



608  P. Christe et al.

Christe P, Arlettaz R, Vogel P (2000) Variation in intensity of a parasitic mite
(Spinturnix myoti) in relation to the reproductive cycle and immunocompe-
tence of its bat host (Myotis myotis). Ecol Lett 3:207-212

Christe P, Giorgi MS, Vogel P, Arlettaz R (2003) Differential species-specific ec-
toparasitic mite intensities in two intimately coexisting sibling bat species:
Resource-mediated host attractiveness or parasite specialization? J Anim Ecol
72:866-872

Cleaveland S, Hess GR, Dobson AP, Laurenson MK, McCallum HI, Roberts MG,
Woodroffe R (2001) The role of pathogens in biological conservation. In:
Hudson PJ, Rizzoli A, Grenfell BT, Heesterbeek H, Dobson AP (eds) The
ecology of wildlife diseases. Oxford Univ Press, New York, pp 139-150

Cornell SJ, Isham VS, Grenfell BT (2004) Stochastic and spatial dynamics of
nematode parasites in farmed ruminants. Proc R Soc Lond B 271:1243-1250

Courchamp F, Clutton-Brock T, Grenfell B (2000) Multipack dynamics and the
Allee effect in the African wild dog, Lycaon pictus. Anim Cons 3:277-285

Creel S, Creel NM, Monfort SL (1997) Radiocollaring and stress hormones in Af-
rican wild dogs. Cons Biol 11:544-548

Creel S, Fox JE, Hardy A, Sands J, Garrott B, Peterson RO (2002) Snowmobile
activity and glucocorticoid stress responses in wolves and elk. Cons Biol
16:809-814

Daszak P, Cunningham AA, Hyatt AD (2000) Wildlife ecology — Emerging infec-
tious diseases of wildlife — Threats to biodiversity and human health. Science
287:443-449

Deredec A (2005) De la menace a I’outil: Modélisation de I’impact du parasitisme
en biologie de la conservation. Ph. D. Thesis, Paris-Sud University, Orsay

Deredec A, Courchamp F (2003) Extinction thresholds in host-parasite dynamics.
Ann Zool Fenn 40:115-130

Dobson AP (1989) The population biology of parasitic helminths in animal popu-
lations. In: Levin SA, Hallam TG, Gross LJ (eds) Applied mathematical ecol-
ogy. Biomethematic 18, SpringerVerlag, Berlin, pp 145-175

Dobson AP, May M (1988) Restoring island ecosystems: The potential of para-
sites to control introduced mammals. Cons Biol 2:31-39

Ellegren H, Hartman G, Johansson M, Andersson L (1993) Major histocompatibil-
ity complex monomorphism and low levels of DNA fingerprinting variability
in a reintroduced and rapidly expanding population of beavers. Proc Natl
Acad Sci USA 90:8150-8153

Ellegren H, Mikko S, Wallin K, Andersson L (1996) Limited polymorphism at
major histocompatibility complex (MHC) loci in the Swedish moose A. alces.
Mol Ecol 5:3-9

Elliott DE, Blum A, Metwali A, Ince NM, Setiawan T, Winkler S, Wang Y, Urban
JF, Summers RW, Weinstock JV (2005) Helminths modulate mucosal immu-
nity and inflammation. Immunology 116:20-20

Fowler GS (1999) Behavioral and hormonal responses of Magellanic penguins
(Spheniscus magellanicus) to tourism and nest site visitation. Biol Cons
90:143-149



27 Biological conservation and parasitism 609

Frankham R, Ballou JD, Briscoe DA (2002) Introduction to conservation genetics.
Cambridge Univ Press, Cambridge

Giorgi MS, Arlettaz R, Guillaume F, Nussle S, Ossola C, Vogel P, Christe P
(2004) Causal mechanisms underlying host specificity in bat ectoparasites.
Oecologia 138:648-654

Gompper ME, Williams ES (1998) Parasite conservation and the black-footed fer-
ret recovery program. Cons Biol 12:730-732

Guiler ER (1961) The former distribution and decline of the thylacine. Austral J
Sci 23:207-210

Hamilton WD, Zuk M (1982) Heritable true fitness and bright birds: A role for
parasites? Science 218:384-387

Hedrick PW (1998) Balancing selection and MHC. Genetica 104:207-214

Hedrick PW, Parker KM, Miller EL, Miller PS (1999) Major histocompatibility
complex variation in the endangered Przewalski's horse. Genetics 152:1701-
1710

Hedrick PW, Parker KM, Gutierrez-Espeleta GA, Rattink A, Lievers K (2000)
Major histocompatibility complex variation in the Arabian oryx. Evolution
54:2145-2151

Hill AVS (1998) The immunogenetics of human infectious diseases. Ann Rev
Immunol 16:593-617

Hoelzel AR, Stephens JC, O’Brien SJ (1999) Molecular genetic diversity and evo-
lution at the MHC DQB locus in four species of pinnipeds. Mol Biol Evol
16:611-618

Hofer H, East ML (1998) Biological conservation and stress. Adv Study Behav
27:405-525

Hudson P (2005) Introduction — Parasites, diversity, and the ecosystem. In: Tho-
mas F, Renaud F, Guégan J-F (eds) Parasitism and ecosystems. Oxford Univ
Press, Oxford

Hudson P, Greenman J (1998) Competition mediated by parasites: Biological and
theoretical progress. Trends Ecology Evol 13:387-390

Hughes AL, Yeager M (1998) Natural selection at major histocompatibility com-
plex loci of vertebrates. Ann Rev Genetics 32:415-435

Hunter MM, McKay DM (2004) Review article: Helminths as therapeutic agents
for inflammatory bowel disease. Aliment Pharmacol Therapeut 19:167-177

Keller L, Waller D (2002) Inbreeding effects in wild populations. Trends Ecol
Evol 17:230-241

Klasing KC (1998) Nutritional modulation of resistance to infectious diseases.
Poultry Sci 77:1119-1125

Lafferty KD, Gerber LR (2002) Good medicine for conservation biology: The in-
tersection of epidemiology and conservation theory. Cons Biol 16:593-604

Lau SKP, Woo PCY, Li KSM, Huang Y, Tsoi HW, Wong BHL, Wong SSY,
Leung SY, Chan KH, Yuen KY (2005) Severe acute respiratory syndrome
coronavirus-like virus in Chinese horseshoe bats. Proc Natl Acad Sci USA
102:14040-14045

Lee KA, Klasing KC (2004) A role for immunology in invasion biology. Trends
Ecol Evol 19:523-529



610  P. Christe et al.

Leroy EM, Kumulungui B, Pourrut X, Rouquet P, Hassanin A, Yaba P, Delicat A,
Paweska JT, Gonzalez JP, Swanepoel R (2005) Fruit bats as reservoirs of
Ebola virus. Nature 438:575-576

Li WD, Shi ZL, Yu M, Ren WZ, Smith C, Epstein JH, Wang HZ, Crameri G, Hu
ZH, Zhang HJ, Zhang JH, McEachern J, Field H, Daszak P, Eaton BT, Zhang
SY, Wang LF (2005) Bats are natural reservoirs of SARS-like coronaviruses.
Science 310:676-679

Marcogliese DJ (2005) Parasites of the superorganism: Are they indicators of eco-
system health? Int J Parasitol 35:705-716

Martin TE, Mgller AP, Merino S, Clobert J (2001) Does clutch size evolve in re-
sponse to parasites and immunocompetence? Proc Natl Acad Sci USA
98:2071-2076

McCallum H, Dobson AP (1995) Detecting disease and parasite threats to endan-
gered species and ecosystems. Trends Ecol Evol 10:190-194

Minchella DJ, Scott ME (1991) Parasitism — a cryptic determinant of animal
community structure. Trends Ecol Evol 6:250-254

Mitchell CE, Power AG (2003) Release of invasive plants from fungal and viral
pathogens. Nature 421:625-627

Mgller AP, Cassey P (2004) On the relationship between T-cell mediated immu-
nity in bird species and the establishment success of introduced populations. J
Anim Ecol 73:1035-1042

Magller AP, Legendre S (2001) Allee effect, sexual selection and demographic sto-
chasticity. Oikos 92:27-34

Mgller AP, Dufva R, Allander K (1993) Parasites and the evolution of host social
behavior. Adv Study Behav 22:65-102

Mgller AP, Christe P, Erritzge J, Mavarez J (1998) Condition, disease and im-
mune defence. Oikos 83:301-306

Mgller AP, Christe P, Lux E (1999) Parasitism, host immune function, and sexual
selection. Quart Rev Biol 74:3-20

Mgller AP, Christe P, Garamszegi LZ (2005) Coevolutionary arms races: In-
creased host immune defense promotes specialization by avian fleas. J Evol
Biol 18:46-59

Moran NA, vonDohlen CD, Baumann P (1995) Faster evolutionary rates in endo-
symbiotic bacteria than in cospeciating insect hosts. J Mol Evol 41:727-731

Morand S, Arias-Gonzalez E (1997) Is parasitism a missing ingredient in model
ecosystems? Ecol Model 95:61-74

Mostl E, Palme R (2002) Hormones as indicators of stress. Domestic Anim Endo-
crinol 23:67-74

Mullner A, Linsenmair KE, Wikelski M (2004) Exposure to ecotourism reduces
survival and affects stress response in hoatzin chicks (Opisthocomus hoazin).
Biol Cons 118:549-558

Navarro C, DeLope F, Marzal A, Mgller AP (2004) Predation risk, host immune
response, and parasitism. Behav Ecol 15:629-635

Nieberding C, Morand S, Libois R, Michaux JR (2004) A parasite reveals cryptic
phylogeographic history of its host. Proc R Soc Lond B 271:2559-2568



27 Biological conservation and parasitism 611

O’Brien SJ (1994) A role for molecular genetics in biological conservation. Proc
Natl Acad Sci USA 91:5748-5755

Ostfeld RS, Meffe GK, Pearl MC (2002) Conservation medicine. The birth of an-
other crisis discipline. In: Aguirre AA, Ostfeld RS, House CA, Tabor GM (ed)
Conservation medicine. Ecological health in practice. Oxford Univ Press, Ox-
ford, pp 17-26

Palme R, Rettenbacher S, Touma C, EI-Bahr SM, Mostl E (2005) Stress hormones
in mammals and birds. Comparative aspects regarding metabolism, excretion,
and noninvasive measurement in fecal samples. Trends Comp Endocrinol
Neurobiol 1040:162-171

Parham P (1999) Virtual reality in the MHC. Immunol Rev 167:5-15

Poulin R (1999) The functional importance of parasites in animal communities:
Many roles at many levels? Int J Parasitol 29:903-914

Prenter J, MacNeil C, Dick JTA, Dunn AM (2004) Roles of parasites in animal
invasions. Trends Ecol Evol 19:385-390

Richman A (2000) Evolution of balanced genetic polymorphism. Mol Ecol
9:1953-1963

Romero LM (2004) Physiological stress in ecology: Lessons from biomedical re-
search. Trends Ecol Evol 19:249-255

Sasal S, Durand P, Faliex E, Morand S (2000) Experimental approach to the im-
portance of parasitism in biological conservation. Marine Ecol Progr Ser
198:293-302

Scott ME (1987) Regulation of mouse colony abundance by Heligmosomoides po-
lygyrus (Nematoda). Parasitology 95:111-129

Scott ME, Dobson AP (1989) The role of parasites in regulating host abundance.
Parasitol Today 5:176-183

Smulders MJ, Snoek LB, Booy G, Vosman B (2003) Complete loss of MHC ge-
netic diversity in the common hamster (Cricetus cricetus) population in the
Netherlands. Consequences of conservation strategies. Cons Genetics 4:441—
451

Sommer S (2003) Effects of habitat fragmentation and changes of dispersal behav-
iour after a recent population decline on the genetic variability of noncoding
and coding DNA of a monogamous Malagasy rodent. Mol Ecol 12:2845-
2851

Sommer S (2005) The importance of immune gene variability (MHC) in evolu-
tionary ecology and conservation. Front Zool 2:1-34

Spielman D, Brook BW, Briscoe DA, Frankham R (2004) Does inbreeding and
loss of genetic diversity decrease disease resistance? Cons Genetics 5:439-
448

Stanko M, Miklisova D, Goly de Bellocq J, Morand S (2002) Mammal density
and patterns of ectoparasite species richness and abundance. Oecologia
131:289-295

Stephens PA, Sutherland WJ (1999) Consequences of the Allee effect for behav-
iour, ecology and conservation. Trends Ecol Evol 14:401-405

Stephens PA, Sutherland WJ, Freckleton RP (1999) What is the Allee effect?
Oikos 87:185-190



612  P. Christe et al.

Stork NE, Lyal CHC (1993) Extinction or co-extinction rates. Nature 366:307—
307

Suorsa P, Huhta E, Nikula A, Nikinmaa M, Jantti A, Helle H, Hakkarainen H
(2003) Forest management is associated with physiological stress in an old-
growth forest passerine. Proc R Soc Lond B 270:963-969

Suorsa P, Helle H, Koivunen V, Huhta E, Nikula A, Hakkarainen H (2004) Effects
of forest patch size on physiological stress and immunocompetence in an
area-sensitive passerine, the Eurasian treecreeper (Certhia familiaris): An ex-
periment. Proc R Soc Lond B 271:435-440

Sures B, Siddall R, Taraschewski H (1999) Parasites as accumulation indicators of
heavy metal pollution. Parasitol Today 15:16-21

Tompkins DM, Draycott RAH, Hudson PJ (2000) Field evidence for apparent
competition mediated via the shared parasites of two gamebird species. Ecol
Lett 3:10-14

Tompkins DM, Greenman JV, Hudson PJ (2001) Differential impact of a shared
nematode parasite on two gamebird hosts: Implications for apparent competi-
tion. Parasitology 122:187-193

Tompkins DM, Parish DMB, Hudson PJ (2002a) Parasite-mediated competition
among red-legged partridges and other lowland gamebirds. J Wildl Manag
66:445-450

Tompkins DM, Sainsbury AW, Nettleton P, Buxton D, Gurnell J (2002b)
Parapoxvirus causes a deleterious disease in red squirrels associated with UK
population declines. Proc R Soc Lond B 269:529-533

Torchin ME, Lafferty KD, Kuris AM (2002) Parasites and marine invasions. Para-
sitology 124:5137-S151

Torchin ME, Lafferty KD, Dobson AP, McKenzie VJ, Kuris AM (2003) Intro-
duced species and their missing parasites. Nature 421:628-630

Torres J, Miquel J, Casanova J-C, Ribas A, Feliu C, Morand S (2006) Parasite
species richness of Iberian carnivores: Influences of host density and range
distribution. Biodivers Cons (in press)

VanRiper C, VanRiper SG, Goff ML, Laird M (1986) The epizootiology and eco-
logical significance of malaria in Hawaiian land birds. Ecol Monogr 56:327—
344

Viggers KL, Lindenmayer DB, Spratt DM (1993) The importance of diseases in
reintroduction program. Widl Res 20:687-698

Vitousek PM, Dantonio CM, Loope LL, Rejmanek M, Westbrooks R (1997) In-
troduced species: A significant component of human-caused global change.
New Zealand J Ecol 21:1-16

von Holst D (1998) The concept of stress and its relevance for animal behavior.
In: Maller AP, Milinski M, Slater PJB (eds) Stress and behavior. Acad Press,
San Diego, pp 1-132

Weinstock JV, Summers R, Elliott DE (2004) Helminths and harmony. Gut 53:7—
9

Whiteman NK, Parker PG (2005) Using parasites to infer host population history:
a new rationale for parasite conservation. Anim Cons 8:175-181

Windsor DA (1990) Heavenly hosts. Nature 348:104-104



27 Biological conservation and parasitism 613

Windsor DA (1995) Equal rights for parasites. Cons Biol 9:1-2

Zanette L, Doyle P, Tremont SM (2000) Food shortage in small fragments: Evi-
dence from an area-sensitive passerine. Ecology 81:1654-1666

Zhang JZ, Dyer KD, Rosenberg HF (2000) Evolution of the rodent eosinophil-
associated RNase gene family by rapid gene sorting and positive selection.
Proc Natl Acad Sci USA 97:4701-4706





