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Parasite richness and abundance in insular and mainland
feral cats: insularity or density?
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SUMMARY

Hosts living on islands carry few parasite species, and the prevalence and intensity of directly transmitted parasites are
often higher in insular than in mainland populations. However, it is unclear whether density or other features of insular
populations can be responsible for the pattern observed. We compared the parasite richness, prevalence and intensity of
parasites between 2 feral populations of cats living either at low density on an island (Kerguelen) or at high density on
the mainland (Liyon). Parasite richness was higher in Lyon than in Kerguelen, where only Toxocara cati was found. T.
cati egg prevalence was higher in Kerguelen (71-19%,) than in Lyon (58:09%,). Because cat density cannot explain this
pattern, we propose that the low number of parasite species, the diet and/or immunity of cats act to increase prevalence
in Kerguelen. Moreover, prevalence, intensity and variance-to-mean ratio increased with age and body mass in Kerguelen
whereas, in Lyon, prevalence decreased with age and body mass. We hypothesize that the pattern of exposure differs
between populations, and that density-dependent parasite mortality is lower in Kerguelen than in Lyon. We discuss the

consequences concerning the influence of parasites on insular host populations.
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INTRODUCTION

The host—parasite relationship (here we use the term
parasite in its broad sense, including micro- and
macroparasites (Price et al. 1977)) is modified in the
insular environment. Insular host populations gen-
erally experience low parasite species richness (Mas-
Coma et al. 1987b). The low number of parasite
species is generally attributed to loss during the
colonization process, rather than to any consequence
of the island habitat (Dobson, 1988; Font & Tate,
1994). Considering the distribution of parasites,
several studies concluded that the proportion of
hosts that are parasitized by a given parasite species
(prevalence) and the number of parasites per in-
dividual host (intensity) were higher on islands than
on the mainland (Lewis, 1968a, b; Gregory &
Munday, 1976) and were highest in the smallest
islands (Casanova et al. 1996; Miquel et al. 1996).
This increase has been observed in cestodes and
nematodes, and generally in macroparasites with
direct life-cycles (but other macroparasite taxa
showed different results, Mas-Coma4d et al. 1987a).
however, it is not clear why parasites should have a
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high transmission rate within island host popu-
lations. According to Dobson (1988), ‘this effect is
most likely a consequence of increased transmission
efficiency in the higher density host populations on
the island’. The influence of host density on parasite
prevalence and intensity has been clearly demon-
strated among mainland populations (Arneberg et al.
1998). Combes (1995) also proposed that ‘be-
havioural shifts’ (e.g., small home ranges, low
aggressiveness) influence parasite propagation.
Otherwise, because of a reduced number of parasite
species, the competition between parasitic species is
reduced within hosts, probably allowing parasites to
be more frequently found, and more numerous per
host (Dobson, 1985). However, most studies com-
pared populations living at higher density on islands
than on the mainland (Lewis, 1969a, b; Gliwicz,
1980; Gulland, 1992). Hence there is confounding
between the effects of host density and other levels of
structure of host populations in determining the
dynamics of parasites on islands.

We compared 2 populations of domestic cats: one
population living on the subantarctic archipelago of
Kerguelen, and the other being a urban feral
population in Lyon, France. Contrary to insular
populations studied previously, cats live at lower
density in Kerguelen (1-3 cats/km?; Say et al.
unpublished data) than in Lyon (1000 cats/km?, Say
2000). If the increase in parasite prevalence and
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intensity generally observed on islands was due to
high density of insular host populations, we expected
to observe a prevalence lower in Kerguelen than in
Lyon.

Besides insularity and density, the 2 populations
showed other differences that could affect the
epidemiology of parasites. First, the Kerguelen
population is derived from a few ancestors that were
released in the 1950’s (Derenne, 1976; Pascal, 1984).
Several parasite species could have been lost during
the colonization process, or the parasites never were
brought to the island. In Kerguelen, low tem-
peratures and high precipitation are unfavourable to
parasite persistence and development in the en-
vironment, and thus may be a limiting factor for the
propagation of parasites that need soil development.
Moreover, due to the climate and isolation, vectors
and intermediate hosts are lacking for several
parasites (see below). We thus expected that the
number of parasite species would be lower in
Kerguelen compared to Lyon.

We also aimed to characterize the distribution of
the parasites found. If few parasite species were
present on Kerguelen, we expected that the com-
petition for the exploitation of the resource (cats)
would be lower in Kerguelen than in Lyon. Com-
petition being one of the factors affecting the growth
of parasites within hosts through density-dependent
processes (Poulin, 1998), we expected that the
minimal intensity (number of parasites per host)
necessary for density-dependent processes to occur
would be higher in Kerguelen than in Lyon. Thus
parasite aggregation should be higher in Kerguelen
than in Lyon.

A practical interest of this study is to provide
insights into the control of insular cat populations by
parasites. Because parasites often show high preva-
lence and intensity, they are supposed to have a
strong negative effect on the growth of insular host
populations and on the distribution of host species
(Van Rensburg, Skinner & Van Aarde, 1987;
Dobson, 1988; Berthier et al. 2000). In Kerguelen,
however, we predict low prevalence, so the impact of
parasites on the growth of the cat population should
be low. Cats established on subantarctic islands
represent a dangerous predator for native birds
(Jouventin et al. 1984; Johnstone, 1985; Van
Rensburg & Bester, 1988), thus it is of interest to
check if the parasite species present could help
controlling the growth of the cat population.

MATERIALS AND METHODS
Populations

The 2 populations studied experience no direct
human intervention on cat movements, reproduction
or parasitism. In Kerguelen (49° 21’S, 70° 14'E)
located in the South Indian Ocean, we studied the
population living on the main island of the archi-
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pelago. The climate is characterized by high pre-
cipitation and windy conditions. Temperatures
range from a mean of 2:3 °C in July to 7-8 °C in
February (MétéoFrance, Port-aux-Francais). The
cat population is estimated at around 6000 indiv-
iduals. On the Courbet Peninsula where the cat
population lives, cat density is 1-3 cats/km? (Say et
al. unpublished data). Cats prey on rabbits, mice and
many species of birds (Derenne, 1976 ; Pontier et al.,
unpublished data). The population of Lyon lives in
the basements of the Croix-Rousse hospital. The
population has been monitored since 1993, and
included 30 to 73 cats (Courchamp, Say & Pontier,
20006) living at a density of 1000 cats/km* (Say,
2000).

Sampling

sampled cats originated from 2
sources. Live individuals were captured (between
December 1997 and March 1999) with baited traps
in 5 sites distributed around the Courbet peninsula,
at Port-aux-Francais (PAF), Ratmanoft, Port-Jeanne
d’Arc, Port-Couvreux and Sourcils Noirs. A second
group of dead cats was examined after being killed in
the area of PAF, between November 1994 and
March 1999. In Lyon, all cats were captured between
October 1997 and June 1999, with baited cages
(Courchamp, Say & Pontier, 2000a). In the 2
populations, live cats were kept in captivity until
faeces were obtained, and then released. None of
the cats was resampled.

In Kerguelen,

Clinical examination

We anaesthetized trapped cats with a mixture of
ketamin chlorhydrate (15 mg/kg; Rhone Mérieux,
Lyon, France) and acepromazin (0-5 mg/kg; Sanofi,
Paris, France). Then we examined the cats clinically
to search for signs of external parasitism, including
mycosis and arthropods. We took samples of blood,
faeces and hair for serological, coproscopic and
mycological examinations.

For dead cats, fresh carcasses were examined
immediately or frozen for later examination. We
searched for signs of external parasitism, we opened
the entire gastro-intestinal tract and examined the
faeces grossly, counted the parasites found and
searched for the presence of significant gross lesions.

Search for parasites and viruses

In the sera, we searched for Feline Leukemia Virus
(FeLlLV) group-specific antigens and Feline Immuno-
deficiency Virus (FIV) antibodies using the ELISA
method with a commercial kit (IDEXX, Cergy
Pontoise, France). We also searched for serum-
neutralizing antibodies against Feline HerpesVirus
(FHV) and Feline CaliciVirus (FCV) by cell culture
(Fromont, Artois, & Pontier, 1996).
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We collected fecal samples by maintaining cats in
cages. Faeces were first suspended in a 359, MgSO,
flotation solution, with 5g of faeces in 75 ml of
solution. For the identification of parasite eggs, we
placed a cover-slide over the tube into a centrifuge
(5 min at 2500 rpm), then examined the slide by light
microscopy. We examined hair samples for fungal
colonies after incubation for 15 days either in a
Sabouraud + chloramphenicol agar plate, or in a
Sabouraud + chlorhexidin(cycloheximid) 4+ chloram-
phenicol agar plate (Jungerman & Schwartzman,
1972).

We weighed and sexed all cats. In Kerguelen we
classified cats as young (< 1 year) or adult (= 1 year)
based on body size and teeth development. In Lyon,
birth date was known for all cats studied, and we
considered the same age classes.

Data analysis for prevalence

We analysed separately egg prevalence (the pro-
portion of captured cats carrying eggs in their faeces)
and worm prevalence (the proportion of necropsied
cats carrying worms in their digestive tract or faeces).
We searched for the relationships between preva-
lence and the population, site (in Kerguelen), sex,
age and body mass of cats. We also tested the effect
of interactions between the above factors when
sample size was adequate. We used logistic re-
gression (Breslow & Day, 1987), which relates the
logit of the probability for a cat of being infected to
the predictor variables: population, site, sex, age,
body mass, or their interaction. We built all possible
models including each variable, and interactions
between significant variables. For each model we
calculated its number of parameters and a measure of
its goodness-of-fit, the scaled deviance. We searched
for the model that fitted the data and did not include
unnecessary terms using the Akaike Information
Criterion (AIC). We selected the models with the
lowest AIC value. When differences in AIC values
between 2 or more models were < 1, we selected the
most parsimonious model (Burnham & Anderson,

1992).

Data analysis for aggregation and intensity

We characterized parasite aggregation by adjusting
the distribution of the number of parasites per host
to random (Poisson) and aggregated (negative bi-
nomial) distributions. An aggregated distribution is
expected if cats differ in their susceptibilities to
infection, due to differences in immunology, be-
haviour or exposure among hosts (Poulin, 1998). We
also tested a zero-inflated Poisson (ZIP) distribution.
A ZIP distribution is expected if some cats are
resistant, or not exposed to 7. cati and if the
parasites are distributed at random among other cats
(Johnson & Kotz, 1969). We analysed parasite
aggregation and intensity according to the sex, age
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and body mass of cats. In each class of cats we
calculated mean intensity, variance, and variance/
mean ratio (VMR, which gives a measure of the level
of parasite aggregation; Pacala & Dobson, 1988). For
this purpose we defined 3 classes of body mass: light
cats (< 2 kg, kittens and juveniles), intermediate cats
(from 2-1 to 3 kg, subadults and adult females) and
heavy cats (> 3-1 kg, adults). We tested the relation-
ships between intensity and sex, age or body mass
using non-parametric  analysis of  variance
(Kruskall-Wallis test) or Mann—Whitney test (Sokal
& Rohlf, 1995). Non-parametric tests were used to
limit the influence of the non-normal distribution of
parasites (Wilson, Grenfell & Shaw, 1996).

Logistic regressions were performed with program
GLIM (Crawley, 1993) and other tests with program
StatView IV (Abacus Concepts, 1992). We per-
formed two-tailed tests and applied a significance
level of 59.

RESULTS
Parasitic species found

In Kerguelen, we detected no specific external
parasites on 104 live cats and 46 carcasses. Searches
for fungal parasites were negative on the 15 samples
of hair tested. We tested 104 cats for FIV antibodies
and FelLV antigens, 98 cats for FHV antibodies, and
102 cats for FCV antibodies. All cats were negative.
We calculated the probability of failure to detect a
single case of infection if the viruses were present
with prevalences similar to those observed elsewhere
in the world. The average prevalence observed in
previous studies is 10-0 for FIV (range: 9-33 9%,
Courchamp & Pontier, 1994), 5-3 9, for FeLV (range
0-239,, Fromont et al. 1997), 2129, for FHV
(range: 11-509,, Drapier, 1992), and 77-09, for
FCV (range: 59-89 9%, Coman, Jones & Westbury,
1981). For FIV, the probability of failure to detect
infection with a sample of 104 animals was < 0-001
(Thrusfield, 1995). This probability was 0-006 for
FelLV, and < 0-:001 for FHV and FCV.

In faecal samples, the only nematode was Toxocara
cati. Fifteen cats (57-7 9%,) carried oocysts of several
species of Eimeria sp. a coccidian probably orig-
inating in rabbits that were eaten by cats (Langlade,
1995). We found no lesions, indicating that Eimeria
did not have a pathogenic effect on cats. Two
individuals were found to carry Cheyletiella sp.
(Acari: Cheyletidae). The species was not deter-
mined, it may be either C. blackei (parasite of cats) or
C. parasitivorax (parasite of rabbits). However, the
parasites were found in the digestive tract and in a
faecal sample, suggesting that they could be orig-
inating from rabbits ingested.

In Lyon, previous studies of the same population
showed that the 4 viruses studied were present:
prevalence equaled 14 9%, for FIV (Courchamp et al.
20000), 46 %, for FeLV (Fromont et al. 1997), 38 9,
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Table 1. Sample sizes per age and sex in each
group studied for Toxocara cati epidemiology

Kerguelen Lyon

Captured Carcasses

PAF Other sites (PAF)
Males < 1 year 12 0 8 28
Males > 1 year 11 4 25 14
Females < 1 year 9 6 8 19
Females > 1 year 6 4 11 20
Total 38 14 53% 81

* Age of 1 cat was not determined.
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Fig. 1. Logistic regression lines showing the probability
of being infected (p, estimated as egg prevalence in
captured cats and worm prevalence in necropsied cats)
as a function of body mass in cats captured in Lyon
(adjusted function: logit p = 2:227-0-767* mass), cats
captured in PAF (logit p = —2:682+41:321* mass) and
cats necropsied in PAF (logit p = — 1478 +0-8971%*
mass). Data used in logistic regressions were body mass
and presence/absence of parasites in each cat. Raw data
were grouped for graphical representation:
superimposed bars represent prevalences in the 3 groups
of body mass (+Ss.E.).
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for FHV and 8049, for FCV (Fromont, Artois &
Pontier, 1996). Faecal samples revealed the presence
of T. cati and Isospora felis. During capture sessions,
cats were observed with otacariasis (Otodectes cy-
notis), cat fleas (Ctenocephalides felis) and ticks (Ixodes

sp.).

Egg prevalence of Toxocara cati

We studied T'. cati in 52 cats captured in Kerguelen
(38 in PAF and 14 in other sites), 81 cats captured in
Lyon, 53 carcasses from PAF (Table 1).

In Kerguelen, coproscopic examinations showed
that 28 of 52 captured cats were positive (preva-
lence: 53:99%,; 959, Confidence Interval (C.I.):
40-:3-67-4%). In PAF, 27 of 38 cats (71:1 %) carried
T. cati, while in other sites only 1 cat was positive out
of 14 tested (7°19,). The difference between PAF
and other sites was significant (P < 0-001). In the
subsequent analyses we only considered results from
PAF in order to avoid introducing bias linked to site
effect. In Liyon, 58:09%, (959, C.1.: 47-3—68:77 %) of
81 cats carried eggs of 7. cati. Prevalence in Liyon
was not significantly different from PAF (P = 0-172).

Egg prevalence was independent of sex both in
Lyon (P =0202) and in PAF (P =0802). The
effects of age and body mass differed between the 2
populations. In Liyon, prevalence decreased with age
(from 78:7 9, in cats less than 1 year old to 29-4 9, in
older cats, P < 0-001) and decreased with body mass
(P =0001, Fig. 1). On the contrary, in PAF,
prevalence increased with age (from 57-1 to 8829,
P = 0-036) and increased with body mass (P = 0-040,
Fig. 1). Because age and body mass were related
(Mann—Whitney tests, P < 0-001 in each population)
we hypothesized that the two variables had a
confounding effect, i.e. that the effect of body mass
was due to its relationship with age or reciprocally.
In accordance with this hypothesis, in the 2 popu-
lations the model that best fitted the data included
either age or body mass but not the two variables
together (Table 2).

Worm prevalence

T. cati was the only parasite found during the 53
post-mortem examinations from PAF. Worm preva-
lence equaled 736 9, (959, C.I.: 61:7-85:59,). Like
egg prevalence in PAF, worm prevalence was
independent of sex (P = 0-583) but increased with
age ( from 563 to 83-39%,, P = 0-:037) and body mass
(P = 0-003, Fig. 1). Logistic regression showed that
body mass alone was the model that best explained
the probability of being infected (T'able 2).

Worm distribution and intensity

Among the 53 individuals studied, the mean number
of parasites per host was 868, with a variance of
200-4. the VMR for T. cati intensity was 23-09,
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Table 2. Statistical models testing the effects of age (A) and body
mass (B) on the prevalence of Toxocara cati

(The best models according to AIC are indicated in bold.)

No. of Egg prevalence Egg prevalence Worm prevalence
Model parameters Lyon PAF PAF
Deviance/AIC  Deviance/AIC Deviance/AIC

Null model 1 106:28/108:28  44-32/46:32 5848/60-48

A 2 86:19/90-19 39-58/43-58 54-37/58:37

B 2 95-75/99-75 40-09/44-09 49-53/53:53

A+B 3 85:99/91-99 38:90/44-90 49-42/55-42
Full model 4 85:91/93-91 37-83/45-83 47-47/5547
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Fig. 2. Observed (bars) and negative binomial-adjusted distribution of the number of Toxocara cati per cat (intensity)

in carcasses from PAF.

which indicated an aggregated distribution. T. cati
intensity was first adjusted to a random (Poisson)
distribution; however, the observed overdispersion
was too large for the Poisson series (y* = 2011,
5p.r., P < 0:001). A ZIP distribution also did not fit
the observed data (y* =497, 4p.r.,, P <0001).
Then the series was adjusted to a negative binomial
distribution, using the maximum likelihood method
(Bliss & Fisher, 1953). We found a parameter k of
0-393, which confirmed the presence of aggregation
at relatively high level (k < 0-5) (Grenfell et al.
1995). The adjusted distribution fitted closely to the
observed data (y* = 3-73, 5 p.F., P = 0-589, Fig. 2).

Mean intensity did not vary with sex (Mann—
Whitney test, P = 0-567). The relationship between
intensity and age was close to significance (Mann—
Whitney test, P = 0-076), with intensity increasing
from 5-88 in cats aged less than 1 year old (VMR =
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17-:23, n =16) to 10-17 in older cats (VMR = 23-83,
n = 36). Intensity depended on the class of body
mass considered (Kruskall-Wallis test, P = 0-007)
but the only significant difference occurred between
very light cats that had low intensity and VMR, and
other cats showing higher intensities and VMR.
Again we hypothesized that the effect of body mass
was confounded with age. We could not test this
hypothesis because all very light cats were aged less
than 1 year old.

DISCUSSION

Parasite species richness

Our investigation of parasite species richness was
limited by the methods we used: we did not search
for microscopic forms other than dermatophytes,
nor for internal non-digestive parasites. Moreover,
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in cats, coproscopic examination is of high value to
detect nematodes —so we could expect coherent
results between worm and egg prevalences for 7.
cati — but has low sensitivity and negative predictive
value concerning cestodes (Martini & Poglayen,
1990). However, several parasite species that were
present in the population of LLyon were absent from
Kerguelen. These include viruses (FIV, FellV,
FHV, FCV), coccidia (Isospora felis) and external
parasites (Otodectes cynotis, Ctenocephalides felis and
Ixodes sp.). These findings support the prediction of
a lower number of species in Kerguelen cats, at least
for the limited number of species considered here.
Parasites that need soil maturation could have been
eliminated by cold temperatures (1. felis, C. felis).
For other directly transmitted parasites (FIV, FeLV,
FHV, FCV, Otodectes cynotis, Ixodes sp.), either the
parasites were absent from the founder group, or the
species were not able to persist, due to low density of
cats at the beginning of colonization. Remarkably,
however, numerous helminths commonly observed
in cats (Pedersen, 1988) were absent from Kerguelen
and also from Lyon. For example, parasites needing
intermediate hosts (such as Dipylidium caninum and
Taenia taeniaformis) could be absent from Kerguelen
because intermediate hosts were absent, but they
were also absent from Lyon where intermediate
hosts (cat fleas and rodents, respectively) are present.
Other mainland populations of stray cats were found
to carry only few parasite species (Niak, 1972;
Malloy & Embil, 1978). As a first conclusion, the
loss of parasite species during colonization of
Kerguelen would explain part, but not all the
depletion of parasite species richness.

Prevalence of Toxocara cati

In contrast to our expectation, the prevalence of 7.
cati was not significantly different between the 2
populations. However, several replicates would be
highly desirable to confirm this observation. If
insular condition determines the pattern we ob-
served, we expect that parasite intensity should be
relatively high in any insular host population,
whatever its density.

We cannot formally separate the effects of density
and other features of insular populations. Never-
theless, even if host density probably acts to reduce
prevalence (Arneberg et al. 1998), other factors
counterbalance this effect. Three hypotheses can be
proposed to explain the high prevalence in Ker-
guelen. (1) The low number of parasite species
should result in low competition between parasitic
species for host resources, and the availability of
resources may allow parasites to be more abundant.
This hypothesis could be tested experimentally, by
comparing parasite burden in cats infected by a
given number of parasitic species. (2) T. cati can be
transmitted through ingestion of embyonated eggs,
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through ingestion of paratenic host or by trans-
mammary passage (Overgaauw, 1997). The ingestion
of embyonated eggs should be lower in Kerguelen
than in Lyon because no development of Toxocara
+10°C (O’Lorcain, 1995,
Overgaauw, 1997). In Kerguelen, the mean daily
temperature reaches + 10 °C only on 264 days each
year, on average (MétéoFrance, Port-aux-Francais).
Moreover, cats live at low density, thus the prob-
ability of encountering contaminated faeces should
be generally low in Kerguelen. On the contrary, the
ingestion of paratenic hosts should be an important
route of infection in Kerguelen, because mice
constitute the most common paratenic host of 7.
cati (Dubinsky et al. 1995), and larva migrans has
also been described in rabbits (LLautenslager, 1972).
Whether paratenic hosts are sufficient to explain the
high prevalence in Kerguelen remains to be tested by
extending our investigations to sites where one or
two species of paratenic hosts are absent. Finally, the
transmammary route occurs after ingestion of eggs
but not after ingestion of paratenic host, thus we
expect that transmammary infection should be less
frequent in Kerguelen than in Lyon. (3) Another
factor potentially explaining the high prevalence in
Kerguelen is that cats could be particularly sus-
ceptible to infection, as the result of the founder
effect (Meagher, 1999). A recent assessment showed
that no more than 4 cats are at the origin of the
current cat population (Pontier et al., unpublished
data). Only experimental infestation of mainland and
insular cats in controlled conditions may bring
information on this hypothesis.

The most striking difference between Kerguelen
and Lyon was the pattern of infection with age. In
PAF, the prevalence of eggs (in live cats), the
prevalence, intensity and VMR of worms (in necro-
psied cats) were higher in cats aged more than 1 year
than in younger cats, and increased with body mass.
On the contrary, in Lyon, prevalence decreased with
age and body mass. It is noticeable that, compared to
Lyon, the prevalence in PAF was both lower in
young cats (57-1 9%, versus 787 %, in Liyon) and also
higher in older cats (88:2 9, wversus 2949, in Lyon).
In other mainland populations, the prevalence of 7.
cati also decreased with age, generally after 3 months
(Malloy & Embil, 1978; Visco, Corwin & Selby,
1978) and peaked or decreased with body mass
(Dubey, 1966, Niak, 1972). Intensity also decreased
with age (O’Lorcain, 1994). Variations in prevalence
among age classes can be interpreted in relation with
exposure to parasite. In high-density urban popu-
lations such as Lyon, both males and females are
philopatric and live in large multimale-multifemale
groups (Natoli, 1985; Say, Pontier & Natoli, 1999).
Thus exposure to T. cati eggs is expected to be high
all through life. The high prevalence in kittens
suggests that they were exposed to parasite con-
tamination soon after birth, either through the trans-

larvae occurs below
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mammary route, or through ingestion of eggs. The
lower prevalence in adults may be due to elimination
of parasites through acquired immunity (Overgaauw,
1997). In PAF, exposure to 7. cati seems to increase
with age. The low prevalence in kittens suggests
that, as predicted, the transmammary route of infect-
ion is infrequent. Cats may acquire infection only
when they begin to eat prey. Moreover, adults are
solitary, with both males and females defending their
own territory; kittens stay on their mother’s territory
until they disperse to search for a new territory
(Pascal, 1980). If some T. cati eggs were able to
mature in Kerguelen, cats could be exposed to em-
bryonated eggs when sniffing the faeces of other
cats during dispersion. An alternative explanation
for the high prevalence in older cats is that cats from
Kerguelen do not show efficient acquired immunity,
either because the founder cats showed deficient
immunity, or because the immune system is not
activated by the low-level infection. All mechanisms
could play together.

Intensity and aggregation of Toxocara cati

The distribution of parasites among necropsied cats
in PAF followed an aggregated distribution, as in
other studies on mainland populations, concerning
either T. cati (Enbaek, Madsen & Larsen, 1984;
O’Lorcain, 1994) or other helminths (Crofton, 1971
Grenfell et al. 1995). The value of k (0-393) here was
in the same range as the value (0-554) observed by
Engbaek et al. (1984) in urban stray cats from
Denmark, indicating a high degree of aggregation.
Aggregation may be caused by heterogeneity in host
exposure, due to spatial and temporal distribution of
hosts and parasites and/or heterogeneity in host
susceptibility to parasites, due to genetic or non-
genetic factors (Anderson & Gordon, 1982; Wakelin,
1985; Poulin, 1998). The importance of genetic
predisposition to parasites as a mechanism gen-
erating heterogeneity in the field has been discussed
(Munger, Karasov & Chang, 1989; Quinnell, Med-
ley & Keymer, 1990). In Kerguelen, we could expect
cats to have rather similar predisposition to para-
sitism because of their relative genetic relatedness
(Pontier et al. unpublished data). However, we
observed a high level of aggregation, which means
that either the founder effect was not sufficient to
render cat homogeneous as for their immune re-
sponse, or genetic factors are only a minor cause of
parasite aggregation in 7. cati. The high level of
aggregation we observed may also be a consequence
of the low level of intraspecific density-dependent
parasite mortality, because density-dependent para-
site mortality and parasite-induced host mortality
are the main mechanisms that could decrease parasite
aggregation (Poulin, 1998).

Helminth aggregation generally decreases with
host age (Pacala & Dobson, 1988), and this decrease
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is interpreted to be a result of density-dependent
effects, such as density-dependent parasite mortality
and fecundity (partly due to immunity) or parasite-
induced host mortality (Anderson & Gordon, 1982;
Poulin, 1998). The decrease of prevalence with age
in Lyon suggests that within-host density-dependent
processes occur. On the contrary, in Kerguelen,
intensity and aggregation seem to increase with age.
Thus we hypothesize that in Kerguelen, the density
of parasites within cats does not reach the threshold
for density-dependent effects. This hypothesis can
be tested (see Marcogliese (1997) for a method to
estimate parasite fecundity). We expect that within-
host parasite density should not affect parasite
fecundity in insular populations, contrary to main-
land populations.

In conclusion, the result we observed of high
prevalence in a low density host population was not
expected, and should be confirmed in other popu-
lations and/or host species. However, several hy-
potheses can be proposed and will be testable in the
near future in the system we studied or in other
hosts.

A consequence of the possible low density-
dependence in Kerguelen is the low impact of the
parasite on the growth of the host population. In
mainland populations, the morbidity due to Toxo-
cara occurs mainly in kittens and the mortality is
uncommon (Overgaauw, 1997). On Kerguelen,
adults are more often parasitized than kittens. Since
mortality due to 7. cati is probably lower in adults
than in kittens, the effect of 7. cati on growth of the
cat population should be even lower on Kerguelen
than in mainland populations.

The authors thank C. Dekeyser and M. Castellazzi for
help in collecting data and F. Courchamp and W. G. King
for comments on the manuscript. T'wo referees raised a
number of stimulating points and contributed to improve

the manuscript significantly. This work is part of program
279 of the French Polar Institute I. F.R.T.P.

REFERENCES

ANDERSON, R. M. & GORDON, D. (1982). Process
influencing the distribution of parasite numbers
within host populations with special emphasis on
parasite-induced host mortality. Parasitology 85,
373-378.

ARNEBERG, P., SKORPING, A., GRENFELL, B. & READ, A. F.
(1998). Host densities as determinants of abundance
in parasite communities. Proceedings of the Royal
Society of London, B 265, 1283—-1289.

BERTHIER, K., LANGLAIS, M., AUGER, P. & PONTIER, D.
(2000). Dynamics of a feline virus with two
transmission modes within exponentially growing host
populations. Proceedings of the Royal Society of
London, B 267, 2049-2056.

BLISS, C. I. & FISHER, R. A. (1953). Fitting the negative
binomial distribution to biological data. Biometrics 9,
176-200.

BRESLOW, N. E. & DAY, N. E. (1987). Statistical Methods in


https://doi.org/10.1017/S0031182001008277

E. Fromont and others

Cancer Research, Vol. 2 : The Design and Analysis of
Cohort Studies. IARC Scientific Publications No. 182.
International Agency on Cancer Research, Lyon.

BURNHAM, K. P. & ANDERSON, D. R. (1992). Data-based
selection of an appropriate biological model: the key
to modern data analysis. In Wildlife 2001 : Populations
(ed. McCullough, D. R. & Barrett, R. H.), pp. 16-30.
Elsevier Applied Sciences, London.

CASANOVA, J. C., MIQUEL, J., FONS, R., MOLINA, X., FELIU,
C., MATHIAS, M. L., TORRES, J., LIBOIS, R., SANTOS-REIS,
M., COLLARES-PEREIRA, M. & MARCHAND, B. (1996). On
the helminthofauna of wild mammals (Rodentia,
Insectivora and lagomorpha) in Azores archipelago
(Portugal). Vie et Milieu 46, 253-259.

COMAN, B. J., JONES, E. H. & WESTBURY, H. A. (1981).
Protozoan and viral infections of feral cats. Australian
Veterinary Journal 57, 319-323.

COMBES, C. (1995). Interaction Durables — Ecologie et
Evolution du Parasitisme. Masson, Paris.

COURCHAMP, F. & PONTIER, D. (1994). Feline
immunodeficiency virus — an epidemiological review.
Comptes-Rendus de I’ Académie des Sciences/Life
Science 317, 1123-1134.

COURCHAMP, F., SAY, L. & PONTIER, D. (2000q).
Detection, identification and correction of a bias in an
epidemiological study. Fournal of Wildlife Diseases
36, 71-79.

COURCHAMP, F., SAY, L. & PONTIER, D. (20005).
Transmission of Feline Immunodeficiency Virus in a
population of cats (Felis catus). Wildlife Research 27,
603-611.

CRAWLEY, M. J. (1993). GLIM for Ecologists. Blackwell
Scientific Publications, Oxford.

CROFTON, H. D. (1971). A quantitative approach to
parasitism. Parasitology 62, 179-193.

DERENNE, P. (1976). Notes sur la biologie du chat haret
de Kerguelen. Mammalia 40, 531-595.

DOBSON, A. P. (1985). The population dynamics of
competition between parasites. Parasitology 91,
317-347.

DOBSON, A. P. (1988). Restoring island ecosystems:
potential of parasites to control introduced mammals.
Conservation Biology 2, 31-39.

DRAPIER, S. M. (1992). Contribution a I’étude
expérimentale de cinq viroses félines dans quatre
communes francaises. Vet. Med. thesis, Toulouse
University, France.

DUBEY, J. P. (1966). Toxocara cati and other intestinal
parasites of cats. Veterinary Record 791, 506-508.

DUBINSKY, P., HAVASIOVA-REITEROVA, K., PETKO, B.,
HOVORKA, I. & TOMASOVICOVA, 0. (1995). The role of
small mammals in the epidemiology of toxocariasis.
Parasitology 110, 187-193.

ENGBAEK, K., MADSEN, H. & LARSEN, 8. 0. (1984). A survey
of helminths in stray cats from Copenhagen
(Denmark) with ecological aspects. Zeitschrift fiir
Parasitenkunde 70, 87-94.

FONT, W. F. & TATE, D. C. (1994). Helminth parasites of
native Hawaiian freshwater fishes: an example of
extreme ecological isolation. Journal of Parasitology
80, 682-688.

FROMONT, E., ARTOIS, M. & PONTIER, D. (1996). Cat
population structure and circulation of feline viruses.

Acta Oecologica 17, 609-620.

https://doi.org/10.1017/50031182001008277 Published online by Cambridge University Press

150

FROMONT, E., COURCHAMP, F., ARTOIS, M. & PONTIER, D.
(1997). Infection strategies of retroviruses and social
grouping of domestic cats. Canadian Fournal of
Zoology 75, 1994-2002.

GLIWICZ, J. (1980). Island populations of rodents: their
organization and functioning. Biological Reviews 55,
109-138.

GREGORY, G. G. & MUNDAY, B. L. (1976). Internal parasites
of feral cats from the Tasmanian midlands and King
island. Australian Veterinary Journal 52, 317-320.

GRENFELL, B. T., WILSON, K., ISHAM, V. S., BOYD, H. E. G. &
DIETZ, K. (1995). Modeling patterns of parasite
aggregation in natural populations: trichostrongylid
nematode-ruminant interactions as a case study.
Parasitology 111 (Suppl.), S135-S151.

GULLAND, F. M. D. (1992). The role of nematode parasites
in Soay sheep (Owis aries L.) mortality during a
population crash. Parasitology 105, 493-503.

JOHNSON, N. L. & KOTZ, S. (1969). Discrete Distributions.
Houghton Mifflin, Boston.

JOHNSTONE, G. W. (1985). Threats to birds on
subantarctic islands. In Conservation of Island Birds.
Case Studies for the Management of Threatened Island
Species (ed. Moors, P. J.), pp. 101-121. ICBP
Technical Publication No. 3, Cambridge.

JOUVENTIN, P., STAHL, J. C., WEIMERSKIRCH, H. & MOUGIN,
J. L. (1984). The seabirds of the French subantarctic
island and Adelie Land, their status and conservation.
In Status and Conservation of the World’s Seabirds (ed.
Croxall, J. P., Evans, P. G. H. & Schreiber, R. W.),
pp. 609-625. ICBP Technical Publication no. 2,
Cambridge.

JUNGERMAN, P. F. & SCHWARTZMAN, R. M. (1972).
Veterinary Medical Mycology. Lea and Febiger,
Philadelphia.

LANGLADE, P. (1995). Contribution 4 1’étude biologique
et parasitologique du lapin (Oryctolagus cuniculus) sur
I’archipel de Kerguelen. Vet. Med. thesis, Lyon 1
University, France.

LAUTENSLAGER, J. P. (1972). Toxocara visceral larva
migrans in rabbits. Dissertation Abstracts International
32B, 4705.

LEWIS, J. W. (1968 a). Studies on the helminth parasites
of the long-tailed field mouse, Apodemus sylvaticus
sylvaticus from Wales. Journal of Zoology, London 154,
287-312.

LEWIS, J. W. (1968b). Studies on the helminth parasites
of voles and shrews from Wales. Journal of Zoology,
London 154, 313-331.

MALLOY, W. F. & EMBIL, J. A. (1978). Prevalence of
Toxocara spp. and other parasites in dogs and cats in
Halifax, Nova Scotia. Canadian Journal of
Comparative Medicine 42, 29-31.

MARCOGLIESE, D. J. (1997). Fecundity of sealworm
(Pseudoterranova decipiens) infecting grey seals
(Halichoerus grypus) in the Gulf of St Lawrence,
Canada: lack of density-dependent effects.
International Journal for Parasitology 27, 1401-1409.

MARTINI, M. & POGLAYEN, G. (1990). Study of the value
of coprology in carnivores. Epidémiologie et Santé
Animale 18, 123-133.

MAS-COMA, S., ESTEBAN, J. G., BARGUES, M. D. & VALERO,
M. A. (1987a). La evolucién de una fauna parasitaria
en isles ‘continentales’: el caso de los helmintos de


https://doi.org/10.1017/S0031182001008277

Epidemiology of parasites on islands

micromamiferos en las Gimnésicas y Pituisas
(Archipiélago Balear). In Mamiferos v Helmintos (ed.
Sans-Coma, V., Mas-Comd, S. & Gosalbez, ].), pp.
203-216. Ketres, Barcelona.

MAS-COMA, S., GALAN-PUCHADES, M. T., FUENTES, M. V.,
VALERO, M. M. & JIMENEZ, A. M. (1987b). Sobre la
composicién cuantitativa de las parasitofaunas
insulares: possible efecto regulador de las especies
pardsitas sobre la poblaciones de sus hospedarores. In
Mamiferos y Helmintos (ed. Sans-Comad, V., Mas-
Comid, S. & Gosalbez, ]J.), pp. 217-251. Ketres,
Barcelona.

MEAGHER, S. (1999). Genetic diversity and Capillaria
hepatica (Nematoda) prevalence in Michigan Deer
mouse populations. Evolution 53, 1318-1324.

MIQUEL, J., CASANOVA, ]. C., FONS, R., FELIU, C.,
MARCHAND, B., TORRES, ]. & CLARA, J. P. (1996).
Ecological features on the helminth fauna of Muridae
species (Rodentia) in Hyeres Archipelago (Var,
France). Vie et Milieu 46, 219-223.

MUNGER, ]. C., KARASOV, W. H. & CHANG, D. (1989). Host
genetics as a cause of overdispersion of parasites
among hosts: how general a phenomenon? Journal of
Parasitology 75, 707-710.

NATOLI, E. (1985). Spacing pattern in a colony of urban
stray cats (Felis catus 1..) in the historic centre of
Rome. Applied Animal Behaviour Science 14, 289-304.

NIAK, A. (1972). The prevalence of Toxocara cati and
other parasites in Liverpool cats. Veterinary Record
91, 534-536.

O’LORCAIN, P. (1994). Epidemiology of Toxocara spp. in
stray dogs and cats in Dublin, Ireland. Journal of
Helminthology 68, 331-336.

O’LORCAIN, P. (1995). The effects of freezing on the
viability of Toxocara canis and T. cati embyonated
eggs. Journal of Helminthology 69, 169—171.

OVERGAAUW, P. A. M. (1997). Aspects of Toxocara
epidemiology: toxocarosis in dogs and cats. Critical
Reviews in Microbiology 23, 233-251.

PACALA, S. & DOBSON, A. (1988). The relation between the
number of parasites/host and host age: population
dynamic causes and maximum likelihood estimation.
Parasitology 96, 197-210.

pPAscAL, M. (1980). Structure et dynamique de la
population de chats harets de ’archipel des
Kerguelen. Mammalia 44, 161-182.

https://doi.org/10.1017/50031182001008277 Published online by Cambridge University Press

151

PASCAL, M. (1984). Le chat haret (Felis catus 1.: 1758)
aux iles Kerguelen. Arvicola 1, 31-35.

PEDERSEN, N. C. (1988). Feline Infectious Diseases.
American Veterinary Publication, Goleta, CA.

POULIN, R. (1998). Evolutionary Ecology of
Parasites — from Individuals to Communities. Chapman
and Hall, London.

PRICE, P. W., WESTOBY, M., RICE, B & ASTATT, P. R. (1977).
General concepts on the evolutionary biology of
parasites. Evolution 31, 405-420.

QUINNELL, R. J., MEDLEY, G. F. & KEYMER, A. E. (1990).
The regulation of gastrointestinal helminth
populations. Philosophical Transactions of the Royal
Society of London, B 330, 191-201.

SAY, L., PONTIER, D. & NATOLI, E. (1999). High variation
in multiple paternity of domestic cats (Felis catus 1..)
in relation to environmental conditions. Proceedings of
the Royal Society of London, B 266, 2071-2074.

sAY, L. (2000). Systeme d’appariement et success
reporducteur chez le chat domestique (Felis catus L.).
Conséquences sur la distribution de la variabilité
génétique. Ph.D. thesis, Lyon 1 University, France.

SOKAL, R. R. & ROHLF, F. J. (1995). Biometry. W. H.
Freeman and Company, New York.

THRUSFIELD, M. (1995). Veterinary Epidemiology.
Blackwell Science, Oxford.

VAN RENSBURG, P. J.]. & BESTER, M. N. (1988). The effect
of cat Felis catus predation on three breeding
Procellariidae species on Marion island. South African
FJournal of Zoology 23, 301-305.

VAN RENSBURG, P.J.]., SKINNER, J. D. & VAN AARDE, R. J.
(1987). Effects of feline panleucopenia on the
population characteristics of feral cats on Marion
Island. Journal of Applied Ecology 24, 63-73.

VISCO, R. J., CORWIN, R. M. & SELBY, L. A. (1978). Effect of
age and sex on the prevalence of intestinal parasitism
in cats. Journal of the American Veterinary Medical
Association 172, 797-800.

WAKELIN, D. (1985). Genetic control of immunity to
helminth infections. Parasitology Today 1, 17-23.

WILSON, K., GRENFELL, B. T. & SHAW, D. J. (1996).
Analysis of aggregated parasite distributions: a
comparison of methods. Functional Ecology 10,
592-601.


https://doi.org/10.1017/S0031182001008277

