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ABSTRACT: This paper reports prevalence of coccidial oocysts in fecal samples from 6 endemic and 2 introduced lizard species
on Mauritius, an island nation in the Indian Ocean. Total coccidian prevalence was 54% (n 5 341) for the endemic ‘ornate day
gecko,’ Phelsuma ornata; 48% (n 5 159) for the endemic ‘Durrell’s night gecko,’ Nactus durrelli; 53% (n 5 15) for the endemic
‘Serpent Island night gecko,’ N. serpensinsula; and 78% (n 5 248) for the introduced gecko, Hemidactylus frenatus. These high
prevalences may reflect lack of long-lasting immune response to coccidial infection. There were few significant differences in
prevalence among age, island, sex, or body condition within species, suggesting that these coccidia are relatively nonpathogenic
and have little effect on host fitness. Prevalence was higher in the dry season than the wet season. These data suggest other
factors, such as low host immune response to reinfection, affect overall prevalence more significantly than the effect of humidity
on oocyst survival on Mauritius. No coccidia were found in samples from the endemic ‘Gunner’s Quoin night gecko,’ N.
coindemirensis (n 5 155), probably reflecting parasite extinction due to a host population bottleneck following historical introduction of rats. There was no evidence of competitive or facilitative interactions between Eimeria sp. and Isospora sp., but
evidence of competition between 2 Eimeria species in the ‘ornate day gecko,’ Phelsuma ornata. No evidence was found of crossspecies infection, suggesting that reptile coccidia have high host specificity and are, therefore, poor subjects for studies of parasitemediated competition and the evolution of sex.

Coccidial infections have been reported from a wide range
of animals, including mammals, birds, reptiles, amphibians, and
invertebrates (Levine, 1988). However, little is known about the
ecology and impact of coccidia on host populations except for
domestic poultry, sheep, and cattle (Hammond and Long,
1973). In these animals, coccidia often cause pathogenic infections, leading to economic loss and sometimes high mortality
(Long, 1973; Fernando, 1982). In contrast, consistently high
prevalence and intensity of coccidial infection in some small
mammals occur without apparent clinical signs of infection
(Dorney, 1963; Seville et al., 1992, 1996; Spurgin and Hnida,
2002). This has led authors to suggest that some coccidians may
have no significant pathological effect on the host, even though
they infect and kill host cells in the gastrointestinal (GI) tract
and other organs they inhabit (Seville et al., 1996).
A range of biotic and abiotic factors may affect the prevalence of directly transmitted parasites within a host population.
These include host population density, age structure, behavior,
immune status, and sex, as well as climate, weather, ultraviolet
radiation, and others (Long, 1973; Ovezmukhammedov, 1974;
Dobson et al., 1992; Couch et al., 1993; Daszak, 1995). In
island species, host density may be higher than in mainland
species due to the depauperate nature of the fauna (Rodda and
Dean-Bradley, 2002). This may lead to higher prevalence for
parasites that are transmitted in a density-dependent manner
(Goldberg and Bursey, 1990). Abiotic factors such as humidity
may also affect the external oocyst stage of coccidians and may
be important in explaining prevalence for island species (Daszak, 1995). In this paper, patterns of coccidial prevalence in a
large number of fecal samples (n 5 1,083) from native and
introduced lizards of Mauritius are reported. Abiotic and biotic
factors that may influence prevalence are discussed, as well as
the potential use of this system for studies of apparent comReceived 22 June 2004; revised 8 December 2004; revised 22 July
2005; accepted 22 July 2005.
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petition between native and introduced hosts, and competitive
exclusion or facilitation between parasite species.
MATERIALS AND METHODS
Coccidial survey
Fecal samples were collected between February and December 2003,
from 5 endemic reptile species and 2 introduced reptile species from
mainland Mauritius and 7 islands surrounding Mauritius (Fig. 1, Table
I). Due to logistical limitations, islands were visited only in the months
listed in Table I, such that some islands were visited in some months
and other islands in other months. Lizards were captured by hand and
placed in cloth bags overnight and subsequently released at the site of
capture. Fecal samples were removed, placed in Eppendorf tubes with
2 ml of 2.5% aqueous potassium dichromate to allow sporulation of
coccidian oocysts, and stored at ambient temperature. Samples were
examined by wet mounts of fecal suspensions on a Nikon Epson 2000
microscope (Nikon Inc., Melville, New York) and photographed using
a Zeiss Photomicroscope III (Carl Zeiss, Inc., Thornwood, New York).
To ensure consistency, all samples were examined by placing approximately 0.1 ml of the fecal suspension and a 22 3 30 mm coverslip on
each slide. Twenty-five fields of view were examined at 325 magnification to determine whether the sample was positive for oocysts. Up to
5 oocysts from each coccidian species in positive samples were measured under oil at 3100. These measurements were morphologically
compared to the coccidia already described from the 2 introduced species that we studied on Mauritius, Hemidactylus frenatus and Calotes
versicolor, to coccidia from Phelsuma sp. day geckoes (McAllister et
al., 1990; Daszak and Ball, 1991; Upton et al., 1991, 1994; Ball and
Daszak, 1995; Daszak, 1995; Finkelman and Paperna, 1995; Hanley et
al., 1995; Modry et al., 1997; Saum et al., 1997) and to 14 coccidia
species that are awaiting description (S. J. Ball and P. Daszak, unpubl.
obs.). We discovered 2 additional new species and measured 30 oocysts
of each, took photomicrographs, and will describe these in a separate
publication.
Statistical analyses
Prevalence of the most common eimerian in each host species was
compared between sexes, islands, and month of collection using chisquare or Fisher’s exact tests. We tested for correlations between the
infection status of a lizard and its size, measured by snout-to-vent length
(SVL), using binary logistic regression (SVL was used as a surrogate
for the age of individuals). Binary logistic regression was used to test
for a relationship between the body condition of a lizard and its infection status. An index of body condition was generated for each lizard
by regressing mass on SVL and retaining the residual (Petren and Case,
1996). Finally, chi-square contingency tests were used to examine the
possibility of interaction between parasite species. These tests deter-

1103

1104

THE JOURNAL OF PARASITOLOGY, VOL. 91, NO. 5, OCTOBER 2005

infection (Daszak, 1995), Adelina species were not included in
the analyses.
No coccidia were observed in samples collected from the
endemic skink, Gongylomorphus fontenayi, on Flat Island (n 5
10); the endemic night gecko, Nactus coindemirensis (n 5 155)
on Gunner’s Quoin (n 5 146); or the undescribed, endemic
species of Nactus gecko on Flat Island (n 5 9). A single sample
collected from the introduced agamid lizard, Calotes versicolor,
was found to be positive for coccidia.
Table I shows the prevalence of coccidial infections for 4
host species that we studied in detail by island of origin and
month of capture. Overall, coccidial prevalence was 54% (n 5
341) for the endemic ‘ornate day gecko,’ P. ornata; 48% (n 5
159) for the endemic ‘Durrell’s night gecko,’ Nactus durrelli;
53% (n 5 15) for the endemic ‘Serpent Island Gecko,’ N. serpensinsula; and 78% (n 5 248) for the introduced H. frenatus.
In all lizards, the more common Eimeria species was more
prevalent than any Isospora species (Table I).
Month of sample collection

FIGURE 1. Map of Mauritius and its offshore islands. Ile aux Fouquets and Ile de la Passe are represented as a point approximately 3
miles NE of Ile aux Aigrettes.
mined whether there were more or less multiple infections than expected, which would be suggestive of facilitative or competitive interactions. Chi-squared (x2) values and, for t-tests, t-values are given in
the results.
To determine whether or not samples of different sexes, islands, or
collecting periods could be combined, analyses were performed in the
following order: month of capture, island, and sex. Data were combined
for subsequent analyses when the groups appeared to be unambiguously
similar (P . 0.5) and where groups of samples were collected in adjacent months. We did not perform season, island, and sex analyses for
isosporan coccidia because of insufficient sample sizes given the low
prevalences for this genus. For each analysis, the sex, islands, and
months of capture that were used in the analysis are given using abbreviations given in Table I. Meteorological data were supplied by
Mauritius Meteorological Services (http://ncb.intnet.mu/meteo.htm).

RESULTS
A total of 1,083 fecal samples was collected from 7 islands
surrounding Mauritius, representing 8 species of reptile (Table
I). The majority of the coccidian oocysts were morphologically
similar to those found previously from Round Island reptiles
(Daszak, 1995) but not yet described. Two other previously
undescribed coccidia were also found in samples from the endemic ‘ornate day gecko,’ P. ornata (an Isospora sp.); and from
the endemic ‘Serpent Island night gecko,’ Nactus serpensinsula
(an Eimeria sp.). Adelina sp. coccidia were observed in a number of samples collected. The oocysts observed are consistent
with an Adelina species from Round Island centipedes (Scolopendra abnormis) (P. Daszak, unpubl. obs.). Because it is likely
that the presence of Adelina sp. oocysts is a result of eating
prey infected with Adelina sp. and does not represent an active

Eimeria dobsoni infection prevalence in P. ornata was found
to be significantly lower in samples collected from males in
March (10/25) than in July (14/20) from Gunner’s Quoin (Table
I; x2 5 4.02, P 5 0.045). Similarly, coccidial prevalence was
lower in H. frenatus samples collected from males in March
(12/24) than those collected in June (14/19) from Ile de la Passe.
However, this difference was not statistically significant (x2 5
2.49, P 5 0.12). Based on these comparisons we did not combine data from samples collected in February–April with those
collected in May–July.
Host island of origin
For P. ornata there was no significant difference between
islands comparing data from males from GQ-3, FI-4, and IAA2 (see Table I for abbreviations; x2 5 0.31, P 5 0.86); from RI5 and GQ-7 (x2 5 0.02, P 5 0.90); and from females from GQ3, FI-4, and IAA-3 (x2 5 1.9, P 5 0.39). Similarly, there was
no significant difference between islands for H. frenatus in 2
separate comparisons with males (IAF-5 [12/19] vs. DLP-6 [14/
19], x2 5 0.49, P 5 0.49 and DLP-3 [12/24] vs. IAA-2 [21/
48], x2 5 0.25, P 5 0.62) and 2 comparisons with females
(IAA-4 [24/31] vs. FI-4 [17/26], x2 5 1.01, P 5 0.36 and IAF5 [24/28] vs. DLP-6 [22/24], x2 5 0.45, P 5 0.50).
Sex of host
In P. ornata, the prevalence of males (22/61) was marginally
higher than of females (7/38) in March and April, (FI-4 and
GQ-3 combined; x2 5 3.52, P 5 0.061), but not in May (males,
15/22; females, 14/22; x2 5 0.10, P 5 0.75) when overall prevalences were higher. In H. frenatus, male prevalence was lower
(26/38) than female prevalence (46/52; DLP-6 and IAF-5 combined, x2 5 5.51, P 5 0.019). In contrast, in N. durelli there
was no difference in prevalence between male prevalence (35/
86) and female prevalence (27/63; x2 5 0.07, P 5 0.79). Finally, for N. serpensinsula, male prevalence (4/10) was less than
female prevalence, (4/5), but this difference was not significant
(Fisher’s exact test, P 5 0.28).
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TABLE I. Prevalence of Eimeria and Isospora in 4 types of geckoes (Gekkonidae) on 7 islands near Mauritius, 2003.* Prevalence from multiple
visits to islands are presented separately following the island average.
Host species, common name,
island of origin, and endemic status
Phelsuma ornata ’Ornate day gecko’ (endemic)
All islands and dates
Flat Island (FI)†
Gunner’s Quoin (GQ)
March visit
July visit
Ile aux Aigrettes (IAA)
February visit
March visit
Round Island (RI)
Hemidactylus frenatus ‘Common house gecko’
introduced
All islands and dates
Flat Island
Ile aux Aigrettes
February visit
April visit
Ile aux Fouquets (IAF)
Ile de la Passe (DLP)
March visit
June visit
Nactus durelli ‘Durrell’s night gecko’ (endemic)
Round Island
Nactus serpensinsula ‘Serpent Island night gecko’
(introduced)
Serpent Island (SI)

No. of samples,
(month collected)
405
55
64
44
20
89
58
31
44

394
55
79
48
31
47
67
24
43

(4)
(3, 7‡)
(3)
(7‡)
(2‡, 3§)
(2‡)
(3§)
(5)

(4)
(2‡, 4§)
(2‡)
(4§)
(5)
(3‡, 6)
(3‡)
(6)

159 (5)

15 (11)

Coccidia species
E. dobsoni
43%
62%
44%
32%
70%
31%
31%
32%
66%

E. brianbelli
15%
22%
44%
7%
5%
9%
9%
10%
5%

I. bullocki
14%
27%
16%
14%
20%
0%
0%
0%
45%

E. furmani
69%
65%
65%
56%
77%
77%
72%
50%
84%
E. mungrooi
40%
E. mungrooi

I. schlegeli
14%
15%
22%
17%
29%
0%
10%
13%
9%
I. bloxami
15%
I. bloxami

I. cunninghami
7%
5%
2.4%
0%
6%
4%
15%
4%
21%

20%

40%

13%

E. leinwandi

*No coccidia were observed in fecal samples from the endemic skink, Gongylomorphus fontenayi, on Flat Island (n 5 10); the endemic ‘Gunner’s Quoin night gecko,’
Nactus coindemirensis (n 5 155), on Gunner’s Quoin (n 5 146); or the undescribed, endemic species of Nactus night gecko on Flat Island (n 5 9). A single sample
collected from the introduced agamid Calotes versicolor was found to be positive for a new species of coccidian.
†I. northi was found in a single individual of this species for a prevalence of 18%.
‡Samples from males only.
§All samples from females only.

Age of host
A binary logistic regression of infection status vs. age measured by log-transformed SVL showed marginally significant
positive coefficients for H. frenatus (FI-4: coefficient 5 15.989;
N 5 55; T 5 2.15; P 5 0.031, and IAF-5 and DLP-6 (with sex
as the covariate): coefficient 5 14.083; N 5 90; T 5 1.91; P
5 0.057), but not for P. ornata (RI-5 and GQ-7 (N 5 65) and
GQ-3 and FI-4 and IAA-3 (N 5 188), both with sex as the
covariate: both P values .0.3, or N. durrelli (RI-5: coefficient
5 4.55; N 5 159; T 5 1.84; P 5 0.066). Other sets of samples
were too small for adequate testing.
Body condition
There were no significant relationships between infection status and host body condition for P. ornata (5 comparisons), H.
frenatus (2 comparisons), or N. durrelli (1 comparison; all P
values .0.27).
Parasite interactions
In P. ornata from IAA, there was strong evidence for competition between Eimeria brianbelli and Eimeria dobsoni (February, males, x2 5 14.98, P , 0.001; March, females, x2 5 9.16,

P , 0.005). In other species, there was no evidence of competition or facilitation between the most prevalent Eimeria species and Isospora species in N. durrelli, P. ornata, or H. frenatus (7 comparisons, all P values .0.25).
DISCUSSION
The coccidia of the lizards of Mauritius and its surrounding
islands provide an ideal subject to study island parasite ecology.
Each reptile species apparently has endemic coccidia, and populations on different islands are effectively cut off from other
conspecific populations. The possibility of migration between
populations is significantly impeded by the constant trade winds
and high seas throughout the winter and the large distances
between islands (Fig. 1). In our study, there was no evidence
of coccidial transmission or cross-infection between any of the
7 species studied here, including the introduced invasive ‘common house gecko,’ H. frenatus. The data from Mauritian geckoes suggest that their coccidia are not infectious for each other,
consistent with the strict host specificity reported for most reptile coccidia, including those in sympatric geckoes (Levine,
1988; Bannert, 1994; Ball and Daszak, 1995).
This study demonstrates that populations of endemic and introduced lizards of Mauritius have consistently high prevalenc-
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es of coccidia. Similar high prevalences have been reported
previously from reptiles of Mauritius, of other tropical islands,
and of nonarid tropical regions (Daszak, 1995; Couch et al.,
1996). In addition, a histological survey of tissue for coccidia
from a population of island-inhabiting lizard revealed higher
prevalence of coccidial infection than those reported here
(Goldberg and Bursey, 1990). One possible explanation for the
lower coccidian prevalence in feces is because oocysts are not
shed in feces throughout the entire endogenous life cycle of
coccidia and oocyst shedding can vary diurnally (Levine, 1942;
Levine, 1982; Brawner and G.E., 1999; Brown et al., 2001).
For some species, oocysts of coccidia are shed for 50% or less
of the entire infectious period. Therefore, it is possible that
coccidial prevalences of 50% or higher represent almost continual reinfection of individuals (Ball and Lewis, 1984). The
high prevalences reported here suggests that that Mauritian reptiles are either chronically infected or continually reinfected
with their most common coccidian (normally an Eimeria species).
Persistent high prevalence has been reported for reptile blood
parasites (Sorci, 1995), reptile helminths (Bursey and Goldberg,
1994), and for many rodent coccidia (Dorney, 1963, 1966; Ball
and Lewis, 1984; Stanton et al., 1992; Thomas et al., 1995;
Fuller, 1996; Seville et al., 1996; Higgs and Nowell, 2000; Bertolino et al., 2003). Some authors have suggested that this indicates coccidia are nonpathogenic in these populations and that
they have a minimal effect on host fitness. However, this pattern
could also be explained by a pathogenic parasite that does not
elicit a lasting acquired immune response, and either chronically infects hosts, or rapidly reinfects hosts after the infection
is cleared. Infectious agents that elicit a strong, lasting immune
response should be less prevalent in older animals, because
these are more likely to have already been infected and become
immune to infection. This pattern was observed for coccidial
parasites of the mouse Peromyscus maniculatus (Fuller, 1996).
In the current study, regression analyses showed weak or nonsignificant positive correlations between prevalence and age,
suggesting that these coccidia do not elicit a lasting immune
response. The lack of correlation between prevalence and host
body condition also may suggest that these coccidia are nonpathogenic in Mauritian lizards. This finding agrees with ecological and nutritional studies of some small mammals, which
concluded that their coccidia are relatively nonpathogenic (Ball
and Lewis, 1984; Seville et al., 1992, 1996). Conversely, a
study of P. maniculatus found that coccidial infection correlated
with decreased host survival despite lack of correlation with
body condition (Fuller and Blaustein, 1996). This may be a
result of infected animals foraging for longer periods of time,
which allows them to maintain good body condition, but exposes them to additional predation, as may be the case with
Mauritian lizards.
Previous analyses have shown that low environmental humidity is a predictor for low coccidial prevalence in reptile
populations because transmission occurs through an external
oocyst stage, which is susceptible to desiccation (Ovezmukhammedov, 1974; Daszak, 1995). In the current study, the
prevalence of coccidia in Mauritian reptiles was actually higher
in the cool and dry season from May to October than in the
warm and wet season from November to April. Throughout
Mauritius, mean humidity remains higher than 70% throughout

the year. These data suggest other factors (e.g., low host immune response to reinfection) affect overall prevalence more
significantly than the effect of humidity on oocyst survival.
However, it is important to note that interpretation of seasonal
data may be confounded by recruitment or other temporally
varying factors.
Significant differences in coccidian prevalence between sexes
were observed only in certain seasons, and this differed between host species. Other studies of island reptile coccidia
found no significant difference in prevalence between sexes
(Goldberg and Bursey, 1990; Couch et al., 1996). Within rodents, differences in coccidial prevalence between sexes (or female reproductive state) have been reported in some species
(Ball and Lewis, 1984; Bertolino et al., 2003), but not in others
(Higgs and Nowell, 2000). The differences in prevalence found
between sexes in the current study may reflect differences in
space-use patterns and social organization of males and females, which may be different between species, habitats, and
classes (Bertolino et al., 2003).
There was no evidence of competition or facilitation between
Eimeria spp. and Isospora spp. in any of the reptiles studied.
In Galapagos reptiles, Eimeria spp. were the most prevalent
coccidians and it was hypothesized that this is due to competition between coccidial genera (Couch et al., 1996). Species of
Eimeria are also the most prevalent in Mauritian reptiles, but
our analyses suggest that competition is not the cause. We did
find strong evidence for competition between Eimeria brianbelli and Eimeria dobsoni in samples from the endemic ‘ornate
day gecko,’ P. ornata, from IAA. Both E. brianbelli and E.
dobsoni have subspherical oocysts, a common trait of intestinal
coccidia, rather than gall bladder coccidians, which are often
cylindroidal in reptiles (Paperna and Landsberg, 1989). Although Isospora spp. and Eimeria spp. are often found in similar regions of the GI tract, it may be more likely that 2 eimerians would inhabit similar cells, and thus compete. A histological study that examined the exact location in the GI tract of
each species infection would test this hypothesis.
No coccidia were found in fecal samples of the endemic
‘Gunner’s Quoin night gecko,’ N. coindemirensis, from Gunner’s Quoin (n 5 146), and the undescribed endemic Nactus sp.
night gecko from Flat Island (n 5 9). Its 2 sister taxa, the
‘Serpent Island gecko’ (N. serpensinsula) and ‘Durrell’s night
gecko’ (N. durrelli) share an Isopora and an Eimeria species
with prevalences between 20% and 40% (Table I). The lack of
coccidia in the Flat Island samples may be due to the small
sample size, but the absence of oocysts in the much larger sample size from Gunner’s Quoin suggests this N. coindemirensis
night gecko population may be coccidia-free. Introduced species often have lower parasite biodiversity than their conspecifics in the country of origin due to the usually small size of
the founding colony (Mitchell and Power, 2003; Torchin et al.,
2003). However, it is unlikely that a founder effect explains
these data because Gunner’s Quoin and the other outer islands
rest on a submarine shelf that was exposed during Quaternary
sea level falls (Arnold, 1980). During the last glaciation (around
13,000–7,000 yr B.P.) ‘Durrell’s night gecko’ (N. durrelli) and
the ‘Gunner’s Quoin night gecko’ (N. coindemirensis) were almost certainly sympatric, with their current distribution explained by competitive exclusion or competition from introduced ‘common house gecko’ (H. frenatus) (Arnold, 1980; Ar-
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nold and Jones, 1994). It is therefore more likely that the lack
of coccidia in the ‘Gunner’s Quoin night gecko’ (N. coindemirensis) on Gunner’s Quoin is due to a severe population bottleneck caused by predation from the introduced brown rat, Rattus norvegicus (Bell, 2002). Such a bottleneck may have reduced the host population below the threshold density for coccidian transmission (McCallum and Dobson, 1995) and led to
extinction of their coccidia.
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