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Abstract
The European rabbit Oryctolagus cuniculus is a keystone species from the Iberian Peninsula where viral diseases have played

a prominent role in regulating their populations. Coccidiosis, a parasitic disease caused primarily by Eimeria spp., is also

thought to have important negative effects. However, few studies have investigated the impact of coccidia on wild European

rabbit populations on the Iberian Peninsula. Here we estimate coccidian prevalence in rabbit faecal samples collected along tran-

sects established in two ecological regions. Six Eimeria species, with different pathogenicity, were identified (E. coecicola, 

E. perforans, E media, E. magna, E. irresidua and E. flavescens). Species diversity varied significantly between regions although

mean oocyst excretion levels were generally low in both areas (57.61 s.d.±78.07 and 17.03 s.d.±27.72, oocyst per gram of 

rabbit faeces). This study is the first to describe the composition of the Eimeria spp. assemblage for wild rabbit populations on

the Iberian Peninsula and provides fundamental information for future studies on the potential interaction of viral and parasitic

diseases.
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The European rabbit Oryctolagus cuniculus is a keystone

species native to the Iberian Peninsula (Ferrand 2008). The

density of this species has suffered a steep decline over the

last decades being current levels less than 10% of early 20th

century estimates (Delibes-Mateos et al. 2009). Myxoma

(MV) and rabbit haemorrhagic disease viruses (RHDV) have

been identified as the main factors with several studies inves-

tigating the impact of viral infections in rabbit populations

(e.g. Villafuerte et al. 1995; Delibes-Mateos et al. 2009;

Abrantes et al. 2013). However, parasitic diseases, such as

coccidiosis, can also impact rabbit populations (e.g. Bertó-

Moran et al. 2013). Lello et al. (2005) reported that coccidio-

sis can cause significant weight losses and reduce the overall

physical condition of wild rabbits, in some instances even

more than myxomatosis. Notably, in France, 20% mortality

due to coccidiosis has been recorded, sometimes exceeding

the percentage of deaths due to RHDV (Marchandeau et al.
1999). 

Coccidiosis is most frequently caused by Eimeria species

and eleven species have been described to parasitize rabbits

(Hobbs and Twigg 1998; Pakandl 2009). In Iberia, coccidio-

sis has been recorded in both wild and domestic rabbit popu-

lations (Maldonado et al. 2004; RIPAC 2004; Rosell et al.
2009; Bertó-Moran et al. 2013), however no studies described
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Eimeria beyond genus. Identification of coccidia at the species

level is relevant due to the distinct pathogenicity of each

species, which can determine its potential to interact with

other host diseases (Lello et al. 2005; Pakandl 2009; Bertó-

Moran et al. 2013; Boag et al. 2013). 

Data on the prevalence of coccidiosis in Iberian wild rab-

bit populations are scarce. In Spain, Eimeria spp. oocyst ex-

cretion has been quantified in rabbit restocking enclosures in

the wild (Bertó-Moran et al. 2013), and the only study avail-

able for Portugal states that in a southern wild population

about 13% of rabbits found dead presented coccidiosis

(RIPAC 2004). 

The present study is the first to describe the composition

of the Eimeria spp. assemblage in wild rabbit populations from

its native range, the Iberian Peninsula. We present new data on

the prevalence of Eimeria species in two rabbit populations in

Portugal under different environmental conditions, and com-

pare the monthly variation of oocyst excretion within and be-

tween populations. We hope this study may contribute, in the

future, for studies on the potential interaction between viral and

parasitic diseases, a topic that has gained a new breath over the

last years (Bertó-Moran et al. 2013; Boag et al. 2013).

The two rabbit populations selected are located in two nat-

ural parks: Serra da Estrela Natural Park (PNSE) in north-east

Portugal, and Sudoeste Alentejano and Costa Vicentina Natu-

ral Park (PNSACV) in south-western Portugal (Fig. 1). PNSE

is a mountain region, with Meso and Supramediterranean cli-

mate, marked by cold wet winters, and frequent occurrence of

snow. PNSACV climate is Mediterranean, strongly influenced

by the proximity of the sea, and regularly affected by summer

droughts. 

From December 2004 to May 2005, we collected rabbit

faecal samples along pellet count transects in the two study

areas (for more details on the pellet count method see Ferreira

and Alves 2009). The assessment of coccidia typically relies

on the analysis of fresh faecal samples, and this is usually en-

sured by the collection of faeces from animals within enclo-

sures, after direct observation of defecation, or directly from

dead animals (e.g. Stodart 1968; Hobbs and Twigg 1998). Be-

cause our sampling design was targeted primarily to monitor

rabbit abundance, the rabbit faeces collected for this study

may have been exposed to weather conditions for a certain pe-

riod of time. For that reason, only those pellets appearing fresh

were collected which hampered data collection in April and

May 2005 in PNSE, when the climate was exceptionally dry

and all pellets found were visually desiccated. In the field, the

rabbit faecal pellets collected were wrapped in humid paper,

stored in plastic bags and transported to the laboratory in a

cooler. Samples were kept frozen until analysis in the ICBAS-

UP/ Campus of Vairão laboratory. 

Approximately 1.0 g of faeces was macerated and added to

a sugar solution with a density of about 1.2 g/cm3 (Jarvinen

1999). After admixing, the solution was filtered with fine mesh

gauze and left standing for a few minutes. As oocysts were

Fig. 1. Location of the two study areas in the Iberian Peninsula. PNSE – Serra da Estrela Natural Park and PNSACV – Sudoeste Alentejano
and Costa Vicentina Natural Park
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separated from faecal matter by flotation, the solution was col-

lected on the surface and transferred to a slide for species iden-

tification and to a McMaster slide for oocyst counts (Gordon

and Whitlock 1939). Eimeria species identification was per-

formed using an optic microscope at 400x magnification, and

considering oocyst morphology (length, width, colour and

shape), according to the descriptions of Pellerdy (1974) and

Hobbs and Twigg (1998). This procedure was performed for

at least three replicates per study area per month. Diversity of

Eimeria species in each study area was estimated using Shan-

non’s diversity index.

Oocyst excretion was measured as the number of oocysts

per gram (OPG) of rabbit faeces: OPG = (volume of sugar 

solution × number of oocysts)/(amount of faeces/slide vol-

ume). The relationship between oocyst excretion and rabbit

abundance in each study area (expressed as pellets/m2; 

Ferreira and Alves 2009) was assessed by Spearman correla-

tion tests. Differences in the oocyst excretion between areas

and months were assessed by Mann-Whitney-Wilcoxon tests.

Analyses were performed using basic and vegan R packages

(R Development Core Team 2012; Oksanen et al. 2013 and

references therein).

Six Eimeria species were observed (Fig. 2): E. coecicola
which is considered non-pathogenic; E. perforans slightly

pathogenic; E media, E. magna and E. irresidua pathogenic;

and E. flavescens is highly pathogenic (reviewed by Pakandl

2009). Of these, E. magna and E. irresidua were only detected

in PNSE. In addition to these confirmed species, three other

species were suspected to occur, E. piriformis and E. intesti-
nalis, found only in PNSACV; and E. stiedae found only in

PNSE on March 2005. However, due to the undefined ob-

served shape of the oocysts it was not possible to reach an

exact species identification, and so these and other oocysts

that were too degraded to be confidently assigned to any

species, were classified as “not identified” (Fig. 2), and were

excluded from calculations of the species diversity indexes

(Fig. 3). Seasonal and regional variation in the diversity of

coccidian were observed (Fig. 2), with higher species diversity

recorded in the winter and in PNSE (Fig. 3). This result is in

accordance with previous findings from regions with long and

dry summers, such as PNSACV, where only Eimeria species

with a shorter sporulation time may be able to complete their

life cycles (Stodart 1968; Hobbs and Twigg 1998; Bertolino 

et al. 2003). Accordingly, E. perforans, the species with the

shortest sporulation time (Hobbs and Twigg 1998), was the

most frequent species in PNSACV (Fig. 2). 

Mean oocyst excretion ± s.d. estimated for PNSE was

57.61±78.07 OPG, and for PNSACV 17.03±27.72 OPG (Fig.

4). No statistically significant differences were found between

months within each study area (PNSE: p = 0.624; PNSACV: 

p = 0.121; Fig. 4). Considerably higher oocyst excretion esti-

mates were reported in rabbits in restocking enclosures in

southern Spain (over 500 OPG, Bertó-Moran et al. 2013), than

those reported herein (lower than 170 OPG; Fig. 4). According

to Hobbs et al. (1999), oocyst counts are density dependent,

and so the discrepancies found between our results and Bertó-

Moran et al. (2013) may be attributed to the “high rabbit pop-

ulation density” in the restocking enclosures, which contrasts

with the low rabbit abundances found in our study areas. Mean

rabbit abundance ± s.d. in PNSE between December 2004 and

May 2005 was 4.06±3.02 pellets/m2 and 1.51±1.14 pellets/m2

in PNSACV. Furthermore, oocyst counts of Eimeria species in

rabbit wild populations can vary considerably across months

and years (Stodart 1968; Hobbs et al. 1999; Foronda et al.
2005). Thus, oocyst excretions in our study areas might also

Fig. 2. Percentage of Eimeria species identified within PNSE – Serra
da Estrela Natural Park and PNSACV– Sudoeste Alentejano and
Costa Vicentina Natural Park. N. id. – Species not identified. Note
that species are represented according to their level of pathogenicity.
Results are only presented from December 2004 to March 2005 since
in April and May 2005 no samples could be collected in PNSE, and
no oocysts were observed in PNSACV samples

Fig. 3. Monthly variation of Shannon’s diversity index of Eimeria
spp. found in rabbit faecal pellets in PNSE – Serra da Estrela Natu-
ral Park and PNSACV– Sudoeste Alentejano and Costa Vicentina
Natural Park
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be distinct from the ones reported for Spain (Bertó-Moran et al.
2013) just due to natural seasonality. Finally, we cannot 

exclude the possibility that the oocyst excretion values reported

in our study were affected by our sampling strategy, namely

the use of pellet count method to collect rabbit faecal samples.

As mentioned above, despite the effort to collect fresh pellets,

the pellets collected may have been exposed for some time to

weather conditions, leading to desiccation and therefore to an

underestimation of oocyst excretion.

Irrespective of the potential sampling bias, PNSE clearly

showed higher oocyst excretion values comparing to PNSACV

(W = 377.5, p = 0.0002). Although we found no positive cor-

relation between rabbit abundance and oocyst excretion within

PNSE (S = 137.918, p = 0.325), and just a slight correlation 

in PNSACV (S = 360.912, p = 0.0334), rabbit abundance was

significantly higher in PNSE than in PNSACV (W = 34, 

p = 0.0082). Hobbs et al. (1999) concluded that it is difficult to

find evidences for the relation between oocyst counts and host

density in rabbit populations in the wild, particularly in short-

term studies. So we cannot rule out the possibility that the

higher oocyst excretion described for PNSE could be due to

the higher host abundance in the study area. Alternatively, the

differences reported on oocyst excretion estimates of both

study areas may be justified by their distinct climate. Our re-

sults agree with those presented by Stodart (1968), who de-

scribed higher oocyst counts in colder and wetter climates

(similar to the climate described for PNSE) than in Mediter-

ranean climatic conditions (as those described for PNSACV). 

To our knowledge, this study is the first to describe the com-

position of the Eimeria spp. assemblage in wild rabbit natural

populations from the Iberian Peninsula, a region where this

species is native and plays a keystone role (Ferrand 2008). In

addition, our work highlights the importance of gathering in-

formation on the impact of coccidia in European rabbit popula-

tions, especially in a moment when understanding the potential

interaction with viral diseases is particularly critical. In 2012, 

a new variant of the RHDV was found in several wild rabbit

populations distributed across Spain and Portugal (Abrantes et
al. 2013). Unlike the classical form of RHDV, this variant kills

rabbits as young as 11 days old, and affects individuals vacci-

nated against classic RHDV (Abrantes et al. 2013; Dalton et al.
2014). The effects of this new variant have been devastating,

with rabbit populations in the wild potentially reaching a new

historical low in 2013 in Iberia (Delibes-Mateos et al. in press).

The potential for an interaction between viral and parasitic dis-

eases is particularly important at present, when rabbit popula-

tions may be further at risk raising concern for their

conservation in this region. Moreover, correlation between sea-

Fig. 4. Monthly variation of oocyst excretion estimates, expressed as the number of Eimeria oocysts per gram (OPG), found in rabbit popu-
lations in PNSE– Serra da Estrela Natural Park and PNSACV– Sudoeste Alentejano and Costa Vicentina Natural Park. Number of replicates
of 1.00g of fresh rabbit pellets analysed in brackets. In April and May 2005 no samples could be collected in PNSE, and no oocysts were 
observed in PNSACV samples
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sonal dynamics of myxomatosis outbreaks and coccidiosis has

been recently hypothesized (Bertó-Moran et al. 2013; Boag 

et al. 2013). Lastly, new molecular techniques to identify Eime-
ria species are now available (Oliveira et al. 2011) which will

facilitate the investigation of these topics. Finally, we strongly

recommend that parasite load estimations should be taken into

consideration in rabbit monitoring programs.
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