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Summary

The helminth community of the Iberian hare, Lepus granaten-
sis, in the southern Spanish province of Granada was ana-
lysed, thorough the study of 487 individuals shot by hunters
between November 1998 and October 1999. Six helminth
species were found: Mosgovoyia pectinata (Cestoda); Tricho-
strongylus retortaeformis, Nematodiroides zembrae, Nema-
todirus sp., Passalurus ambiguus and Micipsella numidica
(Nematoda). N. zembrae and M. pectinata (62.4 % and
17.2 %, respectively) were the only component species found.
The predominance of helminth species with a direct life cycle
is noteworthy. These two component species were signifi-
cantly influenced by season of capture. Other factors, such as
host age and municipality of capture, influenced the preva-
lences and/or abundances of the component species, while
host sex did not exert any important role. These variations,
determined by extrinsic and/or intrinsic factors, in the hel-
minth community could be related to the ecology of the Ibe-
rian hare, mainly diet, habitat and behaviour.
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Introduction

Lepus granatensis Rosenhauer, 1856 is an endemic species
of the Iberian Peninsula, which lives in parapatry with
other representatives of the genus, L. europaeus and L.
castroviejoi. Among them, L. granatensis shows the broad-
est Iberian distribution, occupying much of the Iberian
Peninsula except for a strip that runs from the northwest to
the northeast; the mouth of the river Ebro being its eastern
limit. This lagomorph was also introduced in the south of
France as a game species in the past few decades. The
population of the Iberian hare is stable within its typical
area of distribution (Duarte, 2000; Muiioz-Cobo &
Moreno, 2004; Acevo et al., 2012).

Information available on infectious diseases affecting L.
granatensis is scarce, in contrast to the abundance of refe-
rences related to the sympatric lagomorph, Oryctolagus
cuniculus. In particular, helminthological studies on L.
granatensis from the south of Spain are limited to those of
Moreno et al. (1979) and Martinez-Gomez et al. (1987),
who studied two batches of 42 and 45 hosts from Cordoba,
respectively. In central Spain, Garcia-Romero et al. (2001)
analysed 63 Iberian hares, while Alzaga et al. (2008) ana-
lysed a similar batch (n=68) from Castille-La Mancha.
Concerning the northern range, Molina (1998) and Bordes et
al. (2007) provided helminthological data from Navarre and
southern France (n=39 and n=47, respectively). These
studies, most of them focused on areas that constitute the
geographical limit for the species (Molina, 1998; Bordes et
al., 2007), made the characterization of the helminthfauna of
L. granatensis in distant points of the Iberian Peninsula
possible. However, there is a lack of parasitological studies
on southern Spain, where L. granatensis is particularly
abundant.

Parasitological studies have proved to be useful in the
elucidation of biological features related to lagomorphs
(Newey & Thirgood, 2004; Newey et al., 2005; Eira et al.,
2007; Townsend et al., 2009). In the case of the Iberian
hare, the only study of such characteristics is that by Al-
zaga et al. (2008), who analysed the relationship between
parasite burdens and its ability to escape from predators.
However, further analyses concerning the correlation be-
tween parasitism and other host-related factors are still
required (Fernandez et al., 2008; Paupério & Célio, 2008).

This study aims to contribute to the knowledge on the
helminthfauna of the Iberian hare in southern Spain
through the survey of a large batch of the host. Moreover,
an ecological analysis has also been carried out in order to
assess variations in its helminth community, taking into
account intrinsic and extrinsic factors.
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Fig. 1. Geographical location of municipalities
in the province of Granada (Spain) where the sample
of Lepus granatensis was collected.
1, Loja; 2, Alomartes; 3, Illora; 4, Cijuela; 5, Caparacena; 6, Albolote

Material and methods

A batch of 487 Iberian hares (258 males and 229 females)
shot by hunters between November 1998 and October
1999, along the four seasons, i.e. autumn (n=136), winter
(n=145), spring (n=117) and summer (n=89), was analysed
(Table 1). The sample was obtained by legal hunting
methods, in compliance with Spanish laws and Annex IV
of the Berne Convention on the Conservation of European
Wildlife and Natural Habitats. The study area included six
municipalities of the province of Granada (Fig. 1): Loja
(n=30), Alomartes (n=106), Illora (n=211), Cijuela (n=86),
Caparacena (n=25) and Albolote (n=29), located between
latitude 37°10° — 37°18’N and longitude 3°38” — 4°10°W,
where L. granatensis lives in sympatry with O. cuniculus.
The study area was climatically classified as Mediterra-
nean according to the data provided by the Spanish Mete-
orological Agency, but with moderate temperatures and
rainfall, and without climatic differences between the six
municipalities.

Age determination poses some difficulties in Iberian hares,
since there are no reference tables for body length, weight,
and age, as in the case of the European hare (Péroux,
1995). In spite of this, three subsets of individuals based on
body weight were defined: juveniles <2.000 g (n=103);
sub-adults between 2.000 — 2.300 g (n=231), and adults
>2.300 g (n=153) (Table 1).

The abdominal cavity was opened and the viscera ex-
tracted. After that, the mesenteries and the abdominal ca-
vity were examined for the presence of macroparasites. All
viscera were systematically checked by using standard
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helminthological methods (Georgi & Georgi, 1990). The
gastrointestinal tract was divided into four sections (sto-
mach, small intestine, caecum, and colon) which were
longitudinally opened with scissors. The content of each
section was placed in a 150-um-mesh sieve and washed
under running water. The gastrointestinal contents and any
accompanying helminths trapped in the sieve were exami-
ned in small amounts in Petri dishes using a stereomicro-
scope (x10 and x30). All helminths found were removed,
counted and preserved in 70 % ethanol. Nematodes were
cleared in Amman lactophenol to identify internal struc-
tures, while cestodes were stained in Semichon acetocar-
mine, dehydrated and mounted in Canada balsam. Identifi-
cation of helminths was made according to previous de-
scriptions (Erhardova, 1957; Skrjabin ef al., 1960; Bernard,
1965; Tenora & Murai, 1978; Durette-Desset, 1979; Hugot
et al., 1983; Genov et al., 1990; Beveridge, 1994; Haukis-
almi et al., 2010).

The analysis of the helminth community was carried out
considering: each particular biological cycle (direct or
indirect life cycle), prevalence, mean abundance, median
intensity, range and total number of helminths calculated
according to Bush et al. (1997).

Where possible, standard non-parametric tests — chi-
squared (%), Mann-Whitney (U) and Kruskal-Wallis (H)
tests — were applied (Sokal & Rohlf, 1981). Statistical
significance was established at P<0.05.

The role played by intrinsic (host age and sex) and extrin-
sic (municipality and season of capture) factors in deter-
mining helminth prevalences and worm burden (mean
abundance) for component species of the Iberian hare were
studied. The analysis of helminth prevalences, as the de-
pendent variable, was carried out using binary logistic
regression (infected=1; uninfected=0) and the intrinsic and
extrinsic factors as independent variables. The analysis of
worm burden (expressed by helminth abundance) was
carried out using ANOVA (F). As the number of helminths
was highly aggregated, the helminth abundance of each
species was normalised by the In (x + 1) transformation for
ANOVA analysis.

The frequency distribution of component species was cal-
culated by means of the Lefkovitch index (L), where
L=(1/45)tang” (variance/mean)-1 ranging from —1 (posi-
tive binomial or uniform distribution), 0 (Poisson or ran-
dom distribution) to +1 (negative binomial or aggregated
distribution).

Table 1. The number of Lepus granatensis examined in Granada,
distributed by season of capture, age and sex

season juvenile sub-adult adult
female male female male female male
spring 5 16 6 43 40 7
summer 15 21 9 22 17 5
autumn 13 21 41 30 22 9
winter 2 10 23 57 36 17




Table 2. The composition of the helminth community of Lepus granatensis in Granada. ILC, indirect life cycle; DLC, direct life cycle;

n, number of infected hosts; %, prevalence;

CI, confidence interval; SE, standard error.

* Mean abundance, Median intensity and range cannot be reported as not all helminths were collected and counted

Prevalence Mean abundance Median intensity
Helminth species Cycle Site n % 95% C.I SE Range
CESTODA
Mosgovoyia pectinata ILC Intestine 84 17 14-21 0.7 0.1 3 1-24
NEMATODA
Trichostrongylus retortaeformis  DLC Intestine 4 1 0-2 0.1 0.1 3 1-55
Nematodiroides zembrae DLC Intestine 304 62 58-67 31.9 34 16 1-516
Nematodirus sp. DLC Intestine 1 1 0-2 0.002 0.002 1 1
Passalurus ambiguus DLC Intestine 7 1 0-2 1.3 0.7 48 4-290
Micipsella numidica* ILC  Abdominal cavity 17 3 2-5 -—- - -—- -

StatView 5.0 —SAS Institute Inc and IBM SPSS Statistics
19.0 —SPSS Inc— for Windows were the software packages
used for statistical analyses.

Results

A total of 332 Iberian hares (68.17 %) was found to be
infected with a total of six species: one cestode, Mos-
govoyia pectinata (Goeze, 1782) (Anoplocephalidae); and
five nematodes, Trichostrongylus retortaeformis (Zeder,
1800) (Trichostrongyloidea), Nematodiroides zembrae
(Bernard, 1965) and Nematodirus sp. (Molineidae), Pas-

sented helminths with an indirect life cycle, with a statisti-
cally significant difference (}’=174.051; df=1; P<0.0001).

The analysis of the influence of intrinsic and extrinsic
factors on the biodiversity of the helminth community of
the Iberian hare showed no remarkable differences among
groups. However, concerning age groups, the two compo-
nent species were the only species reported in juvenile
hares. Moreover, concerning municipalities, no species
was reported in the municipality of Albolote.

The analysis of prevalence and helminth burden of the two
component species showed that populations of N. zembrae
and M. pectinata were affected by: the season (Table 3)

Table 3. Prevalence and abundance of the helminth component species of the helminth community of Lepus granatensis in Granada grouped
by season of capture. n, number of infected hosts; %, prevalence; CI, confidence interval; SE, standard error

Mosgovoyia pectinata Nematodiroides zembrae
Prevalence Mean abundance Prevalence Mean abundance
Season n % 95%C.lL SE n % 95%C.I. SE
Autumn 44 32 24-40 14 0.3 79 58 50-66 15.5 32
Winter 21 14 9-21 0.5 0.1 106 73  66-80 47.5 7.1
Spring 14 12 7-19 0.7 0.3 73 62 54-71 6.9 1.4
Summer 5 6 1-12 0.07 0.03 46 52 41-62 64.6 12.3
salurus  ambiguous (Rudolphi, 1819) (Oxyuridae), and the municipality of capture (Table 4); while host age

Micipsella numidica (Seurat, 1917) (Onchocercidae). Only
two of these species were considered as component species
(prevalence > 10 %): N. zembrae showed the highest pre-
valence (62.42 %) and mean abundance (31.92) of infec-
tion, while M. pectinata had a prevalence of 17.25 % (Ta-
ble 2). Thus, the remaining helminth species have to be
considered as rare species of the helminth community of
the Iberian hare in Granada.

From a biological point of view, 62.63 % of hares pre-
sented helminths with a direct life cycle and 20.74 % pre-

affected N. zembrae only, with the highest percentage of
infection in sub-adult Iberian hares (70.13 %).

The role played by these intrinsic and extrinsic factors de-
termining helminth prevalence and abundance of the two
component species were ratified by the results of the chi-
squared test (Table 5) and the binary logistic regression
(Table 6) in the case of prevalences, and the Kruskal-Wal-
lis test (Table 5) and ANOVA (Table 7) in the case of
abundances.

Table 4. Prevalence and abundance of the helminth component species of the helminth community of Lepus granatensis in Granada grouped
by municipality of capture. n, number of infected hosts; %, prevalence; CI, confidence interval; SE, standard error

Mosgovoyia pectinata Nematodiroides zembrae
Prevalence Mean abundance Prevalence Mean abundance
Municipality n % 95% C.I SE n % 95%C.L SE
Loja 1 3 0-17 0.1 0.1 10 33 17-53 3.7 2.9
Alomartes 26 25 17-34 1.1 0.3 35 33 24-43 39.9 8.3
Illora 31 15 11-21 0.6 0.2 68 32 23-39 254 4.6
Cijuela 26 30 21-41 1.0 0.2 24 28 19-39 23.9 4.8
Caparacena —— - - - - 7 28 12-49 151.9 25.5
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Table 5. Analysis of prevalence and abundance of the helminth component species of the helminth community of Lepus granatensis in Granada
grouped by host age and sex, and municipality and season of capture, through the %> and the Kruskal-Wallis (H) tests, respectively.
df — degree of freedom. Only statistically significant models are reported.

Independent variables/ helminth species  df r P H P
Mosgovoyia pectinata

Season 33.237 <0.0001 33.739 0.0001
Municipality 3 16.181 0.0010 15.710 0.0010
Nematodiroides zembrae

Season 3 12,019 0.0073  31.335 0.0001
Municipality 4 16492 0.0024 35397 0.0001
Host age 2 24960 <0.0001 26.930 0.0001

The frequency distributions of the two component species
showed that both presented a negative binomial distribu-
tion: N. zembrae (L=0.99) and M. pectinata (L=0.85).

Table 6. Logistic regression models for prevalences of the helminth
component species of the helminth community of Lepus granatensis
in Granada grouped by host age and sex, and municipality and season
of capture, expressed by 5 values with associated probabilities (P)
for the model created including independent variables. df — degree of
freedom. Only statistically significant models are reported.

Helminth species/independent df 1 P

variables included in the model

Mosgovoyia pectinata

Season & municipality of capture 8  50.520  <0.0001
Nematodiroides zembrae
Season & municipality of capture 10 176.313  <0.0001
& host age

Discussion

The high prevalence of parasitation in the Iberian hare
reported in the present study, mainly due to the nematode
N. zembrae, coincides with other studies carried out con-
cerning this host (Bordes et al., 2007; Alzaga et al., 2008).
However, the species richness (only six helminth species
were detected in spite of the high number of individuals
analysed) is below the results obtained in previous studies
undertaken in other areas of Spain, where seven (Moreno
et al., 1979), respectively, eight helminth species (Mar-
tinez-Gomez et al., 1987; Garcia-Romero et al., 2001)
were reported. Above all, the absence of other cestode

species is noteworthy. The selection of the preferred habi-
tat (intensive olive tree orchards) by the Iberian hare in the
south of Spain (Mufioz-Cobo & Moreno, 2004) could be a
cause of this low diversity, since Bordes ef al. (2007) also
reported very low species richness in L. granatensis in
lowland agricultural areas in the northern range of this
lagomorph.

N. zembrae, the most prevalent and abundant species,
together with M. pectinata, are confirmed as the only com-
ponent species of the helminth community of the Iberian
hare in the province of Granada. The high parasitation by
the nematode, which had previously been reported in this
lagomorph (Garcia-Romero et al., 2001; Bordes et al.,
2007), is unsurprising.

One female hare was parasitized by one individual of
Nematodirus sp. Species of the genus Nematodirus are
common parasites of the small intestine of ruminants. To
the best of our knowledge, the finding of one individual of
Nematodirus sp. in a female hare is the first report of a
species of this genus in Iberian hares. The life cycle of
Nematodirus sp. is very similar to N. zembrae, a direct life
cycle with a free living larva as infective stage; the only
marked difference lies in the pre-patent period, which is
longer in Nematodiroides species (Audebert ef al., 2002).
The geohelminth 7. retortaeformis has commonly been
reported to parasitize lagomorphs from Spain. Several
studies revealed the influence of parasitism by trichostron-
gilid species on host population dynamics of species of the
genus Lepus (Newey et al., 2005; Townsend et al., 2009).
The only available data on species of the genus Tricho-
strongylus parasitizing Iberian hares in southern Spain are

Table 7. Mean abundance of the helminth component species of the helminth community of Lepus granatensis in Granada grouped by host age and
sex, and municipality and season of capture, through ANOVA, expressed by F values with associated probabilities (P). df, degree of freedom. Only
statistically significant models are reported.

Helminth species/Source of variation df F P

Mosgovoyia pectinata
Season of capture
Nematodiroides zembrae
Season of capture
Municipality of capture
Host age

Season of capture / host sex
Season of capture / host age

Municipality of capture / host sex
Municipality of capture / host sex / host age

3 2.890 0.035
3 26204 <0.0001
5 22.123 <0.0001
2 3.644 0.027
3 7.617 <0.0001
6 2473 0.023
5 2295 0.045
3 6.169 <0.0001
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those of Moreno et al. (1979), who found a prevalence of
21 % of T. retortaeformis in a sample of 42 hares. The
limited extent of infection by T. retortaeformis found in
the present study could be one of the reasons for the high
population abundance of the Iberian hare in the study area.
When this species is present in the helminth communities
of L. granatensis (mainly in winter), it seems to interact
with N. zembrae, which is expressed as a reduction in the
intensity of 7. retortaeformis. Interactions between T.
retortaeformis and other parasites of lagomorphs may
result in changes in the temporal pattern of the affected
species. This effect was reported by Lello et al. (2008)
with respect to Graphidium strigosum.

The oxyurid P. ambiguus has been reported to parasitize
the large intestine and the caecum of rabbits, cottontails
and hares all over the world (Harkness et al., 2010). Alt-
hough this helminth showed the highest mean intensity in
the entire host sample, the prevalence reported herein was
very low. Similar patterns were reported in other studies on
Spanish lagomorphs (Garcia-Romero et al., 2001; Eira et
al., 2007).

The filarial worm M. numidica, transmitted by an arthro-
pod, had previously been reported to parasitize the Iberian
hare (Moreno et al., 1979). In spite of its low prevalence in
the analysed host sample, seasonal variations, probably due
to vector population fluctuations, were detected, with an
increase of its prevalence in summer, with a significant
peak in autumn and a marked decrease in winter.

The high dominance of helminth species with a direct life
cycle can easily be explained by the high population den-
sity and through the scarce, only accidental, ingestion of
invertebrate intermediate hosts. On the other hand, the very
low prevalence of the oxyurid P. ambiguous, a nematode
with direct transmission, ageohelminth type, as well as the
absence of other helminth species with a direct life cycle,
can be related to its supposedly discontinued distribution
along agro-climatic areas, as well as by the less sedentary
and gregarious character of the Iberian hare when com-
pared to the wild rabbit, O. cunniculus, and through the
fact that this hare does not use burrows, consequently this
kind of transmission is not favoured (Garcia-Romero et al.,
2001). This last aspect is confirmed by the fact that the
juvenile hare population was only parasitized by the two
component species, and by none of the other three species
with a direct life cycle.

Referring to the influence of intrinsic and extrinsic factors
on the prevalence and abundance of M. pectinata and N.
zembrae, the influence of the season of capture, with the
highest prevalences of M. pectinata in autumn, and of N.
zembrae in winter, may be related to the population in-
crease of the oribatid mite, intermediate host, in summer,
ingested by the Iberian hare while grazing, favouring in-
festation with this cestode species, mainly detected as an
adult tapeworm during the following season; and the
higher presence of free living nematode larvae, as a conse-
quence of the temperature decrease and the increase of soil
humidity from on autumn. On the other hand, these sea-
sonal differences could also be related to the diet of the

Iberian hare. The rate of grass consumption reaches its
maximum in winter (81 %), increasing the probability of
acquiring infective stages of both species along the cold
season (Paupério & Célio, 2008). Similar seasonal varia-
tions in parasite burdens have been reported for wild rab-
bits in Spain (Garcia-Romero & Valcarcel, 1999).

The absence of parasitation in the municipality of Al-
bolote, as well as the presence of N. zembrae in Capara-
cena as the only helminth species detected, seem to be due
to the low number of hosts analysed and not due to eco-
logical and/or climatic differences between the munici-
palities analysed, taking into account the similarity be-
tween them and the fact that municipalities represent an
artificial geographical division, but it is the only geo-
graphical location available within the entire host sample
area.

Host sex did not exercise any influence on parasitation.
Both helminth component species affect male and female
hares equally, agreeing with various studies having re-
ported these two parasites in other Iberian lagomorphs
(Garcia-Romero & Valcarcel, 1999; Molina et al., 1999;
Eira et al., 2007).

The effect of parasitic infections on the health of different
lagomorph species has been studied by several authors
who used the kidney fat index as a measure of physical
condition of the host (Eira et al., 2007). Alzaga et al.
(2008) reported a significant reduction in fitness and a
higher vulnerability to attacks by common predators as a
consequence of parasitic infection in Iberian hares. Moreo-
ver, helminth burdens also seem to influence the reproduc-
tive status of female Iberian hares, which breed throughout
the year, although several authors have reported cycles that
depend on climatic factors. The results of the present study
showed that the highest intensity of helminth infracommu-
nities occurs in autumn and winter, coinciding with the
lowest percentage of reproductively active females in the
study area.

These findings support the hypothesis that variations in
parasite burdens of helminth species affecting Iberian hares
throughout the year can exert an effect on the regulation of
their populations, either by influencing reproductive cycles
or by affecting the body condition of the host. Although
potential bilateral effects between helminths and hosts
have to be considered, as the immune status of hares can
rule the worm burden in the hosts, helminths sometimes
only take advantage of the rundown condition of the hare
although they do not cause it. These effects are certainly
reciprocal between hares and their helminths. The helminth
burden depends on the reproductive stage of animals rather
than on the reproductive stage of the worm burden. In spite
of this, the two component species of the helminth com-
munity of the Iberian hare in Granada should be considered
well established among the host population, given their
prevalences and abundances, as well as their aggregated
distribution (negative binomial), and consequently not as a
destabilising factor of the Iberian hare population (Ander-
son & May, 1978).
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