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Abstract

This paper presents the first extensive data on the helminth community of the wood mouse Apodemus sylvaticus in a coastal
sand dune area in Portugal. The 557 hosts analysed in this study were trapped seasonally between autumn 2002 and summer
2005 across 6 habitat types. Twelve helminth species were detected among which, Taenia parva larvae, Angiostrongylus dujar-
dini, Heligmosomoides polygyrus, Syphacia stroma and S. frederici constitute the component species, accounting for 98.7%
of all worms. H. polygyrus was the most prevalent helminth parasite. Species richness varied according to habitat and season.
The highest species richness was found in sand dunes during winter whereas the lowest was detected along lake margins also
during the winter. Some differences in prevalence and mean intensity values were found in relation to year (7. parva larvae
and H. polygyrus), habitat (4. dujardini), season (T. parva larvae, H. polygyrus, A. dujardini and S. stroma) and host sex
(T parva larvae and S. stroma). These differences are discussed both in view of the host’s biology and habitat characteristics.
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Introduction

There is a large amount of information on the helminth para-
site communities of small mammals from all over Europe (see
Goiiy de Bellocq et al. 2002 for a comprehensive list). In fact,
research focusing on this subject has been increasing along
with the need to replace the earlier descriptive studies with
thorough helmintho-ecological analysis. With reference to the
wood mouse Apodemus sylvaticus, this concept is supported
by results reporting several factors influencing helminth com-
munities, such as seasonal (Lewis 1968; Langley and Farley
1982; Montgomery and Montgomery 1988, 1989; Abu-Madi
et al. 1998, 2000) and site effects (Lewis 1968; O’Sullivan et
al. 1984; Montgomery and Montgomery 1990; Abu-Madi et
al. 1998, 2000).

All of the afore-mentioned papers on wood mouse hel-
minths are based exclusively on work conducted in the UK
and Ireland but information is also available about the effect
of some ecological factors on the helminth parasites of the
wood mouse in several Mediterranean islands (see Goily de
Bellocq et al. 2003). In the Iberian Peninsula, however, studies
on the helminth parasites of small mammals are mostly de-

scriptive and almost always refer to Spain (see Cordero del
Campillo et al. 1994, Feliu et al. 1997) except for the report of
Fuentes et al. (2003) on the helminth fauna of A. sylvaticus
from the Malcata Nature Reserve, Portugal.

Furthermore, Fuentes et al. (2004) emphasized the need
to obtain quantitative data and characterize helminth commu-
nities, particularly on ecologically limited areas, thus allow-
ing for helminth-ecological comparisons. Accordingly, this
study assesses, for the first time, the helminth community of
the wood mouse in a Portuguese coastal area (Dunas de Mira),
taking the effect of intrinsic (host age and sex) and extrinsic
(year, season and habitat) factors into consideration.

Materials and methods

Study area

“Dunas de Mira, Gindara e Gafanhas” is a Natura 2000 site
(PTCONOO055) located in the Coimbra District, littoral centre
of Portugal, comprising an area of 21000 ha (40°26'N,
8°47°W). According to the Habitat Directive (92/43/EEC), the
area is located in the Mediterranean Biogeographic Region.

*Corresponding author: catarina.eira@gmail.com
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Sampling hosts and parasites

Wood mice (n = 557) were captured seasonally between
autumn 2002 and summer 2005, thus corresponding to a 3-
year study period. In each of the 6 sampled habitats (see
description below), 30 baited live traps (Shermann-type) were
placed along 150 m transects (Spitz et al. 1974). These were
inspected for three consecutive nights leading to a trapping ef-
fort of 540 trap-nights (Macdonald et al. 1998) per season or
trapping period. Wood mice were killed by cervical disloca-
tion, tagged and deep frozen for later analysis. Weight, sex and
reproductive status of mice were registered immediately upon
thawing followed by helminthological analysis of viscera
using a stereomicroscope. All of the helminths found were
counted, preserved in tagged glass vials in 70% alcohol, pro-
cessed by general helminthological methods and identified ac-
cording to previous descriptions. The wood mice were divid-
ed into age classes according to the methodology used by Lo-
dewijckx et al. (1984), thus combining body weight and re-
productive status data. In this study, class 1 refers to juveniles
(weighing less than 11 g), class 2 refers to subadults (heavier
than 11 g and lighter than 20 g), and class 3 refers to adults
(weighing over 20 g).

Habitat description

Hosts included in this study were captured in 6 different habi-
tat types: (1) pinewoods, which mostly comprised Pinus pinas-
ter (but also P. pinea) with a well developed shrub layer; (2)
burned pinewood areas, which resulted from a major forest
fire in 1993 and presented a developing layer of P. pinaster
and a very well developed shrub layer; (3) sand dunes refer
to interdunar fields limited by the primary dune and by dense
pine woods, interspersed by small pine and Acacia spp. patch-
es and by a particular assemblage of vegetation composed by
Salix arenaria, S. atrocinerea, Scirpus holoschoenus, Juncus
spp., Carex spp., among others, as a consequence of temporal
flooding during the wet season; (4) lake margins include de-
ciduous trees (Salix alba, S. atrocinerea, Alnus glutinosa), Jun-

species richness

pinewoods burned pinewoods sand dunes
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cus spp., Carex spp. and grassland; (5) agriculture fields,
which have been left in set-aside for several years and now
comprise dense vegetation hedgerows and a very well devel-
oped herbaceous layer; (6) dune meadows are surrounded by
pinewoods with a very sparse shrub layer with Halimium alys-
soides and Cistus spp. and a dense herbaceous layer, which
may be submerged during the rainy season allowing for the
appearance of dense patches of S. arenaria, Juncus spp. and
Carex spp.

Statistical analysis

The use of descriptive ecological terms follows Bush et al.
(1997). Differences in helminth prevalences were tested by
chi-square analysis followed by Fisher’s exact test (2-sided)
for pairwise comparisons (Zar 1996) and differences among
helminth mean intensities were tested by a bootstrap 2-sample
t-test (QP 3.0, Rézsa et al. 2000). Seasonal and habitat relat-
ed analysis refer exclusively to hosts collected between
autumn 2004 and summer 2005 (1-year period), thus exclud-
ing a potential effect of annual variation. A Kruskall-Wallis
test was used to assess differences in species richness, fol-
lowed by a Tukey-Kramer HSD test (JMP 5.1, SAS Institute
Inc).

Results

The examined mice (290 males and 267 females) carried
23981 helminths belonging to 12 species. Prevalences and
mean intensities of all species are displayed in Tables I and II.
Four hundred and forty seven mice (80.3%) harboured at least
one helminth species. The mean species richness (Montgo-
mery and Montgomery 1989) was 1.7 species (SD = 1.3) pres-
enting an increasing pattern from juvenile to adult mice.
During winter, species richness varied across habitats
(Kruskal-Wallis, H = 76.00, df = 5, p<0.001). In fact, during
winter, the mean species richness in burned pinewoods, sand

B Autumn 04
O Winter 04/05
M Spring 05

O Summer 05

lake margins agriculture fields dune meadows

Fig. 1. Mean helminth species richness (+ SE) in Apodemus sylvaticus according to habitat type and season. “Winter mean species richness
values in burned pinewoods, sand dunes and lake margins are significantly different from each other and from other habitats
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dunes and lake margins are significantly different from each
other and from other habitat data sets (Tukey-Kramer HSD,
q* = 2.89, p<0.05). During winter, sand dunes present the
highest mean species richness while lake margins present the
lowest value (Fig. 1). When considering habitat data sets indi-
vidually, sand dunes present the highest mean value during
winter whereas the lowest value occurs during summer
(Kruskal-Wallis, H=20.96, df = 3, p<0.001 and Tukey-Kra-
mer HSD, q* = 2.61, p<0.05). In lake margins, the winter
mean species richness value was much lower than that regis-
tered in spring (Kruskal-Wallis, H = 8.42, df =3, p=0.04 and
Tukey-Kramer HSD, q* = 2.62, p<0.05).

With regard to the composition of the helminth communi-
ty, special emphasis will be put on the group of component
species (prevalence >10%), which include the larval stage of
the cestode 7. parva and four nematodes (H. polygyrus, A. du-
Jjardini, S. stroma and S. frederici) accounting for 98.7% of all
worms.

Taenia parva larvae

No differences were detected among annual prevalence val-
ues. Males showed higher prevalence than females, both in
respect of the overall values (32 = 4.48, df =1, p=0.03) and
the last year of the study (y2 = 5.10, df = 1, p = 0.02). The
mean intensity value in 2005 was higher than in 2004 (t-test,
t=2.99, p=0.01). None of the examined juvenile mice was
infected by the cestode (Table III) and subadults presented
lower prevalence (Fisher, p<0.001) and mean intensity (t-test,
t=3.84,p=0.01) than adults. In the first year, this species was
detected only in adults and prevalences were much higher in
adults that in subadults in the second and third year (Fisher
p = 0.02 and p<0.001). Furthermore, in the final year adults
also presented higher intensities than subadults (t-test, t =
3.66, p = 0.01) (Table III). The prevalence range was wide
(0-29.2%, corresponding to lake margins and sand dunes)
across habitat-types (Table IV). Significant differences were
found among seasonal prevalences (y2 = 13.52, df = 3,
p<0.01). In fact, summer values were lower than those regis-
tered in winter (Fisher, p<0.001), autumn (Fisher, p = 0.01)
and spring (Fisher, p<0.001) (Fig. 2).

Heligmosomoides polygyrus

No differences were detected among annual prevalence values
but interannual mean intensity variation occurred. The lowest
mean intensity value was found in the second year (t-test, t =
2.21,p =0.02 and t = 4.43, p<0.0001). Both overall preva-
lences (y2 = 52.01, df = 2, p<0.001) and intensities varied ac-
cording to age classes. Juveniles presented the lowest preva-
lence (Fisher, both p<0.0001) and intensity values (t-test, t =
2.56,p=0.04 and t =4.00, p = 0.001). Adults captured in the
first year presented a higher prevalence than those captured
in the last year (Fisher, p = 0.01). Adults captured in the first
and second year presented lower intensities than those cap-
tured in the third year (t-test, t =2.83, p = 0.02 and t = 3.10,
p<0.01) (Table I1I). Significant differences were found among
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Fig. 2. Prevalence and mean intensity (+ SE) of component helminth
parasite species of Apodemus sylvaticus according to season (white
bars — prevalence, black bars — mean intensity)
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seasonal prevalence values (y2 = 127.77, df = 3, p<0.001). In
fact, spring prevalence was higher than those registered in
autumn and summer (Fisher, p=0.03 and p<0.01, respective-
ly). Furthermore, autumn intensity was lower than those reg-
istered in spring and winter (t-test, t =0.02, p=10.01 and t =
6.89, p = 0.01) while spring intensity was higher than those
registered in summer and winter (t-test, t =2.82, p=10.01 and
t=2.56, p=0.02) (see Fig. 2).

Angiostrongylus dujardini

No differences were detected among annual prevalence or
mean intensity values. Prevalence varied among age classes
(x2=26.12,df=2,p<0.001). Juveniles presented much lower
prevalence than subadults and adults (Fisher, p = 0.02 and
p<0.001), and a lower prevalence was also found in subadults
when comparing to adults (Fisher, p=0.001). This nematode
was more prevalent in adults captured in the first year than in
those captured in the third year (Fisher, p = 0.02) (Table III).
Prevalence values indicated seasonal variation (y2 = 10.72, df
=3, p=0.01). Summer prevalence differed from those regis-
tered in winter and spring (Fisher, p=0.01 and p = 0.002, re-
spectively) (Fig. 2). The prevalence in sand dunes (39.2%)
differed from that found in lake margins (3.3%) (Fisher,
p<0.001) (Table IV).

Syphacia stroma

Among annual prevalences, a higher value was obtained in the
second year when comparing to the final year (Fisher, p =
0.024). Males had higher prevalence than females (32 = 7.58,
df=1, p=0.01) in the third year. Overall prevalences differed
among age classes (y2 = 59.24, df = 2, p<0.001), adults pres-
enting much higher infection rates than subadults, which in
turn also presented higher infection rates than juveniles
(Fisher, both p<0.001) (Table III). Seasonal variation results
(x2=13.95, df = 3, p = 0.003) indicate that spring prevalence
was higher than those referring to winter, autumn and summer
(Fisher, p=0.002, p=0.02 and p =0.01, respectively) (Fig. 2).

Syphacia frederici

No differences were detected among annual prevalence or
mean intensity values. Differences in prevalences were found
among age classes (2= 18.77, df =2, p<0.001). Juveniles had
a lower prevalence than adults (Fisher, p<0.0001), and sub-
adults a lower prevalence (Fisher, p = 0.01) and mean inten-
sity (t-test, t=2.49, p=0.04) than adults. Subadults also pres-
ented higher intensities than juveniles (t-test, t = 2.67, p =
0.04) (Table III). Winter mean intensity was significantly
higher than those found in spring and summer (t-test, t=3.12,
p=0.01 and t=3.86, p = 0.002). In autumn, it was also sig-

Table III. Prevalences (P) and mean intensities (I, in brackets) of the component helminth parasites of the wood mouse

according to age class

T parva l. H. polygyrus A. dujardini S. stroma S. frederici
Age class P% ()
Juveniles 21.6 (6.3) 9.53.7) 1.4 (1.0) 9.5 (11.3)
2003 7.1 (5.0) 7.1(1.0) 7.1 (1.0) 7.1(7.0)
2004 10.0 (8.0) 10.0 (1.0) 30.0 (4.3)
2005 28.0(6.2) 10.0 (9.2) 6.0 (53.0)
Subadults 2.2 (1.0) 48.6 (26.9) 22.4(3.2) 25.1 (68.5) 19.7 (51.0)
2003 55.6 (12.9) 22.2(7.0) 48.1(61.8) 8.5(27.2)
2004 4.3 (1.0) 34.0 (2.3) 12.8 (2.0) 19.1 (156.0) 36.2 (84.8)
2005 1.8 (1.0) 54.1(37.5) 26.6 (2.6) 22.0(38.0) 12.8 (18.6)
Adults 24.4 (1.5) 66.8 (28.0) 36.7 (4.5) 45.6 (55.4) 31.4(15.0)
2003 18.4 (1.3) 84.2 (15.8) 50.0 (5.16) 55.3 (76.6) 44.7 (66.2)
2004 25.0 (1.1) 67.5(11.7) 42.5(3.8) 50.0 (23.5) 32.5(11.6)
2005 25.4(1.6) 63.4 (34.4) 30.2 (4.4) 42.0 (57.8) 30.7 (18.1)

Table IV. Prevalences (P) and mean intensities (I, in brackets) of the component helminth parasites of the wood mouse according to habi-
tats. Wood mouse densities expressed as number of rodents per 100 trap-nights

T parval. H. polygyrus A. dujardini S. stroma S. frederici

Habitat Host density P% (I)

Agriculture fields 13.1 17.2 (1.6) 48.9 (28.2) 29.8 (4.4) 44.7 (75.3) 29.7 (19.7)
Dune meadows 17.5 6.4(2.0) 57.1(77.0) 19.5(3.4) 17.5(39.0) 22.2 (14.3)
Sand dunes 333 29.2(1.3) 7.8 (13.7) 39.2 (4.9) 43.3(59.7) 37.5(43.5)
Lake margins 253 36.7 (4.9) 33(3.0) 21.1(51.6) 15.6 (12.0)
Pinewoods 15.3 7.3 (1.0) 87.3 (4.7) 6.0 (3.2) 14.6 (56.4) 10.0 (24.4)
Burned pinewoods 18.6 22.4(1.9) 25.4(14.5) 31.3(2.5) 35.8(33.1) 22.4(15.3)
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nificantly higher than that found in summer (t-test, t = 2.76,
p = 0.03) (Fig. 2).

Discussion

Total species richness is known to depend upon host sample
size (Walther et al. 1995, Guégan and Kennedy 1996, Feliu et
al. 1997). Considering that the only previous report on the
helminth fauna of the wood mouse in Portugal (Fuentes et al.
2003) refers to a much smaller sample (29 individuals), the
present study provides the first extensive results on the hel-
minth parasites of 4. sylvaticus in this country. The number
of helminth species detected in the present study (12) indicat-
ed arelatively poor helminth community although in line with
results obtained in other studies such as Fuentes et al. (2004)
and Behnke ef al. (1999) with 13 and 9 species, respectively.
In the present study, a mean species richness of 1.7 was
recorded while two studies referring to southern England
describe values of 1.4 (Abu-Madi et al. 2000) and 2.4 (Behnke
et al. 1999).

Abu-Madi et al. (2000) showed that site and season affect-
ed the number of helminth species harboured by the wood
mouse. Accordingly, in the present study, significant differ-
ences were found among species richness values registered
for different habitats and seasonal differences were also found
within some of the monitored habitats. The higher species
richness found in sand dunes during winters may be a result of
an assemblage of several factors such as the high diversity of
invertebrate fauna in this habitat (Esteves 2004) and the her-
baceous vegetation patches which persist through the mild
winters. On the other hand, the summer drought, which caus-
es most of the herbaceous vegetation to die off, and the low
numbers of A. sylvaticus, which are recovering from their
lower spring densities (Vingada 2006), may lead to a reduced
transmission rate and a consequent decrease in sand dune
species richness in summer. However, other factors must be
taken into consideration when referring to such differences
between species richness in winter and summer in this partic-
ular habitat. For example, one should take into consideration
that wood mice eat mainly plant material, particularly seeds
(Hanson 1985; Gorman and Zubaid 1993) but they turn to
other kinds of food when seeds are scarce. In the present
study, seed production in sand dunes mostly depends on the oc-
currence of an Iberian endemic shrub, Corema album. These
seeds are abundant in the end of summer and beginning of
autumn, and during the rest of the year the wood mouse prob-
ably relies on the sand dunes’ rich invertebrate diversity. This
alone should not lead to the higher species richness detected,
considering that only five of the species have an indirect cycle
involving invertebrates as intermediary hosts. However, ac-
cording to Gorman and Zubaid (1993), mice in sand dunes use
all of their home-range in a uniform way and the significant-
ly larger ranges maybe because insects are mobile and uni-
formly dispersed. This use of habitat due to the wood mouse’s
diet requirements should contribute, in addition, to an in-

creased exposure to the infective stages of helminths with
direct life cycles. With respect to the lower species richness
detected along lake margins, one must consider that these
areas are recurrently flooded, especially during the winter,
thus impairing free-living parasite survival and transmission.
The soil characteristics at each location, particularly an acid
soil, as recorded in lake margins within the study area by
Esteves (2004), could also be an important factor hampering
efficient transmission (Abu-Madi et al. 1998) and invertebrate
diversity (Morris and Parsons 1991).

The overall prevalence of 7. parva in A. sylvaticus (13.3%)
is relatively high when compared to that obtained in the
northwest (2.5%) and southeast (4.0%) of Spain (Alvarez et
al. 1987, Fuentes et al. 2004), although Torres et al. (2003)
recorded 60.7% in Donana National Park. The higher preva-
lence in males may be related to the fact that the size of home-
ranges varies between sexes, with a 50% larger range in males
during the non-breeding season (Attuquayefio et al. 1986),
which enhances exposure and chance of infection with eggs of
this taeniid. It is known that the common genet (Genetta ge-
netta L.) is the only Iberian carnivore carrying 7. parva (Cor-
dero del Campillo ef al. 1994) and that the wood mouse is an
important prey in the genet’s diet in the Iberian Peninsula
(Palomares and Delibes 1991, Vingada et al. 1993). Therefore,
the high 7. parva prevalence values could be a result of a well
established population of G. genetta in the study area and of
the high wood mice densities in the study area. The lower
wood mouse infection rate during summer may be a result of
the rodent’s characteristic low densities with a higher propor-
tion of juveniles during this season (Vingada 2006). The high
prevalence of 7. parva in sand dunes is surely related to the
relatively higher wood mice density detected in that habitat
(Table IV) and probably indicative of a high genet density.
The genet is known to move over rather complex territories,
such as woodlands and their bordering areas (Gomes 1998).
Such is the case in sand dune habitats, which are laterally bor-
dered by a large strip of pinewood and are also interspersed by
patches of pine and acacia trees. A study on the helminth fauna
of genets from several regions of Spain reported an average
T. parva prevalence of 83.6% with a frequency of unique in-
festations increasing along a latitudinal gradient from south-
ern to northern Spain (Casanova et al. 2000) which may be
related to the variation of 4. sylvaticus occurrence in the
genet’s diet described by Delibes (1974). However, there is no
information about the helminth fauna of G. genetta in Por-
tugal. Therefore, it is possible to consider Dunas de Mira as a
suitable field site, which combines the appropriate conditions
(high availability of definitive hosts and a significant amount
of infected intermediary hosts) to further assess this predator-
prey relationship.

In agreement with other studies (Behnke ez al. 1999, Abu-
Madi et al. 2000), H. polygyrus was the most prevalent hel-
minth parasite. The higher worm burdens detected in sub-
adults and adults are also in accordance with other previous
studies (see Lewis 1968, Gregory et al. 1992). The seasonal
variation of H. polygyrus intensity and also, to some extent,
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the inter-annual variation may be related to very dry condi-
tions during summer which do not favor free-living larval
stage survival and therefore transmission. Previous studies
have also described the seasonal character of prevalences
(Brown et al. 1994) and abundances (O’Sullivan ef al. 1984,
Abu-Madi ef al. 1998) of H. polygyrus in wood mice. In the
present study, seasonal differences indicate that higher bur-
dens occurred during spring, which characteristically consti-
tutes the lowest point of the wood mouse’s annual population
cycle.

The higher S. stroma prevalence in males constitutes anoth-
er sex-related variation detected in the present study. Differ-
ences referring to S. stroma according to host sex were also
reported by Lewis (1968), Behnke et al. (1999), and Miiller-
Graf et al. (1999).

The low prevalences of 4. dujardini found during sum-
mers and in lake margins could be related with unsuitable
environmental conditions for the survival of molluscs (see
Sternberg 2000), such as slugs and water snails which allow
for the maintenance of Angiostrongylus life cycles (Anderson
2000), thus preventing transmission. Also, considering the
intermediary hosts of this nematode, the higher prevalence
detected on sand dunes emphasizes the above-mentioned in-
vertebrate richness in this habitat.

This study provided the first record of G. neoplasticum in
A. sylvaticus from the Iberian Peninsula. In fact, the present
finding and that reported in the wild rabbit by Eira et al.
(2006), both referring to the same area, constitute the only re-
ports of G. neoplasticum in Portugal. Gongylonema species
follow a terrestrial two-host life cycle with coprophagous
insects (beetles and cockroaches) as intermediate hosts and
birds and mammals as definitive hosts (Anderson 2000). Con-
sidering the afore-mentioned diet of wood mice (mainly plant
material and invertebrates) the infection of A. sylvaticus by
Gongylonema should result from the ingestion of copropha-
gous insects harbouring the third-stage larvae.

Finally, among the most significant results of the present
study, the habitat-related differences are noteworthy. These
emphasized that wood mice in lake margins presented a rela-
tively low mean species richness. Also, they were not infected
by T. parva and presented the lower prevalences of 4. dujar-
dini. Therefore, apart from the possible effect of host density
(Arneberg et al. 1998, Behnke et al. 1999), habitat-related dif-
ferences seem to be due to a heterogeneity in host exposure
largely mediated by the environmental conditions of each
habitat type.
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