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Summary

Information about the prevalence of helminth parasites of the yellow-necked mouse, Apodemus
flavicollis, in the Iberian Peninsula is almost non-existent and there is no reliable data reported from
Spain. Fourteen A. flavicollis from the Erro River valley (Navarre, Spain) were examined for endo-
parasites, between February 2001 and July 2002. Thirteen specimens (92.9 %) of the total sample
were parasitized by at least one of the following six helminth species: one trematode (Corrigia vit-
ta), one cestode (Taenia parva larvae) and four nematodes (Trichuris muris, Calodium hepaticum,
Heligmosomoides polygyrus and Syphacia stroma). This is the first report about the helminthfauna
of A. flavicollis in the Iberian Peninsula. Nevertheless, a larger number of hosts should be analysed
to complete these preliminary results and to adequately characterize the helminth community of this
rodent. The finding of C. hepaticum, the causative agent of human capillarosis, stands out.
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Introduction

The yellow-necked mouse, Apodemus flavicollis, is a forest rodent
widely distributed in Europe, with the exception of some areas of the
Iberian Peninsula and western France (Blanco, 1998). In Spain, its
presence is restricted to the north of the country (Torre et al., 2009),
although the morphological similarity between this rodent and the
wood mouse, A. sylvaticus, the most widespread small mammal in
forest of this country (Torre et al., 2002), makes the study of its real
distribution very difficult, which has not well delimited yet. In fact, in
the Iberian Peninsula the ecology of the yellow-necked mouse has
hardly been studied, and knowledge about the helminth parasites
of this rodent is virtually non-existent (Arrizabalaga & Torre, 2007).
However, in other European regions, several studies about the hel-
minth community of the yellow-necked mouse (Mészaros & Murai,
1979; Mazeika et al., 2003, 2015; Hildebrand et al., 2004; Kucia
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et al., 2006; Klimpel et al., 2007; Hildebrand, 2008; Hildebrand &
Zale$ny, 2009; Ondrikova et al., 2010; Bjelié-CabriIo et al., 2013;
Cabrilo et al., 2016) and about the influence of helminths on the
ecology of A. flavicollis (Ferrari et al., 2004, 2007, 2009; Perkins et
al., 2008) have been carried out. Nevertheless, further studies in
other ecosystems, such as the northern regions of the Iberian Pen-
insula, where it is not an uncommon species, are needed to shed
light on the helminth community and provide valuable information
about the ecology of this murid species.

On the other hand, rodents have demonstrated to be a frequent
reservoir of zoonoses, and this capacity has already been observed
in some forest ecosystems of the Iberian Peninsula. For example,
in the Erro river valley, Navarre, other rodent species have been
found to be parasitized by zoonotic helminths (Sainz-Elipe et al.,
2004; Debenedetti et al., 2015), therefore, also necessitating the
analysis of A. flavicollis as a potential reservoir of human zoonoses.



The aim of the present study is to present preliminary data on the
helminth community of the yellow-necked mouse, as the first part
of a more extensive future study, making it the first report on the
helminth species parasitizing A. flavicollis in the Iberian Peninsula,
and the presence of zoonotic helminths in this rodent species.

Material and Methods

The study area is located in the region of Navarre, and compris-
es the western Pyrenean valley of the Erro river flowing into the
Aragon river and finally into the Ebro river (Fig. 1). The valley is 50
km long and descends from 820 m to 460 m. The climatology in
the highest part is sub-Atlantic and sub-Mediterranean in its mid-
dle and lower parts. The dominant vegetation in its highest part
consists of acidophile Atlantic forests with lush pastures and beech
trees; oak trees are predominant in its middle part; its lower part is
used agriculturally and the river bank is occupied by poplar groves
(Gallicia & Escala, 2009).

The mastozoological material included in this preliminary study
consisted of a total of 14 yellow-necked mice, A. flavicollis, 6
males and 8 females. The hosts were captured between February
2001 and July 2002 in various parts of the study area. UTM coor-
dinates of locations of capture are: 30N 625 4751 (13; 19); 625
4752 (28'3); 625 4753 (13); 626 4742 (13'); 628 4736 (12); 629
4763 (13;19); 630 4758 (59 Q).

Regarding the helminthological techniques, the extraction and col-
lection of helminths as well as the study and identification of hel-
minth species were carried out according to Fuentes et al. (2000).
The study concerning the helminth community composition was
based on the measure of the prevalence, the mean intensity, the
median intensity, the mean abundance and the range of parasiti-
zation, according to Bush et al. (1997). The species richness, the
number of helminth species detected and the frequency of occur-
rence of the number of helminth species were also analysed.

Results

Thirteen hosts (92.86 %) were found to be parasitized (all analysed
host with the exception of a male) by at least one of the six helminth
species identified: one trematode, Corrigia vitta; one cestode, Tae-
nia parva larvae; and four nematodes, Trichuris muris, Calodium
hepaticum, Heligmosomoides polygyrus and Syphacia stroma. The
number of parasitized hosts, the prevalence, the mean intensity,
the median intensity, the mean abundance, the range as well as
the sex of parasitized hosts of each helminth species are shown in
Table 1. The highest prevalence was detected in the geohelminth
H. polygyrus (85.71 %), whereas the oxyurid S. stroma showed the
highest mean abundance (15.79 helminths/host).

Helminth infracommunitites were composed of up to four species,
although 35.71 % of the infracommunities were composed of one
species only, and the mean value of species richness was 1.9.

Fig. 1. Geographical location of the Erro river valley
in the Iberian Peninsula and in Navarre

Discussion

This preliminary study presents the first data on the helminth spe-
cies parasitizing A. flavicollis in the Iberian Peninsula, being in
agreement with the other, previously mentioned, European studies
on the yellow-necked mouse. However, the number of helminths
species detected is generally lower than in those studies but in
accordance with the low number of mice analysed.

The geohelminth H. polygyrus is, as well as in the majority of the
previous studies carried out, the most prevalent helminth species.
Some authors even emphasize the role of this parasite in the ecol-
ogy of this host, proposing the binominal yellow-necked mouse/H.
polygyrus as an ideal model to investigate heterogeneities in host/
parasite dynamics, after having found sex-biased differences in
susceptibility to parasite infection as well as in the ability to modu-
late helminth transmission (Ferrari et al., 2004, 2007; Perkins et al.,
2008). On the other hand, Ferrari et al. (2009) also reported the sig-
nificance of this helminth species in the coinfection with other para-
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Table 1. Helminth community of Apodemus flavicolis in the Erro river valley
n, number of infected hosts; %, prevalence; MI, mean intensity; Mdl, median intensity; MA, mean abundance

Helminth species n % MI Mdl MA  Range Host sex
TREMATODA

Corrigia vitta 3 2143 133 100 029 1-2 18;299
CESTODA

Taenia parva larvae 2 1429 100 1.00 0.14 1 1319
NEMATODA

Trichuris muris 3 2143 167 1.00 0.36 1-3 13,299
Calodium hepaticum 1 714 200 200 0.14 2 18
Heligmosomoides polygyrus 12 85.71 1217 650 1043 2-37 533,799
Syphacia stroma 6 4286 36.83 1850 1579 1-146 233;4299

sites, finding that changes in the tick Ixodes ricinus infestation of A.
flavicollis are related negatively to changes in H. polygyrus abun-
dance, and that these changes occur as a cause-effect process.
The oxyurid S. stroma was also found to be a component species
of the helminth community of A. flavicollis. Ondrikova et al. (2010),
among other authors, also detected a high level of parasitization
of this helminth species in this host, reporting, as in the present
report, a large abundance.

The finding of the metacestode of T. parva confirms the role of A.
flavicollis as a frequent prey of the common genet, Genetta genet-
ta, since, according to Casanova et al. (2000), the life cycle of this
cestode in the Iberian Peninsula is completed by rodents of the
genus Apodemus, as the intermediate host (carrying the larvae in
the abdominal cavity) and G. genetta as the definitive host (carry-
ing the adult in the intestine).

The absence of trematodes with an aquatic life cycle is in accord-
ance with the results of previous studies carried out in the Mediter-
ranean mouse and the wood mouse in this ecosystem. However,
in the yellow-necked mouse, as well as in the other two murid
species analysed in this enclave, C. vitta, a trematode which uses
land snails as its first intermediate host (Sainz-Elipe et al., 2004;
Debenedetti et al., 2015), was detected. This fact underlines the
big similarities in the ecological habits of the yellow-necked mouse
and the other murid species that share this habitat.

Furthermore, the detection of the capillariin C. hepaticum stands
out, given that this helminth is the causative agent of the rare
conditions of hepatic capillariosis and spurious infections in hu-
mans (Fuehrer et al., 2011). This parasite was also reported to
parasitize other murids in this ecosystem, having been found as a
co-dominant species of the helminth community of the Mediterra-
nean mouse, Mus spretus, (Sainz-Elipe et al., 2004) and the wood
mouse, A. sylvaticus, (Debenedetti et al., 2015). Consequently,
the potential role of the yellow-necked mouse in the Erro river
valley as a reservoir of helminth zoonoses, as already shown in
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other European regions (Hildebrand et al., 2009) and in the north
of Turkey (Celebi et al., 2014), should be confirmed.

The present study, for the first time, reports on the helminth com-
munity of the yellow-necked mouse, A. flavicollis, in the Iberian
Peninsula. Nevertheless, these results must be considered prelim-
inary due to the low number of individuals analysed. Future studies
with a larger number of mice are required in order to carry out a
more precise characterization of the helminth community of the
yellow-necked mouse, to shed light on the ecological relationships
of this rodent species with its helminth parasites. Moreover, the
presence of a zoonotic helminth species is noteworthy, and the
role of this rodent as a reservoir of hepatic capillariosis should be
confirmed.

References

ARRIZABALAGA, A., ToRrg, |. (2007): Yellow-necked mouse Apo-
demus flavicollis (Melchior, 1834). In: PaLowmo, L. J., GisBerT, J.,
BLanco, J. C. (Eds) Atlas and Red Book of Terrestrial Mammals
in Spain. Madrid, Spain: General Direction of Nature Conserva-
tion-SECEM-SECEMU, pp. 445 — 448 (In Spanish)
BueLic-CasriLo, O., CasriLo, B., Porovic, E. (2013): Helminth fau-
na of rodents (Mammalia, Rodentia) from Zasavica (Serbia). Biol.
Serb., 35: 43 - 47

BLanco, J.C. (1998): Mammals of Spain. Volume I1. 15 Edition, Bar-
celona, Spain, Geo Planeta, 383 pp. (In Spanish)

BusH, A. O., Larrerty, K. D., Lotz, J. M., SHosTak, A. W. (1997):
Parasitology meets ecology on its own terms: Margolis et al. revis-
ited. J. Parasitol., 83: 575 — 583. DOI: 10.2307/3284227

CariLo, B., Jovanovica, V. M., Bueuic-CasriLo, O., Bubinski, .,
Bracouevic, J., Vuiosevie, M. (2016): Diversity of nematodes in the
yellow-necked field mouse Apodemus flavicollis from the Peripan-
nonic region of Serbia. J. Helminthol., 90: 14 — 20. DOI: 10.1017/
S0022149X14000698



Casanova, J. C., Feuu, C., Miauet, L., Torres, J., SpakuLova, M.
(2000): Faunistic and ecological trends on the helminth community
of Genetta genetta Linnaeus, 1758 (Carnivora: Viverridae) in the
Iberian Peninsula. Helminthologia, 37: 223 — 228

Cetesy, B., Tavian Ozkan, A., Bagir, C. (2014): Capillaria hepatica
in mouse (Apodemus flavicollis) from Giresun province of Turkey.
Turkish J. Parasitol., 38: 208 — 210. DOI:10.5152/tpd.2014.3501
DeseNepeTTl, A. L., Sainz-ELipg, S., SAEz-DURAN, S., GaLicia, D., ImMaz,
A., GaLAn-PucHapes, M. T., Fuentes, M. V. (2015): The helminth
community of the wood mouse Apodemus sylvaticus from the Erro
River valley, Navarre, Spain. J. Helminthol., 89: 727 — 733. DOI:
10.1017/S0022149X1400056X

FerrARI, N., CATTADORI, |. M., NESPEREIRA. J., RizzoLi, A., HupsoN, P.
J. (2004): The role of host sex in parasite dynamics: field exper-
iments on the yellow-necked mouse Apodemus flavicollis. Ecol.
Lett., 7: 88 — 94. DOI: 10.1046/j.1461-0248.2003.00552.x
FerraRI, N., Rosa, R., PucLIesk, A., Hubson, P. J. (2007): The role
of sex in parasite dynamics: model simulations on transmission
of Heligmosomoides polygyrus in populations of yellow-necked
mice, Apodemus flavicollis. Int. J. Parasitol., 37: 341-349. DOI:
10.1016/j.ijpara.2006.10.015

FerraRl, N., CATTADORI, |. M., Rizzowl, A., Hupbson, P. J. (2009): Helig-
mosomoides polygyrus reduces infestation of Ixodes ricinus in
free-living yellow-necked mice, Apodemus flavicollis. Parasitology,
136: 305 - 316. DOI: 10.1017/S0031182008005404

FueHrer, H. P, IceLp, P., Auer, H. (2011): Capillaria hepatica in man
- An overview of hepatic capillariosis and spurious infections. Par-
asitol. Res., 109: 969 - 979. DOI: DOI 10.1007/s00436-011-2494-1
Fuentes, M. V., CErezuUELA, A. M., GaLAN-PucHabes, M. T. (2000): A
helminthological survey of small mammals (insectivores and ro-
dents) in the Serra Calderona mountains (Valencian Community,
Spain). Res. Rev. Paraitol., 60: 25 - 35

Gauicia, D., Escaa, M. C. (2009): Spatial distribution and habitat
preferences of small mammals in the Erro river basin (Navarre).
Galemys, 21: 35 - 49 (In Spanish with English abstract)
HiLoeBrAND, J. (2008): The helminths fauna structure of wild ro-
dents from differential sites of Wroclaw area. Wiad. Parazytol., 54:
249 - 250 (In Polish with English abstract)

HiLDEBRAND, J., ZALESNY, G. (2009): Host and site-specific pattern
of occurrence of digenetic trematodes in rodent communities from
Lower Silesia, Poland. Wiad. Parazytol., 55: 389 — 393 (In Polish
with English abstract)

HILDEBRAND, J., Popiotek, M., OkuLEwicz, A., ZALESNY, G. (2004): Hel-

minthfauna of mice of Apodemus genus from Wroctaw area. Wiad.
Parazytol., 50: 623 — 628 (In Polish with English abstract)
HiLoeBRAND, J., ZALESNY, G., OkuLewicz, A., Baszkiewicz, K. (2009):
Preliminary studies on the zoonotic importance of rodents as a res-
ervoir of toxocariasis from recreation grounds in Wroclaw (Poland).
Helminthologia, 46: 80 — 84. DOI: 10.2478/s11687-009-0016-9
KumpeL, S., FosTeER, M., SchmaHL, G. (2007): Parasites of two abun-
dant sympatric rodent species in relation to host phylogeny and
ecology. Parasitol. Res., 100: 867 — 875

Kucia, M., SutcosTowska, T., Jozwiak H. (2006): Helminth fauna
of rodents (Arvicolidae and Muridae) from the Kampinos Nation-
al Park. Wiad. Parazytol., 52: 127 - 134 (In Polish with English
abstract)

MaZEika, V., PauLauskas, A., BALCIAuskas, L. (2003): New data on
the helminth fauna of rodents of Lithuania. Acta Zool. Lituan., 13:
41-47.DOI: 10.1080/13921657.2003.10512542

MaZeika, V., NavickaiTe, D., Jasiutionis, M., BALGIAUSKIENE, L. (2015):
An investigation on helminths of yellow-necked mouse (Apodemus
flavicollis) and bank vole (Myodes glareolus) from the Colony of
Great Cormorants in Juodkranté. In Book of Abstracts of 8th Inter-
national Conference on Biodiversity Research, April 28-30, 2015.
Daugavpils, Latvia: Daugavpils University - Institute of Life Scienc-
es and Technology, Daugavpils, Latvia, 2015, pp. 96

Meszaros, F., Mura, E. (1979): Contribution to the knowledge of
helminths of rodents in Roumania. Parasit. Hung., 12: 55-70
ONDRIKOVA, J., MikLisova, D., Rigas, A., Stanko, M. (2010): The hel-
minth parasites of two sympatric species of the genus Apodemus
(Rodentia, Muridae) from south-eastern Slovakia. Acta Parasitol.,
55: 369 — 378. DOI: 10.2478/511686-010-0043-1

Perkins, S. E., FErrarl, M. F., Hupson, P. J. (2008): The effects
of social structure and sex-biased transmission on macropar-
asite infection. Parasitology, 135: 1561 — 1569. DOI: 10.1017/
S0031182008000449

SaNz-ELiPg, S., GaLicia, D., Imaz, A., GALAN-PucHADES, M. T., FUENTES,
M. V. (2004): The helminth community of Mus spretus (Rodentia:
Muridae) in the biogeographical Mediterranean region of Navarra
(Spain). Rev. Iber. Parasitol., 61: 55 — 58

TORRE, |., ARRIZABALAGA, A., Diaz, M. (2002): Wood mouse (Apode-
mus sylvaticus Linnaeus, 1758). Galemys, 14: 1 — 26 (In Spanish)
ToRRE, |., RiBAs, A., FLAQUER, C., ARRIZABALAGA, A. (2009): New data
on the distribution and abundance of yellow-necked mouse Apo-
demus flavicollis (Melchior, 1834) in Catalonia. Galemys, 21: 3 -
11 (In Spanish with English abstract)

297



