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Abstract

The allelic pattern of seralbumine and general protein 1 of the three sympatric Apodemus species

Apodemus sylvoticus, A. flovicoUis, and A. alpicola, were studied using electrophoretic analysis of

bLood samples. This method appears to be a sensitive tooL for distinguishing the three Apodemus

species in the ALps. Their identification on the basis of external characteristics in the fieLd is some-

times extremely difficult, even more so for juvenile specimens. Compared to previously described

methods the electrophoretic analysis does not require killing animals and can be used on juveniles.
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Introduction

The determination of the two common
mouse species in western Europe, Apode-

mus sylvaticus (Linnaeus, 1758), and A. fla-

vicollis (Melchior, 1834), is not always easy

because their morphological characters

strongly overlap. Some individuals or popu-

lations suggested hybridisation or introgres-

sion (Engel et al. 1973), but allozymatic

studies did not reveal any hybrids (Engel
et al. 1973; Debrot and Mermod 1977;

Niethammer and Krapp 1978; Gemmeke
1980; Benmehdi et al. 1980; Nascetti et al.

1980; CsAiKL et al. 1980; Gemmeke and

Niethammer 1981; Fraguedakis-Tsolis et

al. 1983; Nascetti and Filippucci 1984;

Gebczynski et al. 1986).

Since the recognition of a third sympatric

species, A. alpicola Heinrich, 1952, by

1616-5047/01/66/02-084 $ 15.00/0.

Storch and Lütt (1989) with intermediate

morphological traits, the discrimination

became even more problematic. A better

accuracy of species identification was ob-

tained by a discriminant function developed

from a limited number of skull measure-

ments (Reutter et al. 1999). Six cranial

characters are sufficient to differentiate be-

tween the three Apodemus species with a

correct Classification above 97%. While,

this technique is indeed a good tool for re-

classifying museum material, it does not

overcome the determination problem of

young animals and of living individuals dur-

ing field studies.

A discrimination independent of morphol-

ogy should be based on genetic markers,

e. g. specific allozyme pattern. The analysis
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of allozyme Variation by starch gel electro-

phoresis has frequently been used in genet-

ic and systematic investigations of the genus

Apodemus (Engel et al. 1973; Behnmehdi
et al. 1980; Csaikl et al. 1980; Gemmeke
1980; Fraguedakis-Tsolis et al. 1983; Gem-
meke 1983; KoRPiMÄKi and Norrdahl 1987;

FiLiPPUCCi et al. 1989; Fernandes et al.

1991; Britton-Davidian et al. 1991; Vapa

et al. 1995). Vogel et al. (1991) and Filip-

pucci (1992, 1996) included A. alpicola in

their allozyme analysis and confirmed the

specific Status of this species. Debrot and

Mermod (1977) found that the seralbumine

pattern obtained by Polyacrylamide gel

electrophoresis is very distinctive for A. syl-

vaticus and A. flavicollis.

The aim of this study is to develop a techni-

que applicable to all age cohorts of the

three sympatric Apodemus species, A. syl-

vaticus, A. flavicollis, and A. alpicola, based

on blood samples without need to sacrifice

animals, in analogy with the techniques

used for sibling species of shrews (Hausser

and Zuber 1983; Brünner 1988; Neet

1989; Neet and Hausser 1989, 1990, 1991;

Brünner and Neet 1991; Turni and Schön-

herr 1994).

Material and methods

Electrophoretic analysis was carried out on 41 in-

dividuals of the three species Apodemus sylvati-

cus (n = 15), A. flavicollis (n = 18). and A. alpico-

la (n = 8) from 11 localities in Switzerland and

neighbouring Italy. Locahties and collection num-

bers (IZEA: Institut de Zoologie et Ecologie An-

imale) of animals investigated are presented in

the following list:

Apodemus sylvaticus Linnaeus, 1758. Switzerland:

Bern: Haslital: (IZEA, 7 381, 7 382, 7383); Valais:

Ayer: (7 379); Monnaz: (4887, 4888); Vaud:

Adens (7 380); Echichens: (4880, 4884); Morges:

(4886); Renens: (7 363, 7 366); St. Saphorin:

(4883, 4 885). Italy: Domodossola: (7 384).

Apodemus flavicollis Melchior, 1834. Switzerland:

Bern: Haslital: (7 389, 7 390, 7392, 7 393); Valais:

Monnaz: (4894, 4895); Vaud: Adens (7 401); Le

Brassus: (7 395, 7396, 7 397, 7 398); Echichens:

(4890); Morges: (4891); Renens: (7 364); St. Sa-

phorin: (4881, 4882, 4889, 4892).

Apodemus alpicola Heinrich, 1952. Switzerland:

Valais: Sanetsch: (7 337, 7 338, 7 339, 7 345, 7 346,

7 347, 7 348, 7 361).

From every individual a blood sample of about

2 |il was taken from the base of the tail of the ani-

mals with heparinized Micro-Hematocrit tubes.

The incision of the caudal vein with a razor blade

(or another sharp blade) to get blood samples

(maximum 0.1 ml) is recommended for mice by

the Swiss Federal Office of Veterinary. By being

transferred into an Eppendorf tube, the blood

could be kept for more than 10 hours at ambient

temperature (20 °C) or a week at a cool place

(4°C), and at least one year and even longer at

-20 °C. This circumstance allows the use of ani-

mals for the electorphoretic analysis that were

frozen a few hours after death.

Blood samples were diluted in a Solution (1:5) of

Saccharose (40%) and 0.075 M Tris/HCl buffer,

pH 8.9 with a trace of bromophenol blue. The

added amount of the saccharose-buffer Solution

depended on the volume of the blood sample.

For example, to a 2 |il blood sample 8 \A Saccha-

rose and 50 jil buffer Solution were added. The

samples were then run in a Polyacrylamid-disc-

electrophoresis (resolution gel: 8%. 0.325 M Tris/

HCl, pH 8.9; concentration gel: 3%, 0.056 M Tris/

HCl, pH 6.9; running buffer: 0.05 M Tris/HCl,

0.38 M glycerine) with a constant power of 4 W
during migration in the concentration gel and

12 W in the resolution gel ' gel size:

180 X 155 X 15 mm; power supphes: Bio Rad 3 000/

300 and 1000/500; gel support: Zabona AG,

Basel). Proteins migrated from cathode to anode

during 4-5 h (band of bromophenol blue at 1 cm
from lower gel border). Proteins were non-differ-

entially stained with Coomassie blue (0.025%

Coomassie blue R250, Sigma; 50% methanol;

3.5% glacial acetic acid) for 1 h and destained

afterwards (50% methanol; 3.5% glacial acetic

acid). The method is slightly modified according

to Hausser and Zuber (1983).

Relative migrating distances of the proteins in re-

lation to the bromophenol blue dye front were

calculated to identify clearly the different protein

bands.

All Skulls of the examined specimens were pre-

pared, measured, and assigned to one Apodemus
species by using a discriminant function analysis

(Reutter et al. 1999).

To test our results we included 58 unknown Apo-

demus specimens from the Bündner Natur-Mu-

seum Chur. All these animals came from the east-

ern part of the Swiss Alps (Graubünden). Blood

samples were taken with heparinized Micro-He-

matocrit tubes from the defrosted bodies.
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Results

The results of the electrophoretic analysis

(Fig. 1) are best understood when consider-

ing the different alleUc pattern of the albu-

min and an unknown general protein 1

(GP 1). These two proteins are represented

on the gel by three different bands which

are labelled from cathode to anode as A,

B, and C. Apodemus flavicollis and A. alpi-

cola are characterised by the slower migrat-

ing albumin allele (band A), whereas the

faster migrating albumin allele (band B) is

present only in A. sylvaticus. Moreover,

A. flavicollis shows an additional protein

band C (GP 1), which migrated further than

either A and B. Nothing is known about the

identity of GP 1, its possible polymorphism

and the position of other allelic bands in

A. alpicola and A. sylvaticus. However, the

presence of the characteristic GP 1 band in

A. flavicollis allows the distinction between

this Speeles and A. alpicola.

When the migration distance of band A is

AF AS AA AF

A

Albumin A B A A
GPl C C

Table 1. Protein markers and bands (Alb and GP 1) of

the three species A. sylvaticus (B), A. flavicollis (A, C)

and A. Alpicola (A).

marker band A. sylva- A.flavi- A. alpicola

ticus Collis

Albioo A X X

Albioi.6 B X

GP lao7 C X

taken as 100%, the relative distances are

for bandB 101.6% (101.3-102.0) and for

band C 107% (105.2-108.5) (Tab. 1). In that

way 100% of all examined specimens could

be determined unequivocally.

All 58 test specimens from Graubünden
could be identified according to the protein

electrophoresis of blood samples. 52 indivi-

duals were assigned to A. sylvaticus, five to

A. flavicollis and only one to A. alpicola.

Skull measurements using a discriminant

function (Reutter et al. 1999) confirmed

this determination.

AS AA AF AS AA AF

B A A B A A
C C

Fig. 1. The serum albumin and general protein (GP 1) patterns obtained by protein electrophoresis on Polyacryl-

amide gels for A. sylvaticus (B), A. flavicollis (A, C) and A. alpicola (A). Symbols: AF = A. flavicollis, AS = A. sylva-

ticus, AA = A. alpicola.
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Discussion

The determination of the three morphologi-

cally similar species A. sylvaticus, A. flavi-

collis, and A. alpicola remains sometimes

difficult. A. sylvaticus and A. flavicollis, are

easily distinguishable in northern Europe
by morphological characteristics and by the

ecological parameters of their habitats.

A. flavicollis is larger, with a complete col-

lar of yellow-reddish or wide spot on the

breast, and inhabits forest. A. sylvaticus is

smaller and an eurytopic species with an

elongated pectoral spot never forming a

collar or without any spot at all. These two

species converge morphologically in south-

ern Europe, due to chnal Variation in body
size and pelage colour following opposite

trends (Engel et al. 1973).

Hence, convergence and overlapping in ex-

ternal characters do not always allow a cor-

rect specific assignment of specimens, espe-

cially in areas where the two sibhng species

are distributed sympatrically, and when ju-

venile individuals are concerned. The recog-

nition of A. alpicola further compUcated

this determination problem in certain re-

gions. The alpine mouse resembles the wood
mouse in pelage colour while in body size it

resembles the yellow-necked mouse.

The present results clearly show that the

three species A. sylvaticus, A. flavicollis,

and A. alpicola can be 100% distinguished

biochemically by their albumin and general

protein 1 (GP 1) patterns. The electrophore-

tic patterns of the albumin and the GP 1 of

A. sylvaticus and A. flavicollis in the present

study correspond to those of Debrot and

Mermod (1977), who also analysed animals

from Switzerland using the same technique.

Darviche et al. (1979) reported two specific

albumin alleles for A. sylvaticus and A. flavi-

collis from France, Corsica, Spain, and Italy,

and suggested that these differences are

good criteria for differentiation between the

two species. Moreover, it has been shown

that A. alpicola has an intermediate position

between A. sylvaticus and A. flavicollis with

regard to allozyme allele frequencies

(Vogel et al. 1991; Filippucci 1992). For

the albumin locus, the species A. alpicola

and A. flavicollis share the same allele.

In all analysed individuals of the present

study (including the test animals from
Graubünden) no heterozygotes were found.

These findings support the hypotheses that

there is no gene flow between these taxa.

The fact that the two alleles do not show a

very pronounced difference in gel migration

may lead to problems in the case of a

monospecific sample of A. sylvaticus and

A. alpicola or a mixture between these spe-

cies. Therefore, we recommend to load re-

ference samples of the two more common
species A. sylvaticus and A. flavicollis on
every gel.

For ecological studies the electrophoretic

analysis of blood samples offers not only

the advantage that the animal need not be

sacrificed as well as the identification of ju-

venile individuals, what was impossible with

previously described methods. Moreover,

the blood samples can be taken from living,

freshly killed (even after several hours), as

well as frozen animals and can be stored

for months at -20 °C. The application of

the technique is simple (duration of the

whole laboratory procedure about 5 hours).

All these advantages allow an application

for ecological and long-term studies in the

field.
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Zusammenfassung

Biochemische Bestimmung dreier sympatrisch vorkommender /Ipocfemws-Arten mittels

Elektrophorese von Blutproteinen

Mittels Elektrophorese von Blutproteinen wurde das Allelbandenmuster von Albumin und eines

„General Protein 1" der drei in den Alpen sympatrisch vorkommenden Waldmausarten Apodemus syl-

vaticus, A. floviCollis und A. alpicola untersucht. Die Methode erwies sich als ein zuverlässiges Werk-

zeug zur Unterscheidung der drei Arten. Ihre Bestimmung anhand äußerer morphologischer Merk-

male ist nicht immer einfach, vor allem, wenn es sich um juvenile Tiere handelt. Mit dieser

Methode können lebende Individuen aller Altersklassen bestimmt werden, was eine Anwendung in

ökologisch ausgerichteten Felduntersuchungen erlaubt.

References

Benmehdi. f.: Britton-Davidian, I; Thaler, L.

(1980): Premier Apport de la Genetique Bio-

chimique des Populations ä la Systematique

des Mulots de France Continentale et de

Corse. Biochem. Genet. Ecol. 8, 309-315.

Britton-Davidian, J.; Vahdati, M.; Benmehdi, F.;

Gros, R; Nance, V.; Croset, H.; Guerassi-

Mov, S.; Triantaphyllidis, C. (1991): Genetic

differentiation in four species of Apodemus
from Southern Europe: A. sylvaticus, A. flavi-

collis. A. agrariiis and A. mystacinus (Muri-

dae, Rodentia). Z. Säugetierkunde 56, 25-33.

Brünner, H.; Neet, C. R. (1991): A parapatric

scenery: the distribution and ecology of Sorex

araneus and S. coronatiis (Insectivora, Sorici-

dae) in southern Germany. Z. Säugetierkunde

56, 1-9.

CsAiKL, F.; Engel. W.; Schmidtke, J. (1980): On
the biochemical systematics of three Apode-

mus species. Comp. Biochem. Physiol. 65,

411^14.

Darviche, D.; Benmehdi, F.; Britton-Davi-

dian, J.; Thaler, L. (1979): Donnees prehmi-

naires sur la systematique biochimique des

genres Mus et Apodemus en Iran. Mammalia
43, 427-430.

Debrot, S.: Mermod, C. (1977): Chemiotaxono-

mie du genre Apodemus Kaup, 1827 (Roden-

tia, Muridae). Rev. Suisse Zool. 84, 521-526.

Engel, W.; Vogel, W.; Voiculescu, L; Rü-

pers, H. H.; Zenzes, M. T; Bender, K.

(1973): Cytogenetic and biochemical differ-

ences between Apodemus sylvaticus and Apo-
demus flavicollis, possibly responsible for the

failure to inbreed. Comp. Biochem. Physiol.

44, 1165-1173.

Fernandes, C; Engels, H.; Abade, A.; Coutin-

Ho, M. (1991): Zur genetischen und morpho-

logischen Variabilität der Gattung Apodemus
(Muridae) im Westen der Iberischen Halbin-

sel. Bonn. zool. Beitr. 42, 261-269.

FiLippucci, M. G; Simson, S.; Nevo, E. (1989):

Evolutionary biology of the genus Apodemus
Kaup, 1829 in Israel. AUozymic and biometric

analyses with description of a new species:

Apodemus hermonensis (Rodentia, Muridae).

Boll. Zool. 56, 361-376.

FiLiPPUCCi, M. G. (1992): Allozyme Variation and

divergence among European, Middle Eastern,

and North African species of the genus Apo-

demus (Rodentia, Muridae). Isr. J. Zool. 38,

193-218.

FiLippucci, M. G; Storch, G; Macholan, M.

(1996) Taxonomy of the genus Sylvaemus in

western Anatolia - morphological and elec-

trophoretic evidence (Mammalia: Rodentia:

Muridae). Senck. Biol. 75, 1-14.

Fraguedakis-Tsolis, S. E.; Chondropou-

Los, B. P: Lykakis, J. J.; Ondrias, J. C. (1983):

Taxonomic problems of woodmice, Apode-

mus ssp, of Greece approaged by electro-

phoresic and immunological methods. Mam-
malia 47, 333-337.

Gebczynski, M.; Nielsen, J. T; Somonsen, V.

(1986): An electrophoretic comparison be-

tween three sympatric species of rodents from

Jutland, Denmark. Hereditas 104, 55-59.

Gemmeke, H. (1980): Proteinvariation und Taxo-

nomie in der Gattung Apodemus (Mammalia,

Rodentia). Z. Säugetierkunde 45, 348-365.

Gemmeke, H. (1981): Albuminunterschiede bei

Wald- und Gelbhalsmäusen {Apodemus syl-

vaticus und A. flavicollis. Mammalia. Roden-

tia) auch in getrockneten Muskeln und Bäl-

gen elektrophoretisch nachweisbar. Z.

Säugetierkunde 46, 124-125.

© Biodiversity Heritage Library, http://www.biodiversitylibrary.org/



Biochemical identification of three sympatric Apodemus species 89

Gemmeke, H.; Niethammer,! (1981): Die Wald-

mäuse Apodemus sylvaticus und A. flavicollis

vom Monte Gargano (Süditalien). Z. Säuge-

tierkunde 46, 162-168.

Gill, A.; Petrov, B.; Zivkovic, S.; Rimsda, D.

(1987): Biochemical comparison in Yugosla-

vian rodents of the families Arvicolidae and

Muridae. Z. Säugetierkunde 52, 247-256.

Hausser, I; Zuber, N. (1983): Determination

specific d'individus vivants des deux especes

jumelles Sorex araneus et S. coronatus, par

deux techniques biochimiques (Insectivora,

Soricidae). Rev. suisse Zool. 90, 857-862.

Heinrich, G. (1952): Apodemus flavicollis alpico-

la N. N. J. Mammalogy 33, 260.

Nascetti, G.; Filippucci, M. G. (1984): Genetic

variability and divergence in Italian popula-

tions of Apodemus sylvaticus and Apodemus

flavicollis (Rodentia, Muridae). Ric. Biol.

Selv. 9, 75-83.

Nascetti, G.; Tizi, L.; Bullini, L. (1980): Differ-

enziazione biochimica e variabilita genetica in

due popolazioni di Apodemus sylvaticus e

A. flavicollis (Rodentia, Muridae). Acc. Naz.

Lincei, Rendiconti classe Sei. F. M. N. Serie

VIII, Vol. 9, 131-136.

Neet, C. R. (1989): Ecologie comparee et biogeo-

graphie evolutive de deux especes parapatri-

ques: Sorex araneus et S. coronatus (Mamma-
lia, Insectivora, Soricidae). Diss. thesis,

Universite de Lausanne.

Neet, C. R.; Hausser, J.(1989): Chromosomal re-

arrangements, speciation and reproductive

Isolation: the example of two karyotipic spe-

cies of the genus Sorex. J. Evol. Biol. 2, 373-

378.

Neet, C. R.; Hausser, J. (1990): Habitat selection

in zones of parapatric contact between the

common shrew Sorex araneus and Millet's

shrew S. coronatus. J. Anim. Ecol. 59, 235-

250.

Neet, C. R.; Hausser, J. (1991): Biochemical ana-

lysis and determination of living individuals

of the Alpine karyotypic races and species of

the Sorex araneus group. Mem. Soc. Vaud. Sc.

Nat. 19, 97-106.

Niethammer,! (1978): Apodemus flavicollis -

Gelbhalsmaus, Apodemus sylvaticus - Wald-

maus. In: Handbuch der Säugetiere Europas.

Vol. 1. Ed. by J. Niethammer and F. Krapp.

Akad. Verlagsges. Wiesbaden. Pp. 325-358.

Reutter, B. A.; Hausser,!; Vogel,?. (1999):

Discriminant analysis of skull morphometric

characters in Apodemus sylvaticus, A. flavi-

collis, and A. alpicola (Mammalia; Rodentia)

from the Alps. Acta Theriol. 44, 299-308.

Storch, G.; Lütt, O. (1989): Artstatus der Alpen-

waldmaus, Apodemus alpicola Heinrich, 1952.

Z. Säugetierkunde 54, 337-346.

TuRNi, H.; Schönherr, R. (1994): Neue Nach-

weise der Schabrackenspitzmaus (Sorex coro-

natus) in Baden-Württemberg durch Poly-

acrylamidgel-Elektrophorese. Z. Säugetier-

kunde 59, 321-325.

Vogel, R; Maddalena, T; Mabille, A.; Pa-

QUET, G. (1991): Confirmation biochimique du

Statut specifique du mulot alpestre Apodemus
alpicola Heinrich, 1952 (Mammaha, Roden-

tia). Bull. Soc. Vaud. Sc. Nat. 80.4, 471-481.

Authors' addresses:

Brigitte A. Reutter and Peter Vogel, Univer-

site de Lausanne, Bätiment de Biologie, Institut

d'Ecologie (lE-ZEA), CH-1015 Lausanne-Do-

rigny, Switzerland,

e-mail: (brigitte.reutter@ie-zea.unil.ch);

Harald Brünner, Wiesenstrasse 6, D-76228 Karls-

ruhe, Germany.

© Biodiversity Heritage Library, http://www.biodiversitylibrary.org/



ZOBODAT - www.zobodat.at
Zoologisch-Botanische Datenbank/Zoological-Botanical Database

Digitale Literatur/Digital Literature

Zeitschrift/Journal: Mammalian Biology (früher Zeitschrift für Säugetierkunde)

Jahr/Year: 2001

Band/Volume: 66

Autor(en)/Author(s): Reutter Brigitte A., Brünner Harald, Vogel Peter

Artikel/Article: Biochemical Identification of three sympatric Apodemus species
by protein electrophoresis of blood samples 84-89

https://www.zobodat.at/publikation_series.php?id=20750
https://www.zobodat.at/publikation_volumes.php?id=44979
https://www.zobodat.at/publikation_articles.php?id=249940



