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Birds may be important vectors of bacterial infections. The prevalence of some bacterial
species in the digestive tract of the Dunnock (Prunella modularis), the numerically domi-
nant avian species of sub-alpine habitats of the Western Carpathians, Slovak Republic,
was studied. Species of bacteria were detected in pharyngeal and cloacal swabs obtained
from 97 individuals using PCR assay. Seven Yersinia species were found in the samples,
with the highest prevalence of Y. enterocolitica (34.0% of individuals). Three other gene-
ra of the family Enterobacteriaceae were detected in the samples: Serratia spp. (26.8%),
Erwinia spp. (15.5%) and Pantoea spp. (45.4%). Erwinia spp. showed a significantly
higher prevalence in the pharynx than in the cloaca. Three non-Enterobacteriaceae spe-
cies were detected using species-specific primers: Pseudomonas fluorescens (39.2%),
Pseudomonas fragi (28.9%) and Stenotrophomonas maltophilia (13.4%). Generally,
bacterial contamination of birds was higher in April than in May—July. Pseudomonas
Sfluorescens showed statistically significant differences between months and between
adults and juveniles, while the occurrence of other types of bacteria was marginally lower
in juveniles than in adults. The bacterial incidence and richness were similar between
males and females.

1. Introduction

Bacterial micro-organisms may play an important
role in the life of their hosts. Some gastro-intestinal
micro-oganisms, for example, affect the correct
functioning of the intestine, the utilization of nutri-
ents, protect against pathogenic organisms and
stimulate the immune response of the organism

(Kyle & Kyle 1993). There are bacteria that sur-
vive in the host but do not affect its physical condi-
tion or behavior. On the other hand, some bacterial
groups may negatively influence individual fitness
and reproductive success and therefore represent
an important factor in natural and sexual selection
(Zuk 1991). The Enterobacteriaceae are a large
family of Gram-negative, facultative anaerobic
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bacteria some of which can be a normal part of the
intestinal flora in humans and animals, while
others are commonly found in water or soil. Some
species parasitize on a variety of different organ-
isms causing various infectious diseases (Ritchie
et al. 1994, Saif et al. 2003).

Due to their great mobility, wild birds may
play a significant role as sources and effective
spreaders of bacterial species through fecal con-
tamination of pastures and surface waters (Hama-
saki et al. 1989, Kaneuchi et al. 1989, Niskanen et
al. 2003). The genera Shigella and Edwardsiella
do not normally occur in birds, the genera Entero-
bacter, Hafnia, Serratia and Proteus have a low
avian pathogenicity, and genera such as Esche-
richia, Salmonella and Yersinia can cause serious
illnesses, especially in poultry and other domestic
birds (e.g., parrots, zebra finches, pigeons), but
also in wild birds (Ritchie et al. 1994, Saif et al.
2003)

Only a few studies on bacteria in wild birds
have previously been done in the sub-alpine and
alpine vegetation zones. Janiga ef al. (2006) iden-
tified the composition of microflora in the diges-
tive tract of the Alpine Accentor (Prunella colla-
ris), while Novotny et al. (2007) focused specifi-
cally on yersiniosis in this species. These authors
described a high incidence of Yersinia enteroco-
litica (73%) and other Yersinia species (51%), and
suggested that the genus Yersinia may play an im-
portant role in the ecology of Alpine Accentor.
Yersinia is a heterogeneous group of Entero-
bacteriaceae, capable of persisting and growing
with high prevalence in cold water and soil (Cher-
nyanskii 1981, Kato et al. 1985, Gill & Reichel
1989, Fukushima et al. 1990). Pathogenic strains
of Yersinia species may cause infectious gastro-
enteritis of their host (Nikolova et al. 2001).

The present study represents research done on
Yersinia in the lower sub-alpine vegetation zone in
central Europe. The Dunnock (Prunella modula-
ris) was selected as the focal species as it is a nu-
merically dominant bird species in dwarf-pine
mountainous ecosystems at 950-1,700 m a.s.l.
(Cramp 1988). The present study aimed at identi-
fying bacteria within the genus Yersinia in the
Dunnock, using methods originally developed for
the Alpine Accentor by Novotny et al. (2007).
Therefore, CIN agar was chosen. It is widely used
as a specific cultivation medium for Yersinia spe-
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cies (Schiemann 1979) and is highly selective
against the growth of Escherichia coli, Klebsiella
pneumoniae, Proteus mirabilis, Salmonella typhi-
murium, Shigella sonnei and Streptococcus faeca-
lis (Schiemann 1979, 1982). However, other gen-
era such as Citrobacter, Serratia, Enterobacter,
Pantoea, Erwinia or Pseudomonas may grow on it
(Schiemann 1979, Neubauer 2000). Hence, in ad-
dition to Yersinia species, other types of bacteria
were identified. Moreover, as the bacterial preva-
lence may be influenced by age and sex of the host
species, and exhibit seasonal dynamics (Lom-
bardo 1998, Lombardo & Thorpe 2000, Lucas &
Heeb 2005, Janiga et al. 2006), the impact of these
factors in affecting bacterial contamination was
examined.

2. Material and methods
2.1. Sample collection

From April 2007 to July 2009, 97 free-living Dun-
nocks were captured with mist nets in the moun-
tains of the Slovakian part of the Western
Carpathians (from 1,000 to 1,750 m a.s.l.): the
West, High, Low and Belianske Tatras, Great and
Small Fatra, Babia hora, and Choc. Captured birds
were aged as adults or juveniles (age < 2 months).
Adults were sexed by the presence of a cloacal
protuberance in males (Nakamura 1990). Pharyn-
geal and cloacal swabs were taken for each bird
with sterile swab shafts and they were placed in the
pre-packaged Amies charcoal transport medium
(Copan Italia S.p.A., Brescia Italy). Swabs were
taken to the laboratory within 48 hours after samp-
ling. After sampling, the birds were released.

2.2. Isolation and bacterial identification,
and data analysis

In the laboratory, each swab was placed in tryptic
soy broth (Agrarian society s r.0., Division of cul-
ture media, Rosina, Slovak Republic) and incu-
bated at 26-28°C for 48 hours. Enriched broth was
inoculated onto CIN agar by loop (DispoLab sr.0.,
Zilina, Slovak Republic) and cultivated for 48
hours at 26-28°C (recommended cultivation tem-
perature for Yersinia spp.) (Devenish & Schieman
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Table 1. Nucleotide sequence of the primers for amplifying the species-specific region of selected genes.

Bacteria Examined  Primers PCR Reference
gene product
Yersinia spp. 16S rRNA  Y1: 5-AATACCGCATAACGTCTT-3’ 330 bp  Neubauer et al. 2000
Y2: 5-CTTCTTCTGCGAGTAACGTC-3’
ail gene A1: 5-TTAATGTGTACGCTGGGAGTG-3’ 425bp  Wannet et al. 2001
A2: 5-GGAGTATTCATATGAAGCGTC-3
Pseudomonas fluorescens 16S rRNA  16SPSEfluF: 5-TGCATTCAAAACTGACTG-3" 850 bp  Scapellini et al. 2004
16SPSER: 5-AATCACACCGTGGTAACCG-3’
Pseudomonas fragi carA FraF: 5-CGT CAG CAC CGAAAAAGC C-3* 370bp  Ercolini et al. 2007
FraR: 5-TGATGRCCSAGGCAGATRCC -3’
Stenotrophomonas maltophilia 23S rRNA  SM1: 5-CAGCCTGCGAAAAGTA-3’ 531 bp  Whitby et al. 2000

SM4: 5-TTAAGCTTGCCACGAACAG-3

1981, Head et al. 1982, Neubauer et al. 2000,
Hussein et al. 2001, Nikolova et al. 2001).

In bacterial DNA extraction, one inoculation
loop of mixed bacterial growth taken from CIN
agar was suspended in 200 pl of lysis buffer (TE
buffer + 1% Triton X-100, pH = 8). The suspen-
sion was incubated at 95°C for 10 min and then
centrifuged at 12,000 xg for 5 min. Isolated mixed
bacterial DNA was diluted to a concentration of 20
ng/plin TE buffer (10mM TRIS-CI, | mM EDTA,
pH = 8) and stored at —20°C.

Yersinia was identified using the PCR method
developed by Neubauer et al. (2000). The authors
designed primers Y1 and Y2 for amplification of
the specific region of the 16S rRNA gene of the ge-
nus Yersinia. Primers A1 and A2 were used to am-
plify a 430 bp fragment of the ail gene, found ex-
clusively in pathogenic Yersinia strains (Wannet
etal. 2001). DNA samples were amplified in a to-
tal volume of 25 pl which included 40-50 ng of the
mixed bacterial DNA, 1x PCR buffer, 0.5 uM of
each primers, 200 uM dNTPs, 1.5mM MgCl,, re-
combinant 0.5U Taq DNA Polymerase (Invitro-
gen). Amplification was performed in a Techne
thermal cycler. PCRs were conducted using the
following conditions: initial denaturation at 94°C
for 5 min, followed by 36 subsequent cycles: 94°C
for45s,58°C for45s,72°C for 1 min, and the final
extension at 72°C for 7 min. The PCR products
were visualized on a 2% agarose gel stained with
ethidium bromide. For the identification of
Yersinia species, a reference strain (CCM 5671) of
Y. enterocolitica ssp. enterocolitica, serovar 0:3,
biovar 4 was obtained from the Czech collection of
microorganisms, Masaryk University, Brno.

The PCR products were independently se-
quenced in both directions on a Genome Lab
GeXP Single genetic analyzer (Beckman Coulter
Inc.) and assembled with the sequencer software.
The obtained sequences were analyzed by BLAST
(GenBank) for the species identification. Our iso-
lates were affiliated to strain cluster (species) on
the basis of similarity threshold of 98.5% with 16S
rRNA gene sequences in the GeneBank database,
according to present day taxonomic practice
(Stackebrant & Ebers 2006, Cousin et al. 2008).

The presence of Y. pseudotuberculosis in
samples was verified also by another PCR assay
using an AmpliSens Yersinia pseudotuberculosis
kit (a special PCR-diagnostic kit for Y. pseudo-
tuberculosis developed by the Central Research
Institute of Epidemiology of Federal State Institu-
tion of Science, Moscow, Russia). Serotypes of
the isolated Yersinia species were not identified.

In some samples, the presence of Yersinia was
not confirmed using the method described above.
Thus, these Yersinia-negative samples may have
represented species of bacteria other than Yer-
sinia: other types of bacteria species could also
grow on CIN agar. Therefore, samples of bacterial
cultures negative for Yersinia were frozen in Skim
Milk Powder (Oxoid) and sent for analysis to the
State Veterinary and Food Institute in Dolny
Kubin, Slovakia. Here, bacterial cultures were in-
oculated onto blood agar, Endo agar and CIN agar
and cultivated (2448 hours) at two different tem-
peratures, viz. 25°C and 37°C. Pure bacterial iso-
lates were identified by colony morphology and
examined by conventional biochemical tests
(catalase and oxidase tests) and API 20E, API
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Table 2. Species and prevalence of pharyngeal and cloacal bacteria in Dunnocks in the Western
Carpathians, Slovakia.
Prevalence (n° = 97)
Bacterial genus/species 16S rRNA Identity Total Pharynx Cloacae
gene (%) N (%) N (%) N (%)
Yersinia spp. 46 (47.4) 28 (28.9) 27 (27.8)
Y. enterocolitica FE 8073 100 33 (34.0) 20 (20.6) 17 (17.5)
PO/Y/1-3 100
ARCTIC-P11 98.5
Y. kristensenii ATCC 33638 98.5 14 (14.4) 10 (10.3) 6(6.2)
991 99.5
Y. molareti H279-36/86 99.5 4 (3.1) 2(2.1) 2(2.1)
Y. intermedia 253 98.5 2(2.1) 2(21) 0(0)
Y. aleksici Y 388 98.5 2(2.1) 2(2.1) 0(0)
Y. bercovieri H632-36/85 98.5 2(2.1) 2(2.1) 1(1.03)
Y. fredericksenii WS 52/02 99.5 2(2.1) 0(0) 2 (2.06)
Serratia spp. 26 (26.8) 20 (20.6) 10(10.3)
No determined isolates F2 100 1(1) (1) 1(1)
D1 99 1(1) 1(1) 0(0)
A7 99 1(1) 1(1) 0(0)
01WB03.2-5 99 1(1) 0(0) 1(1)
S. liquefaciens ATCC29573 99 14 (14.4) 9(9.3) 5(5.2)
S. proteamaculans wg-2 100 13 (13.4) 9(9.3) 5(5.2)
S. fonticola LR 15 100 11.(11.3) 11(11.3) 2(21)
S. plymouthica Z\W-22 100 7(7.2) 4(4.1) 3(3.1)
S. grimesii DSQ3 100 4 (4.1) 3(3.1) 1(1)
Erwinia spp. 15 (15.5) 14 (14.4) 1(1)*
No determined isolates 01WB03.2-26 100 5(5.2) 4(4.1) 1(1)
CYEB-26 100 5(5.2) 4(4.1) 0(0)
E. persicina BK 19 99 5(5.2) 5(5.2) 0(0)
E. billingiae Eb661 99.5 2(2.1) 2(2.1) 0(0)
EZ2-11-1 98.5
E. rhapontici BE 2-1-27 98.5 2(2.1) 2(2.1) 0(0)
N3SM14 98.5
E. pyrifoliae Ejp556 98.5 2(2.1) 2(2.1) 0(0)
Ep1/96 99
E. amylovora CFBP1430 100 2(2.1) 2(2.1) 0(0)
ATCC 49946 100
Other
Pantoea dispersa G28A 99.5 44 (45.4) 35(36.1) 25(25.8)
CIP 102701 98.5
Pseudomonas fluorescens ND* - 38 (39.2) 25(25.8) 22(22.7)
Pseudomonas fragi ND - 28 (28.9) 19 (19.6) 13 (13.4)
Stenotrophomonas maltophilia ND - 13 (13.4) 7(7.2) 7(7.2)

n° = number of examined birds; N® = number of positive individuals (pharyngeal and/or cloacal culture positive), relatlve value in
brackets; ND° — no determined strains; and * = significant difference in the prevalence between pharynx and cloaca (32 P < 0.05).

20NE (bioMérieux SA, Marcy-1’Etoile, France)
and ENTEROtest 24 systems (PLIVA-Lachema
Diagnostica s.r.o., Brno, Czech Republic). Be-
cause other types of bacteria species were identi-
fied in these samples, swabs from all birds were

subsequently examined for presence of these non-
Yersinia species by PCR assay using original puri-
fied mixed DNA and species-specific primers
(Table 1). A chi-square test (STATISTICA ver-
sion 8) was used to compare differences in the bac-
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Table 3. The prevalence of bacterial genera or species in the pharynx and cloacae of Dunnock, listed by
host age and sex. Sample size (number of examined birds) for adults 80, juveniles 17, males 35 and fe-
males 45. The numerical values show the number (and percent) of positive individuals; P columns show re-
sults of chi-square comparisons between adults and juveniles, or between males and females (if

significant, probability is given).

Bacterial genus/species Adults Juveniles P Males Females P
Yersinia spp. 41 (51.3) 5(29.4) - 16 (45.7) 25 (55.6) -
Serratia spp. 22 (27.5) 3(17.6) - 8 (22.9) 14 (31.1) -
Erwinia spp. 14 (17.5) 1(5.9) - 5(14.3) 9 (20) -
Pantoea dispersa 39 (48.8) 5(29.4) - 17 (48.6) 22 (48.9) -
Pseudomonas fluorescens 35 (43.8) 3(17.7) 0.04 15 (42.9) 20 (44.4) -
Pseudomonas fragi 26 (32.5) 2(11.8)) - 10 (28.6) 16 (35.6) -
Stenotrophomonas maltophilia 10 (12.5) 3(17.7) - 5(14.3) 5(11.1) -

terial prevalence depending on sex, age and sea-
son.

3. Results

A summary of the bacteria identified in swabs
from 97 Dunnocks is presented in Table 2. Four
genera of the family Enterobacteriaceae: Yersinia,
Serratia, Erwinia and Pantoea were identified us-
ing PCR methods according to Neubauer et al.
(2000) and a comparison of PCR-products to the
nucleotide sequences were done in BLAST
(GenBank). Yersinia showed the highest preva-
lence of these bacteria (47.4%). Seven Yersinia
species were detected in the samples with the high-
est prevalence of Y. enterocolitica (34.0%). Yer-
sinia pseudotuberculosis was not detected in any
of pharyngeal or cloacal swabs, even when using
the special AmpliSens Yersinia pseudotuber-
culosis kit. The presence of the ail gene associated
with the pathogenic strains of Yersinia was not de-
tected in any of the examined samples.

Apart from members of the family Entero-
bacteriaceae, three other species were found using
species-specific primers in the PCR: Pseudomo-

nas fluorescens, Pseudomonas fragi and Stenotro-
phomonas maltophilia. Only Erwinia showed a
significantly higher incidence in the pharynx
(14.4%) than in the cloaca (1%). Such differences
were not observed in the other bacterial groups.

All species of bacteria tended to occur with a
higher frequency in adult individuals than in juve-
niles, except Stenotrophomonas maltophilia.
However, a statistically significant difference was
found only in Pseudomonas fluorescens (Table 3).

The distribution (richness) of bacterial species
was not significantly linked with sex or age (Table
4). Adult females had a marginally greater variety
of bacteria than had males or juveniles, particu-
larly in terms of Yersinia species. Only Y. entero-
colitica and Y. kristensenii were detected in males
and juveniles, while these and the other Yersinia
species were found in adult females. Most females
were contaminated with either Y. enterocolitica or
Y. kristensenii, but one female was contaminated
with four, one with five and one with six different
Yersinia species.

Species of the genus Serratia occurred with a
similar distribution in both sexes: one to four spe-
cies per bird. In juveniles, only three types of
Serratia (two to three species per bird) were de-

Table 4. The richness of bacterial species in Dunnocks according to host age and sex, expressed as arith-
metic mean + SD of bacterial species per bird. All chi-square comparisons between adults and juveniles, or
between males and females were statistically non-significant.

Variable Total Adults Juveniles Males Females
Mean + SD 4.21+252 418 +2.48 4,50 + 3.08 3.92+2.30 4.36 +2.62
Sample size 63 57 6 24 33
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Table 5. The prevalence of bacterial genera in pharynx and cloacae in Dunnocks according to the month of
sampling. Sample sizes were 10 for April, 32 for May, 25 for June and 30 for July. The numerical values
show the number (and percent) of positive individuals; the P column shows results of chi-square compari-
sons between adults and juveniles, or between males and females (if significant, probability is given).

Bacterial genus/species April May June July P
Yersinia spp. 8 (80) 15 (46.9) 10 (40) 13 (43.3) -
Serratia spp. 4 (40) 8 (25) 6 (24) 7 (23.3) -
Erwinia spp. 2 (20) 6 (18.8) 3(12) 4 (13.3) -
Pantoea dispersa 8 (80) 17 (53.1) 7 (28) 10 (33.3) -
Pseudomonas fluorescens 8 (80) 14 (43.8) 7 (28) 7 (23.3) 0.01
Pseudomonas fragi 4 (40) 11 (34.4) 7 (28) 5(16.7) -
Stenotrophomonas maltophilia 3 (30) 3(9.4) 2(8) 2(6.7) -

tected. The distribution of Erwinia species varied
between one and two species per individual. All
five species were detected in females, three in
males (E. rhapontici, E. persicina and E. bil-
lingiae) and only one strain in juveniles (no deter-
mined species 01WB03.3-26).

The prevalence of all bacterial groups peaked
in April (between 20% and 80%). In the subse-
quent months, the incidence decreased in most
bacteria to 20%-30%, but only Pseudomonas
fluorescens showed a statistically significant dif-
ference among the four months of collection
(Table 5).

4. Discussion

We detected several bacterial genera/species and
seven species of Yersinia in the digestive tracts of
Dunnocks. Among these seven, Yersinia entero-
colitica showed the highest prevalence, which cor-
responds with Novotny et al. (2007) in the conge-
neric Alpine Accentor living in alpine zone of high
mountains. Other Yersinia species were not deter-
mined in their study. The rich bacterial fauna, re-
ported here for the Dunnock, differs somewhat
from results of other studies. Janiga et al. (2006)
reported that Y. enterocolitica heavily dominated
the bacterial flora in the Alpine Accentor, with
Yersinia intermedia detected in only one accentor
individual. Moreover, contrary to the present
study, Janiga et al. (2006) did not report Erwinia,
Pseudomonas fragi or Stenotrophomonas malto-
philia. These differences could be caused by dif-
ferent use of habitats between these species, but
also by the low number of examined individuals of

Alpine Accentors, and the use of different me-
thods in identifying bacteria.

Avian bacterial contaminations follow sea-
sonal dynamics in which social behavior, food,
physiological state, sex or some environmental
conditions may play a role in shaping these dy-
namics (Lombardo 1998, Faustino ef al. 2004,
Lucas & Heeb 2005). Indeed, bacterial transmis-
sion in birds takes place through infected food,
self-preening (Lamberski et al. 2003, Zampiga et
al. 2004), allo-preening (Adkins-Regan & Robin-
son 1993, Pozis-Francois ef al. 2004) and copula-
tion (Sheldon 1993, Lombardo 1998, Kulkarni &
Heeb 2007). The highest prevalence of all bacte-
rial species in the present study was detected in
April. In the present study area, this is also the be-
ginning of the breeding season of Dunnocks - the
birds begin to mate. Avian copulation involves
cloacal contact, which has been documented to
host rich bacterial communities (Lombardo 1998,
Lombardo & Thorpe 2000, Lucas & Heeb 2005).
Hence, the risks of bacterial transmission during
copulation are expected to be particularly high.
Dunnocks have variable mating systems, from
monogamy over polyandry to polygynandry
(Davies 1985), and copulation with multiple part-
ners further increases the risk of bacterial contami-
nation and spread.

Certain types of bacteria are adapted to cold
environments, such as Yersinia species (Cherny-
anskii 1981, Kato et al. 1985, Gill & Reichel 1989,
Fukushima et al. 1990), Pantoea dispersa (Selva-
kumar et al. 2008) and Pseudomonas species
(Meyer et al. 2004). Therefore, it is not surprising
to find these bacteria in the climatic conditions of
the present study, with high prevalence in April
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(late winter and early spring). Similarly, Janiga et
al. (2006) detected the highest prevalence of Y.
enterocolitica in the Alpine Accentor in April.

Interestingly, only Pseudomonas fluorescens
showed a statistically significant variation in prev-
alence depending on the month of collection. The
alpine environment is characterized by marked en-
vironmental changes which influence the spatial
distribution of carbon in soil, and the great meta-
bolic flexibility allows Pseudomonas to utilize
carbon from different sources and thus inhabit
variable environments (Palleroni ez al. 1972, Lip-
son et al. 2000). Lipson et al. (2000) described an
increase of microbial biomass during fall and win-
ter, followed by a rapid decline after snow-melt in
the spring. A similar shift in metabolic activity by
Pseudomonas fluorescens might thus explain the
significant decrease in the prevalence from April
to May—July, when the the snow begins to melt in
the present study area. This theory receives sup-
port from other studies: Mancinelli et al. (1984)
identified this bacterium as being the most preva-
lent genus cultured from the alpine tundra soil,
Meyer et al. (2004) described the isolation and
characterization of 17 cold-tolerant strains of fluo-
rescent Pseudomonas from high-alpine soil in
Colorado, and Janiga et al. (2006) detected Pseu-
domonas only in cold months in the Alpine Accen-
tor. A significantly lower prevalence of Pseudo-
monas fluorescens in juveniles than in adults also
suggests a lower incidence of this bacterium in the
sub-alpine environment in the warmer months.

Diet may influence the composition of bacte-
rial flora in birds (Brittingham et al. 1988). All of
the bacteria reported in the present study are ubiq-
uitous in nature and have been isolated from water,
soil and plants (Chernyanskii 1981, Gavini et al.
1989, Berg et al. 1999, Meyer et al. 2004). There-
fore, they can be transferred to the bird through
food (e.g., contaminated water or insects) and col-
onize its digestive tract. Erwinia species are exclu-
sive parasites of plants and do not grow or survive
in animals (Beer 1979, Huang et al. 2002,
Gonzales 2007). This fact could be the cause of
their significantly higher prevalence in the phar-
ynx compared to the cloaca. Thus, Erwinia species
can infect the oral cavity, specifically the pharynx,
but it does not survive in the intestine.

A larger spectrum of some bacterial species
was found in females than in males, although sig-
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nificant differences in the prevalence of bacteria
between sexes were not found. There is a relation-
ship between bacterial transmission and sex in
birds, leading to an asymmetry in bacterial occur-
rence between sexes, which can be explained by
the fact that males transfer sperm to females and,
given the brevity of copulation, males have a lower
chance of bacterial infection from the cloacal con-
tact (Sheldon 1993, Lombardo & Thorpe 2000,
Westneat & Rambo 2000, Kulkarni et al. 2007).
Females, however, have prolonged exposure to
the ejaculate (potentially contaminated by bacte-
ria) once it enters the reproductive tract, and so the
possibility of infection during the breeding season
is higher. Brittingham ez al. (1988) reported differ-
ences in occurrence of some bacterial species be-
tween granivorous (e.g., passerines) and omnivo-
rous (e.g., woodpeckers) bird species, but did not
find differences between males and females in any
of the investigated species. They speculated that
the prevalence of bacteria may be influenced more
by a bird’s food than by their social organization.
The genus Yersinia showed no significant differ-
ences in distribution between males and females in
the Dunnock (present study) or in the Alpine
Accentor (Novotny ef al. 2007). Based on these
observations, sex may not be the decisive factor in
the distribution of bacteria among individuals, and
both sexes are equally at risk of bacterial contami-
nation from the environment, at least for the two
dunnock species and in the studied environment.

There was a tendency towards a lower inci-
dence of bacterial contamination in juvenile than
in adult Dunnocks, as earlier reported for the Al-
pine Accentor for the same genera of bacteria
(Yersinia, Serratia and Pantoea; Janiga et al.
2006). Similarly, Novotny et al. (2007) reported a
lower prevalence of Yersinia in juvenile than in
adult Alpine Accentors. The lower occurrence in
juveniles suggests that bacterial contamination in
birds increases with age. Young birds may thus be
particularly frequently colonized by bacteria dur-
ing their first breeding season.

Two findings, reported here, are of method-
ological importance. Firstly, the use of just one
PCR array allows several bacterial species or
genera to be detected. The genetic stability of the
16S rRNA gene sequence allows it to be used for
molecular identification of many bacteria species
(Neubauer 2000). However, because the target se-
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quences of both primers, Y1 and Y2, are presented
in some Yersinia, Serratia, Erwinia and Pantoea
species, these bacteria may also give rise to a PCR
product of roughly the same size (Neubauer 2000).
Secondly, CIN agar is a recommended specific
medium for Yersinia cultivation (Schiemann
1979), but as the present results demonstrate, some
other bacterial genera or species may also grow on
this medium, such as some groups of Entero-
bacteriaceae, Pseudomonas species or Stenotro-
phomonas malthophilia.

To conclude, the genus Yersinia occurs with a
high frequency in Dunnocks inhabiting the sub-al-
pine zone of the Slovak Western Carpathians. Sex
and age did not influence the bacterial prevalence
in Dunnocks, although their effect has been re-
ported for other bird species (see above). The
highest prevalence of bacteria was detected in
early spring (April), which is the mating season of
Dunnocks. We suggest contact during mating in-
creases the risk of a bacterial contamination in bird
individuals. This mechanism is ecologically im-
portant, as some strains of Yersinia enterocolitica
can be pathogenic (see above), although no patho-
genic strains were detected in the present samples.
The other bacterial species determined here are
relatively harmless and common environmental
bacteria. Hence, these can be identified as repre-
senting normal transient components of micro-
flora in Dunnocks.

Rautiaisen elimiston bakteerit subalpiinisessa
ympiristossi Linsi-Karpaateilla, Slovakiassa

Linnut voivat olla merkittédvid bakteeri-infektioi-
den vilittdjid. Téssé tutkimuksessa selvitettiin joi-
denkin bakteerilajien esiintyvyyttd rautiaisen
(Prunella  modularis) ruuansulatuselimistossa.
Rautiainen on runsain lintulaji Lansi-Karpaateilla
Slovakiassa. Bakteerindytteitd otettiin kurkusta ja
perdaukosta kaikkiaan 97 yksiloltd ja kasiteltiin
PCR-tekniikalla. Naytteistd 10ytyi seitsemédn Yer-
sinia-lajia, joista Y. enterocolitica oli yleisin
(34,0 % rautiaisyksiloistd). Naytteistd 10ytyi myos
kolmen muun Enterobacteriaceae-heimon edusta-
jia: Serratia- (26,8 %), Erwinia- (15,5 %) ja Pan-
toea-suvun lajeja (45,4 %). Erwinia-bakteereita
16ytyi merkitsevésti yleisemmin kurkusta kuin pe-
rdaukosta.
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Kolme muuta, Enterobacteriaceae-heimoon
kuulumatonta, lajia olivat Pseudomonas fluores-
cens (39,2 %), Pseudomonas fragi (28,9 %) ja Ste-
notrophomonas maltophilia (13,4 %). Yleisesti
ottaecn bakteeriprevalenssi oli korkeampi huhti-
kuin touko-heindkuussa, mutta vain Pseudo-
monas fluorescens-lajilla oli merkitsevid eroja
kuukausien ja rautiaisikdluokkien vélilla. Baktee-
rien esiintyvyys ja lajirikkaus olivat samanlaisia
sukupuolten valilla.
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