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Seasonal and altitudinal variation of gut micro-
biota in Alpine Accentor (Prunella collaris) in the 
Western Carpathians

Abstract. This study investigated seasonal and 
altitudinal variation in the gut microbiota of the 
Alpine Accentor (Prunella collaris) in the Western 
Carpathians during 2022–2025. Fecal samples were 
collected from alpine breeding sites (1600–2600 m 
a.s.l.) and lowland overwintering sites in southern 
Slovakia (400–500 m a.s.l.). Samples were cultured 
on non-selective and selective media (CIN, ENDO, 
XLD, and blood agar) and evaluated using the EN-
TEROtest 24N kit. The most prevalent bacterial 
genera were Serratia spp. (27.14%), Enterobacter 
spp. (20.71%), Gram-positive bacteria (10.71%), Yer-
sinia spp. (7.14%), and Pantoea spp. (4.29%). A sig-
nificant seasonal variation was observed, with the 
highest bacterial occurrence in autumn. No statisti-
cally significant relationship was found between al-
titude and bacterial presence. These findings high-
light the influence of environmental seasonality on 
gut microbiota composition in Alpine Accentor. 
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Introduction

Gut microbiota play a crucial role in avian health, 
influencing digestion, immunity, and adaptation to 
environmental stressors (Grond et al. 2018; Baldelli et 
al. 2021). Members of the family Enterobacteriaceae 
are common in avian intestines and are known to in-
teract with the host immune system and participate 
in metabolic processes (Janda and Abbott 2021). The 
Alpine Accentor (Prunella collaris), a high-altitude 
species, inhabits harsh alpine environments char-
acterized by temperature extremes, high UV expo-
sure, and limited food availability (Carey and Morton 
1976). Seasonal and elevational changes in diet and 
habitat may therefore influence intestinal microbial 
communities and their ecological functions (Zilber-
Rosenberg and Rosenberg 2008).

Previous studies have documented seasonal 
shifts in gut microbiota among mountain and migra-
tory birds (Grond et al. 2018; Liukkonen et al. 2024), 
suggesting that microbial composition reflects eco-
logical adaptation. However, information on high-
altitude passerines of the Western Carpathians re-
mains limited. This study aims to assess the effects 
of season and altitude on gut microbiota composi-
tion in P. collaris populations, hypothesizing that (1) 
bacterial communities vary seasonally, and (2) alti-
tude influences the diversity of gut bacteria.

Material and Methods

Study area and sampling 

Fecal samples of P. collaris were collected from the 
High Tatras (Western Carpathians) and overwinter-
ing sites at Šomoška and Jasenov castle ruins in 
southern Slovakia (Fig. 1). Samples were collected 
at altitudes of 1600–2600 m a.s.l. (breeding season) 
and 400–500 m a.s.l. (winter). A total of 140 sam-
ples were obtained during 2022–2025, using sterile 
tubes, and stored at 4 °C until they were processes 
in the laboratory, within 24 hours.

Laboratory analysis

Samples were inoculated in a liquid nutrient me-
dium and incubated at 22–24 °C for 48 hours. After 
bacterial growth, cultures were transferred to se-
lective media (CIN, ENDO, XLD, and blood agar) 
and incubated at 37 °C for 24–30 hours. Isolated 
colonies were identified using ENTEROtest 24N, 
Indole, OXI, VP, and OF tests.

Statistical analysis

Data were analyzed using Statistica 10 (StatSoft 
Inc., Tulsa, USA). Normality was tested by the 
Shapiro-Wilk test. Due to non-normal data distribu-
tion, non-parametric tests were used. The Kruskal-
Wallis test examined altitude effects on bacterial 
abundance, while the Pearson's Chi-square test 
compared bacterial occurrence across seasons.

 
Results 

A total of 233 isolates were obtained. Serratia spp. and 
Enterobacter spp. dominated the samples. The high-
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Enterobacter spp. were present year-round, 
whereas Serratia spp. were observed most fre-
quently in autumn. Yersinia spp. occurred primar-
ily in summer and autumn. Gram-positive bacteria 
were absent in winter. These findings indicate clear 
seasonal trends in microbial prevalence linked to 
temperature and food availability (Table 2). No sta-
tistically significant relationship between altitude 
and bacterial abundance was detected (Table 3).

Discussion

The present study provides new insights into the 
seasonal and altitudinal variability of gut microbiota 
in the Alpine Accentor (Prunella collaris). The data 
revealed that bacterial community composition is 
strongly affected by season, while altitude had no 

est sample positivity occurred in autumn (82 positive 
samples), followed by summer (26 positive samples), 
winter (18 positive samples), and spring (16 positive 
samples). The Chi-square test (p = 0.00003) indicated 
significant seasonal variation in bacterial occurrence 
(Table 1, Fig. 2), whereas altitude showed no signifi-
cant influence (Kruskal–Wallis H = 5.99; p = 0.74).
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Fig. 1. Sampling sites (Source: Google Earth).

Genus Season N χ2 P value

Enterobacter Spring 1 48.1665 0.00003

Summer 7

Autumn 11

Winter 9

Pantoea Spring 0

Summer 1

Autumn 2

Winter 3

Serratia Spring 0

Summer 3

Autumn 30

Winter 5

Yersinia Spring 2

Summer 3

Autumn 5

Winter 0

G+ Spring 7

Summer 2

Autumn 6

Winter 0

Table 1. Seasonal prevalence of bacterial genera detected in 
fecal samples of Prunella collaris (N = 140). Significant sea-
sonal differences were confirmed by Pearson’s Chi-square 
test (p = 0.00003).

Positivity Season N χ2 P value

Positive

Spring 16

1.4156 0.7019

Summer 26

Autumn 82

Winter 18

Negative

Spring 8

Summer 17

Autumn 58

Winter 8

Table 2. Comparison of positive and negative fecal samples 
of Prunella collaris by season (N = 233). No significant sea-
sonal difference was detected (p = 0.70).

Variables N Statistical method (p value)

Bacterial gen-
era vs. Altitude

140 K-W H test = 5.99 (0.74)

Table 3. Relationship between bacterial genera abundance 
and altitude (Kruskal–Wallis H = 5.99; p = 0.74). No signifi-
cant correlation was found (N = number of samples). 
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significant effect. This finding aligns with previous 
studies on alpine and migratory birds, which also 
demonstrated that diet and environmental factors 
associated with seasonality play a dominant role in 
shaping intestinal microbiota (Grond et al. 2018; Li-
ukkonen et al. 2024).

Seasonal dynamics

The significant seasonal differences observed in 
this study (p = 0.00003) suggest that microbial com-
munity structure in P. collaris is highly responsive 
to seasonal shifts in food sources and environmen-
tal conditions. During autumn, the highest bacterial 
positivity, and the dominance of Serratia spp. were 
recorded. The genus Serratia is known to thrive in 
moist environments and has been associated with 
decaying plant material and seed surfaces (Grimont 
and Grimont 2006; Kulkova et al. 2024). As P. col-
laris shifts its diet towards seeds and plant material 
in autumn, this dietary change promotes Serratia 
proliferation in the gut. Similar seasonal enrichment 
of Enterobacteriaceae has been reported in other 
alpine birds, reflecting changes in nutrient intake 
and microbial exposure (Tang et al. 2023).

Conversely, Enterobacter spp. were consistent-
ly detected throughout all seasons, indicating that 
they represent a stable and functionally important 
component of the gut microbiota. Members of this 
genus play essential roles in nitrogen cycling and 
energy metabolism and have been observed in fe-
ces of other granivorous passerines (Glünder 1981). 
Their persistence may also be linked to their abil-
ity to tolerate temperature fluctuations and utilize 
diverse substrates.

Yersinia spp. were observed during summer and 
autumn. The presence of Yersinia enterocolitica and 
related species in wild birds has been widely docu-
mented (Niskanen et al. 2003; Novotný et al. 2007), 
suggesting that Alpine Accentors could serve as 
potential reservoirs for these bacteria. The absence 
of Yersinia in winter may be due to temperature 
constraints or changes in the feeding ecology of the 
species. Gram-positive bacteria exhibited moder-

ate seasonal variability, occurring mostly in spring 
and autumn. Their prevalence may be related to the 
availability of specific carbohydrate substrates or 
host immune modulation during these transitional 
periods (Baldelli et al. 2021).

Altitudinal influence

Although this study found no statistically signifi-
cant relationship between altitude and bacterial 
occurrence (p = 0.74), previous research has dem-
onstrated that high-altitude environments can in-
fluence gut microbial diversity through selective 
pressures such as hypoxia, temperature, and UV ra-
diation (Simonson et al. 2010; Beall 2011). Liu et al. 
(2022) observed that while microbial diversity de-
creases at higher altitudes, functional diversity may 
increase, reflecting adaptive specialization to harsh 
conditions. The absence of altitudinal effects in this 
study could result from the narrow elevational gra-
dient, or the high mobility of P. collaris, which may 
homogenize microbial communities across sites.

Ecological and adaptive implications

The observed seasonal variation in microbiota 
composition supports the hypothesis that gut mi-
crobial communities are dynamic and adapt to en-
vironmental changes. This flexibility contributes to 
physiological resilience in high-altitude birds, aid-
ing digestion efficiency, immune regulation, and 
energy metabolism under fluctuating conditions 
(Zilber-Rosenberg and Rosenberg 2008; Zhang et 
al. 2016). The high autumnal bacterial load may 
reflect preparatory physiological adaptations for 
overwintering, where increased microbial diversity 
enhances metabolic efficiency.

The predominance of Serratia and Enterobac-
ter spp. further suggests that the gut microbiota 
of P. collaris may play an important ecological role 
in nutrient cycling within alpine habitats, as these 
bacteria are known for their roles in organic matter 
decomposition and heavy metal tolerance (Korze-
niowska and Krąż 2020; El-Beltagi et al. 2024). This 

Fig. 2. Percentage of positive fecal samples for each bacterial genus of Prunella collaris across seasons (spring, summer, 
autumn, winter). The highest positivity was recorded in autumn.
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ecological link between microbial activity and habi-
tat quality warrants further exploration.

Future perspectives

Future research should employ molecular approach-
es such as 16S rRNA sequencing or metagenomic 
profiling to identify microbial taxa more precisely, 
and to assess their functional roles. Expanding 
sampling across multiple years and mountain rang-
es could reveal long-term patterns of microbiome 
adaptation. Additionally, experimental studies on 
dietary manipulation or environmental stress could 
help clarify causal relationships between ecological 
variables and microbial structure.

Conclusion

Seasonal variation strongly affects gut microbiota 
in the Alpine Accentor, with the highest bacterial 
prevalence observed in autumn. No significant effect 
of altitude was found. The dominance of Serratia and 
Enterobacter spp. highlights their ecological role in 
alpine passerine microbiomes. Broader spatial and 
temporal sampling, combined with molecular analy-
ses, is recommended to understand the adaptive sig-
nificance of gut microbiota in alpine birds.
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