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Abstract
Illumination at night is determined by moon phase, naturally affecting the reproductive activities of nocturnal animals. The 
European badger (Meles meles Linnaeus, 1758) is a large-sized mustelid that lives throughout Bulgaria. Since informa-
tion on its reproductive activity is scarce for the country, a two-year camera trap survey was conducted at five main setts. 
It aimed to establish the mating period of the badger, as well as some behavioral activities of the observed individuals in a 
semi-mountainous area in Central Bulgaria (Sarnena Sredna gora Mts). In the present study, badger mating behavior was 
only observed in winter. Winter is the main breeding period for badgers from Central Bulgaria, which corresponds to greater 
activity in front of the setts. Darker lunar phases (i.e., new moon) significantly increased the badger's reproductive activities 
at their setts. Further research is needed to elucidate the underlying mechanism responsible for the nocturnality and prefer-
ences to darkness of reproductive badgers.
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Introduction

The balance between activity and rest is an important etho-
ecological feature for any species related to minimizing 
energy costs. However, the activity patterns of medium sized 
mammals are difficult to determine in natural conditions in 
a cost-effective and non-invasive manner (Rowcliffe et al. 
2014). This is the reason for the growing use of camera traps 
in ecological studies on nocturnal mammals, specifically on 
mustelid species (Griffiths 2008; Yoxon 2008).

The European badger (Meles meles Linnaeus, 1758) is 
a large-sized mustelid with wide distribution in Europe 

(Prigioni 1999). In Bulgaria, the species is distributed across 
the whole country (Popov and Sedefchev 2003).

The badger is well known as a nocturnal animal (Harris 
1982; Neal and Cheeseman 1996; Zabala et al. 2002; Kowal-
czyk et al. 2003; Rotenko et al. 2012; Magowan et al. 2022). 
Its behavioral patterns (daily and seasonal) are influenced 
by climatic conditions (Cresswell and Harris 1988; Slamka 
2016), day length, light intensity at night (i.e. moon phase; 
Dixon et al. 2006), local food resources and some social 
factors (Neal and Cheeseman 1996; Buesching et al. 2003; 
Carpenter et al. 2005; Silk et al. 2017). The reproductive 
biology of the badger is still poorly understood because it is 
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complex (Roper 2010). While mating behavior can happen 
year round, the primary period of reproductive behavior is 
between January and March (Mori et al. 2015). Courtship 
and copulation usually take place in front of the main sett 
(Roper 2010) preceded by increased scent-marking activity 
(Kruuk et al. 1984; Buesching and Macdonald 2001) and 
allo-grooming (Kruuk 1989; Buesching et al. 2003).

The influence of moon illumination on mammalian 
behavior is of scientific interest. This factor influences the 
activity of predators towards their prey (Cozzi et al. 2012; 
Penetriani et al. 2013) while for non-obligate carnivores like 
brown bear (Ursus arctos) this does not appear to be the 
case (Lamamy et al. 2022). Avoiding large predators, the 
European badger synchronizes its mating bevaviors with the 
lunar cycle, increasing its activities in low illumination con-
ditions, i.e., around new moon phase (Cresswell and Harris 
1988; Dixon et al. 2006). Therefore, the badgers’ reproduc-
tive activities could fluctuate with both short (monthly) and 
long (annual) term biological rhythms.

The present study aims to determine the European badger 
mating period and the associated behavioral activities in 
the conditions of a semi-mountainous area in Central Bul-
garia (Sarnena Sredna gora Mts). In Bulgaria, information 
on the reproductive activity of the badger is scarce (Popov 
and Sedefchev 2003; Racheva et al. 2012). To address this 
information gap, we investigated free-ranging badger activi-
ties at the setts, using camera traps. First, we determined 

the seasonality in reproductive behaviors observed in front 
of the main sett, by annual camera-trapping. Second, we 
compared diel activity patterns between reproductive and 
non-reproductive seasons, to assess seasonal changes in 
the nocturnality. Third, we compared reproductive behav-
ior and diel activities in different moon phases, to elucidate 
the effects of the lunar-cycle on mating and nocturnality in 
European badgers.

Materials and methods

Study area and camera trap survey

Remote recording devices are suitable for investigating 
behavioral activity patterns of elusive nocturnal and fos-
sorial species such as badgers (Stewart et al. 1997). Five 
camera traps were placed in front of five different breed-
ing setts, located at semi-mountainous ranges (217–503 m 
a.s.l.) in an agro forestry landscape, District of Stara Zagora, 
Central Bulgaria (42°28ʹN, 25°37ʹE; Fig. 1). Field observa-
tions were carried out for a period of up to 2 years as fol-
lows: camera site ID No.1, 20.12.2018–06.03.2020; No.2, 
28.12.2018–04.02.2020; No.3, 03.01.2019–04.02.2020; 
N o . 4 ,  0 8 . 1 1 . 2 0 1 9 – 0 6 . 0 3 . 2 0 2 0 ;  N o . 5 , 
01.12.2019–06.03.2020.

Fig. 1   Location of the camera traps in a semi-mountainous region, part of Central Bulgaria
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Setts large spoil heaps with obvious runs (Neal and 
Cheesman 1996), with more than three entrances, large 
debris piles with obvious marks (Weber et al. 2013), pres-
ence of footprints, fresh signs of digging (Remonti et al. 
2006) and latrines were assumed to be main or breeding 
setts. External paths between sett entrances were consid-
ered as additional evidence for the sett usage. The terrain 
of these sett sites was hilly, covered with Oak (Quercus L. 
spp.) and Oriental Hornbeam shrubs (Carpinus orientalis 
Mill.) mixed with orchards, vineyards and croplands (Fig. 1). 
Human presence is moderate compared to that in mountains 
and lowlands of Central Bulgaria. It includes several villages 
at about 5–6 km distance from each other. The terrain con-
sists of smooth hills and numerous ravines overgrown with 
dense bushes, providing suitable places for digging setts.

Five setts dug at the ravines edges were selected for 
reliable monitoring. All five chosen setts consisted of two 
entrances connected by a common path. The camera traps 
were placed in front of the entrances of the setts, distanced 
between ca. 2 and ca.5 m, according to the specifics of the 
terrain of each burrow and the microhabitat around. In all 
cases, the camera view covered the entrance and the spe-
cific resting place in front of it. The following two models 
of passive infrared camera traps were used: Keep Guard 
Cam (KG690NV) and HD camera with Black IR (SG56OK 
– 14 m). Both camera models provided the opportunity 
for the same modes of operation with the same requisites 
(temperature, moon phase and timing) of the obtained 
photos. The devices were set to take three photos with a 
minute delay. Memory cards and batteries were changed 
at 85–90 days’ intervals to minimize animals disturbance, 
so that at no time were the batteries dead or the cards full 
and no activities missed. Photographs of badgers separated 
by more than 30-min interval were treated as independent 
observation events (Meek et al. 2014).

Analysis

To address our first objective, we analyzed seasonal changes 
in reproductive behaviors observed at the setts. For this pur-
pose, we counted the daily observations of the three types of 
mating behaviors, i.e., marking, allo-grooming and copula-
tion, as well as observations of cubs as evidence of success-
ful reproduction. Allo-grooming was defined when differ-
ent parts of the partner’s body were touched simultaneously 
(Kruuk 1989; Buesching et al. 2003). The most frequently 
observed contacts between animals were in the muzzle and 
neck area in the present study. We pooled daily observations 
from five observed setts.

To address our second objective of comparing the diel 
activities between reproductive and non-reproductive sea-
sons, we divided the datasets of badger observations into 
the following four seasons: spring, March–May; summer, 

Jun–Aug.; autumn, Sep–Nov.; winter, Dec–Feb. We first 
performed a kernel density interference (Ridout and Linkie 
2009) for the snapshot time, i.e., 0:00–23:59, with circularly 
transformed data (0–2π), to assess diel activity patterns and 
their comparisons between different seasons, using R 3.5.1 
(R Development Core Team 2018) and the package ‘overlap’ 
(Meredith and Ridout 2021).

We then estimated nocturnality of badgers in each season. 
For this analysis, we divided the seasonal datasets into four peri-
ods of the day, i.e., dawn, day, dusk and night. The crepuscular 
periods of dawn and dusk were defined as ± 1 h from sunrise and 
sunset (Theuerkauf et al. 2003; Eggernmann et al. 2009; Gerber 
et al. 2012). To assess statistical differences in daily activities 
between seasons and the four periods of the day, we performed 
generalized linear mixed effect model (GLMM). We used the 
relative frequency of badger sightings (%) in a day-period per 
sum of the seasonal sightings at each camera-trapping site as the 
response variable (using an offset term), with a log link function 
and a Poisson distribution. For explanatory variables, we used 
season, four day-periods (dawn, day, dusk and night) and their 
interaction as fixed effects (as categorical parameters), while 
camera site ID as random effects. We used maximum likelihood 
estimation with Wald test (z-value) for the estimated coefficients. 
We used the ‘glmmTMB’ package for R (Brooks et al. 2017).

To address our third objective of determining the effects 
of the lunar-cycle on badger activities, we divided the sea-
sonal observation data into the following eight lunar-phases: 
new moon (NM); waxing crescent (+ WC); first quarter 
(FQ); waxing gibbous (+ WG); full moon (FM); waning 
gibbous ( – WG); third quarter (TQ); and waning crescent 
( – WC). We then performed GLMM analyses of the rela-
tionships between badger sightings and moon phases. We 
used the relative frequency of badger observations (%) in 
moon phase per season at each camera-trapping site as the 
response variable (using an offset term), while moon phase 
(as a fixed effect) and camera station ID (as random effects) 
for explanatory variables (with log link function and Poisson 
distribution). Additionally, to determine potential brightness 
effects associated with moon phases, we also performed the 
GLMM on the relationships between badger observations 
and proportional lunar illuminations. For the analyses, we 
used the relative proportions of moon illuminations, i.e., 0, 
NM; 0.25, + / − WC; 0.5, FQ/TQ; 0.75, + / − WG; and 1.0, 
FM, as explanatory variables. We developed GLMMs in 
reproductive (i.e., winter) and non-reproductive seasons 
(i.e., spring and summer) separately. We used maximum 
likelihood estimation with a Wald test (z-value) for estimated 
coefficients for all GLMM analyses. In these analyses, we 
used the ‘glmmTMB’ package.

For all statistical analyses (i.e., Kernel density estimations 
and GLMM), seasonal sub-datasets with sample sizes less 
than ≤ 10 or from short sampling durations (e.g., less than 1 
consecutive month of camera-trapping) were removed from 
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the analyses; thus, the datasets from six winter, three spring, 
and one summer season were used (Table 1).

Results

Timing of observed reproductive behaviors

Allo-grooming was observed in early winter (Dec–Jan.) 
and then reproductive behaviors (i.e., copulation and 

marking) were mainly observed in late winter (Feb–Mar.; 
Fig.  2). In the present study both short-term (n = 12, 
mean = 1.05  min) and long-term copulations (n = 8, 
mean = 48.63 min) were observed (Table S1 in Suppl. 
Mat.). Cubs were observed between spring and early sum-
mer (Mar–Jul.; Fig. 2). In two cases, it was possible for us 
to observe bringing of newborns in the mouth of an adult 
individual (probably the mother) from one entrance of the 
sett to another, after the last recorded copulation (i.e., in 
the second half of February; Fig. 2 and Fig. S1 in Sup-
plementary Materials).

Table 1   Seasonal observations of European badger and duration of sampling (camera-trapping night; CT-night) in front of five setts obtained by 
camera trapping (hyphen represents non-survey season)

The indicated number of observed individuals (adults and cubs) is based on the maximum number of individuals photographed together in front 
of the respective sett for the respective period. The total number of observed individuals (adults and juveniles) is probable and based on the 
maximum detected individuals in front of the respective sett for the entire observation

Sett ID Observe period Observed 
adults & cubs

Winter (Dec–Feb.) Spring (Mar–May) Summer (Jun–
Aug.)

Autumn (Sep–
Nov.)

N CT-night N CT-night N CT-night N CT-night

No.1 20.Dec.2018–30.Nov.2019 Ad.: 2
Cub: 1

260 70 173 92 27 92 7 91

01.Dec.2019–06.Mar.2020 Ad.: 2
Cub: 0

131 91 17 6 – – – –

No.2 28.Dec.2018–30.Nov.2019 Ad.: 1
Cub.: 3

53 62 140 92 155 92 5 91

1.Dec.2019–04.Feb.2020 Ad.: 1
Cub: 0

10 65 – – – – – –

No.3 03.Jan.2019–30.Nov.2019 Ad.: 2
Cub: 2

233 56 236 92 7 92 4 91

01.Dec.2019–04.02.2020 Ad.: 1
Cub: 0

6 65 – – – – – –

No.4 08.Nov.2019–06.Mar.2020 Ad.: 4
Cub: 0

352 91 4 6 – – 31 22

No.5 01.Dec.2019–06.Mar.2020 Ad.: 3
Cub: 0

453 91 39 6 – – – –

Total number Ad.: 12
Cub: 6

1498 591 609 294 189 276 47 295

Fig. 2   Seasonal distribu-
tion (represented by 10-days 
intervals) of activities related to 
mating as well as cubs observa-
tions in European badger from 
Central Bulgaria—X-axis repre-
sents a leap year due to our total 
sampling periods (i.e., from 
20.12.2018 to 06.03.2020)



19Journal of Ethology (2023) 41:15–24	

1 3

Seasonal changes in diel activities and nocturnality

Diel activity patterns in badgers differed between winter and 
spring–summer seasons (Fig. 3) in proximity of setts. In 
winter, badger activity increased in the early hours of the 
night, peaking around 18:00, decreasing during the night and 
almost ending with the dawn onset (Figs. 3a, 4). However, in 
spring and summer, bimodal patterns were observed in front 
of setts with peaks around 19:00–20:00 and 6:00 (Fig. 3b).

The relative frequency of badger observations at setts 
dominated at night (median 85.9% of the total observa-
tions), over at dawn, day and dusk in winter (Fig. 4a). In 
spring–summer seasons, however, the differences were 
between the periods of the day, comprised of 19.7% fre-
quency at dusk to 39.3% frequency at night (Fig. 4b). The 
results of the GLMM analysis on the relative frequency of 
observations among the different seasons and four periods of 
the day indicated that badgers were significantly more active 
at night than during the other periods of the day in winter 
(Wald test, P < 0.001 for both seasons and periods of the 
day as well as their interactions; Table 2). Furthermore, the 
statistical assessment also indicated that badgers were more 

active at night in winter in front of setts than in other seasons 
(Wald test, P < 0.001 for all periods; Table 2).

Changes in badger activities with the lunar cycle

The relative frequency of badger detections close to the 
setts was highest at new moon (NM) followed by crescent 
moons (WC + and WC −) and lowest at full moon (FM) in 
winter (Fig. 5a), statistically indicated by the GLMM analy-
sis (Wald test, P < 0.001 for all moon phases; Table 3). In 
the spring–summer season, the relative frequency of badger 
observations in front of setts was also different among moon 
phases but slightly different from that in winter (Fig. 5a) 
with statistical significances for new moon (NM; Wald 
tests, P < 0.001), crescent moons (WC + , P < 0.001; WC − , 
P = 0.044) and gibbous moons (WG + , P = 0.030; WC − , 
P = 0.043) obtained by the GLMM analysis (Table 3). The 
relative frequency of badger observations decreased with 
increasing proportional moon illuminations in both winter 
and spring–summer seasons (Wald tests, P < 0.001 for both 
seasons; Table 4 and Fig. 5b), indicating that badgers were 
more active with less moon illuminations.

Fig. 3   Diel activity patterns of badgers in front of the dens in Central Bulgaria (used R package ‘overlap’). The different color corresponds to the 
different datasets (i.e., site-season)
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Finally, we compared the relative frequency of observed 
reproductive behaviors within setts (i.e., allo-grooming, 
scent-marking and copulation) at different moon phases 
(Fig. 6). Allo-grooming and copulations were less frequent 
at bright nights (i.e. FM and WG), than during other moon 
phases (Fig. 6).

Discussion

Timing of the reproduction

The mating time frame of the badger is similar throughout 
its geographical range, although there is potential local vari-
ation in the exact timing of reproductive behaviors observed. 
Winter tracking of a badger in Poland revealed a restriction 
of its activity in the vicinity of the sett (Goszczynski et al. 
2005). As courtship and copulation were described to occur 
in front of the main sett by Roper (2010), it was possible for 
us to observe the badgers' reproductive behavior using cam-
era traps. The present study showed that the winter period 
(from the beginning of December to the end of February) 
was the breeding season for badgers in Central Bulgaria, tak-
ing into account their reproductive behaviors (i.e. marking, 
allo-grooming and copulation) observed close to the setts. 
Camera trapping gave us the unique opportunity to register 
badgers copulative behavior at the setts from mid-January to 
late February. In line with these results, mating is most likely 
to happen in February, but it can occur all year round (Roper 
2010). The second half of February was also the period with 
reported mating in Slovakia (Slamka 2016). Increased mark-
ing with sub caudal gland secretion by both sexes is typical 
for badgers mating in winter (Buesching and Macdonald 
2001). This type of marking left by a solitary badger in front 
of a sett is a reliable sign to other individuals in the context 
of reproduction (Marchlewska-Koj et al. 2001).

For the badger, short-duration copulations (up to 2 min; 
Johnson 2001, and ≤ 10 min; Lebourgeois 2021) have been 

Fig. 4   Relative frequency of observations (%) of the European badger 
(Meles meles) in front of the setts at different time of the day in (a) 
winter and (b) spring–summer seasons in Central Bulgaria. Horizon-

tal line, box, vertical dashed lines and open circle represent median, 
range of first and third quantile, min.–max. range, and outlier, respec-
tively

Table 2   Results of generalized linear mixed model on the relative fre-
quency of badger observations in front of five setts across seasons, 
time of the day and interaction term

‘Season’ represents v.s. in winter; ‘Time’ represents v.s. in night; and 
the ‘Interaction’ represents v.s. winter-night

Variable Coefficient S.E z P

(Intercept)  − 0.154 0.028  − 5.501  < 0.001
Season_spring  − 0.724 0.072  − 10.071  < 0.001
Season_summer  − 2.116 0.252  − 8.413  < 0.001
Time of a day_dawn  − 2.692 0.111  − 24.164  < 0.001
Time of a day_daytime  − 3.509 0.165  − 21.316  < 0.001
Time of a day_dusk  − 2.669 0.110  − 24.217  < 0.001
Interaction_spring-dawn 1.927 0.162 11.894  < 0.001
Interaction_summer-dawn 3.609 0.316 11.417  < 0.001
Interaction_spring-daytime 2.734 0.203 13.499  < 0.001
Interaction_summer-

daytime
5.203 0.318 16.362  < 0.001

Interaction_spring-dusk 1.941 0.160 12.122  < 0.001
Interaction_summer-dusk 2.382 0.397 5.992  < 0.001
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described, as well as long-duration ones (from 15 min up to 
90 min; Johnson 2001, and ≥ 60 min; Lebourgeois 2021). 
The long-duration copulations are successful in fertilizing 
the female and are observed most frequently in the period 

February–May in both free-living and captive animals 
(Neal and Cheeseman 1996; Johnson 2001). In the present 
study, the short-term and more numerous copulations were 
detected from late January to mid-February. Long-duration 

Fig. 5   Relative frequency of observations (%) of the European badger 
(Meles meles) in front of the setts during different lunar phases (a) 
and proportional moon illumination (b) in winter and spring–summer 

seasons. Horizontal line, colored box, vertical lines and closed circle 
represent median, range of first and third quantile, min.–max. range, 
and outlier, respectively

Table 3   Results of GLMM analyses on the relative frequency of badger observations during different phases of the moon (base is full moon, 
FM)

Season Winter Spring–summer

Variable Coefficient S.E z P Coefficient S.E z P

(Intercept)  − 2.870 0.109  − 26.307  < 0.001  − 2.496 0.131  − 19.012  < 0.001
New moon (NM) 1.401 0.1218 11.502  < 0.001 1.121 0.151 7.417  < 0.001
Waxing crescent (WC +) 0.806 0.131 6.139  < 0.001 0.752 0.159 4.719  < 0.001
First quarter (FQ) 0.681 0.134 5.087  < 0.001 0.296 0.173 1.709 0.086
Waxing gibbous (WG +) 0.687 0.134 5.137  < 0.001 0.370 0.170 2.169 0.030
Waning gibbous (WG −) 0.675 0.134 5.037  < 0.001  − 0.423 0.209  − 2.026 0.043
Third quarter (TQ) 0.566 0.137 4.146  < 0.001 0.172 0.083 0.182 0.645
Waning crescent (WC −) 0.976 0.128 7.627  < 0.001 0.319 0.346 0.172 0.044

Table 4   Results of GLMM 
analyses on the relative 
frequency of badger 
observations associated with 
proportional moon illumination 
(from 0 in new moon to 1 in full 
moon)

Season Variable Coefficient S.E z P

Winter (Intercept)  − 2.870 0.109  − 26.307  < 0.001
Lunar illuminations 1.401 0.1218 11.502  < 0.001

Spring–summer (Intercept) 0.806 0.131 6.139  < 0.001
Lunar illuminations 0.681 0.134 5.087  < 0.001
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copulations were observed in two or three per pair in mid-
February (Table S1 in Suppl. Mat.). The female is fertilized 
after the middle of winter, and the cubs are born as a sub-
sequence of delayed implantation, before the next mating 
period (Roper 2010). The cubs are generally born between 
mid-January and mid-March (Neal and Cheesman 1996), 
and 76% of them in England were born in mid-February 
(Macdonald et al. 2015). In this study, the mother was pho-
tographed carrying the newborns in her mouth from one 
entrance of the sett to another from mid-February to early 
March (Fig. S1 in Suppl. Mat.), after the last copulation 
was observed. The cubs are able to move out of the sett in 
the period between eighth to ten weeks after birth (Yama-
guchi et al. 2006). The first appearances of cubs occurred 
6–8 weeks after delivery to the setts by the mother (Fig. 
S1 in Suppl. Mat.). These results are consistent with the 
first emergence of cubs in front of the setts in mid-April in 
France (Lebourgeois 2021), in England (Fell et al. 2006) and 
in Netherlands (Roper 2010).

Seasonal changes in diel activities

In general, the European badger is known as a typical noc-
turnal animal (Kowalczyk et al. 2003; Magowan et al. 2022). 
Indeed, we have already observed the annual nocturnal 
activities of free-living badgers in our study area, by cam-
era trapping along trails (i.e., far from the setts) (Tsunoda 
et al. 2018, 2020). In the present investigation we observed 
predominant nocturnal activity in front of the setts only in 
winter; however, the animals were also active during day-
time in spring–summer seasons (Fig. 3). Consistent with our 
findings, previous studies also reported that badgers were 

mostly nocturnal in winter, while their diurnal activities 
increased during warm seasons in Belarus (Rotenko et al. 
2012), Slovakia (Slamka 2016), and Russia (Sidorchuk and 
Rozhnov 2018). Seasonal changes in badger activity, spe-
cifically related to social behavior (Silk et al. 2017), also 
demonstrate the established trend in the present study. In 
cool-temperate regions, badgers generally decrease their 
activity during winter (Kowalczyk et al. 2003), appearing on 
days with mild weather (Rotenko et al. 2012; Slamka 2016; 
Lebourgeois 2021); nevertheless, they showed predominant 
nocturnal sett activities (Rotenko et al. 2012; Slamka 2016). 
As we discussed in the previous section, mating behaviors in 
proximity of the setts were mainly observed in winter, and 
our observations indicated that badgers were more noctur-
nal in the mating season than in the post-mating one (i.e., 
cub-rearing).

The effects of moon phase on badger activities

Our surveillance indicated that European badgers were more 
active at their setts on nights with low lunar illumination 
(i.e., around new moon) in the mating season. Further, mat-
ing behaviors (copulation and allo-grooming) significantly 
increased from the waning crescent to the first quarter 
(Fig. 6). Dixon et al. (2006) also reported an increase in 
badger copulation in the periods from third to first quarters, 
consistent with our findings. Kronfeld-Schor et al. (2013) 
consider that lunar-cycle may induce changes in some envi-
ronmental parameters (e.g., food availability or predation 
risk), indirectly related to reproductive success. Earthworms, 
the staple food for badgers in many regions (Goszczynski 
et al. 2003; Kowalczyk et al. 2003), decrease their activity 
on the soil surface around full moon (Michiels et al. 2001). 
In addition, bright night increases the potential risks caused 
by predators or competitors (Cowgill et al. 1962; Prugh and 
Golden 2014; Mori and Menchetti 2019). In the study area, 
the golden jackal (Canis aureus) could be a potential threat 
to badgers, leading to a separation of their spatio-tempo-
ral activities to avoid confrontations (Tsunoda et al. 2018, 
2020). In our study, badgers exhibited mating and copulation 
above ground (i.e., in front of the setts), making them vul-
nerable to interference by jackals and stray dogs. Nocturnal 
activities in darkness may be helpful in reducing this risk 
and thus contribute to reproductive success.

Conclusions

In Central Bulgaria, the European badger exhibited predomi-
nantly nocturnal activities in front of the setts during the 
reproductive season (winter), compared to the cub-rearing 
season (spring and summer) when the animals were more 
diurnal. Moreover, our observations indicated that badgers 

Fig. 6   Relative frequency of observations (%) of scent-marking, cop-
ulation and allo-grooming in the European badger (Meles meles) dur-
ing lunar phase
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were more active on dark nights around new moon phase and 
thus reproductive behavior was largely synchronized with 
the lunar phase. Further research is needed to elucidate the 
underlying mechanism responsible for the nocturnality and 
darkness preference of reproductive badgers.
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