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The study aimed to determine when, during summer activity, males and females of the ed-
ible dormouse most often used loud calls. On this basis, an attempt was made to determine
the main purpose of the emission of these calls. It was assumed that 1) if males have the
most of loud calls in July, their emissions may be related primarily to the mating behaviour
(which takes place during this period), and if they have the most of loud calls in August,
their emissions are most likely concerned defence of food resources, 2) in females, most of
this vocalization would occur in August due to the need to defend their food resources and
3) in both sexes, more vocalization would occur in the year of good beech fruit crop (when
the dormice would reproduce) than in the year of no crop (when the dormice would not
reproduce). To check these assumptions, the number of loud calls and “performances” (se-
ries of loud calls) emitted by the animals from two wild populations tracked by telemetry
was noted. The mean number of “performances” and loud calls in males and females was
higher in August than in July (when beech fruits ripen), but significant differences were
found only for “performances”. Both males and females had significantly more “perfor-
mances” and loud calls in the mast/breeding year than in the non-mast/non-breeding year.
It seems that males and females use loud calls mainly to defend important resources and
are, therefore, most often heard during the mast year.
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INTRODUCTION

Loud repeated acoustic signals (so-called loud or long-distance calls),
which propagate over a considerable distance, have been found in various
groups of animals including insects, fish, amphibians, birds, and mammals
(Ryan & KiME 2002). In most cases, these signals are associated with mating
behaviour, carrying information about body size, condition, fighting ability,
and alarm functions (e.g. CLutToN-BrOCK & ALBON 1979, RyaN & KimE 2002,
Ey & Fiscuer 2009). On the other hand, vocalization, like other communica-
tion channels, is a means of transmitting specific information and manipulat-
ing the behaviour of other individuals (SLaTER 1983, OwiNGs & MorTOoN 1998).
Loud sounds are known in many species belonging to different orders of
mammals, for example, in the wolf (Canis lupus) (HARRINGTON & MEcH 1979),
the red deer (Cervus elaphus) (CLutToN-BrOCK & ALBON 1979), elephants (EI-
ephas maximus and Loxodonta africana) (GARsTANG 2004, Sort1s 2010), marmots
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(Marmota spp.), prairie dogs (Cynomys spp.), ground squirrels (Spermophilus
spp-) (BLumsTEIN & ARMITAGE 1997, MaTRrosova et al. 2012), yellow-bellied
glider (Petaurus australis) (GoLpINGAY 1994) and others. Loud signals are often
found in primates (ZiIMMERMANN 1995, pa CuNna et al. 2015), for which sev-
eral of their functions are postulated, including those related to alerting, co-
ordination of group behaviour, attracting a reproductive partner, defence of
infants and mates, and defence of resources (OLIVEIRA & ADES 2004, vaN BELLE
et al. 2014, KitcHeN ef al. 2015, SPERBER ef al. 2017, ManDL ef al. 2019). The car-
rying distance of loud calls emitted in primates, mainly by males, is positively
correlated with the size of the home range, which indicates their essential role
in attracting mates and defending mates and resources (WiLcu & Nunn 2002).

The edible dormouse (Glis glis) is a small arboreal rodent that can emit
a range of different sounds (Vietinghoff-Riesch 1960, Storch 1978, my obser-
vations). One type is louder than the others. The peak of the intensity of this
so-called loud call occurs mainly at frequencies around 2.2 kHz and 4 kHz,
which was observed in captive animals (my observations). Loud calls (each of
which lasts an average of 379 ms) are emitted primarily in series, the so-called
“performances”, ranging from 1 to 217 individual calls (my observations).
Humans can hear them from a distance of several dozen meters (HoopLEss
& Morris 1993) and, under favourable conditions, even more than a hundred
meters (Jurczyszyn 1998).

The edible dormouse preferably inhabits deciduous and mixed wood-
land (KrySturex 2010). In forest areas where beech is the dominant tree spe-
cies, the basis of its diet is beech seed (e.g. BiEBER & Rur 2004, Jurczyszyn 2018).
In central Europe, the edible dormouse is perfectly adapted to the fluctuations
in mast seeding of European beech (Bieser 1998, ScuLun et al. 2002, FieTz et
al. 2004, 2005, 2009, Rur et al. 2006). The number and proportion of reproduc-
tively active females and litter sizes are positively correlated with beech mast
in a given year (KAGer & F1eTz 2009). There are years when the beech does not
bear fruit, and these animals do not reproduce (e.g. Bieser 1998, ScHLuND et al.
2002, Krysturexk et al. 2003). Thus, dormice use a strategy of reproducing only
in the years of food abundance, when the young can find a sufficient amount
of beech fruit on the trees, which are rich in fatty acids and proteins (FieTz et
al. 2005), allowing them to prepare adequately for hibernation. In the evolu-
tionary sense, the reproduction adjustment to mast years could be influenced
by the high reproductive costs incurred by both sexes (F1etz et al. 2004, 2009).

Observations in natural conditions showed that dormice most often
emitted loud calls in exceptionally attractive feeding places (MULLER-STIE(3
personal communication). The number of loud calls per night varies in dor-
mice during the season. More can be heard in late summer, in August (Ju-
RczyszyN 1995) than in the earlier period of summer. Because in August, the
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mating season is over, it seems that the loud calls of dormice are used more to
defend the food resources (when the beech fruits ripen) than during mating.
ViIETINGHOFF-RIEScH (1960), who observed dormice in captivity, believed that
loud calls occur mainly during the mating season and that their essential role
is related to this phenomenon. Therefore, the results of his research on the vo-
cal activity of dormice in captivity differ from the results of studies in natural
conditions (Jurczyszyn 1995). This difference may be due to the fact that the
basic resource that animals could strive for in a cage are mating partners and
not food, to which both sexes had constant access.

The study aims to determine what functions are performed by loud calls
in males and females of the edible dormouse and whether one of the sexes
emits more of them. If we assume that loud calls are related primarily to the
mating behaviour of males that compete for females, then: 1) during the mat-
ing period (July of the breeding year), males should have more vocalizations
(namely “performances” and loud calls) than females, 2) males should have
more vocalizations in July during the mating season than a few weeks later
in August when the mating season is over. If, however, the loud calls are re-
lated primarily to the defence of food resources, then: 3) in the mast seeding
year (when the dormice reproduce), males and females should vocalize more
often in August (when ripe beechnuts have the highest fat content) than a few
weeks earlier in July (when beechnut fat content is much lower), and also 4)
in both sexes there should be more vocalizations in August of the mast year
(when the dormice reproduce) than in August of the non-mast year (with no
dormice reproduction).

MATERIAL AND METHODS

Studies were conducted in the Roztocze National Park (RNP) in southeast Poland
(50°36' N, 22°57" E) and in the Sierakéw Landscape Park (SLP) in western Poland (52°37' N,
16°06" E). Beech constituted more than 80% of the tree stands in the first locality mentioned
above and nearly 30% of the tree stands in the second locality. The study was carried out
in the years 2005 and 2006, which differed considerably in terms of the beech fruit crop.
The first was a year almost without beechnuts on both study plots (“no crop” according to
the classification of Kantorowicz (2000), and the latter was a mast seeding year for beech
(“good crop” — Kantorowicz (2000). The term non-mast year will be used for 2005 and the
mast year for 2006.

Adult overwintered edible dormice were caught in live traps and fitted with radio
transmitters (made by Titley Electronics, Australia) around their neck, which amounted
to no more than 5 % of the animal’s body mass. Each year, from 1 to 21 July and from 4
to 24 August, six individuals (three males, three females) were radio-tracked in RNP and
an equal number of males and females in SLP. The same individuals were studied in July
and August in a given year, but in 2005 and 2006, different individuals were studied. Every
animal was radio-tracked for four nights in July and four nights in August each year. Con-
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tinuous observation was conducted by persons equipped with directional antennas and
telemetry receivers (Australis 26k, Titley). Three dormice were simultaneously tracked.
The order in which individuals were tracked was randomly determined prior to its com-
mencement in each month of the study. The loud vocalization emitted by telemetrically
tracked individuals heard by the investigator was noted in a notebook. The nights in July
and August vary in length. In order to be able to quantify the vocalization of dormice in
these two months, only six hours of radio-telemetry tracking of these animals during each
night were taken into account. Therefore, in July, the listening to vocalizations lasted from
the beginning of the night to more or less its end, and in August, only for part of the night
(six hours of radio-telemetry from its start at the beginning of the night). Studies were not
conducted during rainy or overly windy nights. In 2005, such bad weather prevented sur-
veys during one night in July and one in August in SLP and during 2 nights in July at RNP.
In 2006, it prevented surveys during one night in July in both SLP and RNP.

The total number of loud calls emitted by the tracked individuals and the number of
“performances” were noted. “Performance” was defined as a series of calls emitted by the
animal continuously, one after another, in short intervals of 1.4 seconds on average (my
observation). The intervals between individual “performances” are noticeably longer than
the intervals between individual loud calls within a “performance” (in the present study,
the shortest interval between the performances was 3 minutes). The analysis considers
both loud calls and performance numbers, as they both reflect the intensity of edible dor-
mice vocal activity, but in a slightly different way. The performance numbers indicate how
many times the animal decides to start vocalizing. Moreover, the number of calls seems to
correspond to the animal’s involvement in a particular performance.

To test the differences in calls and performances between years, sexes, and months,
generalized linear mixed models (GLMMs) implemented via glmmTMB package in R was
used (Brooks et al. 2017). I report the results of two models with either calls or performanc-
es as the response. In each model, fixed factors included year, sex, and month as categorial
variables. I also constructed models with two-way interaction terms, but these interactions
were not significant and thus removed from the final models. In each model, I used animal
ID and site as random intercepts. In the case of a model that includes calls as a response,
I used negative binomial family error term (as the Poisson model was overdispersed),
whereas, in the case of a model that included performances as a response, I used Poisson
family error term. I tested for statistical significance of fixed factors using Type Il Wald test.

The studies were approved by the Local Ethical Commission (14/2005) and the Polish
Ministry of the Environment (DOPog-4201-04-44/05/aj).

RESULTS

Prediction 1. On the study plots in July of the mast/breeding year, no
significant difference was found between males and females in the number of
“performances” (3 (SE) = 0.16 (0.13), p = 0.21), (Fig. 1), but it turned out that
males emitted more loud calls than females (3 (SE) = 0.35 (0.10), p <0.001).

Prediction 2-3. Animals emitted significantly less “performances” in July
than in August (8 (SE) =0.34 (0.13), p=0.009), irrespective of year or sex. How-
ever, no such difference was found for loud calls (3 (SE) = 0.09 (0.10), p =0.36).
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Prediction 4. Both males and females had significantly more “perfor-
mances” and loud calls in August (and July) of the mast/breeding year than in
August (and July) of the non-mast/non-breeding year (performances: 3 (SE) =
1.42 (0.15), p <0.001, loud calls: 3 (SE) =1.11 (0.13), p <0.001).
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Fig. 1. Mean number of “performances” (a) and loud calls (b) found in all studied edible

dormice (6 males and 6 females) in July and August in mast/breeding year and non-mast/

non-breeding year. Abbreviations: mast/breed — mast and breeding year; n-mast/n-breed —
non-mast and non-breeding year; whiskers represent SD
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DISCUSSION

The results obtained in RNP and SLP do not indicate that edible dor-
mice emit loud calls most often during the mating period, as suggested by the
observations of VIETINGHOFF-RIESCH (1960). Mating in Central European dor-
mice occurs in the second half of June and July (Bieser 1998, Fietz et al. 2004,
SciNski & Borowski 2008, LesL et al. 2010, Jurczyszyn 2020), while in males
from RNP and SLP, the highest number of “performances” in the reproduc-
tive year was found in August when the mating behaviour expires. The mean
loud call values for males were also higher in August, although these differ-
ences were not statistically significant. Moreover, in July, males did not have
more “performances” than females, although these “performances” consisted
of more loud calls than females. This may indicate that loud vocalization has
some significance for males competing for females during the mating season.

However, it seems more likely that this vocalization is mainly related to
competition for food resources during the ripening of beech nuts. During an
earlier study in the beech woods of RNP (Jurczyszyn 1995), more loud calls
of the edible dormouse (vocalization of unknown individuals) were found in
August, when the beechnuts were almost ripe than in July, when they were
unripe. Direct observations of the behaviour of these animals suggest that
loud calls are emitted in order to keep away other individuals from the place
where vocalizing dormice are feeding (Jurczyszyn 1995). Similar observa-
tions were made by MULLER-STIE( (personal communication), who found that
dormice vocalized most often in places with particularly attractive food. The
results obtained in captivity (VieriNGHOFF-RiEscH 1960) were most likely the
effect of the conditions created by man there, in which edible dormice were
regularly fed, and also benefited from other advantages not considered in this
study (e.g. numerous hiding places, safety from predation). In this situation,
the emission of loud calls was primarily related to the mating function.

During the present study, it was observed that individuals of both sexes
vocalized the most in the same periods. The highest number of “performanc-
es” was found in edible dormice in August of the mast/breeding year when
the beech seeds reach their full nutritional value (Suszka 1990, Bieser & Rur
2004). The number of loud calls, however, did not differ significantly between
July and August of the breeding year, although in both sexes, higher mean
values were found in August. It is difficult to determine the reason for such a
difference between “performances” and loud calls. It is possible that the num-
ber of “performances” more accurately characterizes the degree of dormice
involvement in the defence of food resources than the number of loud calls
because it indicates how often the animal decides to defend resources through
vocalization. However, it should be taken into account that beechnuts consti-
tute a certain part of the food of these animals already in the first half of sum-
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mer (FieTz ef al. 2005, BieBErR & Rur 2009, JurczyszyN 2018), so the use of loud
vocalizations to protect food resources can also be expected in July.

Since the loud calls of edible dormice can be used to detect the presence
of this species in forests (e.g. MorTELLITI et al. 2009, CIECHANOWSKI & SACHA-
Nowicz 2014, Apamixk et al. 2019), as well as to estimate population densities
(Hoobress & Morris 1993, Jurczyszyn 1995, Kurek ef al. 2007, JurRCzyszyN et al.
2018), it is worth considering what results from this work in practice. The out-
comes obtained clearly indicate that the above type of research is best carried
out in beech mast years when these animals (males and females) emit calls
much more often than in non-mast years. This applies to both August and July
of the mast year. In the beech mast year, the best period for research using
dormice calls is the second half of summer (August), because then males and
females generate much more “performances” and emit a little more loud calls.
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