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Variation of the baculum structure of the Palaearctic badger
(Carnivora, Mustelidae, Meles)
Alexei V. Abramov
ABSTRACT. The morphology of baculum (os penis) of the badger Meles meles from different parts of its
Palaearctic range is examined. Three types of the bacular structure are distinguished. Morphological
differences in the baculum between the European, continental Asian and Japanese populations support the
previous splitting of the badger into three taxonomic forms. The status of these forms is here asserted to be
of species level: the European badgerMeles meles (L., 1758), the Asian badger M. leucurus (Hodgson, 1847),
and the Japanese badger M. anakuma Temminck, 1844.
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Èçìåí÷èâîñòü ñòðîåíèÿ áàêóëþìà ó ïàëåàðêòè÷åñêèõ áàðñóêîâ
(Carnivora, Mustelidae, Meles)
À. Â. Àáðàìîâ
ÐÅÇÞÌÅ. Èññëåäîâàíà ìîðôîëîãèÿ áàêóëþìà (os penis) áàðñóêîâ Meles meles èç ðàçëè÷íûõ ÷àñòåé
ïàëåàðêòè÷åñêîãî àðåàëà. Ìîæíî ðàçëè÷èòü òðè òèïà áàêóëþìà. Ìîðôîëîãè÷åñêèå ðàçëè÷èÿ â
ñòðóêòóðå áàêóëþìà ìåæäó åâðîïåéñêèìè, êîíòèíåíòàëüíûìè àçèàòñêèìè è ÿïîíñêèìè ïîïóëÿöèÿìè ïîääåðæèâàþò ïðåæíåå ðàçäåëåíèå áàðñóêîâ íà òðè òàêñîíîìè÷åñêèå ôîðìû. Â äàííîé ðàáîòå
ýòèì ôîðìàì ïðèäàåòñÿ âèäîâîé ñòàòóñ: åâðîïåéñêèé áàðñóê Meles meles (L., 1758), àçèàòñêèé áàðñóê
M. leucurus (Hodgson, 1847) è ÿïîíñêèé áàðñóê M. anakuma Temminck, 1844.
ÊËÞ×ÅÂÛÅ ÑËÎÂÀ. Meles, áàðñóêè, áàêóëþì, ìîðôîëîãèÿ, èçìåí÷èâîñòü, òàêñîíîìèÿ.

Introduction
The baculum, or penis bone, of the European badger
Meles meles (Linnaeus, 1758) was described in a number of works (Ognev, 1931; Didier, 1947b; Heptner et
al., 1967; Lüps & Wandeler, 1993; Baryshnikov &
Abramov, 1997), most of which either only described
the bacular morphology, or used this structure for the
age determination. Intraspecific variation in the structure of the badger baculum has been used for distinguishing age groups (Ahnlund, 1976; Graf & Wandeler,
1982; Hancox, 1987). However, a geographic variation
of the baculum structure of this widespread species has
not been studied yet. The purposes of this paper are to
describe a geographic variation of the baculum structure
of the Palaearctic badger, and to comment on a taxonomic status of its different forms.

Materials and methods
We have examined the collections of the Zoological
Institute, Russian Academy of Sciences (Saint Petersburg,
Russia, ZIN), the Institute of Animal Systematics and Ecology, the Siberian Branch of Russian Academy of Sciences
(Novosibirsk, Russia), the Kitakyushu Museum and the Institute of Natural History (Kitakyushu, Japan, KM), the Institute

of Zoology, Uzbekistan Academy of Sciences (Tashkent,
Uzbekistan) and the Craniological Laboratory of the CentralForest Natural State Reserve (Tver Province, Russia). A total
of 27 badger bacula from different localities has been analyzed with respect to their shape and measurements: nine from
the north-western part of European Russia (Leningrad Province), one from the Tver Province, one from the Western
Kazakhstan, three from the South Urals (Chelyabinsk Province), five from the Uzbekistan, four from the Western Siberia
(Novosibirsk Province), one from the Transbaikalia (Republic of Buryatia), one from the Northern Mongolia, and two
from Japan (Kyushu Island). Localities of the Meles specimens examined in the present study are shown in Fig. 1. All
measurements (in mm) are given for adult specimens.

Results
All studied adult bacula falls into three well-differentiated types of bacular structure described below.
European type (Fig. 2A). The shaft is nearly straight,
sometimes its distal end is slightly curved up. The
proximal part of shaft is triangular in cross-section, its
distal part is more flattened dorso-ventrally. The shaft is
of equal (or nearly equal) width along its length. The
shaft width near head is 3.94.3. The proximal end of the
baculum base is slightly widened and strongly constricted laterally. The average height at base is 8.5, average
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Figure 1. THE LOCALITIES OF THE MELES SPECIMENS EXAMINED: 1  Leningrad Province, 2  Tver Province,
3  Western Kazakhstan, 4  Chelyabinsk Province, 5  Uzbekistan, 6  Novosibirsk Province, 7  Republic of Buryatia,
8  Northern Mongolia, 9  Kyushu Island.
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Figure 2. DIFFERENT TYPES OF BADGER BACULUM (in lateral view and dorsal view): A  European type
(ZIN O.218, Leningrad Province, Russia); B  Asian type
(ZIN O.35081, Buryatia, Russia); C  Japanese type (KM
931018-10, Kyushu Island, Japan).

width at base is 7.2. Average length of adult bacula is
69.9 (n=8) for specimens from the European part of
Russia (according to Ognev (1931), the maximal length
could be 74.0); 74.4 (n=10) for specimens from England
(Hancox, 1987); 73.4 (n=6) for specimens from Denmark (Hancox, 1987); and 77.8 (n=6) for specimens from
France (Didier, 1947b). The baculum is relatively short
 53% of condylobasal length of the skull on average
(for specimens from the European part of Russia).
The head of baculum is dorso-ventrally flattened to
produce a spatular form. The bacular head is poorly
separated from the shaft, with a small rounded central
hole. The head surface is covered with small cavities.
The head length is 6.47.3, width is 8.210.3.
The bacula of juvenile specimens have their distal
end divided into two wide projections. With the age,
these projections extend and merge, leaving a slotshaped hole in the middle part of the head. The baculum
of the European badger achieves an adult shape, size and
weight in 1.52 years; after this age, the bacular structure, including its length and weight, does not sufficiently changes (Ahnlund, 1976; Graf & Wandeler, 1982;
Hancox, 1987).
This type of the baculum has been found in the
badgers from different parts of Europe: United Kingdom, Denmark (Hancox, 1987), France (Didier, 1947b),
and the European part of Russia.
Asian type (Fig. 2B). The bacular shaft is strongly
curved, circular in cross-section, but slightly squeezed
laterally. The shaft tapering sharply to the distal end.
The shaft width near the head is 2.73.3. The base is very
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massive and large, not squeezed laterally as in the
European type. The average height at base is 8.3, the
average width at base is 8.1. Average length of the adult
bacula is 68.3 (n=11). It is 55% of condylobasal length
of the skull.
The spatula-shaped head is well marked, large and
massive, with a central elongated narrow hole. The head
is elongated-oval or rounded. The head length is 8.3
11.1, width is 7.48.7.
The baculum of Asian juveniles, like in the European
specimens, is divided into two wide projections at the
distal end. These projections are merged in subadult
specimens, forming a flat elongated head. Compared to
the European subadults, the baculum base of Asian
juveniles is more wide and swollen.
This type of the baculum has been found in the
badgers from the Urals, Western Kazakhstan, Uzbekistan, Western Siberia, Transbaikalia, and Mongolia.
Japanese type (Fig. 2C). The two bacula examined
of the Japanese specimens are sufficiently different from
those of the continental badgers.
The baculum is relatively long (about 62% of condylobasal length of the skull). The shaft tapers to its distal
end, bending mainly in the distal third. The shaft is very
thin, triangular in cross-section at its base, and circular
along its length. The shaft width near head is 2.52.8.
The base is not so wide as in the Asian type, slightly
rugose and squeezed laterally. The average height at
base is 7.0, average width at base is 6.0. Average length
of adult bacula is 69.3 (n=2).
The head is flat and triangular, slightly resembling a
leaf of ginkgo. The adult specimen has a small central
rounded hole, while the second (younger one) has an
elongated, drop-shaped hole. The head surface is smooth.
The length of head is 5.66.3, width is 7.79.6.

Discussion
The taxonomy of the Eurasian badgers is not clearly
understood, although a geographic variation of cranial
and external characters is known to be considerable.
Most of the mammalogists consider M. meles as a single
species of the genus Meles (Ellerman & Morrison-Scott,
1951; Petrov, 1953; Heptner et al., 1967; Corbet, 1978;
Wozencraft, 1993; Lynch, 1994). However, some authors indicated the remarkable differences between the
European and Asian badgers in cranial characters and
coloration. Some of them (Kastschenko, 1902; Satunin,
1914; Ognev, 1931) advocated the European and Asian
forms to be distinct species, while others (Pocock, 1941;
Petrov, 1953; Heptner et al., 1967) regarded these forms
as subspecies (or groups of subspecies) only. The Japanese badger has usually been considered a separate
subspecies being close to the Asian subspecies (or a
group of subspecies) (Petrov, 1953; Heptner et al.,
1967). Recently, Baryshnikov & Potapova (1990) studied dental characters of the Palearctic badgers and
supposed that there are two allopatric badger species,
the European badger M. meles and the Asian badger M.
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anakuma. Despite no Japanese badger skulls were examined by these authors, they accepted the Japanese
name anakuma as a valid name for the Asian (continental) badgers. Contrary to this opinion, Lynch (1994)
considered Meles to be represented by two subspecies:
continental M. m. meles and Japanese M. m. anakuma.
By applying a multivariate approach, he examined an
east-west clinal craniometric variation in the badgers
across Eurasia and showed that solely the Japanese form
is distinct by cranial characters. The recent data on the
cytochrome b sequence variation in M. meles from Japan
and Eurasia also demonstrated that the sequence difference between the Japanese and continental populations is
remarkably high (Kurose et al., 2001). The latter authors
also revealed that the badgers from Siberia (Transbaikalia) and the European part of Russia (Leningrad Province)
show a high difference in DNA sequences as well.
The results of a previous study of craniological and
exterior characters of the Eurasian badgers (Abramov,
2001) also pointed the existence of the three well-separated forms (species) of Meles. The distinct morphological
differences of the bacular structure described between the
European, Asian (continental) and Japanese badgers (see
above; Fig. 2) are also advocate the existence of three
distinct species of Meles in the Palearctic.
The bacula of different species of Mustelidae are
known to have distinctive morphological features of
great taxonomic value. Even in closely related species
the baculum morphology could be sufficiently different.
Within the mustelids, an interspecific variation in the
bacular structure has long been known and used for
species diagnoses and taxonomy (Pocock, 1918, 1941;
Chaine, 1926; Ognev, 1931; Didier, 1947a, b, 1948;
Burt, 1960; Zyll de Jong, 1972; Baryshnikov & Abramov, 1997; Abramov, 2000). The species-specific nature
of bacular morphology allows to use bacular characters
in taxonomy (e.g. Patterson & Thaeler, 1982). An intraspecific variation of the adult bacular structure in all
the mustelids is not wide and is clearly smaller than an
interspecific variation (Baryshnikov & Abramov, 1997).
It is worthy of note that some of other closely related,
but distinct mustelid species, for example, the polecats
(Mustela putorius L., 1758, M. eversmanii Lesson,
1827, and M. nigripes (Audubon et Bachman, 1851))
and the martens (Martes martes (L., 1758), M. zibellina
(L., 1758),M. americana (Turton, 1806), andM. melampus (Wagner, 1841)) demonstrate differences in the
bacular structure less prominent than described above
for the Palaearctic badgers (Baryshnikov & Abramov,
1997).
Thus, it is safe to conclude the Palaearctic genus
Meles seems to include the three separate species: the
European badger M. meles (L., 1758), the Asian badger
M. leucurus (Hodgson, 1847), and the Japanese badger
M. anakuma Temminck, 1844. In order to further elucidate taxonomic relationships and ranges of these species
of Meles, it is necessary to perform a detail morphological examination of more numerous samples from a
larger number of localities across Eurasia.
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