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Sev eral iso lated teeth and jaw frag ments of bea vers (Rodentia: Castoridae), dis cov ered at the Villafranchian (MN 16b?) site
of Wê¿e 2 in south ern Po land, are at trib ut able to two spe cies: Dipoides ex gr. problematicus-sigmodus and Trogontherium
(Euroxenomys) mi nus. The ge nus Dipoides and the spe cies Trogontherium (Euroxenomys) mi nus have not pre vi ously been
re ported from Po land. Their pres ence at the Wê¿e 2 site sug gests that these lesser-known and ex tinct rep re sen ta tives of the
Castoridae were adapted to sim i lar con di tions as the mod ern spe cies (Cas tor fi ber and C. canadensis).
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INTRODUCTION

This study de scribes the fos sil den tal bea ver (Castoridae)
re mains from the Villafranchian (MN 16b?) site of Wê¿e 2 in
south ern Po land. Al though few, they are sig nif i cant as they be -
long to taxa that ap par ently have not yet been re ported from
Pol ish sites, namely the ge nus Dipoides and the spe cies
Trogontherium mi nus. The Castoridae (true bea vers) are a
fam ily of her biv o rous ro dents that, through out their evo lu tion ary 
his tory, de vel oped large body sizes and, by adapt ing to a
semi-aquatic life style, be came strongly as so ci ated with fresh -
wa ter en vi ron ments. To day the fam ily is rep re sented only by
the ge nus Cas tor, con sist ing of two ex tant spe cies – the North
Amer i can C. canadensis and the Eur asian C. fi ber. How ever,
the fos sil re cord of the Castoridae com prises around 30 valid
gen era (Hugueney and Escuillié, 1996; Rose, 2006;
Rybczynski, 2007; Rybczynski et al., 2010; Stefen, 2011; Li et
al., 2017). Pres ent-day bea vers are known from their iconic
dam-build ing be hav ior, which al lows them to cre ate ponds that
they sub se quently in habit, such an ad ap ta tion sup pos edly be -
ing driven by ha bit ual ac quir ing and con sump tion of wood
(Rosell et al., 2005; Rybczynski, 2007; Plint et al., 2020). Both
Dipoides and Trogontherium (as well as the sub ge nus
Euroxenomys) are thought to also rep re sent the branch of the
bea ver evo lu tion ary tree that en com passes woodcutting and a
semi-aquatic life style (Rybczynski, 2007; Rybczynski et al.,
2010; Xu et al., 2017; Plint et al., 2020).

The ear li est rec og nized mem ber of the Castoridae,
Agnotocastor, has been de scribed from the lat est Eocene of
Wy o ming. In the Early Oligocene the fam ily was al ready pres -
ent in Eur asia, Propalaeocastor (per haps syn on y mous with
Agnotocastor) be ing the ear li est bea ver found out side of North
Amer ica (Rose, 2006; Li et al., 2017). Early oc cur rences of fos -
sil Castoridae in Po land in clude the pres ence of Steneofiber
jaegeri in the Early/Mid dle Mio cene sites of Przeworno 1,
Opole 1 and Opole 2, dated re spec tively to MN 5–6?, MN 6?
and MN 7?. More over, Steneofiber eseri and Trogontherium
(Euroxenomys) minutum have been re corded from Opole 2
(Kowalski, 1967; Kubiak and Wolsan, 1986; Nadachowski,
1989; Hugueney, 1999).

Out of the sev eral bea ver gen era in hab it ing Eu rope through 
the Mio cene, Steneofiber is dom i nant form and it is some times
con sid ered to be an ces tral to Trogontherium. Al though the pur -
ported tran si tion from Steneofiber to Trogontherium is not well
un der stood, the evo lu tion ary lin eage S. eseri–T. minutum–T.
mi nus–T. cuvieri has been in ferred from the fos sil re cord
(Mayhew, 1978; Stefen, 2011). The phylogenetical anal y sis
per formed by Rybczynski (2007) puts S. eseri and
Trogontherium in sep a rate clades, with Steneofiber closely re -
lated to Cas tor (within the clade Castorinae) and Trogontherium
as a prob a ble de scen dant of Dipoides (within the
Castoroidinae). Rybczynski et al. (2010) con sid ered Cas tor to
be a close rel a tive of Sinocastor with Steneofiber as an
outgroup. An other study (Li et al., 2017) again ar gues for a very
close re la tion ship be tween Steneofiber and Cas tor, as well as
be tween Trogontherium cuvieri and Dipoides. Trogontherium
(Euroxenomys) minutum, how ever, has been placed at the
stem of the clade en com pass ing Steneofiber eseri, Cas tor
canadensis, Trogontherium cuvieri and Dipoides majori.* E-mail: m.czernielewski@twarda.pan.pl
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GEOLOGICAL SETTING

The Wê¿e 2 site is sit u ated on the NW slope of Zelce Hill,
near the vil lage of Wê¿e, on the Wieluñ Up land, south ern Po -
land (Pajêczno County). Upon its dis cov ery, it com prised a ver -
ti cal karst crev ice (~10 m long and ~4 m wide) carved in Up per
Ju ras sic (Oxfordian) lime stone and infilled with clayey de pos its
con tain ing fos sil ma te rial. The re sult ing bone brec cia is con sid -
ered to have orig i nated at least partly as wa ter trans ported
bones into the crev ice, al though some small an i mals were pos -
si bly bur ied in situ at the place of their death. The fossiliferous
de pos its (~3.5 t in to tal) were col lected dur ing field work or ga -
nized in the early 1960s by the De part ment of Paleozoology of
the Pol ish Acad emy of Sci ences in War saw (cur rently the In sti -
tute of Paleobiology PAS) and the De part ment of Paleozoology
of Wroc³aw Uni ver sity (Samsonowicz; 1936; Sulimski, 1962;
Szynkiewicz, 2015a, b). Four to five clayey fossiliferous strata
of slightly dif fer ing li thol ogy were dis tin guished. These were ini -
tially named D1, D2, D3 and D4 by Sulimski (1962) and then re -
named D (= up per D1), E (= lower D1), F, G and H (un pub lished 
notes re ferred to in Szynkiewicz, 2015a). How ever, not all fos sil
ma te rial col lected has been at trib uted to a par tic u lar stra tum
and the fau nal lists are gen er ally given for the site as a whole
(Szynkiewicz, 2015a), which is also the case for the nearby and
better known site of Wê¿e 1 (Szynkiewicz, 2015b).

The mam ma lian taxa de scribed so far from Wê¿e 2 in clude
the fly ing squir rel Pliopetaurista dehneli (Sulimski, 1964;
Hordijk and de Bruijn, 2009), the lagomorph Hypolagus
beremendensis (Fostowicz-Frelik, 2007), the cervids Croize -
toceros ramosus and Metacervocerus pardinensis, an
unindentified rhinocerotid, an elephantid prob a bly as sign able to 
the ge nus Anancus (Stefaniak et al., 2020), and the dor mice
Glis mi nor and G. sackdillingensis (Czernielewski, 2021). Pre -
lim i nary re cords of many other taxa have been re ported. These
in clude the carnivorans Canis etruscus, Vulpes praeglacialis,
Ursus minimus, Mustela pliocaenica, Homotherium latidens
and Felis lunensis (Sulimski, 1962; Nadachowski et al., 2015),
the eulipotyphlans Rzebikia polonica, R. skoczeni, Condylura
kowalskii, Desmana cf. kormosi, Petenya hungarica and Sorex
cf. minutus (Sulimski, 1962; Rzebik-Kowalska, 1989; Nada -
chowski et al., 2015; Sansalone et al., 2016), and the ro dents
Hystrix cf. primigenia, Baranomys longidens, Mimomys gracilis, 
Prospalax priscus, Pliospalax sp. and Sciurus warthae
(Sulimski, 1962; Nadachowski, 1989; Nadachowski et al.,
2015). In gen eral, the fos sil as sem blage of Wê¿e 2 is sug ges -
tive of a warm, Med i ter ra nean-like cli mate and a for est en vi ron -
ment around a con stant fresh wa ter source. Based on its fau nal
com po si tion, the Wê¿e 2 fos sil as sem blage is cur rently dated
as Late Plio cene (Lower Villafranchian) and is con sid ered to
be long to the MN 16b zone of the Eu ro pean Land Mam mal Age
chro nol ogy, i.e. 2.9–2.6 Ma (Nadachowski et al., 2015;
Stefaniak et al., 2020).

MATERIAL AND METHODS

The ma te rial here ex am ined con sists of five spec i mens
clearly at trib ut able to the Castoridae and be long ing to two spe -
cies of bea ver: Dipoides ex gr. problematicus-sigmodus and
Trogontherium (Euroxenomys) mi nus. Trogontherium mi nus is
rep re sented by four spec i mens – a frag ment of the left maxilla
with P4 in situ, an iso lated left M1, an iso lated right M3, and a
frag ment of the left man di ble with m1 in situ. An iso lated right
M1/2 is as sign able to Dipoides ex gr. problematicus-sigmodus.

The ma te rial was col lected by hand pick ing dur ing the field -
work con ducted in the early 1960s and is now housed in the col -
lec tion of the In sti tute of Paleobiology of the Pol ish Acad emy of

Sci ences (ab bre vi ated ZPAL). In this study it was ex am ined
with a Keyence VHX 900-F Dig i tal Mi cro scope Sys tem and
pho to graphed with a Nikon D1X cam era with MC 50 mm f/2.8.

SYSTEMATIC PALAEONTOLOGY

Fam ily Castoridae Hemprich, 1820
Subfamily Castoroidinae Allen, 1877

Ge nus Dipoides Jäger, 1835
Dipoides ex gr. problematicus-sigmodus

Ge nus Trogontherium Fischer de Waldheim, 1809
Trogontherium mi nus New ton, 1890

M a t e r i a l. – Dipoides ex gr. problematicus-sigmodus:
iso lated right M1/2 (ZPAL VM/I–127/1; Fig. 1A and Ta ble 1).

Trogontherium (Euroxenomys) mi nus: frag ment of left
maxilla with P4 in situ (ZPAL VM/I–124/1; Fig. 1D); iso lated left
M1 (ZPAL VM/I–125/1; Fig. 1C); iso lated right M3 (ZPAL
VM/I–123/1; Fig. 1B); frag ment of left man di ble with m1 in situ
(ZPAL VM/I–122/1; Fig. 1E).

D e s c r i p t i o n. – Dipoides ex gr. problematicus-
sigmodus M1/M2 (Fig. 1A). The occlusal sur face dis plays the
typ i cal sig moid pat tern of the ge nus Dipoides formed by the
paraflexus, the hypoflexus, the mesoflexus and the metaflexus
(van de Weerd, 1976; García-Alix et al., 2007; Li et al., 2017; Xu 
et al., 2017; see: Fig. 2), al though the paraflexus and the
mesoflexus are barely dis cern ible. Mor pho log i cally it strongly
re sem bles the Dipoides problematicus ma te rial from the Plio -
cene lo cal i ties of the Teruel-Alfambra re gion of Spain (van de
Weerd, 1976; García-Alix et al., 2007). How ever, the di men -
sions of the occlusal sur face (the length is 2.7 and the width
equals 2.9 mm) are sig nif i cantly smaller than the typ i cal ranges
of both D. problematicus and D. sigmodus (van de Weerd,
1976; Dema, 2000; García-Alix et al., 2007; Xu et al., 2017).

Trogontherium mi nus P4 (Fig. 1D). The occlusal sur face re -
sem bles a cir cu lar tri an gle. The hypoflexus, the paraflexus, the
mesoflexus and the metaflexus are dis cern ible, show ing the
pat tern typ i cal of the ge nus Trogontherium (Stefen and
Rummel, 2003; Fostowicz-Frelik, 2008; Kordos, 2020). The
length of the occlusal sur face is 7.4 while the width equals
8.6 mm. That puts the spec i men within the typ i cal range for
T. mi nus with re gard to the length and very close to that range in 
terms of the width, the Wê¿e 2 spec i men be ing slightly wider
than the ex pected range for T. mi nus but none the less much
nar rower than the ex pected range for T. cuvieri (Fostowicz-
Frelik, 2008).

M1 (Fig. 1C). The occlusal sur face is roughly kid -
ney-shaped. Only the hypoflexus and the metaflexus are dis -
cern ible, which is prob a bly in dic a tive of tooth wear. Both the
length and the width of the occlusal sur face equal 6 mm, such
di men sions be ing sub stan tially larger than the typ i cal range of
Trogontherium minutum (Stefen and Rummel, 2003; Stefen,
2011; Apoltsev and Rekovets, 2015; Kordos, 2020) but smaller
than ex pected for T. cuvieri (Stefen, 2011; Langeveld, 2013).

M3 (Fig. 1B). The shape of the occlusal sur face re sem bles
a cir cu lar tri an gle. The hypoflexus, the paraflexus, the meso -
flexus and the metaflexus are pres ent, show ing the pat tern typ i -
cal for Trogontherium (Stefen and Rummel, 2003; Kordos,
2020). The length of the tooth is 6.5 mm and the width equals 7
mm which is larger than the ex pected range for Trogontherium
minutum (Stefen and Rummel, 2003; Apoltsev and Rekovets,
2015; Kordos, 2020) but smaller than would be ex pected for T.
cuvieri (Stefen, 2011; Langeveld, 2013).
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Fig. 1. Den tal bea ver (Castoridae) re mains from Wê¿e 2

A – Dipoides ex gr. problematicus-sigmodus (M1/2); B – Trogontherium mi nus (M3); C – Trogontherium mi nus (M1); D – Trogontherium
mi nus (frag ment of maxilla with P4); E – Trogontherium mi nus (frag ment of man di ble with m1)



m1 (Fig. 1E). The occlusal sur face is roughly rect an gu lar.
The paraflexid, the hypoflexid, the metaflexid and the
mesoflexid are vis i ble (see Fig. 2), dis play ing the pat tern typ i cal
of Trogontherium. The length is 5.5 and the width 5.7 mm, such
di men sions be ing larger than ex pected for Trogontherium
minutum (Stefen and Rummel, 2003; Apoltsev and Rekovets,
2015; Kordos, 2020) but smaller than the typ i cal range of
T. cuvieri (Stefen, 2011; Langeveld, 2013; Yang et al., 2019).

DISCUSSION

The Mio-Plio-Pleis to cene ge nus Dipoides in cludes sev eral
spe cies, most of which are de scribed from North Amer ica
(Shotwell, 1955; Flynn and Jacobs, 2008). In Eur asia it is rep re -
sented by D. problematicus, D. sigmodus, D. anatolicus,
D. majori and D. mengensis, the for mer two com pris ing the
West ern/Cen tral Eu ro pean branch, and the last three form ing
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Fig. 2. Mor phol ogy of castorid cheek teeth ex em pli fied by Trogontherium sp. P4 (up per row) and p4 (lower row)

The ver ti cal axis is the height and the hor i zon tal axis is the width of the spec i mens (af ter Kordos, 2020)

Spe -
cies/tooth

lo cus
Length [mm] Width [mm] Pro veni ence

Dipoides ex gr. problematicus-sigmodus

M1/2 2.7 2.9 W2/G

Trogontherium mi nus

P4

M1

M3

m1

7.4

6.0

6.5

5.5

8.6

6.0

7.0

5.7

W2/?

W2/?

W2/G

W2/E

T a  b l e  1

Mea sure ments of the Castoridae cheek teeth from Wê¿e 2



the East ern Med i ter ra nean/Asi atic branch. The Eur asian rep re -
sen ta tives of the ge nus are poorly known as com pared to the
Amer i can ones; their re cord is rel a tively sparse, and mor pho -
log i cal dif fer ences be tween them are elu sive (van de Weerd,
1976; García-Alix et al., 2007; Rekovets et al., 2009; Qiu and Li, 
2016; Xu et al., 2017). It has been sug gested that the ge nus
Dipoides is ac tu ally polyphyletic, with the Eur asian spe cies hav -
ing evolved in de pend ently in Eu rope from a Eucastor-like an -
ces tor and not con sti tut ing a clade with the New World Dipoides
(Hugueney, 1999). The Wê¿e 2 tooth, which seems to be the
first Dipoides spec i men de scribed from Po land, dis plays the
usual sig moid occlusal pat tern of the D. problematicus-
sigmodus spe cies com plex, which is also pres ent in Eucastor
(van de Weerd, 1976; Hugueney, 1999; García-Alix et al., 2007; 
Xu et al., 2017). Mor pho log i cally, the tooth seems most sim i lar
to D. problematicus from the Teruel-Alfambra re gion of Spain
(van de Weerd, 1976). None the less, the strati graphic po si tion
of the Wê¿e 2 spec i men sug gests as sign ing it to D. sigmodus,
which is con sid ered a di rect de scen dant of the for mer spe cies
(Montoya, 1993; García-Alix et al., 2007; Rekovets et al., 2009;
Xu et al., 2017). The find would ap par ently be the sec ond east -
ern most oc cur rence of a rep re sen ta tive of the D. problema -
ticus-sigmodus spe cies com plex be sides the D. ex gr.
sigmodus dis cov ery at the Ukrai nian MN 17 site of Kotlovina 2
(Dema, 2000; Rekovets et al., 2009). How ever, the mea sure -
ments of the Wê¿e 2 spec i men are sig nif i cantly smaller than the 
typ i cal ranges of both D. problematicus and D. sigmodus (van
de Weerd, 1976; García-Alix et al., 2007; Xu et al., 2017). The
spec i men prob a bly be longs to an hith erto un known min ute sub -
spe cies or spe cies of Dipoides.

Within the ge nus Trogontherium, T. cuvieri, rang ing from
the Late Plio cene to the Late Pleis to cene, is by far the best
known, ow ing to its wide spread dis tri bu tion across Eur asia and
the rel a tive abun dance of the fos sil ma te rial (Fostowicz-Frelik,
2008; Stefen, 2011; Yang et al., 2019). T. (Euroxenomys)
minutum (MN 3?–MN 15?) and T. (Euroxenomys) mi nus (MN
13?–MN 17?) are dis tin guished from T. cuvieri mainly by the
size of their cheek teeth, T. minutum be ing the smaller and
T. mi nus the larger of the two forms, and they are known mainly
from West ern and Cen tral Eu rope (New ton, 1890; Mayhew,
1978; Stefen and Rummel, 2003; Stefen, 2011; Apoltsev and
Rekovets, 2015; Kordos, 2020). How ever, the ear li est rep re -
sen ta tive of the sub ge nus Euroxenomys may be ei ther T. (E.)
nanus from the Early Mio cene of Ja pan (Mörs and Tomida,
2018) or T. (E.) wilsoni from the Early Mio cene of North Amer ica 
(Korth, 2001). An other Early Mio cene form, T. (E.) inconnexus,
is youn ger and may be con sid ered a pos si ble de scen dant of
T. (E.) wilsoni (Sutton and Korth, 1995; Korth, 2001). Trogon -
therium (Euroxenomys) mi nus it self was first de scribed from
east ern Eng land (New ton, 1890) but is also known from main -
land Eu rope. Seem ingly it has not yet been re ported from Po -
land, al though it ap pears in fos sil fau nal as sem blages of Ger -
many (Mörs et al., 1998; Mörs, 2002), Slovakia (Sabol, 2001)
and Ukraine (Apoltsev and Rekovets, 2015). Two Wê¿e 2 spec -
i mens are at trib uted to T. (E.) mi nus on the ba sis of the occlusal
mor phol ogy char ac ter is tic of Trogontherium and the occlusal
mea sure ments larger than the typ i cal ranges of T. minutum but

smaller than ex pected for T. cuvieri (Stefen and Rummel, 2003; 
Stefen, 2011; Langeveld, 2013; Apoltsev and Rekovets, 2015;
Yang et al., 2019; Kordos, 2020).

The ge nus Cas tor is the only ex tant ge nus be long ing to the
once spe cies-rich fam ily Castoridae, a clade that un der went a
sub stan tial de cline in di ver sity dur ing the Pleis to cene
(Hugueney and Escuillié, 1996; Rose, 2006; Rybczynski, 2007; 
Rybczynski et al., 2010; Stefen, 2011; Li et al., 2017). Thus,
C. fi ber, pres ent in Eu rope since at least the Late Mio cene
(Belyaeva, 1962; Zelenkov and Panteleyev, 2015), and
C. canadensis, may be both con sid ered rel ict spe cies in mod -
ern fau nas and are the only castorids the ecol ogy of which can
be di rectly ob served. As they are both strongly spe cial ized for
uti liz ing fresh wa ter and wood land hab i tats, their pres ence in a
fos sil fauna is also a re li able in di ca tion for such en vi ron men tal
con di tions. The con stant pres ence of for est within the Wê¿e 2
area dur ing the for ma tion of the fos sil as sem blage is also in di -
cated by the ap pear ance of the dor mouse Glis ex gr.
sackdillingensis-mi nor in each of the strati graphic units
(Czernielewski, 2021), while other mod ern mam ma lian gen era
linked to a semiaquatic life style and re corded at Wê¿e 2 in clude 
the talpids Condylura and Desmana (Sulimski, 1962;
Rzebik-Kowalska, 1989; Nadachowski et al., 2015). The pres -
ence of Trogontherium mi nus and Dipoides ex gr.
problematicus-sigmodus at Wê¿e 2 agrees with the hy poth e ses 
that they were also woodcutting and semi-aquatic an i mals
(Rybczynski, 2007; Rybczynski et al., 2010; Xu et al., 2017;
Plint et al., 2020).

CONCLUSIONS

The Villafranchian (MN16b?) site of Wê¿e 2 in south ern Po -
land has yielded a rel a tively di verse fos sil as sem blage of ro -
dents in clud ing some bea ver re mains. These are at trib ut able to 
two spe cies: Dipoides ex gr. problematicus-sigmodus and
Trogontherium (Euroxenomys) mi nus. The spe cies T. (E.) mi -
nus and the ge nus Dipoides, al though pre vi ously re corded in
Cen tral Eu rope, had ap par ently not pre vi ously been found in
Po land. As the fos sil as sem blage of Wê¿e 2 is con sid ered to
rep re sent a for ested en vi ron ment close to a con stant fresh wa -
ter source, the pres ence of T. (E.) mi nus and Dipoides ex gr.
problematicus-sigmodus at the site sug gests that these lesser
known and ex tinct rep re sen ta tives of the Castoridae, al though
ul ti mately un suc cess ful, were adapted to sim i lar en vi ron ments
as are the mod ern spe cies. The Eur asian Dipoides, de spite
hav ing a wide range, ap par ently was never com mon, and its
fos sil re cord has a patchy geo graph ical dis tri bu tion, sug gest ing
de pend ence on very spe cific en vi ron men tal con di tions.
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