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Abstract. The Middle Pleistocene locality of Voigtstedt is the sixth with a record of Mac-
roneomys. Two mandibles from there, although fragmentary, increase the understanding
of the variability of this taxon. Morphological and metrical comparisons with the previous
finds are followed by discussions on palacoecology, stratigraphical range and the origin
of Macroneomys.
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[. INTRODUCTION

In 1966 FEJFAR described a new soricid species from the karst sediments of the cave C 718 near
the village Konéprusy in Bohemia. This locality is well known for yielding abundant small mammal
faunas from 15 superposed horizons representing various climatic oscillations during the early Mid-
dle Pleistocene, in particular successive changes from cold to temperate and back again to cold con-
ditions (FEJFAR 1961, 1966). The new species was a neomyin shrew which differed so markedly
from the hitherto known species of Neomys that the creation of a new genus was necessary. The cru-
cial features of this new form, named Macroneomys brachygnathus, are massive teeth and a high
mandible (FEJFAR 1966)

Although this shrew belongs to a distinctly robust species, and although since that time hundreds
of new Pleistocene small mammal faunas with soricids have been excavated in Europe, only a sin-
gle incisor from Kévesvéarad in Hungary (JANOSSY 1963), a nearly complete mandible from La
Fage in France (JAMMOT 1975) and a fragment of mandible from Kozi Grzbiet in Poland (RZEBIK-
KOwALSKA 1991) belonging to Macroneomys have been found. JAMMOT (in CLOT et al. 1976) also
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mentioned this form (as Soriculus brachygnathus) from Montoussé 3 in France, although without
giving any data on the nature or number of specimens.

More recently, the sixth record, from the locality of Voigtstedt in Thuringia (Central Germany)
can be added. This is one of the most important early Middle Pleistocene localities of Central
Europe because it provides various information for dating: a stratigraphicaly homogenous fauna of
large and small mammals, records of mollusca, pollen, glacial geological evidence (KAHLKE 1965)
and paleomagnetic data (WIEGANK 1975).

The first description of small mammals from Voigtstedt was made by KRETZOI (1965 — rodents
and lagomorphs) and JANOSSY (1965 — insectivores). Later on, additional material not available for
the monograph edited by KAHLKE (1965) was discovered. Among the shrews, STUART (198 1) men-
tioned two mandibles of Neomyini ? sp. nov. and MAUL, in an unpublished thesis (1990) identified
them as Macroneomys brachygnathus.

Because of the still limited number of records of Macroneomys brachygnathus each new find
enlarges our knowledge of the morphological variation of this taxon. That is why we have decided
to describe the remains from Voigtstedt in more detail, and to compare them with previously de-

scribed specimens of this rare taxon and with extant Neomys fodiens (PENNANT, 1771) considered
by FEJFAR (1966) to be the most closely related form.

Acknowledgments Weareindebted to Dr. A. TURNER (Liverpool) for discus-
sions and improvements in the English, Dr. B. MOSER (Weimar) for scanning microscopy, and to
Dr. R. ANGERMANN (Berlin) for loaning samples of the recent Neomys fodiens and Neomys anoma-
lus.

II. SYSTEMATIC PART
Family: Soricidae FISCHER VON WALDHEIM, 1817
Subfamily: Soricinae FISCHER VON WALDHEIM, 1817
Tribe: Neomyini MATSCHIE, 1909
Genus Macroneomys FEJFAR, 1966
Macroneomys brachygnathus FEIFAR, 1966

Material from VoigtstedHt. Fragment of the right mandible without
teeth, specimen no. IQW 1966/8074 (Voi. 3566), Fig. 1 a-d, in the text named specimen 1. Its hori-
zontal ramus is broken anterior to the distal root of the P,. The superior part of the coronoid process
is lacking and its buccal surface destroyed. The medial part of the lower articular facet is also dam-
aged and the angular process broken.

A fragment of the right mandible with My, specimen no. IQW 1966/8186 (Voi. 3532), Fig. 1 e-h,
in the text named specimen 2. Its horizontal ramus is broken before the second molar, the angular
process is lacking.

The material from Voigtstedt is housed in the collection of the Weimar Quaternary Palaeontology
branch of the Institute of Geosciences of the Friedrich-Schiller University of Jena.

Description of the material. For nomenclature of the elements and measuring points see REU-
MER (1984).

Both specimens are of brown colour. The well preserved coronoid process of specimen 2 is ex-
tremely massive and makes an angle of c. 90° with the horizontal ramus. It resembles the coronoid
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Fig. 1. Macroneomys brachygnathus FEIFAR, 1966 from Voigtstedt; a-d: right mandible fragment without teeth — IQW
1966/8074 (Voi. 3566) — specimen 1; e-h: right mandible fragment with M, — IQW 1966/8186 (Voi. 3532) — specimen 2;
a, e: dorsal view; b, f: caudal view of the articular process; ¢, g: buccal view: d, h: lingual view.

process in the subgenus Sorex (Drepanosorex). Its tip, bent lingually, is very large and its base (on
the level of the upper sigmoid notch) is relatively narrow. It is, therefore, of nearly the same width
over its whole height (the anterior and posterior margins are nearly parallel). The preserved lower
part of the coronoid process of the specimen 1 is even broader than in the specimen 2. Its upper part
was obviously also larger. The external temporal fossa extends below the upper sigmoid notch. The
coronoid spicule is long and protruding. It points towards the upper condylar facet and divides the
deep external temporal fossa into two almost equal parts. The upper sigmoid notch forms a right an-
gle. A pterygoid spicule is present. The condyloid process is of Neomys-type. Its upper facet is short
and narrow, the lower one much longer, broader and slightly concave buccally. Both facets are in-
clined lingually. They are not parallel, but slightly divergent from each other. The interarticular area
is very narrow. The internal temporal fossa is very small, in the shape of a triangle. An single man-
dibular foramen is located centrally underneath the internal temporal fossa (spec. 2), or a little more
to the rear (spec. 1). In comparison to other soricids with similar mandibular length, the horizontal
ramus is rather high. The mental foramen is located below the alveolus of the anterior root of the M ;.
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The only preserved tooth, M5, shows dark brown pigmented tips. The pigmentation covers ap-
proximately the upper 80% of the height of the crown (measured on the protoconid and hypoconid
from the buccal side, between the top of the conids and the upper edge of the cingulum). The enamel
surface has slight vertical wrinkles (Fig. 4). This tooth is of so-called “exoedaenodont” type, being
rather short and bulbous. Its anterior and buccal cingulae are large and protruding, and the lingual
one also large but flat. The entoconid crest is short, and has approximately the same height as the hy-
polophid. An incision between the entoconid and the hypolophid is present. The protoconid and hy-
poconid are buccally convex and the buccal re-entrant valley distinct, but it opens at some distance
above the cingulum.

Measurements. SeeTablesIandIl

Comparison s Themorphology and dimensions of the Voigtstedt specimens are to
be compared with specimens from other localities and with a sample of extant Neomys fodiens from
Central Germany. The comparison of size can be seen in Tables I and II and on log-diagrams (Fig-
ures 6 and 7) which enable us to compare absolute size and proportions of the same elements of dif-
ferent specimens in one graph. Measurements of a mandible of Sorex araneus are used here as
reference values. Some measurements used by us were not given in previous publications. In this
case they were taken on published figures (this fact is indicated in the tables).

Comparison between Macroneomys brachygnathus from Voigtstedt and from other localities

The richest and most complete material of this species is still that from the type locality of Koné-
prusy C 718. It comprises two skull fragments with P* and M, and 5 mandibles with tecth and pro-
cesses with the exception of the angular process (FEIFAR 1966). Other localities have yielded much
scarcer material. One lower incisor I; (broken in its proximal part) is known from Kovesvarad in
Hungary (JANOSSY 1963), one fragment of mandible with M;-M, was described by RZEBIK-KOW-
ALSKA (1991) from Kozi Grzbiet in Poland, and one fragment of mandible with P4-Mj, coronoid
and condyloid processes from La Fage in France (JAMMOT 1975). The number and kind of speci-
mens in Montoussé 3 (France, CLOT et al. 1976) are unknown. As mentioned above, in Voigtstedt
two mandibular fragments with M, coronoid and condyloid processes were present.

The specimen from La Fage (JAMMOT 1975) represents the most massive horizontal ramus. Oth-
ers (from Voigtstedt, Kozi Grzbiet and Konéprusy) are smaller and their dimensions overlap each
other (RZEBIK-KOWALSKA 1991, FEIFAR 1966). The coronoid process is rather similar in shape and
size in all preserved specimens of M. brachygnathus, although some differences are visible. For ex-
ample, the coronoid process of the specimen 2 from Voigtstedt is similar to those from the type lo-
cality of Konéprusy, but that from La Fage is more enlarged and not inclined forwards (Fig. 2). The
damaged specimen 1 from Voigtstedt probably resembled this from La Fage. Because of differ-
ences between specimens from the type locality and La Fage, JAMMOT (1975) was not sure that the
mandible from La Fage was conspecific with the type specimen and described it as M. cf. brachy-
gnathus. However, the two differently formed coronoid processes from Voigtstedt show that this
feature can vary in one locality. Moreover, the width of the coronoid process, as well as its angle of
inclination, vary also in Neomys fodiens (Fig. 2h). These differences, in our view, have no taxo-
nomic value either in N. fodiens or in M. brachygnathus. The coronoid spicule, upper sigmoid notch
and external temporal fossa in the Voigtstedt specimens are similar to these from other localities.
The internal temporal fossa, not clearly limited in its upper part in specimens from Konéprusy and
La Fage, is characterised in the Voigtstedt material by clear limitation. The axes of the upper and
lower facets of the condyloid process are parallel in specimens from Konéprusy (Fig. 3a-b) but
slightly inclined in specimens from La Fage and Yoigtstedt (Fig. 3c-e). The pterygoid spicule is
hardly visible in specimens from Konéprusy, and in La Fage and Voigtstedt it is well developed.
According to FEJFAR (1966) the mandibular foramen in the typical material is situated below the
posterior corner of the internal temporal fossa, whereas in the mandible from La Fage (JAMMOT



83

Macroneomys from Germany

*G 31 99s weiderp 30|
ul gJep Jo uonensn[[] ‘saInsyy woly uaye) vep Ajojewrxoidde ojeorpul s1o)oeIq UL SAN[BA 1661 VISTYMON-MIEIZY  'SL6T LOWNVI , 19961 ¥V | ‘woy ereq

¢ c < < < < ¢ < ¢ ¢ Ly snaun.ip
9¢°1 SLO | 9571 61°1 wy 8T’ 9¢°1 9g [ = SlTitE R esic 986 | SI'Tl | Auewian-) 108'S MOI xou08
: ¢ ; ¢ > ; : ‘ ; ’ : : (ureour)
yL1 811540 T 80°1 €0°S 89°1 89°1 6L°1 | TV | ISy | LETL | 90%I | Auewien-D urpeg INZ suoIpOfsAuOaN
. w sny1pudAyon.aq
8CT ¢ 119210 1203 STOI/AN S
‘ ¢ ‘ ¢ : = [ i snypudAiyon.iq
STI | 0ST 00°1 61T STT a8y IPAISISION (995€ "10A) SAu0oUOLODH
¢ ¢ c . ‘ ¢ = : sniypuddyon.q
L61 T | 9€T €0°1 €9 68l 761 PASISION | (TESE TOA) SUUOMOLIDPY
c c c c < < 3 . c ‘ = Snypu3Ayon4q 3o
(06'1) | (0s'D (oL | (01D 8,9 | (0£D | ¥z | (OvD 60°s | (0S°€D) ;988 e 1025 (1) AT SAOUOLDIY
‘ c ‘ ¢ " ¢ ¢ , ¢ - | e snyipusAyon.1q
(017 | 051 | 01T 060 09°9 orc | (0zo | O1'D | (o€ | (081) | 0STI | 0€SI | | Asnidouoyy L69Y9 Suoou0Lo0p
‘ e ¢ ‘ : SnyIpudALon.4q
0$'1 | 21T SI'1 €89 01°c €St | 00°C , Asnidouoyy 769Y9 SAUI02UOLODIY

|
‘ ‘ ” o ‘ ¢ | ¢ ¢ - . adAKjojoH snypu3Ayon.1q
(08D | Tl | S61 s60 | 059 | 061 | (0077 | (06T) Q8TLIE S0SHIE ). jeASnadoucxy Z66h9 sduwoou0.o0py

sud] | yIsu9| =

jo08) joor) |3y | ySugg WSoy B,Nwm sz_ﬂwm Bw_ﬂwm ‘[09A[R | "UOIOD | [eulpIed | [B10)

tomo] | Jaddn | BOIB/AI[BO0] | UOT}OS[[0D 55k
; . “dsarouiey] L
SLIB[NOILIR Jodwd) | "UOI0d s s oo Crae I3ua]
SNS$a001J BSSO] | "00I] HoiPH SIUPUEA phefgle 1N J[qIpuBIN

SPIOLIOS SNOLIBA JO S[QIPUBLU JO SJUSUIAINSEIA

IRICLAR



"9 "S1J 99s weIdeIp SO[ UI BJep JO UOensSn[[]
s21n31y woly uoye) elep A[ejewrxordde 91eOIPUI SJONORIQ UL SAN[BA
1661 VISTYMOMN-MIEAZY (¢ ‘SL6T LOWNVY (, 19961 ¥VArd (, ‘Wol eje(

; : : : : : : . = : : snaun.ip
¥r'0 | ¥9°0 | 6€0 | 190 | 00'T | 180 | €80 | 0SO | SLO | STI | T60 | 680 | 950 | L60 | €S | LV'E | T8E Tewio 12'S MOI X240

090 | SLO | ¥S0 | 690 | CTT | IOT | €60 | L90 | ¥80 | IS'T | LOT | S6°0 | TL0 | 00T | TLT | TIV | ISV Aueuion utpeg WZ EmuvaWMwWom\
44

! : . : . : : : : SnYIpUSAYoD.4
0€'T (0L°0) | (06°0) | OL'T | LS 98°0 | 1TT | 01°C |(0F'}) °19Z1D 120 | ST6I/AN h&%:wécmﬂ

snyipusAyon.q

PIT | 8T | ¢Li0 | €01 | SLT 1AsBIoA = (CBSElON) | e o

S
(08°0) | (00'1) | (05°0) | (08°0) | 8T'T | (O¥'D [(0$'D)| (06°0) | (00°D) | (06'D | (0L D | (09| (00 D |(0T (0T T)| 8% | 60°€ d%edeT | 10Ts (D) 41 wwm“ww%wwwmw

lsnypuBAyon.1q o

L. MAUL, B. RZEBIK-KOWALSKA

84

Se'l S6'1 | OF'1 0€¢C ( Asnidouosy L69Y9 SAu10210.100py
i ; ; : - e : = =5 / y sny1puddyon.aq
06°0) | (06°0) (ocD| (e D |(0¥'1) (061D 0s1 |[(FS'D) STT(0E)| (08'F) | ( Asnadouoyy L69Y9 SAUO2UO.LODJY
: 2 s = 2 - = 7 snypuddyon.q
00'1 0€1 | Ov'l S8'1 | S9'1 SIT| 8T | 00 | g Asnidauoy 769%9 Sdu0oU00)
: : . adfjojoy | smypipuddyon.q
01 (0D 01T o Asnidouoy 766h9 SO PUOLIT
‘8 B ‘e # B | 2100 ‘8 3 e S [ o) | ey | S| ey | S | 2oy
(wmnn3uro ym wnnSuro yrm wnSuro |i) | AR | 109 U0I1}037[09
WPIA 2 ) gony | o s i Ensugy) (Al oSl
q)suag q8ua] y8uog BOIR/AI[E00 T dsar uoxe],
‘oujey]
SN aN 7 1A
SPIOLIOS SNOLIBA JO SIRJOU JOMO] JO SJUSWIAINSEIIA
II°198L



Macroneomys from Germany 85

Fig. 2. Views of the distal portion of the mandible of Macroneomys brachygnathus FEIFAR, 1966 (a-g) and of Neomys fodi-
ens (PENNANT, 1771) (h); a, b: Konéprusy C718 (redrawn from FEIFAR 1966); c: La Fage (redrawn from JAMMOT 1975);
d: Voigtstedt specimen 1; e: Voigtstedt specimen 2; f: specimen 2 from Voigtstedt (continuous line) overlaying the speci-
mens of La Fage (dotted line), Konéprusy (bared and bared/dotted lines); g: as Fig. f' with specimen 1 from Voigtstedt; h:
variation of three specimens of Neomys fodiens (recent, Central-Germany).

0 3 mm

a b (3 d e f

Fig. 3. Views of the articular processes of Macroneomys brachygnathus FEJFAR, 1966 (a-¢) and of Neomys fodiens (PEN-
NANT, 1771) (f); a, b: Konéprusy C718 (redrawn from 4FE‘JFAR ‘1966); © L'a Fage (redrawn from JAMMOT 1975); d:
Voigtstedt specimen 2; e: Voigtstedt specimen 1; f: variation of three specimens of Neomys fodiens (recent, Central-
Germany).

1975) it lies more forwards, below the middle of its lower margin. In one specimen (spec. 1) from
Voigtstedt it is placed more posteriorally, in the other just in the middle of the lower margin of the
internal temporal fossa. In all specimens the mental foramen is visible under the protoconid of M.

According to FEJFAR (1966) the enamel of the convex buccal walls of the teeth is slightly
sculpted. This is also the case for the specimens from Voigtstedt (Fig. 4), but not for those from
Kozi Grzbiet and La Fage. As mentioned above, the tooth from Voigtstedt is pigmented. Although
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the teeth from Konéprusy are hardly worn, some reddish pigment is also visible. Teeth from La
Fage and Kozi Grzbiet are not extremely worn, nevertheless, they have no trace of pigment. The
question is what processes are responsible for disappearance of pigmentation in these specimens,
the taphonomic processes or an evolutionary trend ? Such a very small amount of material does not
allow us to answer this question.

AccV SpotMagn Det WD Exp |
SE 214 1

Fig. 4. Macroneomys brachygnathus FEIFAR, 1966 from Voigtstedt; M, of specimen 2. Scannine Elec i
e g 2 0f'sp n2. Scanning Electron Microscope pho-

Compar.ed with t.he. other soricids, the proportions of M. brachygnathus molars are markedly
different (Fig. 5). This is visible in occlusal view, where teeth of M. brachygnathus appear rounded
and truncated (exoedaenodont).

The mandibles from Voigtstedt are, in most features, nearly identical with the material from the
type locality Konéprusy C718. Moreover, all known Macroneomys specimens resemble each other
very much. Only the mandible from La Fage shows some differences and larger measurements (Ta-
bles [ and II, Figures 6 and 7). This may be the result of variability, which would not be greater than
in the sample of Neomys fodiens used for comparison. It may, however, display a trend of size en-
largement with geological time. This phenomenon is known in many species of shrews.

Comparison between Neomys fodiens and Macroneomys brachygnathus

In comparison with Neomys fodiens, the horizontal ramus of M. brachygnathus is much higher,
not only absolutely but also proportionally to the total and cardinal length of the mandible and to the
length of the row of molars (see Fig. 6 mandible height). The same is true in the case of the coronoid
process. It is much higher than in N. fodiens. It is also larger, absolutely and in relation to the length
of mandible and the molar row (Fig. 6). The coronoid spicule is much better developed than in
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Fig. 5. M, of various soricid species; a— c: Macroneomys brachygnathus FEJFAR, 1966 from Voigtstedt — specimen 2; d — f:
Neomys fodiens (PENNANT, 1771) (recent, Central-Germany); g — i: Sorex araneus LINNAEUS 1758 (recent, Central-
Germany): a, d, g: buccal view; b, e, h: lingual view; ¢, f, i: occlusal view.

N. fodiens and the upper sigmoid notch less open than in the latter species (although the angle of c.
90° occurs also in M. fodiens — see Fig. 2h, but with a lower frequency). The internal temporal fossa
is similar to that in NV. fodiens, although its antero-posterior length may be smaller. The dimensions
of the condyloid process are larger than in N. fodiens, but its proportions are in the range of variation
of the last form (Fig. 3, 6). The position of the mandibular foramen is similar to this in N. fodiens. It
lies below the internal temporal fossa, more or less in the middle of its lower margin. On the other
hand, the mental foramen in N. fodiens is usually situated between the protoconid/hypoconid valley
of M, or a little more to the rear, whereas in M. brachygnathus it is situated more anteriorally, below
the protoconid of the first molar.

In comparison with N. fodiens, lower molars M, and M, of M. brachygnathus are much longer
(absolutely and in relation to the length of the row of molars) and their trigonids and talonids are
much wider in relation to their length, and the Mj is relatively shorter in comparison with M; and M,
(Fig. 7).

Systematic position and distributio n Two specimens
from Voigtstedt described above fit morphologically, in absolute size and proportions, to Macro-
neomys brachygnathus and are different from Neomys fodiens (Figures 2-7). Small differences in
their size and morphology (e. g. in a shape of the coronoid process) express the variation of Macro-
neomys brachygnathus. These differences also indicate that the specimen from La Fage considered
by JAMMOT (1975) as M. cf. brachygnathus lies, without doubt, within the range of variation of this
species.

The geographical distribution of 6 localities in which Macroneomys brachygnathus has been so
far recorded is given in Fig. 8.
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Kozl Grzble}

300 kn |

Fig. 8. Map of the localities with records of Macroneomys brachygnathus FEIFAR, 1966,

II. PALAEOECOLOGY OF MACRONEOMYS

Macroneomys was probably adapted to life in water or in moist environments. According to
REUMER (1984, 1997), this can be deduced from morphological approach and studies of living taxa.
In his opinion, all soricids with exoedaenodont teeth feed on molluscs. As shrews need to feed con-
stantly, and molluscs are active under humid circumstances, those shrews must live in moist envi-
ronments such as deciduous forest, marshes or the borders of water bodies. RZEBIK-KOWALSK A
(1994) did not agree with this idea: exoedaenodont teeth are necessary for crushing shells, not for
eating soft parts of active molluscs. Nevertheless, it is very probably that Macroneomys inhabited
such environments. All extant Neomyini are connected with freshwater ecotops, mainly small riv-

ers, although under some conditions particular individuals are found far from water bodies (SPIT-
ZENBERGER 1982).

According to palacoecological data from five of the six fossil localities, Macroneomys lived un-
der a temperate climate and in forest environment. The main fossiliferous layer of Voigtstedt is a
clay sediment containing ostracodes and pollen indicating mild conditions (DIEBEL 1965, ERD
1965). Among the vertebrates from Voigtstedt, Archidiskodon meridionalis is the species obviously
adapted to temperate climate (THENIUS 1976). Moreover, forest conditions are indicated by the
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presence of Bison schoetensacki, Sus scrofa and others (FISCHER 1965, HUNERMANN 1965).
Among the small mammals there are several species typical of water environments: Desmana ther-
malis, Castor fiber, Trogontherium cuvieri (KRETZOI 1965, JANOSSY 1965) and probably also Sorex
(Drepanosorex), Neomys newtoni and Mimomys savini.

Inferring from the accompanying fauna, the layers H3, H5 and 5 with Macroneomys in Koné-
prusy were accumulated in the temperate conditions (FEJFAR 1966).

The fauna and flora of Kévesvarad includes forms adapted to mild climate (Crocidura, Rhinolo-
phus, Celtis) and forest conditions (large Ursus, Myoxus, Clethrionomys) (JANOSSY 1963).

The fauna of Kozi Grzbiet suggests the presence of woodland with some water bodies and cli-
mate similar to the recent one. Different species of Sorex, typical of the forest environment, consti-
tute 96% of all Soricidae, whereas shrews adapted to water condition (Neomys newtoni, and if the
assumption is right also Macroneomys brachygnathus itself) 3% (RZEBIK-KOWALSKA 1994). The
rodent assemblage includes forest forms such as Pefauria, Eliomys, Myoxus and Muscardinus
(NADACHOWSKI 1990). Lemmus is also present. It is always associated with humid environments
and during the early Middle Pleistocene was distributed in the temperate zone. It probably inhabited
open areas in the forest (KOWALSKI 1977). More problematic is the occurrence of Dicrostonyx, an
indicator of a cold and dry climate, and it may be that the fauna of Kozi Grzbiet represents different
parts of a glacial cycle.

Thus, in general, the Biharian faunas (see chapter IV) with Macroneomys indicate a temperate
climate. On the other hand, we cannot definitely exclude the possibility that Macroneomys was also
able to exist in colder conditions.

The Toringian fauna with Macroneomys of layer 5 in La Fage (see chapter IV) contained typical
indicators of cold and arid climate such as Dicrostonyx, Microtus gregalis, Spermophilus and Al-
locricetus. However, the same layer also yielded forms typical of temperate conditions and forest
environment, such as Eliomys and Myoxus (CHALINE 1975).

Another Toringian fauna with Macroneomys, Montoussé 3, points to a temperate period with
the dominance of forest forms. Among shrews, except for M. brachygnathus, CLOT et al. (1976) list
Sorex (Drepanosorex) austriacus and Sorex runtonensis. In addition, the occurrence of Erinaceus,
Clethrionomys and Apodemus confirms the presence of the forest in this locality, while Arvicola in-
dicates the presence of water. Animals of open environments (Cricetus, Microtus arvalis, Microtus
gregaloides) are also present.

Summarising, there are 3 possible interpretations of the ecology of Macroneomys:

1. This species is a temperate form. The co-occurrence with cold indicators is the result of mix-
ture of elements of different layers.

2. It is an ubiquitous form, but its presence in faunas of colder periods has not been noted.

3. Macroneomys changed its ecological characters from adaptation to temperate conditions in
the Biharian (Konéprusy, Voigtstedt, Kovesvarad) to greater climatic tolerance in the Toringian (La
Fage). A parallel example of a small mammal which changed its ecological demands is Lemmus. It
was probably an element of temperate forests before the Elsterian and became a typical cold ele-
ment afterwards (KOWALSKI 1977).

Perhaps Macroneomys occupied similar ecological niches to the extant Neomys fodiens, which
inhabits the whole of Europe up to its northernmost part, hunting along the bank of rivers and lakes
(SPITZENBERGER 1982).
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IV. STRATIGRAPHIC POSITION OF THE RECORDED SPECIMENS
OF MACRONEOMYS

Implications for the stratigraphic range of Macroneomys in Europe are based mainly on the arvi-
colids in the accompanying faunas. The large-sized rooted vole Mimomys savini occur in the Bi-
harian faunas of Konéprusy, Kévesvarad, Kozi Grzbiet, and Voigtstedt, whereas in the Toringian
faunas of La Fage and Montoussé 3 Arvicola was already present.

The term “Biharian” sometimes leads to confusion, because since its introduction by KRETZOI
(1941) it has been used in many different ways. We use the terms sensu FEJFAR and HEINRICH
(1989). According to these authors the Biharian spans the time of the co-occurrence of the arvicolid
genera Microtus and Mimomys, while the Toringian is defined by the co-occurrence of Arvicola and
Microtus. Moreover, these authors have divided both stratigraphical units into several zones (see
below).

In the fauna of Untermassfeld, which is dated close to the Jaramillo event, Mimomys pusillus is
recorded but Microtus species (sensu stricto) are absent (MAUL in press). Because true Microtus
taxa are recorded in Konéprusy, Kovesvarad, Kozi Grzbiet and Voigtstedt, these faunas must be
younger than the Jaramillo event. On the other hand, they are younger than the Elsterian faunas be-
cause Arvicola appears in the last interglacial before this glaciation (VAN KOLESCHOTEN 1990).
These three faunas, as well as that from Voigtstedt, 'lack Mimomys pusillus. They are therefore
younger than the Mimomys savini/Mimomys pusillus rodent zone of FEJFAR and HEINRICH (1989)
and thus belong to the Mimomys savini zone (Fig. 9).

The fossiliferous layer of Voigtstedt is a clayey sediment underlying gravels and a moraine of
Elsterian age. The finds therefore must be dated to a pre-Elsterian. Vertebrates and pollen indicate a
temperate phase — very probably an interglacial. The fossiliferous layer is of normal paleomagnet-
ism. Therefore it must be an interglacial within the Cromer complex. From the faunal content it re-
sembles very much that of the type Cromerian from West Runton (STUART 1981). According to
TURNER (1974) interglacial I, 11, and I1I should be excluded. The age of Voigtstedt should thus cor-
relate with 8'°0 stage 13, 15, or 17, which means a possible age limit between ¢. 500 and 700 ky
B.P.

The bone bearing unit 2 of Kozi Grzbiet shows great resemblance to that of Voigtstedt
(NADACHOWSKI 1990). This is in agreement with datings based on fluoro-chloro-apatite and colla-
gen of 0.63-0.56 My (WYSOCZANSKI-MINKOWICZ 1969), and the referral to the Brunhes normal
magnetic epoch (GLAZEK et al. 1976, 1977a, b).

In Konéprusy C 718 fifteen fossil mammal-bearing horizons represent a climatic succession
from cold to warm and again to cold conditions (FEIFAR 1961, 1966). These faunas as well as that
from Kovesvarad, comprise arvicolids such as Microtus arvalinus and Microtus ratticepoides, be-
ing at a similar evolutionary stage as the Microtus species of Voigtstedt. Konéprusy and Kéves-
véarad cannot be much older than the latter locality.

CLOT et al. (1976) consider the fauna of Montoussé 3 as belonging to the Mindel and Mindel-
Riss complex (but before Riss), so it must be younger than these mentioned above. Thus, and be-
cause of the presence of Arvicola in this fauna, this locality could be dated to the early Toringian.

The fauna of La Fage (layer 5) is still younger. Many students (CHALINE 1972, 1975, JAMMOT
1975, MOURER-CHAUVIRER 1975, JEANNET in BARTOLOMEI et al. 1975) assign it to the Riss com-
plex. What is considered in France as the Riss complex probably does not correlate entirely with the
Central-European Saalian (8"%0 stage 6-8) but may also include older "*O stages. Moreover in
layer 5 Pliomys lenki relictus CHALINE, 1975 was recorded together with cold elements (see pa-
lacoecology). On the other hand Arvicola, which shows an evolutionary tendency to an increase in
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size of its M, is of rather small size at La Fage. This fact, as well as the presence of Pliomys, could
indicate the older part of the Rissian complex (8'°0 stage 8 or even 10). Since Arvicola terrestris
does not appear in Central and South West Europe before the Eemian (HEINRICH 1990, ABBASSI
and DESCLAUX 1996), both French localities should belong to the older part of the Toringian, i.e. the
Arvicola cantianus zone.

The occurrence of Macroneomys therefore covers the time span (maximally) from the Jaramillo
Event, but probably only from the late Cromerian onwards to the early Rissian, in terms of the ro-
dent biochronology of FEIFAR and HEINRICH (1989): from the late part of the Mimomys savini zone
to the early part of the Arvicola cantianus zone.

It is worth mentioning that the Biharian finds are restricted to Central Europe whereas the speci-
mens of Toringian age originate from France exclusively (Fig. 8). A shift with time of the distribu-
tion area of these animals can therefore be assumed.

V. RELATION AND ORIGIN OF MACRONEOMYS

Without doubt, Macroneomys is a member of the tribe Neomyini MATSCHIE, 1909, in the sense
of REUMER (1997) to which belong the genera Neomys KAUP, 1829, Soriculus BLYTH, 1854, Necto-
gale MILNE-EDWARDS, 1870, Chimarrogale ANDERSON, 1877, Nesiotites BATE, 1945, Episoriculus
ELLERMAN and MORRISON-SCOTT, 1951, Asoriculus KRETZOI, 1959, and Neomyosorex RZEBIK-
KOWALSKA, 1981. Their common characters, present also in Macroneomys include the shape of the
condyloid process, the situation of the mental foramen, lightly pigmented teeth, and first lower inci-
sor I; with no more than two cuspules. To date, no I' of Macroneomys has been found, but based on
referral to this group it should be expected to be bifid as in the other genera of the tribe.

Neomyini are recorded since the Miocene and there is no reason to doubt the monophyly of this
tribe. Therefore, the Quaternary ancestor of Macroneomys considered here should belong to this
group. However, although the morphological resemblance of Macroneomys to some of the genera
mentioned is greater than to others (see below), and although there are many Pleistocene European
small mammal faunas, both older and younger than those with Macroneomys, its direct ancestor or
descendant has not been found so far and its phylogenetic relationships remain unclear.

There are no data pointing to its immigration from Asia. On this continent only Soriculus and
Episoriculus have been noted as fossil representatives of the tribe Neomyini (STORCH et al. in
press). However, neither of them have been found in Europe and Western Asia. The European spe-
cies previously included in Episoriculus, although probably related to the extant Asiatic Episoricu-
lus, are not congeneric with this genus, and have been recently referred to the genus Asoriculus
(HUTTERER 1994). Macroneomys developed in all probability in Europe and its forerunner is to be
found among taxa recorded on this continent, such as Neomyosorex, Asoriculus, Nesiotites or Neo-
mys.

The monospecific genus Neomyosorex, in some characters approaching Asoriculus, is a small
and delicate form limited to the Early Pliocene (MN 14) of one or maybe two localities (RZEBIK-
KOWALSKA 1981). Its only records are too old, and it is too different from Macroneomys to be a
member of its evolutionary lineage.

Members of the genus Nesiotites populated exclusively Western Mediterranean islands (Cor-
sica, Mallorca, Menorca, Sardinia) from the Early Pleistocene to the Holocene (REUMER 1997).
Data on their presence in Italy (BARTOLOMEI 1966, 1977, BARTOLOMEI and PASA 1970) need revi-
sion. Nesiotites is clearly derived from Asoriculus (REUMER 1997) but developed then in insular
conditions. Because of this biogeographical limitation it can be excluded from the ancestry of Mac-
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roneomys. FEJFAR (1966) after studying morphological affinities of Macroneomys came to the con-
clusion that it resembles Neomys rather than Nesiotites.

Neomys appears in several parts of Europe in the Early Pleistocene (e.g. Monte Peglia in Italy —
VAN DER MEULEN 1973, Zalesiaki 1/A in Poland — RZEBIK-KOWALSKA 1991; RZEBIK-KOWALSKA
1998). Its two records from the Late Pliocene of Uryv 2 (AGADZHANYAN 1977) and Rudny;j 3 (HOL-
MOVOI 1992) in Russia need confirmation.

So far, the geologically oldest Neomyini in Europe are represented by Asoriculus. The genus
ranged from the latest Miocene (MN 13) to the early Middle Pleistocene. Its oldest remains belong
probably to 4. gibberodon (PETENYI, 1864) [Episoriculus aff. gibberodon in MASINI and ROOK
1993 = E. cf. gibberodon in DE GIULI 1989, from Monticino Quarry (MN 13) near Brisighella in It-
aly]. The youngest records of this species were reported from the late Early Pleistocene (“E.” gib-
berodon from Les Valerots in France — JAMMOT 1977). Still younger remains of the genus come
from Hohensiilzen in Germany (cf. Asoriculus sp. 1 and 2 — STORCH et al. 1973) and from the early
Middle Pleistocene locality of Montoussé 3 in France (CLOT et al. 1976). The latter were listed to-
gether with M. brachygnathus as a new unnamed species of Asoriculus, “Soriculus” n. sp.

One of the youngest Asoriculus species is A. thenii from Podumci 1 in Croatia (Episoriculus
thenii MALEZ and RABEDER, 1984). Because of the similar evolutionary level of the Microtus finds
from Podumci and from Untermassfeld (MAUL in press), it can be assumed that both localities may
be of similar age close to the Jaramillo event. In their description, MALEZ and RABEDER (1984)
stressed the less developed exoedaenodonty and the different shape of the coronoid process of
A. thenii in comparison with Macroneomys and therefore excluded a close relationship of both taxa.
The latter conclusion is, in our opinion, not strictly justified (see below).

From the stratigraphic aspect the Pliocene representatives of Asoriculus gibberodon should be
ancestors of all other Pleistocene neomyin taxa in Europe. Nesiotites appeared as a form distinct
from Asoriculus as early as the base of the Quaternary (REUMER 1997). Neomys and Asoriculus
thenii should be also descendants but belonging each to different lineages because the earliest rec-
ords of Neomys (see above) are older than the fauna of Podumci with 4. thenii.

The question that remains is to which taxon Macroneomys was connected most closely ? Did it
derive from the line leading to Neomys or that leading to 4. thenii (Fig. 11) ? An independent origin
of Macroneomys directly from A. gibberodon also cannot be excluded. Comparisons of absolute
and relative sizes of some mandibular and dental measurements of recent Neomys and the Biharian
Asoriculus thenii respectively with the A. gibberodon from the Pliocene localities of Csarnéta and
Villany 3 (see Fig. 10) may contribute arguments to a possible phylogenetic relationship. It is evi-
dent that some features do not undergo remarkable changes, some trends develop (parallel) in the
same direction and some go in different directions.

Neomys fodiens has larger dimensions but similar proportions to Neomys anomalus (Fig. 10).
Comparing them with Asoriculus gibberodon, A. thenii and Macroneomys it is