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INTRODUCTION

Foxes are not a frequent object of interest of palaeontologists. There
are of course thany reasons for this, -and they may be summarized as
follows: ] . '

1. The recent fox is a solitary animal; fossil foxes evidently had. the .

 same mode of life. Thus, finds are rare. The fossil remains usually belong
to one or a few individuals, but they are almost always incomplete, Finds
of masses of bones belonglng to a great number of individuals, as is the
case with hears, horses etc., have not yet been made in a natural environ- .
ment or in human settlements. -

2. The great uniformity of canids leads either to underestimation or
overestimation of morphological or metrical differences. This results ™
either in the endeavour to concentrate ali Pleistocene foxes into one or
two recent species, or the creation of a great number of new species
based on subordinate features only. :

3. The stratigraphic data on foxes have so far been very little utilized,
partly because of the foxes’ rare occurrence and the vagueness of nomen-
clature, partly because of the frequently indefinite stratigraphic assign-
ment of the find — foxes often hollowed out-and stili do hollow out
their lairs in the entrance of a cavern, at the » margin of a shelter cave, so
that bones of geologicglly younger.animals rmpay become part of older
sediments. .

4. The body sizes of foxes are relatively small, so that they escape
attention (they are too small for macropalaeontological and foo large
for micropalaeontological investigation). : -
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Originally, all fossil foxes were assigned to recent genera and species,
later they were described under separate names as species and sub-
species [see e.g. NORDMANN 1858, SCHMERLING 1834, BOURGUIGNAT
1875, NEHRING 1878 and others]. J. N. WOLDRICH (1878) was the first —
and up to the present time the sole author — to iry to revise the system-
atic classification of foxes. This author ,,solved” the problem abolishing
all genera and species reported up to his time, and introducing his own

. new ones often based on insufficient material or- contradicting nomen-
clatorical rules, even those which at his time were generally accepted.
Many authors did not approve of WoldFich’s genera and species or ac-
knowledged them partly only; others advocated them, so that the revision,
instead of removing the existing confusion, augmented it further, as very
often it is not clear what some authors understand as a synonym and
what as a separate species. .

The first half of the twentieth century has brought many findings,
especially as far as Early Pleistocene foxes are concerned. However, the
Jindividual finds are described in reports on finds only or they are given
in lists of species without any further data; an elaboration and evaluation
is therefore lacking. Late Pleistocene foxes remained in the background
of interest in the literature of the first half of this century. Only in the
fifties were they the subject of a study, by R. MUSIL {see the references},
who was elaborating the osteclogical material from the Moravian Palaeo-
lithic stations. _ . :

I wish to thank the directorate of the Moravian Museum, Brno, especi-
ally the head of the Department of Palaeontology, Dr. R. Musil, Dr3c,, for
the kind-loan of the substantial part of the material elaborated in this
paper, Prof. Dr. Z. Spinar of the Department of Palaeontology of the
Faculty of Science, Charles University, Prague, for his instructions on
the formal layout of the paper, Mr. ]. Chlumsky for taking the photo-
graphs and my wife A. Bene$ova for making all the diagrams, drawings
and annexes. ) :

METHOD OF WORK

In this paper I have elaborated the foxes from the Wiirmian cave sedi-
ments of the Bohemian and Moravian karst. The localities are described
in detail in a separate chapter.- .

The material studied:is derived partly from the collections of the Na-
tional Museum, Prague, partly from those of the Moravian Museum, Brno.

For_measuring the material 1 used mosfly Duerst's metod (DUERST-
BERN 1926) and partly — forthe sake of instructiveness — Hue’s method
{HUE 1907}. Details are given In descriptions of the individual bones.
The dimensions shown ih the appended tables are given throughout in mm.-
Both dated and undated specimens were measured. Among older fossil
hones especially those from WoldFich’s and Masek’s collections, I dealt
in greater detail with the material labelled as Woldfich’s ,specles” Vul-
pes meridionalis, Vulpes moragvica, Vulpes minor, Vulpes vulgarts fossiiis
and Leucocyon lagopus fossilis, The work was very time-consuming, but
was not in vain — as will be shown in the conclusion. '
s .
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In addition to the metrics, 1 devoted attention to the morphological
distinction of bones of the individual species or bones of other species
and genera readily mistakable for bones of foxes [especially those of the
genus Lepus). For details see the description of the individual bones.

A great problem was attaining uniform stratigraphic dating. The ear-
lier collectipns were dated throughout as ,,Pleistocene® only, without
any further data, the later collections (from the thirties to fiftles) were
dated according to Soergel’s stratigraphy.. Only E. Musil’s latest collec-
tions were dated in accordance with current stratigraphic usage. For the
sake of simplificacion, 1 use Soergel’s symbols which, however, should
be understood in a broader sense, ,Wi1" indicates the whole Early Wirm
up to ,Wip“. ,Wip" is a warm interval, earlier designated as ,Gottweig
interstadial® and in the latest papers on stratigraphy as ,,Pod hradem”
interstadial (MUSIL and VALOCH, 1966) or ,Hengelo“ (HAMMEN et al.,
1967). ,,W>" indicates the Middle [Main} Wiirm in the concept of K. VA-
LOCH {1968) irrespective of its internal division (the correlation of cave.
sediments is therefore fairly difficult). ,Wy;" denotes the ,Stillfried
interstadial® [, Stillfried B interstadial®) earlier designated as ~Paudort
interstadial®; ,,W," is the interval from the Stillfried interstadial to the
close of the Wilrm. o :

REVIEW OF LOCALITIES

The localities of the Bohemlan karst (see Fig. 1) did not yield much
material suitable for study. The available fossils derive mostly from old
collections without stratigraphic data. 1 was obliged to set aside the
material contalning evidently mixed finds of different geological ages,
such as the large coliection from the Kalvarie cave near Reporyie, as 1
had not enough time at my disposal to reconstruct the locality and revise.
the material. Furthermore 1 could neither elaberate the foxes from Lie-
bus's collection from Dobrkovice near Cesky Krumlov nor those from
Zelizko’s collection from the Volyné localities (specimens deposited in
Volyné], as both these. collections are practically inaccessible. I hope tqQ-
be able to elaborate these materials in the future although 1 do not sup-
pose that they could substantially influence the results already obtained.
For each locality is presented the name of the town or village, to whose
cadastre the locality belongs.

The Turska Magtal cave (near Tetin) was for the greater part de-
stroyed. by a quarry at the close of the past century. Today, a small rem-
nant only is preserved, designated as ,Poslednf siii“. In 1890, before
guarrying, the cave was investigated by J. Kafka and L. Pi¢. J. KAFKA
(1892, 1893,71900) has published a monograph dealing with the profile
of the cave, reported according to the possibility of that time, and con-
taining a list of fauna. The fauna of the cave was elaborated in greater
detail by J. N. WOLDRICH (1893). According to J. Kafka and ]J. N. Wold-
¥ich the list of fauna is as follows: Panthera pardus (determined by J.
Kafka as , Felis lynx“), Felis catus (or possibly Felis silvestris — note by
j. Benes), Crocuta spelaeq, Canis lupus, Ursus spelaeus, Vulpes vulpes,
Meles taxus, Coelodonta antiquitatis (determined by J. Kafka as Atelodus

PR . . :
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Fig. 1 The caves of Bohemian karst. Fig. 2 The caves of Moravian karst,

Merckii®), Sus scrofa, Mammuthus' primigenius, ,,Bos brachyceros®, Ibex
sp., Capra sp., Rangifer tarandus, Cervus elaphus afi. maral, Capreolus
capreolus, ,,Equus cabalus fossilis RUTIMEYERY, ,BEquus caballus fossilis
minor WOLDRICH®. This list of fauna surprisingly agrees with the faunal
association of the Early Wiirm as it was defined by R. MUSIL (Musil, -
Valoch, 1966). It permits the subsequent dating of this fauna, i. e. its as-
signment to the interstadial W;,. Of the material deposited in the Na-
" tional Museum, Prague, I had at my disposal two mandibles of the arctic
fox Alopex lagopus which was given neither by }. Katka nor J. N. Wold¥ich
-in their lists. This material is designated in the old catalogue as No (N
106 ,,Vulpes vulgaris fossilis“, There is no reason to assume that it derives
from layers stratigraphically higher than Wy,2, because for {nstance in
the well stratified material from the-,,Pod hradem“ cave (see below],
the presence of the arctic fox in the interstadial ,,W,,,“ has been proved.
©  The remnant of the locality Turska Ma#tal, »Posledni sifi“, was investi-
gated In the thirties by J. PETRBOK (1932a, b, 1955) who bhas established .
the existence of several layers there ranging in age ,from the Lartetian
through the Magdalénian, the Neolithic and the Bronze Age to the Middle
Ages”. This author has reported the following mammal fauna: Crocuta
. spelaea, Ursus spelaeus, Alopex lagopus, Bos primlgenius, ,Cervus cf.
. primigenius®, Arctomys bobac. He refers these finds to the Palaeolithic
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without any more detailed stratigraphic assignment. They correspond
mainly to the fauna of the Main Wiirm {probably »W:°]. This material is.
for the greater part deposited in the collections of the National Museum,
Pragne. However, I did not find the above-mentioned fox among these
fossils. '

The Srbskéd slujcave (near Kornc} locality was destroyed by a.
quarry as early as at the close of the past century. J. N. WOLDRICH
(1890} reported it as the ,Saint Ivan Cave [St. Ivan Hhle)". This cave
should not be confused with the ,Nad Ivankou“ cave sometimes desig-
nated as ,,jeskyn& sv. Ivana“ cave lying in the area of the church and
monastery of the village Svaty Jan pod Skalou. The Srbski sluj cave was
discovered by chance; it is especially the railway station master J. Neuman.
who has to be credited for the preservation of the material found there.
. }. N. WOLDRICH (1890) gives the following species in his list: Lynx lynx,

LFelis magna®, Vulpes vulpes, Alopex lagopus (in J. N. WOLDRICH ,,FVul-.
pes feorsac ?}*), Canis lupus. {,Lupus Suessii}, Lutra lutra, Mustela
joina, Ursus spelaeus, Ursus arctos, Talpa europea, Sorex vulgaris, Arvi-
cola terrestris { = A. amphibius}, Arvicola agrestis, Sciurus vulgaris, Arcto- -
mys bobac, Goleodonta antiquitatls, ,Equus cabalus fosstlis RTM.%, ,,Equ-
us caballus fossilis minor WOLDR.”, Equus hydruntinus, Bos primigenius,
»Bos brachyceros fossilis®, Rupicapra rupicapra, Capra ibex, Capreolus
capreolus, Cervus elaphus, Rangifer tarandus. This ,,assoclation” is for
-the greather part an Early Wiirmian fauna with admixed younger fauna
(probably an up to the Holocene). No profile or ground plan of the cave
has been preserved. I had at my disposal only an ulna of Vulpes vulpes
and a femur of Alopex lagopus (denoted by ]. N. WoldFich as ,Vulpes
(corsac ?)“]. -

The Srbské jeskyné caves (near Srhsko] consist of galleries and
domes about 350 m in length [SKRIVANEK 1954). The ,Poslednfdém®
dome ends on the surface by a broad chimney with a fill containing osteo-
logical material. From 1938 to 1943 ]. Petrhok assembled the material here
(his collection was later elaborated by V. MOSTECKY 1964, and after .
him O. FEJFAR 1956).Recently, the author of this paper works at this
locality. The following fauna was found: Panthera spelaea, Crocuta spe-
laea, Canis lupus, Vuipes vulpes, Alopex lagopus, Gulo gule, Coelodonta
antiquitatis, Equus germanicus, Bos primigenius (or more probably Bison
priscus —~ note by . BEN ES), Rangifer tarandus, Rupicapra rupicapra, Le-
pus timidus, Marmota bobac, Microtus nivalis, Microtus agrestis, Arvicola
terrestris, Sorex sp. and undetermined birds and reptiles. This fauna is
typical of the Middle Wtirm. A detailed stratigraphy has not yet been de-
termined, as the sediments are disturbed by later landslides. Some of
Mostecky’s conclusions and my new finds testify most probably to , W."“.
For my study some bones of Vulpes vulpes were available {my own col-
lections from 1966 and 1969). : '

The Galerie cave (Srbsko) was excavated in the years 1939—1941
by ]. Petrbok. His collections have not yet been elaborated. J. PETRBOK
{1855) has assigned the cave sediments to the ,,Pleistocene - and the Neo-
lithic*. Of this-material I have described one ulna of the Vulpes vulpes,
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assigned by Petrbok to the Riss-Wiirm (=Eem), but in my opinion it be-
longs rather to some of the Wilrmian interstadials (W, ?). '

The Svatoprokopska jesk ynd cave [in Prague-Hlubo&epy)
was guarried in. 1887 —1888. Under the cave itself, fissures with fosstli-
ferous sediments were discovered. These finds werg reported by . KO-
RENSKY (1883,1888). Matierial was deposited in the National Museum, Pra-
gue, But part of the material was deposited in the museum in Ohrada near
Hlubok4, and was elaborated by J. N. WOLDRICH (1889). A 'revision of the
material derived from this cave was carried out by E. VLCEK (1952) on
the occasion of a revision of the human ostenlogical material. According
to E. VLOEK,the cave contained two layers or formations with two faunal
groups; the first layer is of Holocene, the second of Pleistocene age,
Among the Pleistocene fauuna the following species were represented:
Crocuta spelaea, Ursus spelaeus, Mammuthus primigenius, Coleodonta
antiquitatis, ,Equus caballus jossilis RTM®, ,,Equus caballus fossitis minor
WOLDR.“, Bos sp., Rangifer tarandus, Capra ibex. The composition of the
fauna is fairly vague bearing witness {o the Main Wilrm. E. VLCEK dates
the finds as most probably of ,,W,“ age. In my study 1 had at my disposal
Vulpes vulpes teeth which are not given in any report on the finds, but
belong to the Wiirmian faura according to their colour and fossilization
mode. -

The Sudslavice locality (in Sudslavicej no longer belongs to the
Bohemian karst; it arose in the crystalline limestanes of the Moldaunubi-
cum. The finds occurred in two fissures filled with fossilifercus sediments.
In 1879 they were discovered during stone guarrying. The mammalian
fauna from Sudslavice was elaborated by J. N. WOLDRICH (1880a, b, 1881a,
b, 1883a, b — also see [. KAFKA 1892). In his final survey }. N. WoldFich
gives more than 100 different species; however, the existence of some
WoldFich's ,,species” is debatable. From fissure I, J. N. Woldfich reports:
,Vulpes vulgaris fossilis”, Vulpes meridionalis®, Vulpes moravica”, ,Leu-
cocyon lagopus fossilis®, ,,Spermophilus {rufescens)”, Dicrostonyx tor-
quatus, Lemnus lemnus, Arpvicolidae (several species), Alactaga jaculus,
Rangifer tarandus, Capra ibex, Rupicapra rupicapra (in the concept of 1.
N. WoldFich ,Antilope sp.“), ,Equus caballus fossilis minor WOLDR.",
‘Equus hydruntinus {in Woldrich,,Asinus sp.“) and numerous species of
birds and amphibians. The stratigraphic assignment of this ,,ass_emblage“
is very problematic, Arvicolids, the mole and wild ass etc. would point
to the Early Wiirm., Allactaga, Lemnus, ibex and chamois would suggest
the Middle Wiirm {up to ,,W5"). It Is clear that a mixed material of dif-
ferent ages is involved; differentiation according to stratigraphic position
has either not been performed or was not possible. From fissure II, ]. N.
Woldfich reports the foliowing species: Talpa europaea, Sorex alpinus,
Sorex agraneus, ,,Felis minuta®, ,Felis fera®, ,Felis magna®, ,Felis catus”,
Panthera spelaea, ,,Vulpes vulgaris fossilis“, Canis [several species), Gulo
borealis?, Ursus arctos, Sciurus vulgaris, Glis glis, Cleithrionomys gla-
reolus, Apodemus silvaticus, Lepus timidus, Sus scrofa, Bison priscus, Bos
sp., Capra sp., {small form}, Alces alces, Ovis {cf. aries}, Rangifer taran-

dus, Cervus elaphus, ,Equus caballus fossilis RTM", ,Equus caballus
jossiis minor WOLDR.", Coelodonta antiquitatis, 4 number of birds mostly
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of forest and aguatic species, and bones of frogs. In this case too, faunas
 of several time intervals are mixed. The lion, rhinoceros, reindeer and
 wolverine still -belong to the fauna of cold steppe and tundra; most of
. the rodents, the elk, the red deer and the bear point to a vast area of
forest. Stratigraphically, the end of the Middle Wiirm may be involved
here, but certainly the Late Wiirm and probably also Holocene (Capra,
Ovis, Canis, Gallus domesticus}. The foxes referred to in this paper
derive from fissure I. I had at my disposal Woldfich’s originals which
he used for his papers of 1881 and 1883, and some not reported materials
determined by WoldPich as ,Vulpes merzdzonahs deposxted in the
National Museum, Prague, inventory number 12 204.

From the Moravian karst localities (see Fig. 2] a great quantity of
material was available for my study. These fossils are deposited mainly
in the collections of the Moravian Museum, Brno. The material derives
partly from old collections devoid of stratigraphic data, partly from re-
cent collections using the modern stratigraphic classification.

The Pod hradem cave [near Téchov) is known from earlier excava-
tions undertaken by J. KNIES {1901} and R. TRAMPLER (1897).- From
1956 to 1958, K. Valoch and R. Musil made excavations showing a profile
about thirty metres long where layers of ,W,." to ,,W;* are observable..
R. MUSIL {1965} distinguishes four faunal associations, of which Fau-
na IV is of little interest. Only cave bears are represented, finds are scanty
and their preservation 15 poor. Stratigraphically, this fauna may fall
within the close of ,,W,". Fauna III belongs to , W;;", comprising the
following species: Lepus sp., Crocuta spelaea, Vulpes vulpes, Canis lupus,
Ursus spelaeus, Mammuthus primigenius, Sus scrofa, Rangifer tarandus,
Bos seu Bison, Rupicapra rupicapra, Capra ibex. Fauna Il embraces a
tairly large number of bears and in addition to Vulpes vulpes, Alopex la-
gopus also appears. Certain changes also occur in rodents. The composi-
tion of fauna points to a deterioration of the climate at the end of the
interstadial, Fauna I is that of extremely cold steppe. Vulpes vulpes dis-
appears being replaced by Alopex lagopus, the number of cave bears di-
minishes and, in contrast, the number of reindeer and snow grouse in-
creases. By its stratlgraphlc position this fauna corresponds to the Main
Wiirm, predominantly , W;“. I had at my disposal a large set of fox bones
from the collections of K. Valoch and R. Musil from the years 1956-1958

The Pekérna cave [near Mokrd}) locality was also designated, i
. the earlier literature, as ,,Kostelik”. Excavations of larger extent were :
made there by M. KFiZ in 1884 and 1885. After him, many scientific spe-
cialists (K. ]. Magka, ]. Knies, A, Makowsky, R. CziZek) and amateurs dug
in the cave, In 182% K. Absolon and R. CziZek undertook an extensive in-
vestigation there. Recently B. Klima made excavations in the cave. As far
as 1 know, no revision of the fauna found was made. In their report K. .
ABSOLON and R. CZIZEK (1926) give the stratigraphy of the cave, in-.
dicating the fossﬂlferous layers, but as to fauna they deelare that it ,,has
not yet been elaborated”. For my study, I had at my disposal a large set
of fox bomes [Coll. Absolon et CziZek 1925—1930) labelled mostly as
Llayer g to h* {i.e. the Magdalénian); part of the material had no indi-
cation of layer. Furthermore, Absolon’s collection wds available to
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me, but it was not dated and the stratigraphic indications were vagué; 1
also could study K¥iZ's collection, devoid of indication of year and strati- &
graphy. Some bones were labelled as Wold¥Fich’s , species” Vulpes meri-i-
dionalis and Leucocyon lagopus fossilis. Klima’s most recent collection ¢
(from 1963) bears the designation ,loess around & Magdalénian hearth®. -
All this material is deposited in the collection of the Moravian Museum, i
Brno. : -
The Novd drdtenickéa jeskyn@& cave (near Kftiny) was dis- -
covered after the Second World War. Conservation work was conducted :
by B. Klima and ]. Pelidek; the mammal fauna found was elaborated by -
7. Hokr {in Klima, 1949). Hokr divides the mammal fauna into two -
groups: the older one, established in the lowermost beds 1s represented |,
* by the cave bear. The younger group irom the Magdalénian cultural waste
layer comprises the species Talpa europaeda, Canis lupus, Vulpes vulpes,
Alopex lagopus, Mustela erminea, Fells cf. silpestris, Ursus spelaeus, Coe- .
lodonta antiquitatis, Bos seu Bison, Equus sp., Cervus elaphus {the index -
species, most numerous), Capra ibex, Lepus sp., Arvicola terrestris and
Discrostonyx torquatus. According to the remains of the reindeer, ibex,
the arctic fox and the arctic lemming, Z. Hokr assigned the fauna found .
into ,,W;“. The presence of forest species (mole, red deer, cat} points fo !
the outset of the Late Wiirm. A mandible of Vulpes vulpes, and a maxilla‘
and two mandibles of Alopex lagopus (collected by B. Kima in 1948) !
were available for my study. L : -
"The 3védfiv stiil cave {near Ochoz) became known by the find of »
the ,,Ochoz mandible“ made in 1905. It was for the first time systema-
" tically investigated by M. KF¥ in the years 1886 and 1887. It was also M. :
KRIZ {1903) who presented the first list of fauna. In later publications .
this list was adapted and supplemented (for details see R. Musil, 1961). .
On the basis of new investigations in 1953-1955 carried out by the Archeo-
logical Institute of the Czechoslovak Academy of Sclences, Brno, R. MUSIL
- (1961) performed a new analysis of the mammal fauna of the cave. This
author distinguishes four faunal associations. The ,,W,;;" fauna comprises.
the species Lepus sp., Castor fiber, Panthera pardus, Felis silvestris, Cro-
cuta spelaea, Canis lupus, Vulpes vulpes, Alopex lagopus or Vulpes cor--
sae, Gulo, gulo, Lutra-lutra, Meles meles, Martes martes, Ursus spelaeus,
Mammuthus primigenius, Coleodonta antiquitatis, Sus scrofa, Cervus ela- -
phus, Alces alces, Megaloceros sp., Rangifer tarandus, Bos primigenius,
. Bison priscus, Rupicapra rupicapra, Ovis seu-Capra Sp., Marmota sp.,
Equus mosbachensis-abeli, Equus ‘germanicus,  Equus hydruntinus,
Equus cf. gmelini. The ,W," fauna includes the species Lepus.sp.,
Crocuta spelaea, Canis lupus, Vulpes vulpes Ursus spelaeus, Coelodonta
antiquitatls, Rangifer tarandus, PEquus mosbachensis-abeli, Equus
germanicus, Equus cf. gmelini. The WWys* fauna is composed of the
species Crocuta spelaea, Ursus spelaeus, Ursus arclos, Coeladonta anti-
quitatis Rangifer tarandus and Equus germanicus: The L. W, fauna em-
braces the species Crocuta spelaea, Ursus spelaeus, Ursus arctos, Coleo-
donta antiquitatis, Rangifer tarandus, Equus cf. gmelini and Equussp. In
addition, the following are usually reported from earlier collections
without stratigraphic asslgnment: Lepus timidus, Panthera spelaea, Ovi-
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' bos moschatus, Capra ibex and some rodents. 0Of the fossil bones from the
. Svédlv stil cave I could study the fox bones from KFi#'s collection
- [1886-—1887 without stratigraphy) and Klima’s collection (1935—1955 —
; W,." and ,W,“), all deposited in the Moravian Museum in Brno. :

Balcarka cave {near Ostrov). Arctic fox bones from this cave were

available mostly from J. Knies’s collection, not dated stratigraphically. A

similar minor collection from the Sioupské jeskyng cave {near
Soup) also was at my disposal..Arctic fox bones from the Byéi
skdla cave [near Habriivka) I had from KFiZ's collection fundated],

- .Absoorn’s collection [1938), Valoch’s collection {undated) and Musil’s

collection, several specimens from each. The material evidently belongs
to the main and possibly also the Late Wiirm. Of the localities already
elaborated, the following two — the Sipka cave and the Certova dira
¢ave lie in northern Moravia on Kotou¢ Hill near Stramberk, :

The 31ipka caveis known in the literature by the find of a human man-
dible in 1880. K. J. MASKA (1884a, b, 1886) undertook excavations in this
cave. This author divides the cave sediments into four groups: I=Magda-
lénian, 1I=Gravsttian, 111+ 1V =Mousterian. Groups III and IV are prob-.
ably derived from the underlying beds. The faunal associations from
Makka's collection were revised by R. Musil [VALOCH, MUSIL, JELINEK .
1965). The material designated as »9ipka 1 contains the species Lepus-
sp., Felis silvestris, Bos seu Bison, Rangifer tarandus, Ursus spelaeus,
Panthera spelaea and Equus germanicus. This material may be assigned
to the outset of ,W," and up to the close of ,W,"“. In additlon it also in-
cludes some subfossil or recent species {Felis silvestrisj. The ,.Sipka 1“
material is evidently derived from several layers [some specimens are
labelled ,,8ipka I—I1“). The following specles have been recorded: Bos
primigenius, Bison priscus, Ursus spelaeus, Rangifier tarandus, Mammu-
thus primigenius: to a lesser extent are represented: Ursus arctos priscus,
Equus germanicus, Vulpes vulpes, Alopex lagopus, Meles meles, Gulo gulo,
Alces alces, Cervus elaphus, Coelodonta- antiquitatis, Panthera spelaea,
Panthera pardus, Crocuta spelaea and Saiga tatarica. R. Musil has refer- ..
red this material to, W,,5*, ,,W.* and possibly also ,,W,;,“. The , Sipka III"
material belongs predominantly to , W,;,“, the material from the overly-
ing layer is also present sporadically. The following specles occur here:
Gervus elaphus, Bison priscus, Coelodonta antiquitatis, Equus mosbachen-
sis-abeli, Equus hydruntinus, Crocuta spelaea, Ursus spelaeus, Panthera

- spelaea, Panthera pardus, Canis lupus, Vulpes vulpes and Gulo gulo. In

the ,,Sipka IV" material mostly ,,W;," sediments are included. The fol-
lowing species are represented: Panthera spelaea [frequently], Panthera
pardus {very often], Ursus spelaeus, Canis lupus, Cuon alpinus, Vulpes
pulpes, Mammuthus primigenius, Sus scrofa, Cervus elaphus aff. maral,
Capreolus capreolus, Saiga tatarleca, Qvibos moschafus, Rupicapra rupi-
capra, Bos primigenius, Bison priscus, Coelodonta antiquitatis, Equus mos-
bachensis-abeli, Equus hydruntinus, Castor fiber and a solitary jaw
of Dicrostonyx torquatus. The remains of horses described by J. N. WOL-
DRICH (1882) as belonging to ,Equus aff. stenonis® have been. deter-
mined by R. Musil as milk teeth belonging to Egquus mosbachensis-abeli.
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From MaZka’s collection I had at my disposal the fox bones from layers
IT to IV and some specimens without stratigraphic dating.

The Certova dira cave was investigated by K. ]. MaSka (in the eigh-
teen-eighties) (MASKA 1884a, b, 1886). After him J. N. WOLDRICH (1886}
.made excavation at Stramberk The material obtained has been deposit-
ed mostly in the collections of the Moravian Museum, some specimens.

[ T T R T G B

from Woldfich’s collection in the National Museum, Prague. On WoldFich’s -

material the stratigraphic position is not indicated at all, on MaZka’s
material rarely only (designations ,C. d. I1“ and ,,C. d. III*}. This mate-
rial was important for my study, as it was determined by MaSka or by

- WoldFich himself as Wold¥Fich’s ,,species” Vulpes vulgaris jossilis, Vulpes.

meridionalis, Vulpes minor and Leucocyon lagopus fossilis. In two cases
LCanis Mikii® is given.

SYSTEMATIC PART

Order Carnivora BOWDICH, 1821
Family Canidae GRAY, 1821
Subfamily Caninae GILL, 1872
Genus Vulpes QKEN, 1816

1816 Vuipes OKEN, Lehrbuch Naturgesch. Zoologie, 3, p. 1033.
1830 Cynalopex SMITH, Nat. Libr. Mamm. p. 222,

1931 Vulpes OGNEV, Zvery vost. Evr. i sev. Azi 2, p. 266.

1951 -Vulpes ELLERMAN et MORRISON-SCOTT, Checklist, p. 223
1956 Vulpes NOVIKOV, Chi¥¥nye mlek. fauny SSSR p. 56.

Diagnosis: G. A. NOVIKQV, 1956; Medium size, body elongated on not

very long slender feet. Skull with a narrow facial part, supraorbital area .
slightly raised above the nasal part of the skull. Snout elongated, nar-

row, pomted

3.1.4.2
Dental formula: 3.1.4.3 .- 42
Type species: Vuipes vulpes (LINNE, 1785).

Stratigraphic range: At the present time, many species of Vulpes are

spread throughout Europe, North Asia, India, Chma Africa and North )

America to New Mexico and California.

It seems that earlier the distributlon of Vulpes did not considerably :
differ from that of today, although the geographic dlstrlbutian of the in-

dividual species varied.

Vulpes vulpes (LINNE, 1758) — common fox
(figs 3—6 and fig. 21; Tab. I, fig. 1; Tab. II, fig, 1]

1758 Canis vuipes LINNAEUS, Syst. nat,, ed. 10, 1, p. 40.

1811 Canis pulpes PALLAS, Zoogeogr. Rosso-Aslatica, 1, p. 45—51.

18i6 Vulpes pulgaris OKEN, Lehrb. d. Naturgesch., 111, 2, n. 1034.

1834 Vulpes maior SCHMERLING, Rech. oss. foss. de Ligge, p. 39,

1838 Canis pulpes spelaeus CUVIER, Ossem. foss., 4 od., p.

1854 Canis vulpes fossilis POMMEL, Cat. meth. vertebr foss p. 59.

1875. Vulpes vulgaris BOURGUIGNAT, Rech, pssem. foss. de Camdae . 52
1878 Vulpes vulgaris fossilis WOLDRICH Denkschr. Ak, Wiss., 38, p 46
1882 Canis Mikii VOLDRICH, Mit. Anthrop Ges., p. 14—16.
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- 1890 Vulpes vulpes MIVART, Monogt. Canidae, p. 92.

. 1006 Vulpes spelaeus MAKOWSKY, Verh. Naturf. Ver. Briinn, 44, p. 39,

© 1912 Vulpes pulpes MILLER, Catal. Mamm. West. Europe, p. 326—330

. 1941 Vulpes vulpes POCOCK, Fauna Brit, India, Mann., II, p. 110,

- 1951 Vulpes vulpes ELLERMAN et MORRISON-SCOTT, Checklisl of Paluearct and Ind.
Mamm., p. 223.

1956 Vulpes vulpes NOVIKOV, Chi¥¢nye mlekop. fauny SSSR, p. 60.

1975 Vulpes vulpes HANAK et HERAN, Lynx 1V, p. 45.

Helotype: Not determined (the species has been described according to
the specimen from the environs of Uppsala, Sweden).

- Stratum typicum: Holocene {Recent, 18th century).
Locus typicus: Uppsala, Sweden. )

Diagnosis of the species (NOVIKOV, 1956): Skull siender,
not very high, braincase somewhat raised above the face; length of brain-
~ case approximately equalling that of the face. Crista.sagittalis weakly

developed, crista occipitalis being very marked. Cristae frontales ex-
ternae extending backward from the processi zygomatici of the frontal
bone, describing an acute angle with it and bounding a narrow and short
triangular facet (see fig. 3). Canine teeth long; lower canines — in fron- °
tal view — reaching behind the upper margin of the alveoles of the upper
- canines, the ends of upper canines reaching as low as below the lower
" margin of the jaw (fig. 4]. '

Diagnosis extended according to further authors: Hypocone
of:M’ always developed (J. BENES — see fig. 5). Protocone and hypocone
of M! connected by a ridge but not fusing. Talon of M! massive, its breadth
equalling that of the protocone and hypocone (]. N. WOLDRICH, 1880a,
b). The presence of a protoconulus between paracone and protocone
reported by J. N, WOLDRICH {1880a, b] as a diagnestic feature important
for the distinction between Vulpes vulpes and Alopex lagopus is rather
debatable. In younger specimens, on the ridge linking paracone with pro-
tocone, a sign of a further protoconulus is observable (sometimes may be
double]: however, on teeth of older specimens this sign of a secondary
protoconulus is absent due to abrasion. This can also be vbserved on the
M! of arctic fox [Alopex lagopus} and therefore the author of fhis paper
does not regard this features as reliable. The lower carnassial My} on the
~ lingual side of the crown, between metaconide and entoconide” has yet
. an additional protoconulus {WOLDRICH, 1880a, b) — see fig. 6. The pro-

toconide of@é;ompared with the paraconide is somewhat shifted back-

ward, also beiig more massive, so as to give the tooth a ,.hig-ballied*
shape. The talon of M, is slightly narrower than the frontal part of the
tooth [Hagmann 1839). Between the entoconide and metaconide there
lies a crest-shaped ridge disappearing by abrasion [(Hagmann 1899; Zittel
1911). The skull of the male differs from that of the female in larger size
and- the following features: broader nasal region and hard palate, larger
canines, longer row of upper teeth; the relative length of the braincase
strongly diminishes with the individual’s age, the facial part becoming
larger, this being connected with the transition to a flesh-eating diet and
with the strengthening of the masticatory muscles (OGNEV 1931].
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A diagnesis of the postcraniai skeleton has not been given; V. GROMO@_
VA (1850] describes the postcranial skeleton of the common fox Vulpe:

- vulpes] together with that of the arctic fox (Alopex lagopus) pointing
out that a ,distinction is possible on the basis of measurement only, th&
possibility of confusion of extreme values being considerable”,

Fig. 3 Skull of the common fox [Vulpesvulpes).
[According to G. A. NOVIKOV, 1856 — adapted]

1 — norma verticalis; F — cristae frontales externae;
2 — mnorma lateralis; S — crista sagittalis;
0 — crista occipitalis
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Fig. 3 Scheme of the stfuc;cure of upper

teath (P4 — M2} of the common
: . fox [Vulpes vulpes). — (Orig.)
" Fig. 4 Canine teeth of the com- pa = paracone; "hy = hypocone; .
: mon fox {Vulpes vulpes) me = metacone; 1 = talon;
in anterior view (norma pro = protocone; i
aralis).

: {According to G. A. NO-
i VIKOV, 1958)

pad. prod, hyd: prod; hyd; sprod; hyd

' o A
f ; H
‘med/ end/ med! endi & end
<%
" Flg. 6 Scheme of the structure of lower teeth [Mi—M3) of the common fox (Vulpes
vulpes}. — [(Orig.) :

pad == paraconide; med = metaconide;
prad = protoconide; end = entoconide; )
kyd = hypoconide; the additional cusp on M is indicated by an arrow.

. Material studied: Of the bones of the Wiirmian common fox the -
. following were available: 4 fragments of cranium and 17 fragments of
. maxillae of various grades of preservation, with or without teeth, 86
. mandibles of equal character, 37 isolated upper teeth and 10 isolated
+ ‘lower teeth, mostly canines, 3 fragments of shoulder blades, 33 shoulder

"~ bones, entire or fragments, 34 spindle bones, 30 elbow bones, 18 frag-

- ments of pelvic bones, 7 thigh bones, 27 shin bones, 8 tals {talus bones)

" and 18 heel bones. '

- The Moravian material derives from the earller collections assembled
. by M. K¥Z, ]. N. WoldfFich, K. J. Ma3ka and K. Absolon (det. J. N. WoldFich,
K.]. Ma%ka and A. Stehlik) and from the recent collections of B. Klima,
K. Valoch and R. Musil [det. mostly R. Musil}. The earlier Bohemian
material has been assembled mostly by J. Petrbok nad ]J. Benes. The bones
collected earlier have been determined as belonging to ,.Canis vulpes”
or ,,Vulpes vulgarts fossilis”, sometimes also ,,Vulpes maior®, and in some
few cases as ,Canis Mikii“ (already K. ]. MaSka was in doubt about this
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determination). In the recent collections, the bones of common foxes :
have been designated as those of »Vulpes vulpes®. For more detailed data

on the collections see the chapter »3urvey of localities®.

For comparative study, I used skulls and skeletons of the common *

+

foxes from the collections of the Department of Palaeontology of the
Moravian Museum, Brno fa material of local origin without detailed
indications) and the skull and bones of the common fox from the environs *
of Banska Bystrica deposited in the collections of the Department of Zoo-
logy in the National Museum, Prague {4 complete skuails, 1 shoulder blade,

3 arm bones, 3 spindle bones, 1 elbow bone, 1 complete pelvis, 3 thigh |

bones, 3 shin bones, 3 tals (talus bones) and 1 heel bone.

Description of the material studied

Skull. In morphological and metrical evaluations the skull is very
often given as a decisive indicator of the distinctive diagnostic features.

As the material at my disposal was very fragmentary, the only features -

which could be followed up were breadth of half palate {measured mostly
only on one half of the palate). The results ghtained are given in greater
detail below, in the chapter on the arctic fox,

Upper teeth. In the material studied the upper testh were repre-
sented in relatively few - specimens: particularly lacking was material
stratigraphically dated with sufficient accuracy.

Upper incisors (dentes incisivi superiores}. Upper incisors were
Imostly absent. According to V.. Gromova [GROMOVA, DURQOVO, JA-
NOVSKAJA, 1962) the posterior talons of the incisors of the common fox
Vulpes vulpes are less developed than those of the arctic fox Alepex
lagopus; 1 agree with this opinion. The metrical data cannot be evaluated
due to the insufficient representation of incisors in the material studied.

Ry

e

Upper canine teeth {dentes canini superiores). The upper
canines are longer and more slender than the lower ones. The ratio length -

of canines: height of jaws is an important diagnostic feature (see the

diagnosis of the species according to G. A. NOVIKQV. :

In the fossil material the upper canines were mostly isolated so I can-
not judge their value as a distinctive feature. A great number of the cani-
nes are damaged on the cusps of the crown, either mechanically or due
to abrasion, so that it was necessary to reconstruct the height of the
Crown. A survey of the measurements obtained. is: given in text-table 1.

- The measurement did not yield utilizable results. It would be possible
- to compare the results obtained by measuring the upper canines of the
common fox Vulpes vulpes with the metrical data of the upper caines
of the arctic fox Alopex lagopus shown in texttable 12. The upper canines
of the common fox are substantially larger than those of the arctic fox.

Upper premolars (dentes premolares superiores). The upper
premolars display the morphology usual in all canids, In isolated teeth,
the P* and P’ may be contused. The P’ usually has a larger talon and a
sign of an additional protoconulus behind the principal one. In the com-
mon fox the morphological difference between P? and P’ is much greater
than that in the arctic fox where P? and P’ resemble each other very
much. The P* of the common fox is relatively more massive than that of
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E.s.:

the arctic fox, the protoconal excrescence on the lingual side of thef
crown being relatively more massive, standing out strikingly from the:
anterior margin of the tooth {fig. 5). On its margin a conspicuous ridge;
is developed, which in the arctic fox is lacking throughout or is deve-;
loped slightly only (J. BENES]. In text-table 2 1 give the metrical data:
made on the P! of commeon fox Vulpes vulpes the values are listed in?
stratigraphic order, and also the metrical values of the P* in Woldfich's? -
species ,,Vulpes vulgaris fossilis“ and ,,Canis Mikii“ are given. The rela-©
“tively small number of measurements does not permit further concluslons:
to be drawn. But from the above data it follows that the Wiirmian foxes:
were larger in size than the recent ones. Wold¥ich's species ,,Vulpes pul-!
garis fossilis“ falls within the metrical breadth range of the common:
fox of the Main Wiirm [,,W." to ,,W;"] while ,,Canis Mzk‘if in this respect’
approaches the recent common foxes.
Upper molars {dentes molares superiores}. The upper moiars are
described from the morphological point of view in the extended diag-.
nosis of the species. Here I can point out only that the first milk molar
resembles rather the permanent M! of the arctic fox Alopex lagopus than "
that of the common fox Vulpes vulpes. The paracone and metacone only
are developed on the bucal side, while on the lingual side a narrow trian-:
gular talon is located, displaying a sign of protoconulus in the places:
where In a permanent tooth a hypocone is developed. Unfortunately, it :
was not possible for me to compare the milk dentition of the common fox
with that of the arctic fox, as I found no skull of an arctic fox cub in |
the collections accessible to me. The complete metrical data obtained
from the measurement of M' are presented In stratigraphic order supple-
mented by data on WoldFich’s species ,,Vuipes vulgaris fossitis® and ,,Ca- |
nis Mikit“ in texi-table 3. However, from the not very large gquantity .
of data obtained -no generally valid conclusions can be drawn. But from
these data it follows that WoldEich’s species do not deviate from the
variahbility range of Vuipes vulpes. _ ¢
Lower teeth. The lower teeth yielded substantially more data for
elaboration than did the upper ones.
Lower incisors (dentes Incisivi inferiores). The lower incisors &
as well as the upper ones were absent.in the material studied.’
Lower canine teeth (dentes canini inferiores} Compared with &
the upper canine teeth, the lower canines are bent not only anterio-pos- §
teriorly but also on the bucal side, The base of the crown is relatively &
longer than that of the crown of the upper canines. In older specimens
it extends Into a kind of talon {J. BENES]. The relative length of the
canine teeth in relation to that of the jaws is regarded by G. A, NOVIKOV
(1956) as a diagnostic feature of species (see the diagnosis of the spe- ¢
cies}. I could not verify the validity of this feature in fossil material be- §
cause of the absence of complete skuils and mandibles. Data obtained by
measuring fossil and recent speciments are given in text-table 4, It is
impossible to draw satisfactory stratigraphic conclusions because of the
smail number of measurements, But it is interesting to compare
Woldrich’s species ,,Vulpes vulgaris fossilis® with the other data. Waold-
Fich’s species does not deviate from the breadth variation range of Vul-
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pes vulpes; it is possible to observe only a shift toward the upper limit ¢
of the breadth variations which means that Vulpes vulpes is involved, ;
having dimensions approaching rather those of the North European sub-
species Vulpes vulpes vulpes than the Central European subspecies Vul- .
pes vulpes crucigera. C .

Lower premolars (dentes premplares inferiores}. J. N. WOLD- :
RICH (18804, b} tried to elaborate premolars from the morphological point -
of view, endeavouring to find features distinguishing the common fox '
from the arctic fox. His concluslons are given In detail in this paper in
the paragraph dealing with the lower premolars of the arctic fox. The dis- :
tinctive features given by J. N. Woldfich are based on the configuration -
of the main and secondary protoconuli; however, Wold¥ich’s criteria are :
rather doubtful. From my observations | may report that P, differs from -
P; and P, in not having a secondary protoconulus. Differentiation of the
P; in the common fox and in the arctic fox is possible in a metrical way
only. P; and P, of the common fox differ very little from each other; in =~
isolated teeth it is rather difficult to decide whether a P; or P, is involved. :
For the differentiation between the last premolar of the common fox and *
that of the arctic fox, ]. N. WOQLDRICH (1880a, b) sees a diagnostic fea- -
ture in the fact that ,both secondary protoconuli (L.e. the protoconulus
and the talonide — note by J. BENES) are inexpressive in Vul pes i
vulpes, being more marked in Alopex lagopus. To this I remark that
P, of the arctic fox is relatively shorter than that of the common fox. -
Accordingly, the prtotoconuli of the arctic fox are so to speak , pressed .
against each other® so that they stand out more strikingly than the rela-
tive long P* of the common fox. In_the jaw of common fox the premolars
are aligned relatively loosely, with small interstices, the anterio-posteri-
or.axis af the tooth crown being paraliel to the axis of the jaw — this is
the difference from the arctic foxes in which premolars are more pressed—-
agalnst each other, the axis of the tooth crown not colnciding with that >
.of the_jaw._ [coulisse arrangement of teeth) (j. BENES). Dimensions of '
P? are given in stratigraphi¢ order in text-table 5. This tahle is supple-
mented by an instructive diagram in fig. 7. From tlie table and the dia-
gram it may be seen that P, of the common fox Vulpes vulpes of an Early .
Wirmian age (interstadial ,,W;,")} are smaller than those of common -
foxes from the Main Wiirmian. The size maximum falls into the inter-
stadial ,,W,;s“. Recent common foxes are smaller.

Lower molars [dentes molares inferiores). A description of lower
molars from a morphological point of view is given In the extended dia-
gnosis of the species. It should be added that on the first molar of the milk
dentition no protoconulus is developed between the metaconide and ento-
conide so that it approaches the shape of M, in the arctic fox. Some se-
lected data obtained by measuring M, and their stratigraphic comparison
are shown in text-table 6. From the table follows the same as I have said
of P; (compare with text-table 5!). Only the M; of recent foxes are not so
strikingly smaller than the P, of the same species at the sams time span. .
The metrical relations are shown in fig, 8.

Lower jaws. The same features as ascertained in lower teeth I
have also found on mandibles. I measured the height of the lower
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Jaw in front of P,;, between P; and -P‘,‘, below M; and, where it was pos-
sible, also behind M;. It was impossible o measure and investigate the
angular part, because the facial angle has been practically unpreservad

in any case. The measurement of the height of the mandible has ylelded =
very Interesting results. In Vulpes vulpes (see fig. 9} measurement con- -

.firmed the differences between the foxes of the Early Wiirm, which are
smaller, and those of the Main Wiirm which are larger in size. Recent
foxes occupy the whole field randomly. ' '

hreadth, mm

[ ' % 0
L oo
i E o [ ] e)O 2
5 o Esr— s a
3 £
- Oa ey = [ ]
: o I 2
P LY 5 [
O recent < recent
O Wy o oW,
) P Wop *W2 D W+ W,
|‘ * Wip B * Wy,
i i ' [ I . ' L !
%% ' is 20 %G — T E—
tength, mm fength, mm

Fig. 7 Length hreadth ratic of the crown
of Ps of the comon fox (Vulpes

vulpes).

Fig. 8
of M1t ef tha common fox

(Vulpes
vulpes). i

Postcranial skeleton. The postcranial skeleton was represent-
ed in the material investigated by a large number of specimens but these
were fragments only of long bones not determined stratigraphically,

Shoulder blade (scapula). Of shoulder blades mostly only basal
parts, 1. e. the cavitas glenoidalis with part of the column, have been

preserved, often being damaged mechanically. Only two fragments were

available, one from the Pekdrna cave and one from the Srbské jeskyn#
caves. It was not-possible to derive from such a small number of speci-
mens morphological features suitable for determination. :

Arm bone (humerus}. Of arm bones of the common fox several

bleces were represented in the material investigated. They were partly . t
stratigraphically dated, but the specimens were mostly distal heads, for - :
a greater or minor part diaphyses. The metrical data are shown in &

text-table 7. From the small number of dated specimens 1t may be con-
cluded that the transverse breadth of the distal head of the humerus of
Farly Wiirmian foxes is somewhat less than that of foxes stratigraphically
younger, The humeri of the foxes from the Main Wiirm do not differ very
much metrically from those of recent foxes. The metrics of the humerl
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Fig. § Height variations of mandible
of the common fox (Vulpes
vulpes).

#

of the foxes from the Certova dira cave determined as Vulpes vufgaris
fossilis correspond, in general, to the measurements of the humeri of
common foxes from the Main Wiirm. The variation range corresponds on

. the whole to the data given by V. GROMOVA (1950). It is easy fo distin-

guish between the humeri of the common fox Vulpes vulpes and the arc-
tic fox Alopex lagopus on a metirical basis, as the humerus of the arctic
fux is noticeably smaller. The morphological differences are much less
prononuced. It may be pointed out that with the common fox the tuber-
culus maius of the proximal head of the humerus is larger and more mas-
. sive in relation to the surface of the proximal head than with the arctic
'~ fox. It should be noted that all edges of the humerus of the arctic fox
are more sharply developed and more marked than those of the common
fox. Both the above features, however, can be traced only with difficulty.
With regard to the metrical differences, confusion of the humerus of the
common fox with that of the arctic fox is hardly probable.

Spindle bone (radius). The radius of the common fox was re-
presented in the material studied by a major number of fragments (34
specimens) without any stratigraphic assignment. ’

Elbow bone {ulna). The material studied yielded few specimens
only of this bone. Metrical data are given in text-table 8. Some mor-
- phological comparisons are given in the paragraph on the elbow bone of

- the arctic fox. - '
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Text-tahle 7 Metrical data on the arm hone {humerus} of the common fox (in mm)

Total Transverse Transvefse
Locality Age length breadth breadth of
g of diaphyse | distal head
Morava & Recent 135.8 8.8 22.0
Morava ¢ Recent 126.6 8.4 20.8
-Pod hradem W3 — 8.7 “19.4
| 8ipka Wzja — a1 22.4
Srbskeé jeskynd Wa e 8.7 19.4
Pod hradem Wiz - — 18.5
Text-table 8 Metrical da‘*a of the elbow bone falna) of the common fox (in mm}
T -
Locality Age A—A' B—B' | C—C DI E—E | &-¢
Morava J& Recent 134 17.5 10.2 6.0 a7 5.8
- | Ws —_ — — — _— —
Sipka Wa/a 12.2 18.3 9.0 7.4 6.0 5.8
Srbské
jeskynd Wz 12.0 16.5 9.7 6.9 6.0 5.8
&Srbské .
jeskyné Wz 111 16.2 a5 6.2 — 5.4
Bipka Wiz 142 7.3 a.8 7.3 8.8 5.9
Carpal bones (ossa carpi, carpalia, ossa metacarpalia) and

phalanges are omitted in this elabor-
ation as in the material studied they were
represented only to a negligible extent.
For the same reason I was obliged to omit
elaboration of the axial skeleton
(vertebrae and sacrum) “although this
would be a wery attractive subject, this
topic not having been mentioned at all
so far in the literature, '

Pelvic bone. Of pelvic bones frag-
ments only occurred in the material studi-
ed. Some measurable data were sometimes
yielded only by acetabulum; the di-

mensions of other parts of the pelvis could be recognized only
sporadically. No stratigraphically dated material was available.

Thigh bone (femur). Of thigh bones a small number of specimens
was available, again, mostly without stratigraphic assignment. The metri-
cal data fall within the breadth ranges established by V. GROMOVA
(1950). In other respects the material 13 too poor to serve ag a basis for
more important conclusions.
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Shin bone (tibia]. The tibia specimens were very numergus in the
. material studied but complete pieces were rare. Mostly isclated proximal
k. or distal heads were available. The metrical data obtained are given in
k. text-table 9. : :

; Outer postaxial bone of the hind limb (fibula). Some fragments
" of fibula were present in the material studied; these could not be used
| as basis for metrical or morphological elaboration.

idricen

"

Sole bones. Of sole bones the tals and the heel bone (calcaneus)
' yielded metrical data. The results of measurement are shown in texi-
. table 10. They correspond to those given by V. GROMOVA (1950} as well
3 -

“ as to the conclusions drawn from the measuremnents of other parts of the
- gkeleton. The remaining parts of the sole were either lacking in the ma-
terial studied or were represented by one specimen only. '

Texi-table § Metrical data of the shin bone (tibia) of the common fox (in mm])
5 : ‘
i Total B = Do gug gu'g
Locality Age length ggg E’;E . §§ E S‘EE §:ﬁ
ar A ' B 4
5%% | %% | 435 | B§3 | 2%%
Eoe. | B85 | gfE | ¥k | ERG
. <28 | 488 ] £8% | <8397 | med
3
;| Morava & Recent 159.0 - 25.1 26.4 9.6 11.4 18.8
Morava ¢ Recent 151.0 25.5 23.0 8.9 i3 16.0
-
© | Pekdrna Wa — - - — 11.0 15.8
| Sipka Wa/s —_ — — 8.2 11.0 16.5
3 Srhské
jeskynd Wa 141.6 25.8 22.9 9.5 10.2 15.0
Pod hradem Wiz - — — — 111 141
Slpka Wiz [ — — —_ 9.2 11.7 18.4
Sipka Wiz — — —_ 9.0 11.7 187
Text-table 10 Meirical data on the tals and heel bones of common fox [in mm)
Tal Heal bone
Locality Age Total | Transvérss Total | Transverse
length breadth length breadth
Morava & Recent 20.8 10.2 : 34.2 13.0
Morava @ . Recent 20.0 10.0 330 12.5
Sipka Woys 21.4 11.2 — —
Sipka Wasz 22.4 i1.8 - -
Sipka - Wiz — - - — 11.0
| Sipka Wiz — — — 11.4
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avoids flat, plain, heavily forested or swampy regions, preferring woodst
alternating with fields and meadows, river valleys, steppes [or cultura
steppe) and the surroundings of human settlements. In mountains thég
common foX eccurs even above the forest line (in the Caucasus up tog
altitudes of 2700 m — NOVIKOV, 1956).

differ from that of the recent representatives of the species. In the Early
Wirm in a broad sense the common fox lived in areas of mixed fores :
and warm steppe with minor outcrops or trees and bushes. With progrei};’{

sing cooling of the climate during the Main Wiirm the common fox be-¢
came adapted to a cold steppe. However, a speclalization to a pronouncegt
cold climate, such as was attained e. g. by the arctic fox Alopex lagopus}
never developed in the common fox. The extensive quanftitative distribu-t
tion of the common fox, at least in our countries, must always have takeng;_
place during a warm interval (J. BENES]. In the stratigraphically datedt
material studied the common fox from the interstadial »Wy2“ is representd:
ed by 18 specimens, that from the beginning of the Main Wirm (,,W,“} byF
7 specimens, that from the inersadial ,,W;"“ by 11 specimens and that%-_
from the last stadials (,,W;“) by 7 pieces. These numbers are of courset’
distorted by the quantity of the material from different lacalities. Never-
theless, I regard these numbers as fairly instructive {compare with thej
results of the guantitative representation of the arctic fox Alopex lagopusi:
in various time-spans of the Wiirm — J. BENEZ).

Geographic distribution: At the present time common fox;
is very widespread. In the north, the commoen fox occurs even on the 3
coast of the Northern Ice Sea, in minor numbers also on Kolguev Island?
and, though very rarely, also in the southern part of the Novaya Zemlyar
Island. In Siberia, the northern boundary of the common fox’s distribu-
tion practically coincides with the northern forest line. In Western and;
Central Europe, the common fox Vulpes vulpes is a true common animal.}
In the south its occurrence reaches North Africa, Palestine and Arabiai
(NOVIKOV, 1956). k)

Puring the Late Pleistocene, the common fox was in the whole Europei
an animal as common as at the present time. But its occurrence has to be &
ruled out-in glaciated regions perhaps together with the immediate neigh- &
bourhood of such areas [tundra and the periglacial area) which results in k-
considerable distribution variations during individual climatic oscilla- ¢
tions. For the present it remains difficult to determine the boundaries of
the occurrence of the common fox in the Late Pleistocene outside Europe, £
as various problems of stratigraphic correlation of various areas appeary
(especially in Asia) and there is the problem of insufficient finds, parti-?
cularly in North Africa (]. BENES). ) '

Stratigraphic range: Late Pleistocene {?} — Recent.

F

£
F.

Final notes _
1. -The stratigraphic range of the species Vulpes vulpes is not yet clear. ¥

1
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?No evidence of the existence of this species in the Early Pleistocene
‘' has not”so far been furnmished. From the English localities Red crag
-and Forest Bed, remains of fox skulls have been described (NEW-
. TON, 1880, 1894; LYDEKKER, 1884} which 'may have been somewhat
_larger in size than the recent Vulpes vulpes; from the Forest Bed
- locality even a part of humerus is known, However it cannot be
' excluded that a younger material is involved which became as-
" sociated secondarily with the Pleistocene sediments. Most scientists
" (e. g HAUPT, 1935; KRETZOI, 1938; THENIUS, 1954) dao not regard
; the presence of Vulpes vulpes in the Early Pleistocene as real.
" This problem cannot yet be definitively solved, as the characteristic

4
x
!
i
c
A
2
i

- ‘localities of the Early Pleistocene in Central Europe, e. g. Mauer,
. Mosbach and Siissenborn are devoid of foxes. The remains of a fox
. of Early Pleistocene age, derived from the Strdnsk4 skala (Leitener Berg)
. crag near Brno, described by K. SCHIRMEISEN {1927) as Vulpes vulpes
* belong to Vulpes angustidens THENIUS (]. BENES). C :

. The existence of Vulpes vulpes in the Middle Pleistocene is doubtful.
. Only D. JANOSSY (1962) has reported Vulpes cf. vulpes without a detailed
. description and evaluation, from the locality Tarkd in the Biikk Moun-
" tains in Hungary, where the Middle Pleistocene age of the locality (the
" Mindel-Riss) has been proved by the presence of bear, Ursus deningeri,
- and Middle Pleistocene rodents. . :

In the Late Plelstocene, Vulpes vulpes was represented very abundantly.
© K. KOWALSKI (1959) reported the age of the finds to have been proved
- as of Wiirm glacial. R. MUSIL, (1960) has shifted this boundary to the
. Riss-Wiirm (Eemian) interglacial.

- 2. As it follows from the metrical results obtained on the material
* studied the common foxes of Early Wiirm (in a broad sense — inter-
- stadial ,,W;;,“) are smaller in size than those from the Main Wirm. This
. fact strikingly appeared not anly during the measurement of teeth, especi-
- ally lower premolars and molars but also in the-data obtained by measure-
 ments of the postcranial skeleton. However, the latter resuls are not so
pronounced, as parts of the postcranial skeleton were represented by a
' much smaller number of specimens in the material studied, '
~ The increasing size of foxes of the Main Wiirm may be explained partly
-.by the general trend of the development directed to an increase of size,
- partly by Bergmann’s rule on the increase of bodily dimensions during
- passing from a warmer to a cooler climate. A certain influence may
- also be attributed to biological-ecological dependence. The boundary
- between the Early Wiirm in a broad sense and the Main Wiirm {at the
'~ close of the interstadial ,W,,“) also represents an important faunal
* poundary. Natural conditions and the specific and quantitative representa-
~ tions animals change. The changes in the representation of species and
~ the quantitative representation of smaller mammals and birds must have
. necessarilly also become manifest in foxes, in their mode of life and
~ acquisition of food; these changes then also affected the trend of their
general bodily development. It was and could not be the aim of this pa-
per to ascertain to what extent these factors participated in the build of
* the foxes' body at the Early Wiirm {In a broad sense) / Main Wiirm boun-
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dary, as this would require a special investigation of the changes in th&:{- |
composition of small-size vertebrate fauna and of the variations of furth<,
er natural factors, ' £
3. The representatives of the nominate species Vulpes vulpes [LINNE,%C
1785) of the Main Wilrm are metrically similar rather to the recent North-};
-European subspecles Vulpes vulpes vulpes (LINNE, 1785} than to thep
recent Central Furopean subspecies Vulpes pulpes crucigera [BECH-%;Z;‘
STEIN, 1789} which is of smaller size. This may be readily intepreted hyh
the analogy of the natural conditions of present-day Northern Europe and:y
those of Central Europe during the Middle Pleistocene (TOEPFER, 1963).},
But it may also be assumed that the large Wilrmian foxes of Central Europe?,
who to a certain extent became adapted to life in a cold steppe, retreatgad_?]
at the close of the Wiirm, together with other representatives of coolf
fauna, to Northern Europe where they gave rise to the recent subspecies‘§1
Vulpes vulpes vulpes {LINNE) (]J. BENES}. The recent subspecies Vulpes:
vulpes crucigera probably appeared in Central Europe as late as in the;.
Holocene [having migrated from Southern Europe — note by . BENES).¢
According to ]. BOESSNECK (1963], neolithic common foxes are smaller:
and slimmer than those of the Late Pleistocene. This statement also con-:
firms my measurement of Early Holocene common foxes from the Zitné:
ho jeskyn® cave in the Moravian karst, which are strikingly smaller than;
the Wiirmian foxzes [the resuits of this measurement are not included in:
this paper]. _ ' :
4. Late Pleistocene representatives of Vulpes vulpes are usnally de-;
signated — in earlier collections — as a separate subspecies Vulpes vul- -
pes fossilis WOLDRICH, 1878 or even as separate species Vulpes spelaeus,
MAKOWSKY, 1906 and ,Canis Mikii WOLDRICH, 1882". The taxnomic:
assignment is simplest in Vulpes spelaeus MAKOWSKY which is an evi-;
dent synonym of the fossil representatives of Vulpes vulpes (LINNE,:
1758]. o ' i
However the assignment is a more complicated problem in Wold¥ich’s
,species®. J. N. WOLDRICH (1878) considered the trinomic designatlon '
JJVulpes vulgaris fossilis® to be the name of a species and not of a sub-:
species. But he himself is aware that ,,because of insufficient quantity of
fossil material this species cannot be determined in detail®, and — ,for:
the sake of conformity of nomenclature” he sets in apart {WOLDRICH -
ibid.). Several of WoldFich’s contemporaries themselves did not acknow- ;
ledge this WoldFich’s ,species® A. NEHRING (1880] reports a find-of !
fossil foxes from Sudslavice, using WoldFich’s designation, but does not :
give his opinion as to the justified use of the term ,,species” {this author
saw only part of the Sudslavice material which, however, did not include
foxes). F. BAYER (1905) gives Woldfich’s ,species” as a synonym for
,Vulpes vulpes”, and so also does V. TEPPNER (1914). It follows from my
measurements [see the metrical tables in the text) that Woldfich’s
species” ,Vulpes vulgaris fossilis® does not deviate from the breadth
variations range of the species Vulpes vulpes, but it may be identified
as the common fox of the Main Wiirm. J. N. Woldfich evidently discovered
metrical differences, but did not know their stratigraphic dependence
and, at his time, could not know them. He therefore overestimated the’
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tecognized differences, using them as the basis for his determination of
a new species. . .
The case of the ,species” ,Canis Mikii WOLDRICH, 1882" is still more
complicated. ]. N. WoldFich has identified this ,species” on the material
~ from the Certova dira cave as a species (or rather subspeciesj of dog
- Canis familiaris Mikii, pointing out that the ,designation »jamiliaris«
" indiluvial dogs is ungrounded while in the domesticated prehistoric dog
it is justified” (WOLDRICH, 1882b). This new ,species” of his is regarded
" by him as an ancestor of Canis palustris RUTIMEYER. The donator of the
specific name was Wold¥ich’s friend, entomologist Prof. [. Mik, so that
the name of species should be in the present-day transcription ,,Canis
miki“. J. N. WoldFich has determined the new species on the basis of a
fragment of the uper jaw with P’ M! and M? (in the material studied
this fragment was designated by number 470/8). The jaw belongs to an
old individual; the crowns were abraded by mastication almost to their
1oots, so that the structure of the crown and the distribution of cusps is
discernible with difficulty only. Together with this maxilla, J. N. Woldfich
also reports a fragment of the left lower jaw with M, and M. (No 470/6)
as a type material, and he himself admits that the dimensions of this
jaw ,approach the size of a very old fox Vulpes vulgaris GRAY" (WOLD-
RICH 1882b). Already J. Ma¥ka who to a certain extent acknowledged
this Wold¥ich ,,specles®, left with Woldfich’s type material a label with
the inscription: ,,WoldFich’s famous Canis Mikii, but in my opinion a
large fox only [underlined by K. J. Ma¥ka himself) Vulpes vulgaris — 5.
8. 1887 Ma&ka“. On the basis of my measurement and study of the mor-
phology of Woldfich’s type material I drew the same conclusion as K. J.
Ma%ka did; I regard WoldFich’s ,,species” as a more robust individual,
probably a male of the common fox of the Main Wirm. The name »oanis
Mikii* itself should be regarded as an invalid synonym of Vulpes vulpes
(LINNE, 1758). :

Genus Alopex KAUP 1829

1828 Alopex KAUP, Skizz. Entwicklungsgesch. i. nat. Syst. europ. Thierwelt, I p. 38
1869 Leucocyon GRAY, Proc. Zool. Soc. London, p. 521

1912 Alopex MILLER, Cat. Mammals of west. Europe, p. 352.

1931 Alopex OGNEV, Zveri vost. Evropy i sev. Azii, II, p. 238,

1958 Alopex NOVIKOV, Chi%éiaye mlek. fauny, p. 73.

_ Diagnosis (G. A. NOVIKOV, 1956}: Stouter than Vulpes, legs shorter,
- muzzle shorter .and blunter. Skull strikingly less constricted behind the
orbits. Other features congruent with those of the type species,

3.1.4.2
_Dental _formula. 31.4.3 - 42

Type species: Alopex lagopus (LINNE, 1758)

Stratigraphic range: Late Pleistocene to Recent

Geographic distribution: The recent representatives of the genus live in
northernmost Europe, North Asia, Canada and Greenland. The geographic
distribution of the fossil representatives was considerably wider; it will
be dealt with in greater detail in the description of the species Alopex
lagopus.
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Alopex lagopus (LINNE, 1858) — arctic fox
{figs. 10—13 and 20—22; pl. I, fig. 2; pl. 11, fig. 2}

1758 Canis lagopus LINNAEUS, Syst. nat., ed, X, p. 4 :
1811 Canis lagopus PALLAS, Zoograph. Rosso-Asiat., [, p. 51—57. i
. 1816 Vulpes arctica OKEN, Lehrb. d. Naturgesch., 1II, 2, P, 1033. &
1834 Vulpes minor SCHMERLING, Rech. ossem. de Lidge, T. VIL f. 7; T VI £ 11§
1888 Leucocyon lagopus GRAY, Proc. Zoolog. Soc., London, p. 521. . ¥
1875 Vulpes minor BOURGUIGNAT, Rech. sur les ossem. de Canidae.
1878 Vulpes minor WOLDRICH, Denkschr.Ak. Wiss., 39, Bd, p. 144. 5
1878 Vulpes meridionalis WOLDRICH (nec NORDMANN, 1858), Denkschr. Ak Wiss,, .,
39 Bd, p. 143 r
1878 Leucocyon lagopus fossills WOLDRICH, Denksch. Ak, Wiss., 39 Bd., p. 144. .
1912 Alopex lagopus MILLER, Cat. Mamm. of west. Eur., p. 316—324.
1951 Alopex lagopus ELLERMAN et MORRISON-SCOTT, Checklist of Palaearctic and:
Indian Mamm., p. 222—223. ’
1856 Alopex lagopus NOVIKOV, Chi¥Enye mlek. fauny, p. 74. ¥
1975 Alopex lagopus HANAK et HERAN, Lynx IV, p. 45, _
Holotype: Not determined. The species has been described according to.
the species from Lapland. :
Stratum typicum: Holocene {Recent, 18th century)

Locus typicus: Not determined.

oy ey

. Ditagnosis of speclies {NOVIKOV 1956): Medium size, body:
less elongated and lower than that of Vulpes vulpes. Skull massive, less!
elongated and less flat than in Vulpes vulpes. Braincase distinctly pro-;
jects above the facial part, being usually longer than the face. Crista’

sagittalis and crista occipitalis are weakly developed. Outer cristae fron--

tales externae extend from processi zygomatici of frontal bones at an, .
acute angle, bounding a long and narrow triangular platform (see fig.s.
10). Canine teeth relatively slender and short; jaw being closed, the ends;
of lower canines insensibly overlap the margin of alveoles of upper cani-¥
nes, and the ends of upper canines are far from reach the lower margin of%.
the lower jaw (fig. 11).

Extended diagnosis f[according to further authors): Hypoconer
of M’ slender, often lacking throughout [J. BENES). Talon of M! substan. "
tially shorter and more slender than that of Vulpes vulpes (J. N. WOLD-;
RICH 1880a, b]. Tooth crown strongly narrowing at an acute angle oni
lingual side — see fig.12. M? similar in structure to M, hypocone practi-§
cally always reduced (]. BENES). Secondary cusp on lingual side of M, b
between metaconide and entoconide (fig. 13) occurs very rarely only;
Woldrich, 1880a, b — adapted by J. BENES). The outer and inner cusps:
of M, are arranged in one row, the crown is longltudinal in its ground*
plan, being more slender than in Vulpes vulpes (HAGMANN 1889 — adapt-;.
ed by ]. BENES). Postcranial skeleton distingunishable metrically only ,;
from postcranial skeleton of the common fox [(Vulpes vulpes) only on?
the basis of measuring {GROMOVA, 1950). :

Material studied. Of the bones of fossil arctic foxes the follow- ;
ing were available: 23 maxillae — mostly fragments of different preser- i
vation grades, with or without teeth, 75 mandibles of the same character, ;.
35 isolated upper teeth and 62 isolated lower teeth, mostly ecanines, 14%.
fragments of shoulder blades, 49 arm bones, 29 spindie bones; 12 elbow

PRI
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Fig. 10 Skull of the arctic fox {Alopex legopus).
[According to G. A. NOVIKQV, 1956 — adapted)
1 = norma verticalis; cristae frontales externae;
2 = norma lateralis; . crista saglttalis; .

crista occipitalis.

o;mm
nna

Fig. 11 Canine teeth of the arctic fox (Alopex lagopus) In an-
lerior view [norma oralis].
(According to G. A, NOVIKOV, 1958).
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pa. ‘me Fig. 12 Scheme of the siructure of upper teeth

t : (P4—M2} of the arctic fox (Alopex Iago-
pis). — (Orig.) |
pa = paracone; pro = protoeone;
me = metacgone; t = talon.

Pad. prod. hyd. prod; hyd.prod: hyd. Fig. 13 Scheme of ihe structure of

lower teeth [M;—M;) of the:
arctic fox [Alopex lagopus).

P My

N (Orig)
@ pad = paraconide;
Ma prod = protoconide;
R : 3 ) hyd = hypoconide;
; med = metaconide;
med-- end- mad’ end” C end =

entoconide. E

bones, 16 fragments of pelvis, 10 thigh bones, 109 shin bones,' 6 tals and ¢

20 heel bones.

The material derives from earlier collections made by M, 'Kfii, J. Knies, ;ﬁ
. N. Woldfich, K. ]. Maska, K. Absolon (det. J. N. Wold¥ich, K. J. Maska ;

and A. Stehlik) and from the recent ones made by ]J. Klima, K. Valoch &

and R. Musil (det, R. Musil). In the earlier collections arctic foxes were

designated ,,Canis lagopus* {KFiZz's and Knies's collections) or Leucocyon §
lagopus fossilis, Vulpes meridionalis, Vulpes moravica, Vulpes minor and &
Vulpes minor (WoldFich’s and Maska’s collections), in the recent collec- ¥
tions they were mostly labelled Alopex lagopus. For more detailed data E
on these collections see the chapter ,,Review of localities®. For compa- §:
rison, I used the skulls and skeletons of arctic foxes from Tromss, from ¥
the comparative collection of the Department of Palaentology of the !
Moravian Museum, Brno (3 complete skulls, 1 shoulder blade, 3 arm i
bones, 3 spindle bones, 1 elbow bone, 1 complete pelvis, 3 thigh bones, i

3 shin bones, 1 tals (talus bone) and 1 heel bone]},

Description of the material studied

Skull The skull is a frequent object of osteological investigation
and measurement. Unfortunately, among all specimens only one almost

complete skull of arctic fox was available. In other cases the remains 3

‘were fragments only, of various degrees of preservation. The sole part of
the skull suitable for study is the breadth of hard plate between P and
M'. According to ]. N. Woldfich, the breadth of the palate represents a
distinctive feature for Vulpes meridionalis {sensu WoldFich nec Nord-
mann — note by J. BENES); in the latter species it exceeds the corres-

ponding dimension in Vulpes vulpes [Wold¥ich 1878). I measured the %

i
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- breadth of palate of eight arctic Alopex lagopus, WoldFich's originals
- Leucocyon lagopus fossilis, Vulpes moravica and Vuipes meridionalis
from Sudslavice and — for comparison — the palate breadth of eight
common foxes Vulpes vulpes and one Alopex corsac. The results are given
in text-table 11. {The vaules indicated by a cross were obtained by mea-
~suring only one half the palate.} From these results it follows that the
. palate breadth of Woldfich’s species ,Vulpes moraviea” moderately ex-
" ceeds that of the recent and fossil arctic foxes Alopex lagopus but does
. pot attain the breadth of the palate in recent and fossil common foxes
* Vulpes vuipes, although — according to J. N. WoldFich — it should ex-
ceed the palate breadth of common fox. As the maxilla is broken imme-
diately behind M? the fragment optically suggesis a massive character
. and considerable breadth; this may have led J. N. Woldrich to his diagno-
" sis of this species. _

Upper teeth. Asmal number only of stratigraphically dated upper
teeth were available.

Text-table 11 :
Comparison between palate breadths of various species of fossi! and recent !mms‘!L

. _ Breadth of paiate
Spacies Locality Age n mm _
Vulpes vulpes & Morava Recent 38.0
Vulpes vulpes @ Morava Recent ’ 38.0
Vulpes vulpes & B. Bystrica Recent 351 .
Vulpes pulpes Pekdrna W ' 35.8
Vulpes vilpes Pod hradem Wi . 36.0*
Vulpes vuipes Pekdrna : " Not
determined 28.2*
Vulpes vulgarﬁs Certova dira Not .
fossilis determined 280"
. .
Alopex lugopus Tromsd . Recent 3240
Alopex lagopus N. dratenicka Wa 25.8 *
Alopex Ingopus Sloupské jeskyné Not . )
: determined 324+
Alopex lagopus Sloupské jeskyn& Not~
determined ’ 258°*
Alopex lagopus Pekidrna Not
determined 30.0*
Rheucocyon lagopts Not
fossilis™ Sudslavice determined 325 »
JVulpes moravica” Sudslavice Not
determined 32.8
Vulpes meridionalis”® Sudslavice Not
determined 325
Alopex corsac Not given ' _ Recent 295

* Measured on one half of the palata
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Upper incisors [dentes inclsivi superiores). The upper incisors
were mostly lacking. According to V. GROMOVA (GROMOVA, DUBROVO,
JANOVSKATA, 1962) the posterior talons of the incisors of the arctic fox
are more massive than those. of the common fox. I agree with this state-
ment. The metrical data cannot be evaluated because of the small nhumber
of specimens investigated.

Upper canine teeth {(dentes canini superlores]). The upper

canines differ morphologically from the lower ones by a bend in an an- ;
terio-posterior direction, being more slender than the lowsr canines. The &

T R g o

™

height of the upper canines in relation to that of the jaws is usually given
as a diagnostic and distinctive feature (see the diagnosis of Alopex lago- -
pus and Vulpes vulpes}. In the fossil material upper canines occurred

mostly as isolated pieces, so that their value as a diagnostic feature
strongly diminished. This disadvantage is further increased by the fact

- that a number of canines have the cusp of the crown either mechanically |
damaged, or, in older specimens, strongly abraded, so that the real height
nf the crown sometimes has to be reconstructed, naturally without ex- |

pecting accuracy. The results of measurements are given in text-table 12
Upper premolars (dentes praemolares superiores). The morpho-

logical structure of the upper premolars of this species do not deviate |

from the normal shape range of the teeth of canids. In isolated teeth,
P? and P’ may be confused. P? usually has a longer talon with a sign of

an additional cusp which may be absent or disappear due to strong ab- .

rasion. P* is narrower and sharper than that of Vulpes vulpes, the proto-
cone excrescence on the iingual side of the crown is slimmer not project-

ing so strongly from the anterior margin of the tooth than in Vulpes vul- :

pes. The metrical data obtained@ on P* are summarized in text-table 13,
1 give a survey of the measurements of the dated material and of Woldfich’s
species , Leucocyon lagopus fossilis”, ,Vulpes moravica® and ,Vulpes
meridionalis®. The small number of stratigraphically dated specimens
renders difficult the establishment of metrical differences in finds of dif-

ferent geological ages. But the table shows that WoldPich’s species do .

not deviate markedly from the variation range of Alopex lagopus.

Upper molars [(dentes molares superiores). The morphology of
upper molars has been given in the extended diagnosis of the species. A
survey of the geologically dated material and the emasurements of Wold-
Fich’s ,species” are shown in text-table 14, Neither premolars nor molars
give an instructive conclusion,

Lower teeth. In the material studied, lower teeth were more nu-'

merous than upper teeth. :

Lower incisors (dentes incisivi inferiores). Like the upper in-
cisors, the lower ones were mostly absent, so that they could not be
evaluated metrically. From a morphological point of view, both lower
and upper inclsors equally can be evaluated. _

Lower canine teeth {(dentes canini inferiores). Morphological-
ly, the lower canines give on the whole a similar picture as the upper
ones. Compared with the upper canines, the lower canine teeth are bent
not only anterio-posteriorly but also bucally. In younger specimens the
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- base of the crown is short in the anterio-posterior dtrection in the older

- pnes it becomes progressively longer, giving rise to a kind of talon on its

posterior part. That teeth of old individuals are really involved, is evi-
denced by the fact that the canine teeth of a great anterio-posterior

- length have abraded cusps throughout. The metrical data on the lower
' canine teeth of arctic foxes obtained on a recent and a fossil material
' are summarized in text-table 15. It shows a survey of the measure-
L -ments in stratigraphic order and a review of the metrical values of Wold-
- ¥ich’s species. Stratigraphic conclusions could not be drawn, as the num-
. ber of measurements on the specimens dated in greater detatl was relati-
. vely too small. Interesting is the comparison of the metrical data on

- Woldfich’s species ,,Leueocyon lagopus fossilis“, ,,Vulpes meridionalis®

and ,Vulpes minor® with those obtained on the other material — it be-
comes clear that the data obtained on Woldiich’s species not only do not

. deviate from the wvariation ranges of Alopex Iagopus but even do not

markedly differ from each other.

Lower premolars (dentes praesmolares inferiores). Already J. N.
WoldFich tried to elaborate their morphology; he tried to discover on
them some distinctive features between Vuipes vuipes and Alopex lago-
pus. This author indicates as i\mportant features

1. the main cusp P; which in Alopex lagopus stands directly in the

. -centre of the crown; on the crown’s anterlor margin a further faint cusp
. is visihle;

2. both secondary cusps of the posterior margin of P, are very inex-
pressive in Vulpes vulpes, while in Alopex lagopus they are more pro-

" nounced (cited almost literally according to J. N. WOLDRICH 1880).

Already G. HAGMANN (1899] regarded WoldFfich's distinguishing fea-

-tures as doubtful; I myself can state from my own experience that these

features are quite unusable. When premolars have been preserved in
the jaw, the shape of P; may serve as a fairly reliable distinctive feature,
as in Alopex lagopus an additional cusp is developed on P; so that the
shape of P; resembles that of P, while in the common fox Vuipes vuipes

. 4 second minor cusp is developed behind the chief cusp, so that its
_ shape approaches that of the 4th premolar. In the arctic fox, P, is relati-

; vely shorter than that of the common fox so that both cusps as well as

premolars relatively tightly follow each other ', only with ¢ small mterstmes
between them or without gaps at all; often there is a sign of a coulisse

.. arrangement of teeth (thHe axis of the footh cown is not parallel with

that of the jaw = in contrast to_the premolars of the common fox which

are_alignad ..relatively loosely, the axis of their crown always being
parallel with that of the jaw].

Metrically, the Tower teeth of the arctic fox differ from those of the
common fox only in individwals of the same geological age; in such a
case the differences in size are quite pronounced, but in general the
teeth sizes of both species fairly approach each other. In studying the

- differences in size within Alopex lagopus, the difference between arctic
* foxes of the Farly Wiirm (interstadial ,,W,;"] and of the Main Witirm

is very distinct (see text-tables 16 and 17). The lower teeth of Eariy
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‘Wiirmian arctic foxes are clearly smaller although the calculated mean
walues somewhat distort the results (the number of specimens from
b which these have been calculated varies between 1 to 12 specimens]).
L] regard the graphs shown in figs 14 and 15 as much more instructive
'and directive,

K r
0 ¢ o
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;.- Fig. 14 Length/breadth ratio of the T T
3 " crown of P4 of the arctic fox 5 - - + + N
{Alopex lagopus). 1 + +_+
- /.F? ¢
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Fig. 16 Lenglh/hreadth ratio of the crown
f- Fig. 18 Length/breadth ratio of the of M1 in stratigraphically undated
- crown of Mi of the arctic fox arctic foxes from the Pekdrna
(Alopex lagopus). Cavc.

E B

E A division of the ,,spectrum” of data analogous to that of geologically
E'dated finds may also be observed in the undated finds of foxes without

¥ geological dating (fig. 16). Naturally, the result is hypothetical and may

& be misleading (the influence of sexual dimorphism cannot be ruled out},
F but it is not excluded that in this material, from the Pekdrna cave, de-

B void of detailed dating, individuals of different geological ages occur
 (i.e. from the Early and Late Wirm). '
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I tried to compare the results obtained from the dated material with
those obtaired by measuring Woldfich’s species Leucocyon lagopus fos-
silis, ,Vulpes meridionalis® and ,Vulpes minor®. In general it may be
stated that the metrical values of Leucocyon lagopus fossilis corres-
pond to those of the arctic foxes Alopex ldgopus from the younger
Wirmian stadials ,,W;" and W3, while those of Vulpes meridionalis
correspond to those of arctic foxes Alopex lagopus from the interstadial
W 2. These conculsions also clearly follow from text-table 16 and 17,
and still more instructively from the comparison of the graph in fig. 17
with that in fig. 15. The stratigraphic position of Vulpes minor cannot
he so equlvocally defined as that of the two above-mentioned species.

51— L.iag. foss.(W3?)

= e +
el . e

Fig. 17 Length/breadth ratio of the crown
of My of the arctic foxes from Sud- .

¥. &id. (w-‘,z ?} slavice.

bresdth, mm

Lo

10 15
lergth, mm

_The P, and M; of recent arctic foxes are larger than the teeth of the
‘game kind in Wiirmian foxes. This statement has been confirmed by the
well-known progressive and permanent increase of the dimensions of
arctic foxes, which is usually explained by Bergmann’s rule of the in-
creasing bodily size due to transition from a warm fo a cold climate.

in investigating mandibles I have obtained results analogous to those
tound on lower teeth. Analogously as in common foxes, 1 measured the
height of the mandibie in lront of Py, between P, and P, and below M;.
The results obtained were still more marked than those in common.
foxes as shown on the diagram in fig.18. Although in the diagram the
positions of various individuals of the same geological age are consider-
ably heterogeneous, & certain accumulation of the Farly Wiirmian arctic
foxes may be observed in the lower part of the field of the graph, while
the foxes of the Main Wiirm are distributed randomly over the whole
field, predominating in its upper part. The recent foxes oCCupy roughly
the centre of the graph. In general, in the Main Wirm a strengthening
of mandibles can be ohserved in arctic foxes, which may even exceed
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that of recent foxes. This increasing size of mandibles may be ex-
plained by the general trend to increasing size of arctic foxes during
the Early wiirm. But these dimensional differences may also be inter-
preted ecologically. There are relatively great differences between the
fauna of the Farly Wiirm and that of the Main Wiirm (see above the
Introduction). Changes take place In the composition of species of the
mammal macro- and microfauna, and changes have also been recog-
nized in the species composition of the gastropod fauna. These changes
must necessarily have also appeared in the diet of foxes, and it is pos-
sible that the change in the specific composition of the prey caused
strengthening of the biting apparatus.

From the Certova dira cave several mandibles of foxes [from Maska’s
collection) were available for my investigation. However, they were not
stratigraphically dated, and were designated by WoldFich’s names of
species. When I had plotted the height of the mandibles up to their ex-
treme limits taken from the graph shown in fig. 18, I cbtained a very
interesting graph presented in fig. 19. The accumulation of the values
for Vulpes meridionalis in the lower part of the field and those for Leu-
cocyon lagopus fossilis in its upper part is striking. Thus here too what
I have stated in the conclusion of my descriptlon of the lower teeth
holds the same. The values of Vulpes mbinor agree in this case with
the range of data of Leucocyon lagopus fossilis,

Postcranial skeleton. In the materlal studied, the post-
cranial skeleton was represented by a large number of specimens, but
most of the fragments were not stratigraphically assigned.

Shoulder blade (scapula), Of shoulder blades, mostly parts
from the nearest vicinity of the cavitas glenoidalis have been preserved,
which, in addition, were mechanically damaged. I had at my disposal &

_fragments from the Certova dira cave, 5 from the Pekédrna cave, and 1
from the Sipka cave — all without stratigraphic dating. As with the
common fox, it was not possible to read from these fragments charac-
teristic morphological features. '

Arm bone [(humerus). Of arm bones of arctic foxes 49 specimens
were available, of which only two are stratigraphically dated. Summariz-
ing, it may be stated that all dimensions of Wiirmian arctic foxes are
relatively smaller than those of the recent ones (see text-table 18}. I do
not present graphs for this bone, as a poor result only could be obtained
from an undated materlal. Wold¥ich's ,Leucocyon lagopus fosstlis™
from Sudslavice does not deviate from the dimensiong variation range
of arctic foxes. The size ranges of both foxes do not coincide and the
latter is only shifted to the upper limit of the values, of recent arctic
toxes, and thus confirming the conclusions drawn in the study of teeth.
The fragment of a humerus from the Vypustek cave, determined as
belonging to Vulpes meridionalis, approaches by its dimensions the arm
hone of a corsac from the By¢i skala cave. :

The differentiation between a humerus of the artic fox and that of the
common fox is relatively easy on the basis of metrical data, as the
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humerus of arctic fox is evidently smaller. The dinstancion of both
humeri on a morphological basis has been mentioned in the chapter on
the arm bone of the common fox.

Text-tabhle 18 .
Metrical data on the arm bone {humerus) of ithe arctic fox (in mm}

i1
Bt -
B g T
. Total D o D e A D Qo
Locality Age 2,6~ £ O Lo £og
length | Seg Ty gag ¢a2
BT EEH ERE ERE
= &8 E®a Red Eom
< o8 | =1 Hoo @' fR ]
Tromsd Recent 114.5 223 16.0 6.6 17.8
Tromss Recent 107.4 20.6 14.8 6.6 17.2
Tromsd Recent 106.0 19.3 13.6 6.6 18.2
Pekérna W3 — o= — 6.8 17.2
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Fig. 20 Comparison hetween the prox-
imal heads of humerns in the
arctic- fox and the hare. —
[0r1g}

= tuberculus maius;

C = joint surface of proximal

head;

S == groove separating the joint

surface from tuberculus
maius.

¢’
" Alopex lagopus Lepus suropaeus

Very frequent and probable confusion is possible in isolated proximal
heads of the humeri of the common fox and the hare. Although the dis-
tal heads of these bones are morphologically and metricaly so different
that no confusion is posible, the proximal heads are metrically nearly
equal. For a morphological differentiation a shallow groove in the hare
humerns running between tuberculum maius of the proximal head and
the surface proper of the joint is a reliable distinguishing feature. Neither
in the arctic fox nor in the common fox is this groove developed (see
fig. 20). On the material studied I could check the reliability of this
feature which helped me to exclude the proximal heads of hare humem
erroneously atiributed to arctic fox.

Spindle bone (radius]). Compared with the spindle bone of the
common fox, the radius of the arctic fox is generally smaller. I give the
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results of the measurements in text-table 19: they agree with the
data given by V. GROMOVA (1950). The material dated stratigraphically
in greater detail was scanty, and from the individual data no general con-
clusions can be drawn.

Taxt-table 19 .
Metrical data oo the spindle bone (radius]) of the arctie fox (in mm}

et
g £ o
o <1 =
Tota'l - B4 T, o, T
Locality Age £0 2,6 = £GCg £og
length o e Sad Sog ol
53 E =Ep: 5% G4
2o & W -1 =
S5 =28 52E G
== < B g, a9 =40
Tromsd Recent .108.6 10.7 6.7 7.0 143
Tromst . Recent 161.2 9.9 8.0 6.4 13.4
Tromsd Recent 98.1 9.7 5.7 6.8 ) 12.7
Pod hradem Wi — 9.8 6.0 — —_
Sipka Wasa — — — 8.6 12.0
Pod hradem Wijz — 10.2 6.9 7.0

Elbow bone (ulna). The elbow bone avallable has vielded very -
few metrical data: stratigraphic assignment of the material studied was
lacking throughout. According to V. GROMOVA (1950) the elbow hone
of the arctic fox can be morphologically distinguished from that of the
common fox on the basis of the following criteria: '

1. The central part of the diaphysis is mostly strongly flattened, so that
the largest (i.e. the anterlo-posterior — note by ]. BENES) diameter ra-
rely attains less than 140 % of the section perpendicular to it i.e. trans-
verse section — note by J. BENES].

2. The posterior part of the processus olecrani is raised only slightly;
in the common fox the dorsal polnts are highly raised, to the same levels
as that or the olecranon itself, and between the posterior points and the
olecranon there 1s a saddle-like depression. I do not regard the above-
mentioned feature as very useful because the processus olecrani is very
often mechanically damaged; but I consider the metrical differences to
be much more indicative. ' _.

The elbow bone of the arctic fox may sometimes be confused with that
of the hare, especially if the fossil material is fragmentary. Both these
bones may be relatively easlly distinguished according to the configura-
tion of the volar surface; the incisura radialls of the arctic fox projects
into a distinct process which is missing on the elbow bone of the hare.
The volar surface below the incisura radialis is smooth in the artic fox,
while in the hare it shows edges (connection with spindle bone — see
fig. 21]. :
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Fig. 23 Comparison between the elbow
bones in the common lox (Vul-
pas vulpes), the arctic fox {Alo-
pex lagopus) and the hare (Lepus
europaeus). — (Orig.}

(0 == processus olecrami;

0’ = dorsal points;

0" = olecranon;

IR = incisura radialls of the

bone. -

Carpal bones (ossa carpi, carpalia), metacarpal bones
{ossa metacarpalia) and phalanges. I was obliged to omit all these
bones as well as the whole axlal skeleton in my elaboration for the same
reason as in the case of common fox, because in the material at my dis-
posal, these parts of the skeleton were represented by such an insignifi-
cant number of specimens or were absent throughout that it was not pos-
sible to draw any conclusions.

Pelvic bones. In the material studied only fragments of pelvic
bones were present. Just as in the common fox, in the pelvises mostly
only acetabula could be measured. No stratigraphically dated material
was available. .

Thigh bone (femur). Only some stratigraphically undated frag-
ments of thigh honeés of the arctic fox were at my disposal. Compared
with V. GROMOVA’S {1950) data, in my measurements a certain dtffer-
ence occurred — on the recent and fossil materials higher values than
those given by V. Gromova were obtained. The resulting data are, how-
ever, insufficient for any kind of conclusion. o .

Shin bone (tibia). In the material studied, shin bonas were very
numerous {109 specimens) but' fragmentary; complete specimens were
rare. Except for two specimens, this material was. devoid of detailed
stratigraphic data. The metrical data obtained are given in text-table 20.
Isolated proximal heads of shin bone of the arctic fox may often big.and
are confused with those of the hare; so much more that the sizes of both.
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Text-table 20
Metrical data om the shin bone {tihia) of the arctic fox (in mm])

= o
g o g
5 %) . 8 g
7] ) Q D oy T w,, o
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R g¢s soe | SR2 el
L == H.o =ad < o Haw
Tromsd Recent | 1345 929 | 210 7.0 8.0 14.9
Tromsl Recent 124.0 21.2 19.8 7.0 8.8 i3.4
Tromsd "Recent 122.0 20.0 18.8 7.0 9.3 13.4
S — S I — -
Pakarna Wi _— _ — 7.8 11.0 1449
Pekéarna W3 — — — 7.5 10.7 14.6

heads are mostly equal. For discerning them the following characteristics
can be given as reliable distinctive features:

1. the ratio of the anterio-posterior breadth to the transverse breadth
of the proximal head of the shin bone of the hare is roughly 1:1, while
in the arctic fox the anterio-posterior preadth distinctly gxceeds the trans-
verse breadth;

2. the plantar surface below the
proximal head of the arctic fox is smooth, -
while in hare it shows edges [(see fig. 22).

Fig. 22 GComparison hetweeri ihe plantar -gurfaces
of the shin bone in the arctic fox (a) and
the hare (h). (Foto J. Chlumsk¥.]
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Outer postaxial bone (fibula]. Only fragments of fibula occurred in the
material studied, These could not he elaborated either morphologically or
metrically.

Sole bones. Some usable metrical data were ylelded only by the
tals (talus bone) and the heel bone {calcaneus}. The results essentially
correspond to the dimensions reported by V. GROMOVA [1950). The
other sole bones occurred only sporadically if at all in the material
studied.

Ecology

Bioto p e. The recent arctic fox is a characteristic representatwe of
tundra fauna. It penetrates farther into the forest zone only during bad
winter weather, However, its specialization to an extremely cold climate
appeared as late as in the Middle Wiirm or possibly evewn later. This may
be concluded from the fact that the Early Wiirmian foxes still occur
among the cold steppe fauna together with the common fox Vuipes vul-
pes. A, LIEBUS [1933) was not vet able to explain this phenomenon; he
thought that mixed fox materials of different ages or of cross-breeds
between hoth these species are involved. During the Main Wirm, the arc-
tic fox appears as a typlcal element of the fauna of stadials [, Rangifer-
L.emming-Alopex-Fauna“ according to H. W. MATTHES 1962}).

It seems that with advancing adaptation to cold climate the quantita-

tive representation of arctic foxes increased among the Wiirmian mam-
mal fauna. In the stratigraphically dated material studied, the arctic fox
from the interstadial ,W;»" is represented by 21 specimens, that from
the beginning of the Main Wiirm (,,W*") by 3 specimens, that from the
interstadial ,W;;;“ by 7 specimens and that from the last stadials {,,W;*)
hy 30 specimens. The numbers are naturally distored by the numbers of
specimens from individual localities; this distortion is especially clearly,
seen on the material from the interstadial ,,W;,“ where a large collec-
tion of bones from the ,,Pod hradem” cave renders the number of speci-
mens disproportionally large in relation to those from other localities:
In contrast it may be stated that R. MUSIL [1955) has established that
among the specimens from the Pavlov locality (,,W,“]) arctic foxes re-
present 21%of the entire osteclogical material (common fox about 12% ],
while in the Dolnl Véstonice (,,W,;"} material the bones of both these
fox species together make up about 17—23 % only of the osteological
material. Among the fossil bones from the Early Wilrmian localities, those
of arctic foxes represent a still smaller proportion {J. BENES],

Geographic distribution. At the present time, the arctic
fox is spread in the tundra and tundra-forest zones in the northernmost
parts of Europe. However, during the Late Pleistocene the arctic fox was
also widespread in Central Europe, occurring in the west as far as to the
Pyrenees and the Cdte d’Azur and in the east to the Crimea and the
southern boundary of Siberia (BOULE 1919; BOULE, VILLENEUVE 1927,
STEHLIN, DUBOIS 1933) — see fig. 23. During the Late Wiirm and Early
Holocene the arctic fox retreated to the north, following glaciers {or, more
precisely, periglacial areas); it seems that this retreat has been continu-
ing until today. A. NEHRING [1890) reports 60° of northern latitude and
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A. G. NOVIKOV (1956) 68° of northern latitude to be southern boundary
of the occurrence of arctic foxes.

Stratigraphic range: Late Fleistocene (Wirm?) to Recent.

72 -
7 ¢ ,.,

%

an

SR

Fig. 23 Geographic distri-
buticn of the arc-
tic fox [Alopex la-
gopus) in the Ple-
istocena {2] and
at the present time
{1). (Orig.)

Final notes

1. It is not yet clear where the lower boundary of the stratigraphic
distribution of arctic foxes should be placed. Just as with the common
fox (Vulpes vulpes), thils is due to the so far insufficient knowledge of
the development of foxes during Middle Pleistocene. Most authors report
foxes from the Wiirm glacial onward only. ]. VANURA (1942, 1543) has
described finds of endocrania of arctic foxes from the travertines of the
Eemian interglacial in Tu#in near PFerov. K. KOWALSKI [1959) records
the finds of arctic foxes from the cave sediments near Ojcéw in Poland,
assigned to the Riss stage; the determination of the age is, however, un-
certain. : S .

2. The Early Wiirmian arctic foxes are smaller than those of the Main
Wiirm. In addition to the general trend of development toward increasing
bodily size, the progressing adaptation af arctic foxes to a cold climate
also played a role here, this itself also contributing — according to Berg-
mann’s rule — to the increase of bodily size. This tendency for growth
to a larger size evidently advanced gradually during the whole Wiirm
stadial up to. the Holocene. For this reason recent arctic foxes [Alopey_c
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lagopus), contrary to the common fox (Vulpes vulpes), are larger in size
than Wilrmian arctic foxes. .

3. I tried to confront the results obtained by the study of stratigraphi-
cally dated bones of arctic foxes Alopex lagopus with the data ohtalned
on the material determined as WoldFich’s ,,species” Leucocyon lagopus
fossilis, Vulpes meridionalis, Vulpes moravica and Vulpes minor. There
has been a great vagueness and confusion about these species; I think
that J. N, Wold#¥ich and his contemporaries were uncertain about them.

Breadth of palate has been suggested by ]. N. WOLDRICH (1878} as a
~ diagnostic feature of the ,species” Vulpes moravica. Already J. KAFKA
(1900) doubted the existence of ,,Vulpes moravica” as a separate species.
H. C. Stehlin (STEHLIN, DUBQOIS 1933) compared it with the arctic fox.
According to S. I. OGNEV (1931), the breadth of a fok palate varies with
the age and sex of the individual, being larger in the male than in the
female. As I have shown in text-table 11, the breadth of palate of Wold-
¥ich’s ,Vulpes moravica” from Sudslavice is only 0,3 mm (!} greater than
that of ,,Leucocyon lagopus fossilis* from the same locality; for this rea-
son 1 do not regard the distinctive feature by Woldfich as sufficient for
the creation of a separate species. As the further morphological and
metrical features of the species ,,Vulpes moravica® do not deviate from
the characteristics of the arctic fox Alopex lagopus, 1 agree with Stehlin’s
opinion, and conslder the remain of Woldfich’s ,,Vulpes moravica” to be
a skull fragment of a robust individual (perhaps male) of the arctic fox
Alopex lagopus. .

The species ,,Leucocyon lagopus fossilis“ has been determined by J. N.
WOLDRICH (1878) on the basis of the dimensions of canine teeth. He
writes: ,,The canines are too massive for Vulpes meridionalis (sensu
WOLDRICH nec NORDMANN — note by J. BENES) and Vulpes moravica
but more slender than those of Leucocyon lagopus GRAY from Labrador,
especially the roots being weaker”. Numerical data and illustration are
absent. A. NEHRING (1880) cites WoldFich’s ,species” with a query, and
G. HAGMANN {1889) rejects it throughout regarding it as superfluous. F.
BAYER (1905) gives this Woldfich's species as a synonym of Alopex
lagopus [LINNE]. In text-table 12 1 summarized the results of the mea-
surements of upper canines of the arctic foxes from WoldFich’s collec-
tions [localities Certova dira and Sudslavice}, from Klima's collection
(Pekérna cave — det. R. Musil} and Musil’s collection {Pod hradem local-
tty) and of the measurements on the recent arctic foxes from Tromsoe.
The table shows that there are not substantial differences between Wold-
Fich’s ,species” and Alopex lagopus. Only the values obtained by measur-
ing the crown heights of canine teeth differ to a considerable extent, but
in this case these differences may be attributed to the. insufficient reli-
ability of this measurement, as 1 have mentioned above. But it should
also be taken into consideration that in canids the development of canine
teeth depends on the age and sex of the individual [DUERST-BERN 1926].
Thus 1 do not regard the dimensions of a canine tooth as a sufficient
diagnostic feature for the creation of a separate species.

The species ,,Vulpes minor® and ,Vulpes meridionalis® (sensu WOLD-
RICH nec NORDMANN, 1858!]) are defined by J. N. WOLDRICH (1878} on
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the hasis of metrical differences only. Fig. 17 shows diagrammatically the
metrical values of M; of the foxes from Sudslavice. When this diagram is
compared with that in fig. 15, we see that Vulpes meridionalis® falls
within the field of Early Wirmian arctic foxes while ,,Leucocyon lagopus
fossilis“ into that of the arctic foxes of the Main Witrm. Several similar
cases may be given even on further materials; the values are almost
equal. 1 assume that J. N. Woldfich has discovered metrical differences
between Early Wiirmian and Late Wilrmian foxes. But in Woldfich's time
nothing was yet known of the existence of several glacials, so much less
of the existence of stadials. J. N. WoldFich could not therefore interpret
correctly the differences stated; he overgstimated them, elevating to
species what he cquld have regarded as races (varieties] or, at most,
subspecies. He defined his species rather vaguely. My conclusions are
also supported by K. J. Maska’s approach to the determination of species.
Although he accepted WoldFich’s determination of the material and his
designation of ,,species”, it was with hesitatlon only; he was certainly suf-
ficiently acquainted with the material which was determined by J. N.
WoldFich himself. But, of course, this cannot be said of other authors
who not knowing the material found, understood WoldFich’s species in
the way which suited their purpose.

Summarizing it may be stated that WoldFich's species Leucocyon lago-
pus jossilis® corresponds to the arctic foxes of younger Wiirm stadials
(,.W,“ and ,,W;“]. The species ,Vulpes mertdionalis* and ,,Vulpes minor®
are synonyms of the Early Wirmian (interstadial »Wy“] arctic foxes
Alopex lagopus. :

The term ,,Vuipes minor" is evidently a term opposite to ,,Vulpes maior”
which already by J. N. Woldfich was taken for a synonym of Vulpes vul-
pes; for this reason too, ,Vulpes minor® is to be regarded as a synonym
of Alopex lagopus, . : :

Alopex corsac (LINNE, 1768) — steppe corsac '
(figs 9 and 10) '

1768 Canis corsae LINNAEUS, Syst. nat,, 12, 3, p. 223.

1850 Canis corsee EVERSMAN, Estestv, ist. Orenb. kraja, 2, p. 33—34.

1931 Vaulpes eorsac QOGNEV, Zvery vosh Evr: 1 sev. Azii, 2. p. 346.

1941 Cynalopex corsac KRETZOI, Ann. mus. natur. hung, 34, p. 124.

1951 Vuipes corsac ELLERMAN et MORRISON-SCOTT, Checklist of Palaearc. and Ind.
Mammals, p. 223, .

1956 Vulpes corsac NOVIKOV, Chisnye mlek. fauny SSSR, p. 67.

1975 Alopex corsac HANAK et HERAI{ Lynx IV, p. 45,

Holotype: Not detérmined (the species 1s described according to a speci-
men found between the rivers Ural and Irty3, USSR).

Stratum typicum: Holocene (Recent, 18th century]).

Locus typicus: Not determined.

Diagnosis of spectes [NOVIKOV 1956}: Skull relativelly
small, the facial part being relatively shorter than that of Vuipes vulpes.
Crista sagittalis and crista occipitalis weakly developed. Quter cristae
frontales externae extending almost parallely from processi zygomatici
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‘of frontal bones, fusing posteriorly and delimiting a wide lyre-shaped or
triangular platform (see fig. 24). Canine teeth relatively longer than in
Vulpes vulpes. Lower premolars and molars often reduced in number up
to six. Limbs relatively longer than those of Vulpes pulpes.

Fig. 24 Skull of the steppe corsac (Alopex corsac).
{According to G. A. NOVIKOV, 1956 — adapted]

1 = norma vertialis; F = cristae frontales externae;
2 = norma lateralis; S = crista sagittalis;
0 = crista occipitalis.

Extended diagnosis (J.BENES): Internal cusps of M' {proto-
cone and hypocone — see fig, 25) connected by a ridge, talon shorter
than breadth of crown on the tie-line of interal cusps (as in Alopex lago-
pus]. Longitudinal axis of the crown of premolars parallel with that of
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pa; = ime
Y H Fig. 25 Scheme of the structure of upper teath
. (PA-M2) of the steppe corsac {Alopex
corsac). — [Orig.} }
pa = paracone;  Ppro = protocone;
. me & metacone; hy = hypocone;
t = talon.

pro <" i hy

the mandible (as in Vulpes vulpes). Lower carnassial {M,) with an addi-
tional cusp on the lingual side of the crown between metaconide and
entoconide as in Vulpes vulpes. First lower premolar (P;) and last molar
M} fairly frequently strongly reduced to a very small peg-shaped tooth
up to 1x1 mm in size. Bones of limbs are morphologically reminiscent
of the arctic fox Alopex lagopus, though strikingly smaller. '

Material studied: Left maxilla with M! and M? from the Pekarna cave
{Absolon’s collection), left arm bone {humerus) from the By&i skdla cave
(Musil’s collection], right spindle bone (radius} from the B¥C&I skala cave
(Musil’s collection); further bones not determined with certainty: left
mandible from the Pekarna cave { Absolon’s collection) and right spindle
hone (radius) from the same locality {Absolon et Czizek’s collection).

_For comparison, a corsac skull from the correlation collection of the
Department -of Palaeontology of the Moravian Museum, Brno, was used.

Description of the material studied

Skull gkull specimens — except one — were absent in the mate-
rial studied, so that noting substantial can be reported. The same caseis
with the corcac’s upper teeth. The morphological observations are given
in the extended diagnosis of the species, the metrical date obtained by
measuring a fragment of meaxilla from the Pekédrna .cave, and a recent
corsac’s skull are given in text-tables 21 and 22. In general it may be
stated that the dimensions of the upper teeth of the corsac do not attain
the variation range of the arctic fox’s upper teeth., The lower teeth of
corsac — irrespective of the uncertain mandible from the Pekérna cave —
did not occur in the material studied.. The comparison of the lower teeth
of a recent corsac with those of the common fox and the arctic fox are
given in the diagnosis of the species.

Postcranial skeleton. Of the postcranial skeleton, only one
arm bone (humerus) and two gpindle bones [radil}] were available for
my study. The metrical data are given in text-table 23 (for the hum-
erus) and in text-table 24 (radius}. The results are shown of the com-
parison between thg measurements of the fossil material and those of
the recent material obtained by V. GROMOVA (1950) and by R. MUSIL,
who measured the recent osteological material in the Department of Zoo-
logy of the Museum of the Academy of Sciences of the USSR, Leningrad
{unpublished ). Summarizing it may be stated that the metrical data which
i have established on the fossil material are higher than those given by
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V. Gromova, but relatively agree with the dimensions measured by R.
Musil. No other conclusions can be drawn on the basis of such a small
amount of material.

Text-table 23
Metrical data in the arm bone (humerus] of the sieppe corsac (in mm) -

=
= R— o
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Byl skala wirm 94.0 2007 13.07 6.0 150 I. Bene$

I _ . - — —

Notgiven | Recemt | 820 185 135 _ | 135 . | v.Gromova

Leningrad Recent 92.5 19.8 12.9 5.6 15.6 R. Musil

Text-table 24

Metrical data on the spindle bané& {radins} of the steppe gorsac [in mm)
— ut
=] =]
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- 31 8 o ole_ =
. Total |Qw<|Ews Qo (BT B @ - B
Locality aAge tength (8o 52 528 522 828l o S
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By&iskdla Wirm \ 88.7 8.9 5.6 6.7 ‘| 12.2 5.8 \ ]. Benes
Pekéarna Wiirm 95.8 8.3 5.6 6.8 127 | 6.8 | |. Bened
_ e -
Not given Recent 77.8 8.0 _— a3 10.4 -— \ V. Gromova
Leningrad Rocent — 36 | 54 |56 |112 | 65 | R. Musil
Ecology

Biotope. The recent steppe corsac is a typical inhabitant of steppes
and semi-deserts, penetrating into forest-steppes put only when it 0CCUrs
abundantly. It lives in foothills, avoiding forest, growths of bushes and
reeds, areas worked agriculturally and densely populated areas. It feeds
on steppe rodents and birds, and preys of aquatic birds and eggs and
young from bird nests (NOVIKOV 1956).

About fossil corsacs nothing more is known than that they lived during
the Late Pleistocene in steppe areas with a continental climate (]. BENES).

Geographic distribution. The geographic distribution of re-
cent steppe corsac depends on the geographic range of steppe regions.
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In Furope they live around the Caspian Sea and only rarely do they pe-
netrate to the Azov and peri-Caucasus areas [NOVIKOV 1956). In Asia
they are widespread in the zone of steppes _and semi-deserts from the
Caspian Sea to Mongolia and China (]. BENES).

Fossil corsacs are known to have lived in Central Europe overlapping
to South-Europe {see the Final notes). The northern boundary of their
distribution area in Europa 1s not known. :

Stratigraphic range: Late Pleistocene (Wirm?) to Recent.

Final notes

There #re but few reports on steppe corsacs. It is assumed that in the
Late Pleistocene they came from Asia to Europe. A, NEHRING [1889) has
reported finds from Germany {without detailed stratigraphic dating],
M. BOULE (1919) has recorded a find from the Grimaldi Cave (W, or
W,), H. C. STEHLIN (1933] has described a find from GCotencher Cave
(Early Wiirm). ]J. KAFKA (1900) reports some rather problematic finds
from the Srhskd sluj cave (probably interstadial ,W,;“) and Lochkov
(without stratigraphic dating). R. MUSIL {1961) has described the find
of a mandible from the Svédiv stil cave (vague stratigraphy} which
could belong to an arctic fox or a steppe corsac. From the finds known
so far I can judge that steppe corsacs never formed a guantitatively im-
portant part of European mammal fauna, occurring rather sporadically
and probably during a limited time interval. In contrast to the hitherto
handed down idea that they penetrated to Eurcpe during the Last Wilrm-
jan stadial together with other elements of Asian fauna, there is fhe
evidence that the stratigraphically rather precisely dated or datable finds
derive from the interstadial ,W;,;“. With respect to this, steppe corsacs
cannot be regarded as a species typical of the Last Wiirmian stadial, but
rather of the Earlier Wiirmian interstadials. '

CONCLUSION

The results of this paper can be summarized as follows:

1. From the material investigated it follows that Early Wiirmian foxes
are smaller than those of the Main and Late Wilrm, both Vulpes vuipes
and Alopex lagopus. This conclusion is based especially on the metrical
values obtained by measuring teeth and also parts of the postcranial ske-
leton (the latter values are not so marked as the postcranial bones were
much less numerous in the material studied). The increase of dimensions
may be explained partly by the general tendency for growth to consider-
able size partly by Bergmann’s rule of increasing dimensions of the body
during the passage from a warm into a cold climate. A certain role may
also be played by biologico-ecological dependences. The Early/Main
Wiirm boundary at the end of the interstadial ,,\W,.“ also represents an
important faunal boundary. Natural conditions change, and so do the
representation of individual species as well as the number of their
individuals. The changes in the specific composition and number of minor
mammals were necessarily reflected in the mode of life of foxes and
their acquisition of food; these changes also influenced the trend of
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their general bodily development. If was not and could not be the aim of
this paper to establish the extent to which the ahove-mentioned factors
participated in the changes in the build of foxes’ bodies at the Farly/
Main Wiirm boundary. This would require a special investigation of the
changes of the composition of the minor vertebrate fauna and also the
changes of further natural factors. : ’

2. The common fox Vulpes pulpes from the Main Wiirm has yielded
metrical data pointing rather to the subspecles Vulpes pulpes vulpes than
the subspecies Vulpes vulpes crucigera. The foxes of the latter specles
appear in Europe as late as in the Holocene.

3. In the material studied 1 could ascertain the presence of three spe-
cies of foxes: Vulpes vulpes (LINNE), Alopex lagopus (LINNE) and Alg-
pex corsac {LINNE). Woldfich's ,,species” of Pleistocene foxes are based
on the metrical differences between Early Wirmian and Middle Wiirmian
toxes. ]. N. Woldfich did not know this stratigraphic dependence, nor
could he know it at his time. He overestimated. the difference established
in measurements, using them as the basis for the characterization of
separate species. His species ,Vulpes vulgaris )‘ossﬂis“ may be identified
 with Vulpes vulpes of the Main Wilrm, ,Vulpes meridionalis® sensu
WOLDRICH 1878 is the arctic fox Alopex lagopus of the Early ‘Wilrm,
,Leucocyon lagopus fossilis“ and ,,Vulpes minor® correspond to the arc-
tic tox Alopex lagopus of the Main Wirm (,,Vulpes minor® being evidently
opposite to ,Vulpes maior®: the latter name was regarded by J. N. Wwold-
tich as a synonym of Vulpes vulgaris fossilis“. This explapnation is sub-
stantiated by the metrical data obtained on the material determined by
]J. N. Woldtich or K. J. Magka}. The above statement given under 3. is of
restricted stratigraphic validity only, as J. N. Woldfich did not clearly
identify his ,species” himself being uncertain in classifying them. ,,Vul-
pes moravica®. does not morphologically differ from Alopex lagopus, its
distinguishing teature proposed by J. N. woldfich not deviating from the
breadth variation rate of the palate, obtained by measuring arctic foxes,
Vulpes moravica is therefore a robust individual of Alopex lagopus.
Woldfich's species ,Canis Mikii“ 1s invalid throughout, having been er- -
roneously identified on the basis of the jaws of an old individual of Vul-
pes vulpes.

4. 1 was able to ldentify with certainty the steppe corsac Alopex cor-
sac in two cases only. Except these two finds I have found still other
bones in the material studied, which could belong to a small individual
of the arctic fox or corsac. On the basis of these facts 1 can state that
the corsac appears, in the Wilrmian fauna of the Moravian and Bohemian
karsts although sporadically only perhaps during & limited time span.
In contrast to the idea generally accepted so far, that corsacs pene-
- trated into Central Europe at the close of the Wiirmian glacial, 1 conclude
that corsacs may be regarded rather as & species typical of the Earlier
Wiirmian interstadial. S
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JOSEF BENES
WIURMSKE LISKY CESKEHO A MORAVSKEHO KRASU

V praci jsou uvedeny v¥sledky v¥zkumu mladopleistocénnich lifek z wiirmskych
jeskynnich sedimenti Ceského 2 Moravského krasu. Zkouman$ materidl pochdzi jednak
ze shirek Nérodnfho muzea v Praze, jednak ze shirek Moravského muzea v Brné. Pozor-
- nost jsem v&noval hlavn® mé#Yen! zubli a kosti li¥ek a srovnéni vysledkd mdfenf se

stratigrafickymi tdaji. Vedle metriky jsem v¥noval pozornost i morfelogickému roz-
li¥ovant kost! jednotlivgch druhd l3Zek, pifpadn# i kostl jinfch druhil savell, které lze
snadno s kostmi li%ek zaménit (hlavnd rod Lepusj. U materidli ze stardich sbérd, hlavnié
z kolekce Woldilchovy a MaZkovy, jsem se bil¥e zab¢wal materiflem, oznaovanym
WoldFichovymi né&zvy ,Vulpes meridionalis®, ,Vulpes moravica®, ,Vulpes minor®, Vul-
pes vulgaris fossilis” a leucocyon lagopus fossilis”. Byla to prdce &fasovd nédroénd,
ale, jak se ukdzalo, nebyla marnd. DihleZité vysledky shrnuji do t&chto bodi:

1] Ze zkoumaného vyplyvd, ¥e li¥ky raného wilrmu jsou men¥i neZ lifky hlavniho
i pozdniho wilrmu, a to jak u druhwe Vuipes vulpes, tak u druhu Alopex lagopus, Tyto
zdvéry vyplynuly hlavng z metrickych ddajl, ziskanych méfenfm zubfl, ale projevuii se
I na postkranislni kostfe, 1 kdyZ ne tak vfrazn&, protoZe postkranidlnf Kostra byla ve -
zkoumaném materidlu zastoupena v mnohem omezen&j¥im poftu kosti. Zv&t¥ovani roz-
mé&rd mladopleistocénnich 1ifek je moZnro vysvEtlit jednak vieobecnym trendem v¥voie,
-sméfujicim ke zvitfeni télesnych rozmérd, jednak Bergmannovim pravidlem o pfiby-
véni télesnych rozmdri p¥i pfechodu z teplého do chladného podnebl, Ur¢ity vilv tu
budou mit i zavislosti hiclogicko-ekologlické. Rozhrani raného a hlavniho wiirmu na
konci Interstadiflu ,,Wiz" (Interstadidl ,Podhradem® sensu R, MUSIL — K. VALOCH,
1966 nebo ,Hengelo” sensu Th. HAMMEN et al., 1967} je i velk¥m rozhranim faunistic-
k¥m. Méni se pFirodni poméry i druhové a pofetnl- zastoupen! fednotlivych druhf. Zmé-
ny v druhovém sloZeni a v pofetnim zastoupen! ritznfch mend3ich savcli se musely
nezhyin® odrazit 1 ve zpiseobu Zivota a v ziskdvéni potravy lifek a tyto zm#ny pak
ovliviiovaly i smé&r jejich celkového t&lesného v¢voje. Zjikfovat jak a do jaké miry se
tito initeld podileli na zméndch té#lesné stavby liSek na rozhran! raného a hlavniho
wilirmu [pfipadn& i v dal%fch obdobich) neni a nemohklo byt soufast této prédce, proto-
Ze sl to vyZada specieln! vyzkum zmén stoZenf drobné obtatlovdl fauny 1 zmén daldich
pFirodnich &initeldl.
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