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INTRODUCTION

The Lagomorpha BRANDT, 1855 include, according to the present state
of science, 30 fossil and 19 modern genera (GUrREYEV, 1964). This not very
numerous group of mammals, however uniform it seems to be in respect of
systematics, has presented much difficulty to systematists and palaeontologists
since as early as the middle of the last century. The problems that the studies
on fossil lagomorphs have hitherto been concentrated on can be arranged
in three groups.

The first and most numerous of them comprises the problems concerning
the morphology and description of new species. These problems constitute
the basis of most papers on the Lagomorpha, especially of those of the early
period. Such studies are based on remains of skulls and teeth, while the other
elements of the skeleton are usually described only in general outlines. Papers
giving detailed descriptions and analyses of long bones of the skeleton from
the viewpoint of biomechanics are rare. The first trials of this kind can be
found in the studies by Cope (1884) and MAJOR (1899). Of the latest papers
dealing widely, in addition to the skull, with the morphology of the skeleton
in the Lagomorphe, those by Woon (1940) and DAWSON (1958) should be
mentioned.

Phylogenetic-systematic problems, especially those conneected with the
origin of leporids, make up the second group. They have been discussed con-
tinuously starting from ILLIGER (1811) and WATERHOUSE (1842), who were
the first to take note of distinction of the Leporidae Gray 1821 and Ochotonidae
THOMAS 1897 from the remaining rodents. The suggestion of TULLBERG (1897)



and GIDLEY (1912) that the Lagomorpha are possibly descended from some
groups of mammals other than rodents, e. g., from primitive insectivores,
discussed also by other investigators (among them HArTMAN, 1925 and
S1MPSON, 1945), who on the whole unanimously rejected the rodents as an-
cestors of lagomorphs, was eventually crystallized in Woon’s hypothesis (1957)
on the origin of lagomorphs from the Condylarthra. The homology of tooth
cusps was one of the basic problems in the research after phylogenetic relation-
ships of lagomorphs to the other mammals (Enix, 1926; Burks, 1934; WooD,
1940, and others). The discovery of new fossil forms prompted Dick (1917,
1929) to make attempts to systematize all living and extinct species of the
Lagomorpha. In this he was followed by BURKE (1941) and recently by Gu-
REYEV (1964), who, besides presenting a new division of the Lagomorpha, drew
up the pedigree of all their genera. Much attention was given to systematics
and phylogeny within smaller systematic units by Kormos (1934), DAWSON
1958 — phylogeny of leporids), and HiBBARD (1963 — among other things,
evolutionary line of the Leporidae TROUSSART, 1880).

The third and least numerous group consists of palacozoogeographical
problems, such as transcontinental migrations of some species and their
groups (SIMPSON, 1947) or the distribution of fossil species given by many
authors.

Summing up, the fossil Lagomorpha ave a fairly well-known group. There
is, however, a lack of detailed studies on variation (individual and evolutionary)
in it, the familiarity with which would certainly make a systematic revision
of -different related species or genera possible. Apart from a relatively poor
knowledge of the morphology of the skeleton, except for the skull, little is
also known of the dentition of young animals, especially of deciduous teeth
(with the exception of the fragmentary data given by Woop (1940) and Kor-
MOs (1934), which are of great importance for the studies of phylogenetic
relations.

4The blank pages of the history of the Lagomorpha fill up slowly as the new
fossil faunae are discovered. The Pliocene and Pleistocene faunae found in
Poland in recent years (at Weze near Dzialoszyn, Rebielice Krélewskie near
Klobuck, Kadzielnia in Kielce, and Kamyk near Czestochowa), of which nearly
all the groups of vertebrates have already been worked out (KOWALSKI, 1958 a,
19602, 1960b; Surimski, 1959, 1964; MLYNARSKI, 1962), contained very abun-
dant remains of leporids. : :

The dominating form of these faunae is Hypolagus brachygnathus Kor-
MOS, 1934, resembling the genus Lepus LINNABUS, 1785 in some characters.
It is one of the 11 species of the genus Hypolagus Dice, 1917, occurring in
North America, Asia and Central Europe. The earliest known species of this
genus are from the middle Miocene of North America (Dawson, 1958). It is
characteristic of the genus Hypolagus that it nowhere survived beyond the
middle of the Pleistocene. Though Hypolagus brachygnathus was recorded
from several localities of Central Europe (Table I), the knowledge of this species
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Table 1

European localities of fossil hares of the genera Hypolagus and Pliolagus with regard to their
stratigraphy after particular authors

Hypolagus
brachygnathus
Korwmos, 1934

Hypolagus sp.

Pliolagus beremendensis
Kormos, 1934, Pliola-
- gus tothi KRETZO1, 1941

Pliolagus cf. tothi
Krerzo1, 1941

Hungary
Beremend
Csarnota
Nagyharsanyhegy
Villany

Kislang
Roumania
Betfia Episcopia
(Pispokfirdo)
Yugoslavia
Podumei
Netherlands
Tegelen

Germany

Sackdillinger Hohle

Gundersheim

Poland
Weze
Rebielice Krol.
Kadzielnia

Kamyk

Czechoslovakia
Hajnacka
Ivanovce

Hungary
Villany-Kalkberg
Beremend -
Csarnota

Rumania
Betfia

Poland
Kadzielnia

lower Cromerian
lower Cromerian
upper Cromerian
upper Pliocene
early Pleistocene
Villafranchian

lower Pleistocene

. early Pleistocene

early Pleistocene

Forest-Bad Fauna
(= Cromerian)
upper Pliocene

upper Pliocene

upper Pliocene

early Pleistocene, be-
ginning of intergl.
Griinz-Mindel

early Pleistocene, end of
intergl. Giinz-Mindel

lower Villafranchian
upper Pliocene (Astian)

upper Pliocene

early Pleistocene
lower Cromerian
lower Cromerian

lower Pleistocene

early Pleistocene
(beginning of intergl.
Griinz-Mindel)

KorMos, 1934
KRrETZ01, 1941
KrETZOI1, 1956
Kormos, 1934
KrETZO1, 1956
KrETZOI, 1954

Krerzo1, 1941

KowArski, 1958

SCHREUDER, 1937
BERNSEN and
SCHREUDER, 1934

HELLER, 1930
HELLER, 1936

Kowarskr, 1962a
Kowarski, 1962b

Kowarskr, 1960a

FhIrar, 1961
Ftyrar, 1961

Kormos, 1934b
KRrETZ01, 1956
Krr1zo1, 1956
KrETz01, 1956

KreTrzo1, 1941

KowaArski, 1958

has hitherto been confined to the fragments of mandibles and maxillae (KOR-
Mos, 1934; KrETZOI, 1956; KOWALSKI, 1958a), and only some of the limb
bones (SCHREUDER, 1937). The finding of very abundant remains of Hypo-
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lagus brachygnathus in the four faunae, differing in geological age, from the
Pliocene and Pleistocene of Central Poland permitted a close examination of
the skull, permanent and milk teeth, as well as the limb skeleton, and made
it possible to gain knowledge of various forms of variation, especially those
of the dentition. These problems are the subject of the present paper. Accord-
ing to Kormos (1934), KrETZOI (1941), and KOWALSKI (1958a), in the early
Pleistocene faunae and in some older ones Hypolagus brachygnathus occurs
occasionally along with other similar species of the genus Pliolagus KoRrMOS,
1934. The matter of systematic distinction between the genera Pliolagus and
Hypolagus is put to revision in this paper. : :

T wish to address my thanks to Professor Dr. Kazimierz KOWALSKI,
Professor Dr. Zygmunt GroDzINSKI from Cracow and to Dr. Bjorn KURTEN
from Helsinki for their precious advices and critical notices. I am also
indebted to Docent Dr. Jan WroDEK for his advices concerning the statisti-
cal problems. For permission to study the bone materials I am very grate-
full to Professor Dr. Constantin C. FLErRoV, chief of the Paleontological
Museum of the Academy of Sciences of USSR in Moscow, to Professor
Dr. Miklos KRETZOI in the Geological Institute in Budapest and to Dr. Ale-
ksiey A. GUREYEV in the Zoological Institute of the Academy of Sciences
of USSR in Leningrad.

Thanks are also to Mr. Jerzy ZAwADzKI for carefull translation on
English the text of this paper.

I. MATERIAL AND METHOD

MATERIAL

The basic fossil material used for this study includes the remains of two
species of the family Archaeolaginae, DicE 1929: Hypolagus brachygnathus
Kormos, 1934 and Pliolagus tothi KrErzoI, 1941. Both these species occur in
abundance in the Polish faunae from the Pliocene (Weze near Dzialoszyn and
Rebielice Krolewskie near Klobuck) and those of the early Pleistocene (Kadziel-
nia Quarry in Kielce and Kamyk near Czestochowa). Their occurrence in the
fauna from Kadzielnia has been described by KowALSKI (1958a). '

The fauna of Weze, geologically the oldest, has been referred to the Pliocene
(KowALskr, 1962a). Its specific composition allows the presumption that the
environment, inhabited by a large number of mammals and reptiles, was
a steppe one. The breccia bearing remaining of many animal species including
numerous bones of leporids was strongly cemented with calcite, and the clay
in which these remains were embedded was red in colour and of the nature
of ,terra rossa“. The foilowing remains were used for the study ot leporids:



skull — 4 incomplete (damages to occipital region or partial lack of
skull base);

mandible — 68 fragmentary rami with part of teeth missing;

maxilla — 16 fragments without some teeth and often with palatine
preserved;

single teeth — P3-52, P,-40, M;-42, M,-42, M;-28, P>-40, P3-25, P4-15, M!-18,
M2-17, M3-8, lower incisors — 52, upper incisors — 34;

scapula — 5 bones; one of them nearly complete, 4 with neck-and-socket
region preserved;

humerus — 7 proximal and 8 distal ends with fragmentary shafts;

radius — 8 proximal and 5 distal ends;

ulna — 12 proximal ends;

innominate — 8 fragments of acetabular region;

femur — 15 distal ends with fragmentary shafts;

tibia — 10 proximal and 9 distal ends with fragments of shafts;

calcaneus — 21 bones, of which 18 complete;

talus — 16 bones, of which 10 complete.

In addition, numerous fragments of phalanges, metacarpals and meta-
tarsals, as well as very fragmentary remains of vertebrae were preserved.

The fauna of Rebielice Kroélewskie is geologically' younger than that of
Weze and its age is regarded as Upper Pliocene (KowALSKI, 1960Db). Part of
its remains represent species associated with water (numerous amphibians and
Desmana kormosi SCHREUDER, 1940). The bones, contrary to those from the
breccia of Weze, were found in soft red clay, not cemented with cal-
cite. Out of the abundant remains of the Leporidae the following were used
for study:

mandible — 40 incomplete rami without articular processes and some of
the teeth;
maxilla — 30 fragments lacking in some teeth;

,smgle teeth — P3-50, P,-42, M,-52, M,-24, M,-14, P2-35, P3-30, P426, M'-29,
M2-25, M3-4, lower incisors — 48, upper incisors — 40;

scapula — 10 imgments of neck-and-socket region with spine partly
preserved;

humerus — 7 proximal and 16 distal ends with shafts partlv preserved;

ulna — 18 proximal ends with fragments of shafts;

innominate — 10 fragments of acetabular region;

femur — 7 proximal and 10 distal ends with shafts partly preserved;

tibia — 4 proximal and 14 distal ends with fragmentary shatts;

calcaneus — 36 bones, of which 34 complete;

talus — 37 bones, of which 32 complete.

There were also large numbers of phalanges, metacarpals, metatarsals, and
fragments of vertebrae. '
The fauna discovered in the quarry of Kadzielnia is referred to the early
Pleistocene; in all probability, it dates from the Giinz-Mindel interglacial



(KOwALSKI, 19584a). The occurrence of such genera as Muscardinus KAUP,
1829 and Glis Brisson, 1762 in this fauna indicates the presence of a forest
along with open areas at the time of its origin. Here again the bones of leporids
form a very large proportion of the remains of numerous amphibian, reptilian,
and mammalian species identified. Those used in the present study are as
follows:

mandible — 40 rami without articular processes; 36 of them with nearly
‘ complete dentition;
maxilla — 15 fragments with incomplete dentition;

single teeth — P,-66, P,-66, M,;-70, M,-56, M,-50, P2-36, P3-37, P%-21, M!-28,
M2-42, M3-2, lower incisors — 71, upper incisors — 36;

scapula — 12 fragments of neck-and-socket region;

humerus  — 10 proximal and 32 distal ends with shafts partly preserved;
radius — 12 proximal and 6 distal ends with shafts partly preserved;
ulna — 29 proximal ends with fragments of shafts;

innominate — 36 fragments of acetabular, iliac, and pubic regions;

femur — 35 proximal and 14 distal ends with shafts partly preserved;
tibia — 8 proximal and 16 distal ends with fragmentary shafts;
calcaneus — 24 bones, of which 20 complete;

talus — 14 bones, of which 9 complete.

Moreover, the material includes some fragments of metacarpals and meta-
tarsals, as well as a few remains of vertebrae.

The geological age of the fauna represented by the remains collected at
Kamyk is the youngest of the four faunae from Central Poland, and these
remains probably come from the end of the Giinz-Mindel interglacial (Ko-
WALSKI, 1960a). On the basis of its specific make-up this fauna is considered
to be a steppe one. The bones of leporids are fairly well preserved; however,
there are no large fragments of the skull. Out of the remains of leporids identi-
fied the following were dealt with in this study:

mandible — 16 damaged rami without articular processes;
maxilla — 5 fragments with palate bones partly preserved;

single teeth — P,-50, P,-68, M;-52, M,-70, M,-66, P2-90, P*-48, P*-38, M'-47,
M2-23, M3-10, lower incisors — 59, upper incisors — 56;

scapula — 14 fragments of neck-and-socket region;

humerus  — 42 distal and 4 proximal ends with fragments of shafts;

radius — 45 proximal and 6 distal ends with fragments of shafts;

ulna — 27 proximal ends with shafts partly preserved;

innominate — 7 fragments of acetabular region, 5 fragments of ilium;

femur — 6 proximal and 6 distal ends with shafts partly pre-
served;

tibia — 4 proximal and 18 distal ends with shafts partly pre-
served;

calcaneus — 48 bones, of which 31 complete;

talus — 12 bones, of which 10 complete.
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Besides the above-mentioned remaing, in all these localities there were
also permanent teeth of young individuals at various stages of development,
their total number being 85. Special attention should be given to the fact of
finding 120 specimens of milk cheek teeth at Rebielice Kréolewskie and Ka-
dzielnia.

The colouration of the deposits bearing the bones at Kadzielnia and Kamyk
is not so red as in the case of those at Weze and Rebielice. The clay at Ka-
dzielnia is reddish-brown and that at Kamyk brown-yellow.

Fach of the breccias discussed in this paper was formed by accumulation of
animal bones either in a cave (Weze) or in deep funnels and other similar karst
formations, which probably made natural traps for animals, and existed for along
time, at least several thousand years. Thus, remains of animals of various
ages were accumulated in them. As for the manner of accumulation, it may
be supposed that most likely it was not selective.

Nine nearly complete mandibles and 2 fragmentary maxillae (among them
also the holotype) of Hypolagus gromovi GUREEV, 1963 from the Upper
Miocene of Moldavia were used for comparison. These specimens were lent
me from the Museum of the Zoological Institute, Academy of Sciences, Lenin-
grad,‘ U.S.S.R. My comparative material comprised also 12 fragments of man-
dibles and maxillae of Hypolagus brachygnathus Kormos, 1934 from the early
Pleistocene fauna of Betfia in Roumania, received from the Zoological De-
partment of the National Museum in Budapest. The specimens of Pliolagus
beremendensis KorMos, 1934, including its holotype, come from the same
collection, while the remains of Pliolagus tothi KRETZOI, 1941 were obtained
from the collection of the Institute of Geology in Budapest.

Besides, at the examination of the teeth of Hypolagus brachygnathus T used
specimens of the following fossil species as comparative material: Agispelagus
simplex ARGYLOPULO, 1940 from the Lower Miocene of Kazakhstan, Procapro-
lagus vetustus (BURKE, 1941), and Procaprolagus mongolicus GUREEYV, 1960,
the last two from the middle Oligocene of Mongolia. The specimens of these
species are in the possession of the Museum of the Palaeontological Institute,
Academy of Sciences, Moscow, U.S.S.R. :

The fossil specimens were compared with the skeletons of the wild rabbit
Oryctolagus cuniculus (LINNAEUS, 1758) and the brown hare Lepus europaeus
PALLAS, 1778. A series of 32 skulls of the wild rabbit from the collection of the
Anatomical Institute, Central College for Agriculture, Warsaw, and a series con-
taining the same number of skulls of the hare from the collection of the Mam-
mals Research Institute, Polish Academy of Sciences, Bialowieza, were used
for this purpose. The hares came from the northern regions of Poland. The
bones of skeleton of the fossil species were compared with the corresponding
elements of the skeletons of 8 wild rabbits and 8 brown hares. Both the skulls
and the whole skeletons of the recent species belonged to adult individuals,
whose growth process had been completed.

Fifty skulls of the variable hare Lepus timidus LAINNAEUS, 1758 from two
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different climatic zones of Asia were used to illustrate variation in measur-
ements of recent hares with climate. The specimens of this series were measured
in the Zoological Museum of the Lomonosov University in Moscow.

MEASURING METHODS

Measurements were taken by means of a vernier caliper and dividers to
an accuracy of 0-1 mm. Very small objects, such as milk teeth and their parts,
were measured using a micrometer eyepiece allowing an accuracy of 0-01 mm.
Missing lengths of the skeletal bones were restored in approximation by the
reconstruction of the bones; photographs of bony fragments of adult specimens
taken to the same scale were used for this purpose. In particular cases, e. g.,
for the examination of the curvature of teeth, radiograms were employed.

Some measurements, especially those of the teeth, were put to a statistical
analysis, using the standard formulae and methods of calculation in statisties.

Considerable defectiveness of bones of the fossil species and the conse-
quent difficulties in taking some of the measurements made it necessary to
establish a number of new measuring points, varying from the conventional
ones in some cases. Where the use of methods accepted in osteology was pos-
sible T used the measuring conventions adopted by DURsST (1930). Many papers
on leporids lack any descriptions of the position of the measuring points on the
bones, which makes a comparison of the data given by different authors im-
possible. To avoid this in the future, a list of measurements taken during this
study is presented and provided with their respective well-defined measuring
points on the bones.

MEASUREMENTS OIY SKULL

Width of neurocranium — distance between both Eurion points;

breadth of frontal — distance between the medialmost points on the margins
of the frontal;

length of frontal — Nasion-Bregma distance;

breadth of nasal — distance between points of contact of the nasal, frontal,
and intermaxillary; ’

greatest span of maxillae — distance between the lateralmost points of
the maxillary bones;

length of maxillary diastema — distance between the most orally situated
point of the alveolus of P2 and the posteriormost point of the alveolus of the
posterior inecisor; :

length of incisive foramina — distance between the anteriormost point of

the foramina and the point of intersection of the line connecting both their
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posterior borders and the perpendicular to this line passing through the above-
mentioned anteriormost point;

width of incisive foramina — measured along the line connecting the anterior
borders of the alveoli of P?;

width 1 of posterior nares — along the line running between M! and P%;

width 2 of posterior nares — along the tangential line to the posterior border
of the alveoli of M?3;

length of palate — least anteroposterior length of the palatal bridge;

breadth of palate — distance between lingual borders of the alveoli of P3;

length of base of zygomatic process of maxilla — least anteroposterior
length on the ventral side;

length of mandibular diastema — distance between the anteriormost point
of the alveolus of P, and the posteriormost point of the alveolus of the lower
incisor; '

distance from mental foramen to masseteric impress — distance between
the anteriormost point of the impress and the posterior border of the foramen
(= distance f);

height of mandible between P, and M, — measured on the lingual side;

thickness of mandible in the same place — measured in the frontal plan@

Ratios of measurements:

length of palate 6o width 2 of posterior nares
breadth of palate breadth of palate 109
length of upper tooth row ; breadth of frontal {6
length of maxillary diastema length of frontal
width of incisive foramina length of lower tooth row To6
length of incisive foramina - ¢ length of mandibular diastema
width 2 of posterior nares length of mandibular diastema

; = - 100 : -
width 1 of posterior nares distance f

width 1 of posterior nares
: 100
span of maxillae

MEASUREMENTS OI' TEETH

Lower incisors (I)

Width at the posterior border of the biting surface;
thickness — as above;
tthkIlEbb

 width

ratio of meaurements:
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Upper ineisor (1), anterior pair

Width — at the posterior border of the biting surface;

thickness as above;

distance of the top groove from the medial margin of the tooth (b);
ratios of measurements:

thickness
width

b
( ——— - 10
109 width 100

Lower cheek teeth

Length of mandibular tooth row — distance between the anteriormost
point of the alveolus of P; and the posteriormost point of the alveolus of M.

1B

length — greatest anteroposterior measurement;

width — greatest mediolateral measurement;

least distance of the posterior external enamel fold from the medial margin
of the tooth (1).

185 AN e

length — as above;

width of trigonid — greatest mediolateral measurement;

width of talonid — as above;

ratios of measurements:

length : bt length i
widtn 1% (ior o) width of trigonid
width of talonid l D
width of trigonid o0 width Eot k).

Upper cheek teeth

-

Length of maxillary tooth row — distance between the anteriormost point
of the alveolus of P2 and the posteriormost point of the alveolus of M3.
1885

length — as for P,.

width — as for P,.

IP3 PE VL V2

length — greatest anteroposterior measurement;

width of anterolophid — greatest mediolateral measurement;

width of posterolophid — greatest mediolateral measurement.
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length — as for Ps;
width — as for Py;
ratios of measurements:

1ength AL e length o

width ifor ) width of anterolophid
length i width of posterolophid o

width of posterolophid 0 width of anterolophid =~

MEASUREMENTS OF BONES OF THE POSTCRANIAL SKELETON

Scapula

Least width of neck — measured in the sagittal plane;

shorter diameter of glenoid cavity — from the vertex of the medial an-
gular bend in the margin of the cavity at the base of the coracoid process
perpendicularly to the ventral margin of the cavity;

longer diameter of glenoid cavity — greatest measurement perpendicular
to the previous one;

coracoid-glenoid distance — minimum distance between the ventral margin
of the coracoid and the anterior section of the margin of thc glenoid cavity;

ratios of measurements:

shorter diameter of glenoid cavity

0
longel diameter of glenoid cavity .
coracoid-glenoid distance 0
shorter diameter of glenoid cavity ~—
Humerus

Width of trochlea — distance between the medialmost and the lateralmost
points of the respective medial and lateral epicondyles;

width of medial suleus of trochlea
points of the medial and intermediate crests;

height of medial crest — from the distalmost point of the medial condyle
situated at the base of the medial crest to the distalmost point of the medial
crest;

width of greater tuberosity — measured at the height of the distal end
of the biciptal groove perpendicularly to the shaft;

een the distalmost
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height of greater tuberosity — from its apex to the lateralmost point of
the deltoid tubercle;

transverse width of head — measured at the base on the dorsal side;

length — greatest measurement;

ratios of measurements:

width of medial sulcus o height of medial crest
width of trochlea width of trochlea

width of greater tuberosity

height of greater tuberosity

Radius

Thickness of proximal epiphysis — greatest, measured along the medial
sulcus;

width of proximal epiphysis — greatest, measured along a mediolateral line;

thickness of distal epiphysis — greatest, measured along an antero-
posterior line;

width of distal epiphysis — greatest, measured along a mediolateral line;

ratios of measurements:

thickness of proximal epiphysis thickness of distal epiphysis

width of proximal epiphysis : width of distal epiphysis

Ulna

Width of olecranon — distance between the posteriormost points on the
anterior and posterior edges;

height of olecranon — distance between the ventralmost point of the
tuberculum anconaeum and the dorsalmost point of the olecranon;

ratio of measurements:

width of olecranon

height of olecranon L

Innominate bone
Diameter of acetabulum — greatest diameter.
Femur
Transverse diameter of shaft in the proximal portion of the bone —

measured in the terminal section of the labium laterale at the height of the
gluteal tuberosity;
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sagittal diameter of shaft — measured as above;

spread of condyles — distance between the lateralmost point of the lateral
epicondyle and the medialmost point of the medial epicondyle;

width of patellar groove — measured at its mid-length;

width of intercondylar notch — greatest measurement;

ratios of measurements:

width of intercondylar notch transverse diameter of shaft

S , .
width of patellar groove spread of condyles 190

Tibia

Width of proximal epiphysis — distance between the medialmost point of
the medial condyle and the lateralmost point of the lateral condyle;

width of distal epiphysis — distance between the medialmost point of the
tibial malleolus and the lateralmost point of the fibular malleolus;

thickness of distal epiphysis — measured along the lateral sulcus;

ratio of measurements:

thickness of distal epiphysis

width of distal epiphysis

Calcaneus .

Total length — distance between the posteriormost point of the tuber
calcanei and the anteriormost point of the facet for the cuboid;

width — distance between the lateralmost point of the tibiofibular facet
and the medialmost point of the sustentaculum tali;

length of tuber calcanei — distance between the posteriormost points of
the tibio-fibular facet and the tuber calcanei, on the lateral side; ~

length of body of calecaneus — distance between the anteriormost point
of the facet for the cuboid and the anteriormost point of the tibio-fibular facet;

ratios of measurements:

width length of tuber calcanei .
o = total length 00

Talus

Total length — distance between the posteriormost point situated on the
bottom of the trochlear groove and the anteriormost point of the facet for the
navicular;
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length of collum — distance between the anteriormost point situated on
the bottom of the trochlear groove and the anteriormost point of the facet
for the navicular;

ratio of measurements:

length of collum
-~
total length

In addition to the measurements described above, measurements of length
made on the basis of reconstructions were applied in the case of long bones.
of the limbs. These are always the greatest lengths; in the tables of measure-
ments they are defined as ,lengths from reconstruction“. In contrast with the
other measurements they are charged with a relatively great error, reaching
upL o 524!

JI. MORPHOLOGY OF THE SKELETON OF HYPOLAGUS
BRACHYGNATHUS KorMOS

SKULL

The present description of the skull is based on 4 incomplete specimens
from the Weze breccia and numerous small fragments from the faunae of
Rebielice, Kadzielnia, and Kamyk. Ony remains of adult individuals
(PL. I, 1, 2, 3) with strongly obliterated sutures were used for description
and reconstruction.

As far as its size is concerned, the skull of Hypolagus brachygnathus, es-
pecially if derived from Ilater geological periods, holds an intermediate
position between the modern wild rabbit and the brown hare; however, it more
resembles the skull of the hare in dimensions. The corresponding elements of
the skulls from different geological periods show some differences in size,
there being a tendency to growth with time. A general tendency shown by the
skeleton of this species to increase in size, especially in the geologically younger
faunae, is discussed in detail on p. 62. Owing to the incompleteness of the
skulls from Weze, the measurements of their lengths have been given up as
being too inaccurate.

The descriptions of distinctive bone characters of Hypolagus brachygnathus
presented below concern only the elements that in a characteristic way make
these bones different from or similar to the corresponding bones in other species,
above all in Lepus europaeus and Oryctolagus cuniculus.
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Frontal
The supraorbital process is, like that in the modern hare, triangular in shape.

The well-developed posterior (postorbital) part of this process comes off the
remaining portion of the frontal laterally (Fig. 1 a, b, ¢), while the anterior

w““%\f"‘ﬁ"(v

Tig. 1. Frontal of Hypolagus brachygnathus (a), Lepus europaeus (b) and Oryclolagus cuniculus (¢)

(preorbital) part closely approaches the anterosuperior margin of the orbit.
The width to length ratio of this bone does not show any pronounced diver-
gencies from those in the modern hare and wild rabbit.

Intermaxillary
The posterior end of this bone extends on the dorsum of the skull nearly

as far as the posterior border of the nasal. In the modern hare and wild rabbit
the intermaxillary does not reach this border, whereas in Hypolagus schreuderi,

e

a b (© d
I'ig. 2. Topographical relation of the intermaxillary to the nasal in Hypolagus brachygnathus (a),
Lepus ewropaeus (b), Oryclolagus cuniculus (c), Hypolagus schreuderi (d‘)

a8 Wi TS . S\ ARD’S dratw 101 Tpr L SR
as will ?o( seen from 11«,.11111,\ RD’S drawing (1940), goes far beyond it (Fig. 2a, b, ¢).
There is less fenestration on the lateral side of this bone in Hypolagus brachy-
gnathus than in the modern species. '
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Maxilla

In Hypolagus brachygnathus the ventral anteroposterior dimension of the
zygomatic process of the maxilla is relatively larger than those in the recent
hare and wild rabbit.

Zygomatic arch

The anterior part of the zygomatic arch, close to the zygomatic process
of the maxilla, is robust and its measurements equal and, occasionally, exceed
the absolute measurements of the corresponding part in the recent hare
(BL I, Taiih s c).

Palatine

The anteroposterior length of the bony bridge of the palate, consisting
of the proper palate bone and the palatine process of the maxilla, is large,
relatively larger than in the hare, and its length to width ratio approximates
to that in the wild rabbit (Table 2a; Pl. I, 2a, b, ¢). The posterior nares, wide
in the region of the palatal bridge, become somewhat narrower posteriorly
in Hypolagus brachygnathus and the wild rabbit, as shown by the ratios of
their two diameters (Table 2¢). Besides, the shape of this foramen differs con-
siderably from its shape in the hare and wild rabbit (Pl I, 3a, b, ¢).

The incisive foramen is similar to that in the hare, whereas in the wild rabbit
it is relatively much larger.

Diastemae

In Hypolagus brachygnathus the anterior (facial) part of the skull is strongly
shortened, which is connected with a considerable, in comparison with the
modern species, shortening of the maxillary and mandibular diastemae
(Pl I, 1a, b, ¢). The ratios of their lengths to the lengths of the diastemae in
other species are given in Table 2ec.

Tympanic bulla

The tympanic bulla of Hypolagus brachygnathus is worse deloped than
that of the modern hare and wild rabbit.

Other morphological details of the skull, connected with the dentition,
such as the degree of curvature of the incisors and their relation to the dia-
stemae, general shape of the tooth rows, ete., will be discussed in further
sections of this paper.

Acta Zoologica Cracoviensia nr 1 2
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Table 2c¢

Ratios of measurements of the skull and mandible of Hypolagus brachygnathus in comparison
with other species

H. brachygnathus t
T e H. H. |L.eu-| O.
. |Rebie- A \schreu-| gro- |ropae-| cuni-
| Weze | ¢ dziel- ; :
lice ; deri | movi | us | culus
} nia
o "
length of palate 3
= e gl L
breadth of palate ‘,
lenght of er tooth ro
D0 RSt SRl 00 el s ol Gt e
length of maxillary diastema [ [
4 1
width of meisive foramina i 3:
e B ) L 40a 2 e e e T s
length of incisive foramina
width 2 of posterior nares
s 00Dt . 100 Tl e e 60 7sd
width 1 of posterior nares
width 2 of posterior nares
: ‘ Sl Sl aly c o e e S
span of maxillae
width 2 of posterior nares
- 100 49-7| — == = == 83-7| 42-5
breadth of palate
breadth of frontal
e sl 100 41-8| — — — — 442 | 47-0
length of frontal
length of mandibular diast
st et T S - 100 108.8 | 105.8|100.0| 70.6 | 100.1| 82.3 | 82.7].
distance f
length of lower tooth i
B T RO PN gldeeia s Lo e o gudiniiosio l nass
length of mandibular diastema
DENTITION

DESCRIPTION AND MEASUREMENTS

Permanent Dentition

The cheek teeth M, and M, resemble each other so much that, when isolated,
they were hard to distinguish and consequently they have not hitherto been
used for measurements. However, an observation of a large number of single



22 22

teeth of adult specimens has revealed a set of distinctive characters, namely
their being curved in different planes and having talonids differing in shape.
These characters can be tabulated as follows:

talonid shape on the side of wear

Curvature Sivtace

frontal plane sagittal plane ‘
P, curved laterald no curve slightly convex %
; . on lingual side !
M, very slightly slightly curved : ¢

curved lateral posterad

: strongly curved distinctly convex ‘
M, no curve ; : ; : %
posterad on lingual side ;

The upper and lower cheek teeth of Hypolagus brachygnathus are hypsodont
and in adult specimens they are, as a rule, of the shape of irregular prisms
(Pl. ITL, 1a; Pl. IV, 1a, b, ¢). As a result, the pattern of enamel folds on
the wear surface of a tooth repeats in its deepest radical portion. This pheno-
menon not only makes the reconstruction of the configuration of the enamel
easier, when the crown is destroyed, but can also be used to determine whether
some occasional divergencies from the typical pattern of enamel in the crown
are casual, or whether they took rise in early developmental stages of the tooth.

The ever-growing incisors of the mandible and maxilla, like the cheek teeth,
show a prismatic structure, but have chisel-like endings of their gnawing sur-
faces. As will be seen from the observations of numerous isolated teeth and
the radiograms of specimens varying in age, the prysmatic structure of the
teeth is characteristic only of adult specimens. The teeth of young individuals
are more or less truncated pyramids in shape. The enamel pattern at the bage
of such a tooth is copied, diminished and usually somewhat deformed, in the
crown (Pl 10T, 1b;. Pl. IV, 5a, b).

Out of the upper cheek teeth only P* and M* give some difficulty when iso-
lated. In about 75% of cases it is possible to distinguish them from each other
on the basis of the ratio of the greatest mediolateral width of the anterolophid

anteroloph.

posteroloph.

Mt

a b

Tig. 3. Comparison of widths of the anterolophid (a) and posterolophid (b) on P* and M!
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to that of the posterolophid: the anterolophid of P* is somewhat narrower
than the posterolophid, while in M* this relation is generally inverse (Fig. 3a, b).
An observation of these teeth standing together in situ shows that in a fairly
large number of cases (25%,) the measurements of the anterolophids and postero-
lophids of P* and M! are subequal. Then the distinction of these teeth from
each other in isolation is impossible, because the differences in degree of curva-
ture between P* and M! are imperceptible.

Lower Cheek Teeth

The position of the lower cheek tooth row in relation to the long axis of the
mandibular ramus and the shape of its wear surface in Hypolagus brachygnathus
are the same as in the modern hare and wild rabbit.

In all the leporids known so far P, differs considerably in structure from
the remaining lower cheek teeth. The division of its crown into the trigonid
and the talonid, used by some authors (e. g., Woon, 1940), is here of smaller
practical significance than in the other lower cheek teeth and, consequently,
in my measurements and description of this tooth I use
the terms: the length and width of crown. The shape
of the crown in the horizontal plane resembles a trian-
gle having more or less rounded vertices (Pl. III,
2a, b, ¢; Fig. 4). The enamel surrounding the dentine
forms a thin layer varying in thickness in different
regions of the tooth. The thickness of enamel gene
rally decreases towards the alveolar end. The same is
also true of all the other cheek teeth. On the medial
and posterior walls of the crown the enamel forms
a nearly uniform thin layer, which thickens laterad.

In adult specimens there are two enamel folds on
the anterolateral side, a shallow anterior fold and
a deep posterior one (Fig. 4). The anterior fold is
simple in shape and approximates to the right angle. The posterior fold cuts
into the dentine as deep as about half the greatest width of the footh and is
directed somewhat towards its posteromedial margin. The anterior wall of
the fold is made of a very thick layer of enamel, which, however, in the bottom
of the fold becomes so thin that at the passage on to the posterior wall it can
hardly be told from the dentine. The posterior wall of the fold, slightly convex
anterad, is either completely smooth or it shows some undulation, which most
frequently passes into irregular crenulation in the medial portion (Pl. ITI, 2c¢;
Fig. 4). Both of the folds are well filled with cement, which covers the whole
anterolateral wall of the tooth, sometimes forming a thick layer along the
posterolateral edge.

In P,, M, and M, a very deep fold of enamel squeezes in between the trigonid
and the talonid from the lateral side and reaches as far as the medial wall of

Fig. 4. Wear surface of
the crown of P, of Hypo-
lagus brachygnathus
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the tooth. The anterior wall of this fold is strongly thickened, whereas the
posterior one is very thin and occasionally slightly and irregularly wavy. The
angle of the fold is filled with cement.

The thin posterior wall of the fold shows, as a rule, three types of con-
figuration: 1) entirely smooth line, 2) irregular waviness, and 3) distinct, more
or less regular, crenulation, particularly well visible in-the medial region (Fig. 5).

St

Fig. 5. Wear surface of the crowns of P,, M, and Fig. 6. Wear surface of the crown
M, of Hypolagus brachygnathus of M, of Hypolagus brachygnathus
Table 3a

Measurements of lower premolars of Hypolagus brachygnathus. N — number of specimens;
M — arithmetic mean; O. R.—range of measurements; s — standard deviation; V — coef-
ficient of variation; W — Weze; R — Rebielice; K — Kadzielnia; Ky — Kamyk

N M 0. R s \'
EanE i

W | 52 | 32940018 | 30—36 | 01320012 3.900-38
1 R | 30 | 353:0053 | 32-35 | 0-29.0-037 854105
ength K | 66 | 33240017 | 20—36 | 014+0012 414036
Ky | 50 | 35920025 | 3-0—4-0 | 0-18..0-018 504 0-50
W | 52 | 32040026 | 28-37 | 01940019 59 0-58
B B 20| 5210000 P20 34 0030017 404052
s | Widt K | 66 | 39400008 | 20— 36 | 0450013 4-810-42
Ky | 50 | 34240031 | 28-38 | 02240022 65065
W o sa L ilreooln | 0915 | 0120017 964095
300 | Weigfools | @9—i4 L o000t 864105

66 1-24 +0-017 0-9—1-5 0:144-0-012 10-9-+0-94

I(y 50 1'33I“'021 0:9—1:6 ‘)'I.)ﬁ:OO]tS 11-3 —tl’l&

W 40 3-28 4+0-022 3-1—3-7 0-14+0-016 4-3+0-48

length R 24 3:22+0-033 2-9—3-6 0-16 4-0-023 4-9-40-71
K 66 3-234+0-019 2-8—3-8 0-16 +0-014 484042

Ky 68 3:354+0-018 2:9—3-6 0-15+£0-013 4-44-0-38

w 40 3:78 +0-039 3:3—4-3 0:24 40-027 6-54-0-72

P, width R 24 3-88 4-0-047 34—4-2 0-23 +0-033 6:04+0-91
trigonid K 66 3:93 +0-022 3:5—4-3 0-184-0-016 4-740-41
Ky 68 3:91+0-023 34—4-4 0-1940-016 504043

W 40 2-994+0-019 2:8—3:2 0-1240-014 3-94-0-44

width R 24 2-88 4+0-039 2:6—3:2 0-194+0-028 6-740-97
talonid K 66 2-944-0-022 2:6—3-3 0-18 +0-017 6-14+0-53

| Ky 68 3:154+0-022 2:6—3-5 0-184+0-015 5740-49
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Table 3b

Measurements of lower molars of Hypolagus brachygnathus. Abbreviations as in Table 3a

N M 0.R. s \%
W | 42 | 32640028 | 2:9—39 | 0-18:-0-020 5:5-0-59
L R 23 | 3-2140-035 | 2:9—35 | 0-1740-025 534078
o K 70 | 3-2040-018 | 26—3.5 | 01540013 4-74-0-39
Ky | 52 | 34340019 | 32—37 | 01440014 4-04+0-36
W | 42 | 37240031 | 3242 | 0-20+0-022 5:50-60
N | Yidth R 23 | 38940061 | 33—43 | 0-2940-042 754112
1| trigonid | K 70 | 3-88+0-025 | 3:3—44 | 0-21+0-018 544046
Ky | 52 | 3880019 | 3442 | 01440014 3-740-36
W | 42 | 26940022 | 25—31 | 0-14+0-015 5-240-55
width R 23 | 26840025 | 24—29 | 0:1240-017 474069
talonid K 70 | 27240020 | 2:3—32 | 0-17+0-014 64 +0-54
Ky | 52 | 31110042 | 2834 | 0:30:0-030 9:6-0-95
W | 42 | 32240015 | 3-0—39 | 0-1040-011 3:24035
R 16 | 31440043 | 2834 | 0-17+0:030 5-34-0-95
length K | 56 | 318£0:020 || 28 35 | 0150014 474044
Ky | 70 | 34140019 | 31—39 | 0-16+0-014 4-840-41
W | 42 | 36140038 | 3243 | 0:25+0-027 6-7-0-73
N | Width R 16 | 36940060 | 3241 | 02440042 | ~ 664116
2| trigonid | K 56 | 37340031 | 3-2—41 | 0-2340-022 6-1-0-54
Ky | 70 | 37340021 | 3443 | 0-18+0-015 4-84041
W | 42 | 28840022 | 26—32 | 01440015 4-9£0:53
width R 16 | 2810045 | 25—31 | 0-18+0:032 6-3-+1-08
talonid K 56 | 27940025 | 24—32 | 01940-018 6-8+0-64
Ky | 70 | 3-0240-020 | 26—33 | 0170014 55047
W | 28 | 19940023 | 1.7—2:2 | 0-1240-016 6-2-0-83
: R 14 | 19840020 | 1.8—21 | 008+0-014 3-940-74
enatt K 50 | 19240021 | 16—24 | 0-15-0-015 8:0+0-80
Ky | 66 | 23140015 | 1:9—25 | 0:1240-010 5-2:40-44
W | 28 | 20040032 | 17—23 | 0-17+0-023 8:3+1:12
y | Width R 14 | 20340026 | 1:8—22 | 0-10-0-019 51097
s | trigonid | K 50 | 20340024 | 16—24 | 0-1740-017 8:2-0-82
Ky | 66 | 23140019 | 2:0—27 | 0-1640-014 7-0+0-61
W | 28 | 12540007 | 1.0—15 | 0-0340-004 2:5.40-33
width R 14 | 13640019 | 1.2—1:5 | 0-07+0-014 5:2+0-98
talonid K 50 | 1-27+0-018 | 0-9—17 | 0-134+0-013 10-8+1-08
Ky | 66 | 15740099 | 1.3—1-7 | 0-0840-007 5-340-46
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M, is much simpler in shape than the other lower cheek teeth. Its trigo-
nid and talonid retain their distinctness and are united all along the tooth
only with a cement layer varying in thickness from specimen to specimen.
Both the trigonid and the talon'd have the shape of cylinders deformed in
varying degrees. The trigonid is flattened in the frontal plane, while the talonid
shows a slight flattening on the anterior side (Fig. 6). The thickenings of enamel
can be seen in both parts of the tooth on the medial and lateral sides.

Among the M, specimens examined there were some single teeth in which
the dentine and enamel of the posterior side of the trigonid were connected
with those of the anterior side of the talonid, this connection taking place on
the longual side. As a result, an enamel fold, analogous with those observed
in the other molar teeth, was formed. Such specimens were found in the ma-
terial from Kadzielnia and Kamyk.

Upper Cheek Teeth

The border line of the wear surface in the upper tooth row of Hypolagus
brachygnathus is concave on the medial side, while it is straight or slightly convex
in the modern hare and wild rabbit. In Hypolagus brachygnathus this character
seems to be connected with a larger angle between both mandibular rami than
in the modern forms.

In shape P2 differs remarkably from the other upper cheek teeth. It
bends in the sagittal plane so that its anterior and posterior walls bulge
forward. At the half-width of the anterior wall the enamel forms a deep fold
cutting in as far as one-third or, occasionally, a half of the length of the crown.
After sinking into the dentine, the fold extends towards the lateroposterior
margin of the tooth. Somewhat more externally to this fold on the anterior
wall of the tooth there is another shallower recess of enamel, which forms
a groove running all along the tooth (Pl. III, 4a, b). The portion of enamel
separating these two folds, as well as that on the anteromedial margin, is
strongly thickened. In other regions of the crown the enamel layer is thin.
Cement fills both the folds, and its thick layer covers the anterior, medial,
and lateral walls of the tooth.

The enamel of the upper premolars and molars (except for M?) is thick on
the anterior wall of the anterolophid. On the posterior and external (buccal)
gides the enamel layer becomes very thin and occasionally it cannot be found
at all, whereas on the medial side it thickens again and sinking into the dentine
forms a deep fold, the so-called hypostria. In the frontal plane the anterior
and posterior walls of this fold are wavy to various degrees. This results in
characteristic crenulations of the anterior and posterior marging of the hypostria
on the wear surface of the teeth (Fig. 7).

The following types of shape of hypostriae were found in P3, P4, M‘, and M2:

1. pronounced crenulation of both margins,
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2. only one margin with pronounced crenulation,
3. irregular waviness of both margins without pronounced crenulation, and
4. both margins almost quite smooth.
Types 2 and 3 were most frequently present in the teeth under study. Crenu-
lation was most often lacking on the posterior margin of P*. The diverse shapes
of hypostria are presentedin Fig. 7.

¢ d

Tig. 7. Examples of different structures of the hypostriae on P2, Ps, M and M2

brachygnathus. a — crenulation of both margins; b —only one maigin crenulated;
irregular waviness of both margins; d — both margins almost smooth

of Hyplagus

C —

In  Hypolagus brachygnathus M3 is always present, though it is very
rarely preserved whole. It is simple and eylindrical in structure and very small.
A very thin layer of enamel surrounds the pillar of dentine without showing
any pattern at all (Pl. TV, 3). :

Incisors

The ever-growing incisors of Hypolagus brachygnathus have their walls
parallel to each other similarly to what is found in all lagomorphs. The cha-
racter distinguishing them from the incisors of the modern hare and wild rabbit
is their massiveness (see Table 6¢ on p. 33).

Despite the shortening of the facial portion of the skull in Hypolagus brachy-
ynathus the curvatures of its lower and upper incisors are almost identical with
those in the modern hare. The radius of curvature of the lower incisors is
16-0—17-6 mm (on the average 17-1 mm) in Hypolagus brachygnathus and
16-4—17-9 mm (on the average 17-3 mm) in the hare, while the radius of
curvature of the upper incisors is respectively 10-:0—10-9 mm and 9-9—11-0 mm
(averages: 10-5 and 10-2 mm). Thus, it is impossible to tell the teeth of both
these species apart on the basis of their curvatures. The remark made by Ko-
WALSKI (1958a) that the curvature of the lower incisors of Hypolagus brachy-
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Table 4a

Measurements of upper premolars of Hypolagus brachygnathus. N —number of specimens;
M — arithmetic mean; O. R. — observed range of measurements; s — standard deviation;
V — coefficient of variation; W — Weze; R — Rebielice; K — Kadzielnia; Ky — Kamyk

N M 0.R. 8 %

W 40 | 1-82--0-019 1420 | 01240014 641072
e R 13 | 1-81-0-017 16—1-9 | 0:06--0-012 321063
it K 36 | 17240033 | 1-4—24 | 0:204£0-024 11:04+1-29
Ky | 90 | 18540015 1-6—2:2 | 0-1440-011 741055

P2
W 40 | 3400025 | 3-0—3-7 0-16 +-0-018 471053
S R 13 | 36540049 | 33—38 | 0-18+0-041 494096
width K | 36 | 33940035 | 28-38 | 02140025 624073
Ky | 90 | 37140027 | 3-2—43 | 0-26+0:019 7-140-53
W 25 | 26440022 | 2429 | 0110014 424054
. R 14 | 26340040 | 24—29 | 015+0-028 58111
Bl K 37 | 2:61+£0-026 | 2:3—29 | 0-1640-019 6:2+0-72
Ky | 48 | 25640022 | 22—28 | 0-1540-015 59060
W 25 | 4-22.10-037 3947 0-19 +0-025 4-64-0-60
po | Width R 14 | 44540040 | 4248 | 01540028 344064
anteroloph | K 37 4-26 +£0-032 3:9—4-9 0-20 -0-023 4-8.+0-56
Ky | 48 | 45340033 | 41—49 | 0-23+0-024 50051
W 25 | 51040040 | 4.9—56 | 0-20--0-026 404052
width R 14 | 5260051 5:0—57 | 019-0-036 3-7-£0-70
posteroloph| K 37 5-06 +0-035 4:6—5-5 0-21 40-024 4-24-0-49
Ky | 48 | 52540026 | 49—57 | 018+0-018 3.510-36
w | 15 | 27910054 | 24 32 | 02110038 74134
h R 20 | 27740040 | 2533 | 01840035 5:8--0-92
ength K | 21 | 29540028 | 2.5-30 | 0130020 494075
Ky | 38 | 27840029 | 24—33 | 0-1840-021 6-5--0-75
w 15 4-92 4+ 0-077 4-9—55 0-30 +0:055 614113
o width R 20 | 49610058 | 4256 | 02640041 474074
anteroloph | K 21 5:06-4-0-037 4-8—54 0-17 4+-0-026 3-4 1052
Ky | 38 | 4.74+0-041 4453 | 02540029 5-240-59
W 15 | 50640054 | 47—56 | 021+0-038 424076
width R 20 | 5100058 | 4-8—5T 0-26 +0-041 474074
posteroloph| K 21 | 514+£0039 | 47—55 | 0-18::0-028 341052
Ky | 38 | 50140036 | 4355 | 02240025 454052

gnathus is larger than that in L. ewropaeus was probably caused by the fact
that the diastema of the former species is remarkably shortened and along
with the robustness of the incisors makes them look like being more strongly
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Table 4b

Measurements of upper molars of Hypolagus brachygnathus. Abbreviations as in Table 4a

N M 0.R. 3 v
W | 18 | 26040057 | 23—31 | 024+0-040 9-44+1-56
s R 25 | 26540040 | 2:2—31 | 020+0-029 7-541-06
D K 28 | 27640023 | 2530 | 01240016 4-440-59
Ky | 47 | 27340026 | 24—31 | 018+0:019 6-64-0-68
W | 18 | 48440078 | 42—53 | 0-33+0-055 6-8-1-14
ap | Width R 25 | 49140064 | 43—53 | 08240045 6:5-+0-92
anteroloph | K 28 | 51540038 | 4855 | 0-2040-027 3-840-51
| Ky | 47 | 48840039 | 44—53 | 0-2740:028 554057
W | 18 | 47140085 | 41—53 | 0-36+0-:060 7-7+1-06
width R 25 | 50140058 | 47—55 | 0-20-40-041 5-840-83
posteroloph| K 28 | 50340040 | 46—54 | 0-21+0-028 414055
Ky | 47 | 47640046 | 42—52 | 03240033 67 -0-69
W | 17 | 2:81+0027 | 2125 | 011+0-019 494085
R 11 | 23740018 | 2:3—26 | 0-06+0-013 -6 4-0-55
length K | 42 | 23640022 | 21-29 | 01440015 | 584063
Ky | 23 | 2394002 | 2226 | 01240018 4-940-72
W | 17 | 43240051 | 4.0—47 | 0-2140-036 4-840-83
, | width R 11 | 46140066 | 4.2-4.9° | 0-22--0-047 4:841-01
M? | anteroloph | K | 42 | 45840040 | 4250 | 0-26+0-028 5-6--0-61
Ky | 23 | 46140042 | 4249 | 0200029 444065
W | 17 | 395+0-044 3.6—4-2 | 0:18£0:031 | 444076
width R 11 | 40740051 | 39—45 | 0-17£0-036 4-240-89
posteroloph| K 42 4-1140-031 | 3:6—4-5 0-204-0-022 4 840-52
Ky | 23 | 4:01+0038 | 36—43 | 0-18+0-027 4-54+0-66
- v .
W e s holR | s s 0010 3-84-0-95
ength K e ey ; W ‘
Ky | 10 | 15340019 | 1-4—16 | 0:0640-013 421094 |
Me ;
W 8 | 1:8540-018 | 1:8—1.9 | 0:05.£0:013 2-74-0-68
o R — — { — ;
width o i [ " Sl
Ky | 10 | 21840028 | 2124 | 0:0940-020 | 414091

bent. The arrangement of the lower incisors and their topographical relation
to the lower cheek tooth row in Hypolagus brachygnathus and in the modern
hare are shown in the radiograms of their mandibles (Pl. IV, 1a, b).

The cross-sections of the upper and lower incisors made at the height of
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the posterior margin of the wear surface are offered for comparison in Pl. IV,

2a, b. In shape, the sections agree with the indices of massiveness: calculated
for these teeth.

Table 5

Measurements of incisors of | Hypolagus bracliygrathus.  Abbreviations. as in Table 4a

‘ ! | \ L ‘ |
5 N M e oiRe. s j v
, ‘ |
.‘ ; ‘ } : 1
W. | 527 | 3410022 | B0 37 | Gl6lo0ls | 47m046
; R | 38 | 33740081 | 31—39 | 01940022 | 574065
Tha K | 71 | 34440019 | 3238 | 01640013 474045
Z Ky | 59 | 34240-025 1 3:0—41 | 01940017 54 4049
g ’ i | ‘ ;
a0 Wi 52 oiediio09s, | 9530 | 0180017 | ! 62061
i R | 38 | 27640025 | 24-32 | 01820021 67 £0-77
s e ol ool | bs 9 | Gs o0is | esinss
; Ky | 59 | 2:81£0016 | 2631 0:12-00-001 | @ 4-440-41
, | W | 34 | 33440027 | 30—37 | 01620019 | 485058
iy 'R | 27 | 3:2240025. | 3.0—34 | Q1340018 | 414056
pge K | 36 | 32040012 | 30-37 | 01340015 | 411048
; Ky | 5 | 32520025 | 28-37 | 01940018 | 581055
o W | 34 | 22140015 | 2124 | 00940011 | 401049
e | R | 27 | 21940025 | 1024 | 04340017 | 604082
S tmmes e e omiiogn i R s
i | Ky | 56 | 21440017 | 19—25 | 01340012 | 614058
|
| | W | 34 | 13040010 | 11—14 | 00640007 | 495059
e | R |27 | 11740023 | 09—14 |" 01240016 | 10-7-1-46
pdietance b ) os 0 pals | oL 1 00s0000 L by
| | Ky | 56 | 12540013 | 1.0—1-6 | 01040009 | 814077

Permanent Cheek Teeth of Juveniles

These teeth, unlike the teeth of adult specimens, have their walls unparallel
and resemble truncated pyramids in general outlines. Basing on the enamel
pattern and the degree of obliquity of walls one can distinguish three stages
in the development of these teeth: :

Stage 1 — immediately after the tooth has broken through the gum — crown
irregularly folded by knobs of unworn, enamsl (P1. IV, 5a); distinet tuberous
structure of teeth particularly well visible in upper cheek teeth and Py;
enamel pattern at tooth base only partly developed, crenulation slight;
wall obliquity very pronounced (Pl. IV, 5a).

Stage 2 — ¢ own with evident traces of wear, but its original enamel is still
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Table 6¢

Ratios of measurements of upper and lower incisors of Hypolagus brachygnathus. Abbreviations
as in Table Ga

‘T upper ‘ [ lower
- o |
thickness B : ‘: ‘
—— . 100 66-40 i 37-93 h()~4] | 67-03 | 81-66 | 81-86 | 83-98 | 81-89
width ‘ : | 1

(hbt ance b

- 100 39- ()b‘%() ol lsoaoisRsel = = ) L

L | | t | 1

:
et ; e Srfpore e =

1 w R Km I%’ \ \V ; R ] ! Ky
|
!
1

Sl ‘

"~ width f

partly preserved on the wear surface and therefore it forms additional

folds and islets, occurring besides the enamel folds typical of the given

tooth; enamel pattern at tooth base nearly completely developed, crenu-
lation distinet; wall obliquity still very distinct, as well (PL. IV, 5b).
Stage 3 — crown with typical enamel pattern same as at tooth base only to

a little smaller scale owing to the still existing obliquity of walls.

Towards the end of stage 3 the walls become parallel and the enamel pattern

of the crown and that of the tooth base become almost analogical.

The taper of walls is a character peculiar only to young specimens. With the
teeth set in their alveoli, it is hard to observe the taper of walls and this dif-
ficulty becomes greater, the more advanced is the developmental stage of the
teeth. When the mandibular and maxillary fragments of leporids are strongly
fossilized and it is difficult to determine the young individual age of specimens
from the structure of the surface of teeth, the parallelism of tooth walls or
its lack (which can easily be disclosed, e. g. by help of radiograms) is the cha-
racter that makes it possible to distinguish juveniles of one species from adults
of another similar but smaller one.

The observation of developmental stages 2 and 3 of young teeth together
with the additional enamel formations characteristic of these stages and the
taper of walls is of great importance during the systematic revision of the
genus Pliolagus (p. 69).

Milk Teeth

The milk teeth of fossil lagomorphs have been described by many authors.
Some of these authors tried to establish the terminology of their cusps, homolo-
gizing them with different elements of teeth in the mammals of other orders
(Burke, 1941; BHIK, 1926; WooD, 1940).

No detailed description of deciduous and permanent teeth of juvenile Hypo-
lagus has been presented hitherto, except for a short mention and drawing

Acta Zoologica Cracoviensia nr 1 3
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of DM; of Hypolagus brachygnathus from Episcopia (middle Cromerian) given
by Kormos (1934).

The milk teeth of Hypolagus brachygnathus under study have been found
in the material from Regbielice Krélewskie (80 specimens) and that from Ka-
dzie'nia (3 specimens). They are DM;, DM,, DM?, DM?, and DM* and, unlike
the permanent teeth, show apparent differentiation into crown and roots.

Two types of roots appear in a tooth at the same time:

1. the conic type and

2. the trough-shaped one.

Conic roots are to be seen in DM,, DM3, DM*, and partly in DM, and DM?2
(PL. IV, 6a). They are short, conically bent, and closed at ends. In DM? and DM+
two such roots are present on the buccal side and one on the lingual side of
each tooth; in the case of DM, two roots are situated under the anterior wall
of the trigonid and the third grows out on the lateral side, at the base of the
talonid. ’

The trough-shaped roots occur only in DM, and DM? (PL. IV, 6b, c). They
are generally elongated (2—3 times as long as the height of the ecrown), have
a pronounced depression on the medial side, and are the extensions of the
crowns in the direction of their alveoli. In DM, there is one long root of this
type going off the trigonid base on the anterior side. The other root, at the
base of the talonid, on the external side, is short, sometimes coneshaped. The
elongated trough-shaped tooth of DM? is the extension of the anterior and
lingual walls of the crown, while the other root, conic in shape, is present on
the buceal side of the tooth (Pl. IV, 6h).

The presence of long trough-shaped roots in DM, and DM? (PL 1V, 6 b, c),
whose shape is suggestive of the hypsodont one, precedes the appearance of
the proper hypsodonty characteristic of the permanent dentition of Hypolagus
brachygnathus.

The height of crown in the deciduous teeth varies with the degree of wear.
The wearing of the crown discloses different forms of enamel pattern succes-
sively (Pl. 1V, 7a, b, ¢), the description of which is given below.

DM, has two enamel folds on the buccal side of the crown: the shallow
anterior fold and the deeper posterior one. These are also present in P,. In
shape, the anterior fold corresponds to the analogous fold in P,, the posterior
one being far shallower than its pendant in P, (Pl. IV). Special attention
should be given to the presence of the third fold in DM, (P1. IV, 7a), it squeezes
deep into the dentine on the lingual side and its deepest portion lies close
to the posterior external fold. Owing to these characters the enamel pattern
of DM, in Hypolagus brachygnathus resembles that of Py in Pliolagus beremend-
ensis and in the genus Alilepus DICE, e. g. in Alilepus hungaricus Kormos, 1934
(Fig. 8). The likeness of DM, to the specimens so far reckoned in Pliolaqus
beremendensis is due to the presence of an enamel fold on the internal (lingual)
side of Py, particularly well visible at the lower end of the tooth, in the last
mentioned species.
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As results from an observation of a large number of specimens, the crown
of DM, of Hypolagus brachygnathus has a potentiality to change its enamel
pattern by wear, because the third (middle) fold mentioned above does not
reach below the half height of the crown. When the wear is heavy and involves

Tig. 8. P, of Alilepus hungaricus (after Kormos)

the lower half of the crown, the shape of DM, is the same as in the permanent P
(PL. IV, 7c¢). The anteroposterior measurements of DM, are proportionally larger
than the corresponding measurements of P, (cf. Table 7b).

The structure of DM,, like that of P,, is clearly bipartite: the higher anterior
portion corresponds to the trigonid and is separated from the lower posterior
portion, corresponding to the talonid, by a deep enamel fold cutting in on the
bucecal side. The talonid is proportionally broader than in P,. The anterior
wall of the trigonid is often convex and forms an additional thickening on the
buccal side (PL. IV, 4). It is hard to determine its homology with other cusps,
because my material is lacking in milk teeth in the stage of eruption.

The enamel of the posterior wall of the trigonid shows a characteristic
convexity, directed towards the talonid. It is usually situated at about one-
third of the trigonid width from the external side (Pl. IV, 4). It was not found
in the permanent teeth of Hypolagus brachygnathus, but occurs in Agispelagus
simplex, Procaprolagus mawimus, and Procaprolagus orlovii from the Oligocene.
In P, and M, this convexity is very pronounced, and the enamel in this place
is usually very thin or even quite wanting. The above-mentioned species have
been grouped by GUREYEV (1960) in the subfamily 4gispelaginae, from which,
in his opinion, also the group Hypolagus was derived. Thus, the occurrence of
this character in the deciduous dentition of Hypolagus confirms (besides other
arguments given by GUrREYEV) the soundness of this hypothesis on the origin
of Hypolagus from the Agispelaginae.

The pattern of the wear surface of DM? is similar to that of P2 to which
it corresponds. Of the two enamel folds cutting into the dentine from the an-
terior side of the crown of P2, only one, the medial, appears clear-cut in DM?2
(PL IV, 6b). Its depth varies within wide limits: in many cases it hardly covers
a quarter of the length of the crown and equally often extends in the dentine
far beyond half the length. On the anterior wall of the tooth the fold appears as
a groove running vertically from the wear surface towards the root. The other,
more externally situated, fold of P? has its counterpart in the form of a very
shallow depression in a few specimens of DM?.

The distinetion be ween DM? and DM* is possible on the basis of the an-
terolophid to posterolophid width ratio. In mediolateral diameter the antero-
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lophid of DM? is smaller than the posterolophid. Both these elements are sub-
equal in DM*. The hypostriae of DM? and DM* are very short, sometimes extend
hardly a quarter of the way across the teeth. Some specimens of these teeth
have additional elliptic or crescent islets of enamel lying more externally on
the extension line of the hypostria (Fig. 9). They arise in the place where a con-

Fig. 9. Crescent islet of enamel on DM?® of Hypolagus bra-
chygnathus

spicuous cusp, in some cases reaching deep into the dentine towards the radical
portion of the tooth, is being worn. Topographically, these islets always lie in
the region corresponding to the outermost portion of the hypostria in the
permanent teeth. The relationship between these two elements in the deciduous
and permanent teeth seems to be undoubtful: the enamel iglets of DM?® and DM*
constitute the ,rudiments® of the complete hypostriae of P* and P* though
they have not been found in their original form in the permanent dentition
of adult specimens of Hypolagus brachygnathus so far.

Tt is known from the data given by WooD (1940) and DAwsoN (1958) that
the process of reduction of these forms of enamel in favour of the elongating
hypostria took place in the permanent dentition of the fossil Miocene leporids.
At early stages of wear the permanent cheek teeth of Archeclagus ennistanus
(CorE, 1881) have still these crescent enamel islets. The changes in enamel
pattern coincided with a distinet molarization of the upper premolars. Also
some of the early developmental stages of the permanent teeth of Hypolagus

Table 7a

Measurements of lower milk teeth of Hypolagus brachygnathus from Rebielice

DM, DM, DMz DM3 DM*
length 2-02 1-85 i 0-95 1-35 1-38
width 1-57 . 1-64 - i
width trigonid - 179 s =
width talonid ' —— 1-54 = e -
width anteroloph — == = 1-84 2:25
width posteroloph - = = 2:24 2-31
number of specimens (N) 28 28 29 15 12




37 37

brachygnathus show remains of enamel in the form of crescents during the first
period of wearing.

The amount of cement in the milk teeth of Hypolagus brachygnathus is
very small in comparison with that in the permanent teeth. It fills only the
deepest enamel folds, never appearing on the walls of teeth. The deep folds
of DM, contain comparatively most cement of all the milk teeth.

Table 7b

Ratios of measurements of milk teeth of Hypolagus brachygnathus in comparison with those
of corresponding permanent teeth. Material from Rebielice
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MORPHOLOGICAL CHANGES IN THE DENTITION OF HYPOLAGUS
BRACHYGNATHUS FROM THE MIDDLE PLIOCENE TO THE EARLY PLEISTOCENE

A comparatively large number of specimens of teeth of Hypolagus bra-
chygnathus from faunae varying in geological age gives an opportunity to trace
the morphological changes occurring in the dentition during the periods inter-
vening these faunae.

Changes in the Size of Teeth

Figs. 10—21 show the changes in absolute values of 2 or 2 selected measure-
ments of teeth. the length of crown (in the sagittal plane), the widths of trigonid
and talonid in the lower teeth, and the widths of anterolophid and posterolophid
in the upper teeth, arranged according to the localities from the geologically
oldest fauna (Weze) to the youngest one (Kamyk).
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The changes in measurements (except for P,) are not continuous. Never-
theless, as to the lower cheek teeth it can be stated that

1. generally speaking, there is an increase in size of particular parts of
teeth coming from the faunae extremely remote from each other; this increase
ig found in the length of crown, which has a bearing on the increase of length
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Fig. 10—21. Changes in the measurements (in milimeters) of teeth of Hypolagus brachygnathus
from the fauna of Weze to that of Kamyk
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of the whole tooth row. The differences in tooth measurements between the
material from Weze and that from Kamyk, exemplified at examination by the
crown length, are statistically significant;

2. changes in measurements of P,, M;, and M, are similar in nature: the
width of talonid changes proportionally to the width of crown, which proves
correlation between these measurements. The width of trigonid changes
irrespective of both the measurements mentioned in each of the three cases
(Fig. 12—14).

As regards the upper cheek teeth (M® was not taken into consideration be-
cause of a small number of specimens preserved) it may well be stated that

1. changes in measurements of P? P4 and M! are very alike: changes in
the widths of anterolophid and posterolophid are parallel, pointing to corre-
lation between these measurements; the length of these teeth changes irre-
spective of the two previous measurements (Fig. 18--20);

2. even in teeth from localities extremely remote from each other an in-
crease in size of their particular parts is hardly perceptible, in some cases not
to be seen at all.

The greatest width of the wear surface of the lower tooth row occurs in
P,, M;, and M, and in the case of the upper tooth row in P% P4 and M!. The
uniformity of changes in the measurements of particular parts of teeth within
either of these groups points to a close functional relationship of teeth in this
group, and perhaps also between the groups. The correlativity of changes in
certain measurements with time, found only in some groups of lower and
upper teeth, indicates a great genetic durability of P,, M;, and M,, as well
as P%, P, and M' as functional units. 1t will also be seen from the foregoing
that the division of cheek teeth into premolars and molars does not coincide
with their division into functional groups.

Changes in Enamel Pattern

The thin posterior wall of the deep fold of enamel separating the trigonid
from the talonid in the lower cheek teeth (except M,, in which this fold is lack.
ing) shows three types of configuration:

1. quite smooth line,

2. irregular waviness, and

3. more or less regular distinct crenulation particularlv well seen in the
medial region of the fold.

All the teeth of adult specimens from the 4 localities under study were
examined for occurrence of these types of fold configuration. The results pre-
sented as a percentage share of each of the three types of enamel pattern in
the total of teeth from each locality are included in Table 8. The table shows
that during the interval between the fauna from Weze and that from Kamyk
there was a tendency to simplification of the shape of this fold (PI. IIT, 2;
Fig. 22a, b, ¢). It consisted in a gradual change of crenulation into wavy or
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smooth lines, or a change of wavy lines into smooth ones. This trend is par-
ticularly pronounced in P,. The data obtained from the table should be treated
as informative of the direction of changes and not of their exact quantitative
proportions. However, the one-direction tendency common to all lower cheek
teeth examined allows us to regard it as very probable that the samples from
the particular localities are fairly representative of the character in question.

a b ¢
Fig. 22. Surface of typical P, of Hypolagus brachygnathus from different localities. a — P
with crenulation of the fold (Weze); b — P, with irregular waviness of the fold (Rebielice);
¢ -— P, with smooth line of the fold (Kamyk)

Table 8.

Three types of structure of the enamel fold between trigonid and talonid in Hypolagus brachy-

gnathus. Percentage share of each of the three types of enamel pattern in the total number of

specimens of each tooth in each breccia. Symbols: ——— smooth line of fold; \ —— - ,— line
irregulary wavined; \/\,\/ fold crenulated

Weze Rebielice Kadzielnia Kamyk
e e 'v—w*, W e |v*w—’ Wl lv—w—l wv e W] Wy
Py . 7-0 | 32:0 | 61-0 | 17-5 | 52-5 | 30-0 | 80-0 | 15-0 5-0 | 86-0 ‘ 12-5 1-5
125 80-0 | 18:0 2:0 | 78:0 | 220 0 86-0 | 14-0 0 85:0 | 15-0 0
M, 84:0 | 16:0 | O 905 | 95| 0 90-0 | 1000 | © 87-0 | 13:0 | 0
| M, 63:0 | 37-0 0 i 71-0 | 29:0 0 78-0 | 22:0 0 895 | 10-5 0

Special attention was given to P,, in which the depth of the posterior
external fold is an important systematic character used, among other characters,
a8 a bagis for the division of the Leporidae into subfamilies (Dicg, 1917, 1929).
In Hypolagus brachygnathus this fold extends two-thirds of the way across the
tooth. The fold is very deep and touches the medial wall of the tooth in modern
leporids. In some fossil genera, e. g., in Pratilepus HIBBARD, 1939, four addi-
tional enamel formations developed between this fold and the medial wall, ma-
king it possible to trace the evolution of the fold (HIBBARD. 1963). Similar struc-
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tures appear occasionally in the early developmental stages of Py of Hypolagus
brachygnathus as well (p. 30). Therefore it seemed purposeful to find whether this
species showed also a tendency to changes in the depth of the fold. The ratios of
the smallest distance between the posterior external fold and the medial margin
of P, to the width of this tooth are given for geologically varying localities in
Table 6a. This ratio has undergone no changes. Consequently, the appearance
of the additional structures of ename' accompanying the posterior external
fold during the early developmental stages of P, does not reflect any changes
in the depth of the fold.

M,, like the remaining cheek teeth, shows an asymmetrical position of the
talonid to the trigonid: the talonid is usually displaced mediad (Fig. 6). How-
ever, this character does not seem to be established firmly. Ten per cent of
the specimens of M; from Weze (of 70 examined) had the arrangement of the
~ trigonid and talonid nearly symmetrical, which was particularly well visible
at the lower end of the tooth. In the materials from Rebielice, Kadzielnia,
and Kamyk no specimens of M; showing the above-deseribed symmetry have
been found. At the same time in the material from Kadzielnia and Kamyk
a number of specimens of M, were observed in which a connection between
the trigonid and the talonid was established in the form of a ,,bridge“ of dentine
and enamel fold described in the previous section (Pl. III, 3a, b). This fold
varies in length; sometimes it extends only halfway across the tooth, in ex-
treme cases it reaches to the layer of enamel on the medial side of the tooth.
These cbservations suggest that in M, there oceurred the process of assimilation
of this tooth to P,, M,, and M,. In the latter teeth a corresponding enamel
fold always reaches as far as their medial layer. In some forms, more
primitive than Hupolagus, e. g., in those of the genus Palacolagus LiEIDY, 1856,
this fold is considerably shallower. On the other hand, its occurrence almost

a b (5

Fig. 23. Individual variation of enamel pattern in some teeth of Hypolagus brachygnathus
a — P, with additional enamel islet (from Kamyk); b — P? having two deep enamel folds
(from Weze); ¢ — M?* with strongly shortened posterolophid (from Kadzielnia)

in statu nascendi in M, of Hypclagus brachygnathus indicates that the original
coalescence between the enamel of the trigonid and that of the talonid of P,,
M;, and M, did not take place along the medial walls of these teeth, but more
laterally, in the centre of the dentine pillar.

Different cases of individual variation of particular teeth are compared
in Fig. 23.
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CORRELATIONS OF TOOTH MEASUREMENTS IN HYPOLAGUS
BRACHYGNATHUS, LEPUS EUROPAEUS, AND ORYCTOLAGUS CUNICULUS

The dentition of various fossil and modern leporid species as a rule varies
distinetly only in the extreme teeth of the lower and upper rows, whereas the
remaining teeth represent a common type of structure. It results from the
genetically fixed relations between the measurements of teeth. In spite of the
uniformity of shape in the whole group of teeth of various species, the relations
between the measurements of these teeth are not identical. A comparison of
these relations in various species may provide us with additional information
on the differences and resemblances existing between them. SIMPSON and Ron
(1960) and, above all, KURIEN (1953) pointed out that such a comparison can
be carried out basing on the rule of correlation of measurements of particular
teeth established by them. According to this rule, called the ,rule of neighbour-
hood“ by KURTEN, the strongest correlation generally occurs between the mea-
surements of neighbouring teeth of a row (e. g., P® and P*, M, and M,, ete.). The
more distant the teeth are from each other, the more the correlation decreases.

The coefficient », computed for all possible combinations of tooth pairs,
is the measure of the strength of correlation. The coefficients » calculated for
a selected character (or characters), e.g., the length of crown, are compiled
into a correlation table. The values of 4 are calculated by the formula commonly
applied in statistics. For convenience, the values of 2z, the distribution of which
is not, ipso facto, a statistically normal curve, are converted to the values z of
Fisuer, whose distribution is normal and properties allow a direct comparison
of correlations in samples from various populations.

In the present study the coefficients of correlation and the corresponding
values # of FISHER have been calculated for suitable pairs of teeth of the lower
row in Hypolagus brachygnathus, Lepus europacus, and Oryctolagus cuniculus.
Since the material used for such comparisons must be as homogeneous in
respect of origin and geological age as possible, the specimens of Hypolagus
brachygnathus from the early Pleistocene breccia of Kadzielnia were used as
samples. Out of this material, however, only the mandibles, 36 in number,
with their teeth preserved and so making calculation possible, were used for
the analysis, there being an unsufficient number of maxillary specimens with
well-preserved upper cheek tooth rows for statistical purposes.

The character considered here is the length of crown, and the correlative
pairs cover all possible combinations of the teeth of the lower cheek row, from
P, to M,. The results of the examination of the correlations in the three species
mentioned above are offered in Tables 9a, b, c. The coefficient » may take
any value between —1 and +1. In the case of a positive correlation, and it
is the sort of correlations that we have to do in these considerations, its value
lies between 0 and 1. The closer the correlation, the more closely the value
approaches 1. The values of the coefficients of statistically insignificant corre-
lations are given in parentheses (with a probability of 95%,).






Wig. 25

Tigs. 24—26. Correlation fields of measurements for the teeth of the lower row in Hypolagus
braclygnathus (24), Lepus europaeus (25) and Oryclolagus cuniculus (26). Contour lines every 0-1
of Fisner’s value z. Black fields — not significant correlations or none at all

The coefficients of correlation presented in the tables become particularly
~ telling if the relations existing betweén them are demonstrated in the: form
of a graph (Figs. 24, 25 and 26), showing the , topography* of the distribution
of high and low correlations. The data for the graphs were obtained from the
tables described above. In the graph the sizes of fields corresponding to the
particular teeth are proportional to the lengths of their ecrowns. The straight
lines connecting the middles of the teeth intersect in points, to which the
values z from the table are assigned. Intermediate values, at intervals of 0-1,
were found by interpolation on the sections of lines between the points for
which the values of z were determined, and then points having the same value
were connected. The picture thus obtained resembled hypsometric contour
lines with intervals of 0-1. The test of significance for these correlations showed
that the coefficients  for which the corresponding values of z equal 0-40 re-
present an insignificant correlation (very low or none at all). In the graphs
the areas of insignificant correlations are blackened.



46 46
Analysis of correlations

a. General topography of high and low correlations

The distribution of the values of correlation coefficients is clearly charac-
teristic in all the three cases. It corroborates the rule of neighbourhood in
general outlines. The highest wvalues lie near the diagonals of the graphs
(Figs. 24—26), along which the correlations between directly neighbouring
teeth concentrate. More peripherally correlations are weaker; they are quite
lacking, or only insignifcant correlations spread along the vertical side of the
graph.

The common character of the topographic fields here compared is the
concentration of the three highest correlations for each of the species in the
same place of the fields. The high values of » and z indicate that the strongest
relationships occur between P, and M,, P, and M,, and M, and M, in all these
species. The lack of correlation or very low correlation was found between M,
and the remaining cheek teeth, not excepting M,. Some deviation from this
can be seen in two cases: 1. in Hypolagus brachygnathus, where the value of »
for the pair M; and P,, though not very high, is fairly significant; 2. in
Oryctolagus cuniculus, in which a low correlation persists between M, and P,,
though it approaches the limit of insignificance.

b. Comparison of the degrees of correlations

The degree of correlation is a characteristic quality in the particular species.
It will be seen from the tables and graphs that Oryctolagus cuniculus is generally
characterized by a lower degree of correlation compared with Lepus europaeus
and Hypolagus brachygnathus. This difference is particularly well visible in
the case of the coefficients of correlations between P,, M;, and M,. In Orycto-
lagus cuniculus only one value of » (for M, and P,) exceeds 0-75, whereas in
the remaining species there are values of 0-80—0-92 in the group of high cor-
relations. In consequence, the graphs for Hypolagus brachygnathus and Lepus
europaeus show a great density of contour lines and greater ,steeps® than in
Oryctolagus cuniculus. .

¢. Characteristiecs of the highest correlations

There are also differences between the species within the group of high
correlations. Here, the most uniform correlations occeur in Hypolagus brachy-
gnathus and the least uniform ones in Oryctolagus cuniculus (see Fig. 24, 26).
Hypolagus brachygnathus and Lepus europaeus show the strongest correlations
between M, and P, as well as between M, and M,, Oryctolagus cuniculus only
between M, and P,. In the group examined the correlation between M, and P,
excites attention: it is generally high in all the three species, in each of them



Table 9 (a, b, ¢c)-

Coefficients r of correlation and values 2z of FisagR for dimensions of lower teeth in Hypolagus
brachygnathus (a), Lepus europaeus (b) and Oryctolagus cuniculus (c)

B M, M, M,
z 062 0-62 0-46 [0‘15' P
r 055 055 043 0-15 | 2
ze. lUl6E 13 0-54 P
pi 082 C 081 0-49 !
a) 2 1-22 [022‘ M
r - 0:84 0-22 e
2 [0-20]
r [0-20< M,
P, M, M, M,
70 0582 09T 10252 [0-307] P,
7 0568 072 048 [ 0-29 |
2 1-59 1-13 [0-34] b
7 0-92 0-81 10-33 $
b) 2 1-47 0-39] M
r 090 | 0-37 o
2 0-39]
Poosn
12 M, M, M,
z 068 065 [0-34 0-41 v
7l 0:59 - Y050 0-33 039 2
2 09 1-02 [026 b
p 0T 0 0'25] o
¢) 2 03 [0‘30] M
r 062 0-29 2

z [—0:07

r [—007] M,
being, however, different. Significant differences were found here between
Hypolagus brachygnathus and Oryctolagus cuniculus on one side and Lepus
europaeus on the other (¢>1-73 corresponding to a probability of 959, or
more). The correlations between M, and P, are practically the same for all the
species. The differences in the correlation coefficients for M, and M, are not
significant between Hypolagus brachygnethus and Lepus europaeus (i ~ 0-88;
which corresponds to a probability of 60—709,), fairly significant between
Hypolagus brachygnathus and Oryctolagus cuniculus (I ~ 1-52 corresponding to
a probability of about 909,) and - significant between Oryctolagus cuniculus
and Lepus europaeus (1 ~ 2-33 corresponding to a probability of 959%).

d. Characteristics of medium and low correlations

In the group of correlations of a medium degree special attention should
be given to the relations between P; and the remaining cheek teeth on account
of its being evidently distinet from the other teeth. The correlation between
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P, and P, only partly confirms the rule of neighbourhood. The values of » are
not high here and they do not differ clearly between the species (the seeming
difference between Hypolagus brachyygnathus and Oryctolagus cuniculus on one
side and Lepus europaeus on the other is not significant (¢ ~ 0-73 corresponding
to a probability of 50—609,).

It should be emphasized that there is no clear correlation of M, with the
remaining teeth, which can be observed in each of the species. Hypolagus
brachygnathus and Oryctolagus cuniculus exhibit only slight correlation between
M, and P, or My and P,. In the case of M, and M, there is even no tendency
to correlation, which is evidenced by the great ,steep“ in the contour lines
at the proper place of the topographic field in the graphs.

The biological significance of correlations in the sizes of teeth will be dealt
with in the Discussion (p. 71).

LIMB BONES

DESCRIPTION AND MEASUREMENTS

Scapula

The reconstruction of the whole outline of the scapula of Hypolagus brachy-
gnathus was possible owing to .the scapular blade preserved at Weze. Since
the complete removal of the blade from its rocky matrix threatened with the
destruction of the whole bone, part of the description is based on the impres-
sion of this bone in a rocky fragment broken away and strictly fitting to one
side of the scapular blade (Pl V, 1).

The angle formed by the anterior and the posterior margin of the blade
iy 48° (4-3°) against 43° (+3°) in Lepus europaeus and only 35° (--3°) in Oryeto-
lagus cunteulus.

The neck of the scapula is, proportionally, somewhat shorter and broader
than that in Lepus europaeus. The scapula of Hypolagus brachygnathus, like
that of Lepus europaeus, is divided by the spine into two parts unequal in area.
Thus, the supraspinous fossa is smaller than the infraspinous fossa in Hypolagus
brachygnathus. In Oryctolagus cuniculus the difference in area between these
fossae is still more striking. Hypolagus brachygnathus and Oryctolagus cuniculus
have the coracoid process longer than it is in Lepus eurcpaeus.

In the fossil material the acromion process was not preserved in any spe-
cimen of the scapula. Single fragments of its terminal portion do not vary in
shape from the corresponding parts in the modern hare and wild rabbit.

Index 1 (Table 10b), showing the shape of the glenoid cavity, is almost
identical for Hypolagus brachygnathus and Oryctolagus cuniculus. In contrast
with them Lépus europaeus has this cavity widened mediolaterally.
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Index 2 (Table 10b) characterizes the anterior elongation of the coracoid
process. It is different in each of the three species, Hypolagus brachygnathus
coming nearer to Oryctolagus cuniculus in this respect than to Lepus europaeus.

Table 10a

Measurements of scapula. N — number of specimens; M — arithmetic mean; O. R. — observed
range of measurements; W — Weze; R — Rebielice; K — Kadzielnia; Ky — Kamyk

|
1 H. brachygnathus L. europaeus| O. cuniculus
|
M OR. N M \ M
’ W 5:45 5:2—5-7 5
width of neck R 6-10 5:8-—6-3 8 7-9 52
K 6-24 5-9—65 7
Ky | 663 6:2— 69 14
| \
| W | 509 49— 52 i
shorter diameter R 5-91 57— 6-1 8 J‘ 8-2 50
of glenoid cavity | K 5-98 58— 62 e
Ky | 619 58— 64 14
W 8:51 83— 87 5
longer diameter R 9:68 9:2—10-1 8 12-2 8.2
of glenoid cavity K 9-77 9-2—10-1 7
Ky | 10-36 9-6-—11-1 14 1
, \
|
W 3:51 3-2— 36 5 |
coraco-glenoid R 4-20 40— 44 8 3-2 3-0
distance K 4-10 4-0— 4-4 7
Ky 4-22 39— 4.4 14
Table 10b

Ratios of measurements of scapula. Abbreviations as in Table 10a

H. brachy- :
gnathus L. europaeus | O. cuniculus
W 59-8
shorter di ter of glanoi it ' 511
T c.lame er o g(mcfld cmfl Y 100 R 61-1 67-2 60-9
longer diameter of glenoid cavity K 61-2
Ky 59-7
W 68-9
coraco-glenoid distance R 71-1
i - 100 _ 39-2 60-1
shorter diameter of glen. cav. K 68-5
Ky 68-2

Acta Zoologica Cracoviensia nr 1 : 4



Humerus

The proximal epiphysis of the humerus much resembles in shape the epi-
physis of this bone in Lepus europaeus and Oryctolagus cumiculus. Only the
bicipital groove attracts attention, being here shorter and shallower than in
the other two species.

Table 1la

Measurements of humerus. N — number of specimens; M — arithmetic mean; 0. R. — observed
range of measurements; W — Weze; R — Rebielice; K — Kadzielnia; Ky — Kamyk; * length
from reconstruction

‘ 7 L. euro- | O. cuni- H.schreu-
‘ H. brachygnathus paeus il Aori
M 0. R. N M M M
] LR
W | 975 9-0—104 | 8|
width of trochlea R 10-75 10-:0—12-0 15 11-9 86 121
K 10-42 10-0—10-9 i 12
Ky 11-33 10-9—12-3 40
WL 305 G do e
width of medial R 43 40— 45 | 15 54 47 —
sulcus of trochlea K 4-23 39— 45 | 12
Ky 4-56 40— 5.1 l 40
W 1-10 083 ilE g
height of medial R 100 | 07 13 15 25 12 .
crest K 1-11 0-8— 1-4 12
Ky eIl 1-2— 1-8 40
w 9-64 94— 99 5
width of greater R — - — 10-7 6-7 —
tuberosity I e —— -
Ky | 11-05 i 2
w 14-65 14-4—15-0 5
height of greater R —— — 23-0 14-0 —
tuberosity K — - o
Ky | 17-45 £ 2
w 10-90 | _10-1—-11-2 e
transverse width R 12-24 11-7—124 | 8 15-2 9-6 =
of head K ‘ 11-50 11-4—11-6 3
Ky | 1250 S 1
w 74-0%* — =
length R 76-0% e o oo 61-1 96-6
K 80-0* | = — =
Ky 92-0* -— ==
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Table 11b

Ratios of measurements of humerus. Abbreviations as in Table 11a

F{(}“’:;]Z;/;y { L. europaeus | O. cuniculus
i A SE j : J
‘ o | W 40-4 ;
. Wl(;lth of medial sulcus L R 385 ? 45-5 55-0
width of trochlea K 40-7 |
Ky 40-3 [
‘ w 658 ‘ ,
5 height of greater tuberosmy. o R e ! 465 - 478
" width of greater tuberosity K — [
Ky 63-2 F |
!
w 11-2 f 4
height of medial erist V0 R 9-4 3 21-1 138
width of trochlea ’ K ‘ 10-5 '
]{y | 13-2 |

The terete impress, in contrast with that in Oryectolagus cuniculus or Lepus
europaeus, is slightly marked and has the shape of a shallow rounded depression.
The deltoid tubercle and the deltoid crest are better developed and more elon-
gate than they are in Oryctolagus cuniculus and Lepus europaeus (Pl. 'V, 2a, b, c).
Somewhat above the deltoid tubercle there is occasionally an accessory tubercle,
which is lacking in Lepus europaeus and Oryctolagus cuniculus. The medial
epicondyle is more elongate than in the last-mentioned species, and the supra-
trochlear foramen is, in contrast with them, very variable in size (from 0-9
to 3:6 mm), sometimes even completely closed.

Index 1 (Table 11a), defining the relative span of the crests of the trochlea,
makes it possible to distinguish Hypolagus brachygnathus from Oryctolagus
cunticulus unambiguously (Table 11b; PL. V, 3a, b, ¢).

Indices 2 and 3 (Table 11b) characterize the massiveness of the epiphyses.
The large relative breadth of the greater tuberosity makes the upper epiphysis
robuster than it is in Lepus europaeus and Oryctolagus cuniculus. Hypolagus
brachygnathus and partly Oryctolagus cuniculus owe the dull massive shape
of the trochlea to a relatively poorer development of the medial crest than in
Lepus europaeus.

Ulna

The proximal epiphysis with the olecranon process is generally the best
preserved portion of the ulna. The section of the shaft contiguous to the proximal
epiphysis is visibly bent posterad, forming a small protuberance on the posterior
margin of the bone at the height of the art’cular facet for the radius. No such

4%
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Table 12 a

Measurements of ulna. N — number of specimens; M — arithmetic mean; O. R. - observed
range of measurements; W — Weze; R — Rebielice; K - Kadzielnia; Ky — Kamylk

i ‘ e
; H. brachygnathus L. ewropaeus | O. cuniculus
§ M i O R N | M M
iy ‘ [ o e gy
lw | 780 | moisa | a0 |
width of olecranon R 7588 gtpe gtgl el U e )
K 142 LS 9
Ky 920 | 88— 98 | 25 i
{ f ?
W 810 ‘ 73— 8.7 10
height of olecranon IR BEEE e e ) 9 117 | 7-8
Ke i 18:90 ; 78— 84 9 |
Ky | 900 9210 25 i
1 | | |
W o= | = |
length TRl Rl L (F e i 045 | 710
K | 830% | - B ?
Ky gy i | s l
) ‘ ‘
| ’ |

bend is to be seen in Lepus europaeus and Oryctolagus cuniculus. The length
to width ratio of the olecranon process (Table 12b differs from this ratio in
the other two species, indicating the elongated shape of the process (Pl V,
4a b, ¢). The lateral margin of the semilunar incisure is sometimes interrupted
in the middle by a slight groove furrowing the articular facet and passing on
to the lateral surface of the olecranon process. This groove is hardly marked
in Oryctolagus cuniculus and completely lacking in __epus europaeus. Below
the semilunar incisure the anterolateral surface of the shaft is flattened or,
at most, slightly concave. In this place Oryctolagus cuniculus and Lepus euro-
paeus have a clear-cut trough-shaped depression, running along the shaft and
being a trace of the fairly close contact of the ulna with the radius (Pl. VI,
1a, b, c).

Table 12b

Ratios of measurements of ulna. Abbreviations as in Table 12a

H. brachygna- | .
| T L. ewropaeus | O. cuniculus
w l 926 i
width of olecranon R J 92-2 } 5
height of olecranon L K | oy ; o S
Ky | 040 :
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Radius

On the border of the articular facet on the posterior side of the proximal
epiphysis there is a small protruding denticle closing the depressed troughsha-
ped portion of the articular facet. (P1. VI, 2) In some specimens this ,,denticle® is
badly visible. 1t is present in Lepus europaeus (Pl. VI, 2h), but not in Orycto-
lagus cuniculus. The relief of the surface of the shaft on the side of its contact
with the ulna is poorer than it is in the two last-mentioned species. The shaft
of this bone is more massive than in the modern hare and wild rabbit.

Indices 1 and 2 (Table 13b) indicate the massiveness of the epiphyses.

The proximal epiphysis is relatively broader (robuster) in Hypolagus brachy-
gnathus and Lepus eurcpaeus. In the relative thickness of the distal epiphysis
Hypolagus brachygnathus much resembles Oryctolagus cuniculus but differs con-
siderably from Lepus europaeus.

Table 13 a

Measurements of radius. N — number of specimens; M — arithmetic mean; O. R. — observed.
range measurements; W -— Weze; R — Rebielice; K — Kadzielnia; Ky — Kamyk

! ; ; L. euro- | O. cuni- |H.schreu-

H. brachygnathus pacus cilie s

M 0:R. N M M M

w 3:51 3:-1—3-7 8 5-9 3-9 —
thickness of R — — e
proximal epiphysis K 3-59 3-3—3-7 12
Ky | 482 46—53 45
W 7-10 6-8—7-3 8

width of R — — e 9-7 6-3 —
proximal epiphysis K 7-08 6-4—17-5 12
Ky 77 7-1—8-1 45

w 511 4-9—5-3 5 s

thickness of R — == — 6-2 4-4 —
distal epiphysis K 534 5-1—5-6 6
Ky 5-82 5659 6
W 6-68 [ 6:4—6-8 5

width of R — — — 10-7 6-1 —
distal epiphysis i K 7-12 6-8—7-4 6
K3y 7-76 7-4—8-0 6
\\f Rl e pRE

i R — = — 113-0 61-1 93-2
eng K % - e
Ky s e ne
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\ Table 13b

Ratios of measurements of radius. Abbreviations as in Table 12 a

H. brachygna-| L. euro- 0. cuni-
thus ] paeus culus
= i 7
W 49-5 i ! 1
thickness of proximal epiphysis R | e i j
e S LPY 100 K | 0 R Gl
width of proximal epiphysis | 50-8 | ;
Ky | 52-0 ,'
’ |
\ :
WE 716-3 |
thickness of distal epiphysis [ R — \ |
- : e Ol K - Eootu
width of distal epiphysis S 751 |
Ky | 74-8 | |
Innominate -

The parts of the innominate showing the best state of preservation are the
acetabular and iliac regions. The iliac crest is a well-developed convex thicken-
ing running along the long axis of the iliac wing. This crest is considerably
less visible in Oryctolagus cuniculus and hardly visible at all in Lepus europaeus.

The presence of the supraacetabular tuberosity, in which the iliac crest
ends in the acetabular region, is particularly distinctive. In contrast with what
is found in Lepus europaeus, this tuberosity is big and juts beyond the convex
surface of the ilium, just as in Oryctolagus cuniculus, though in the last species
it is not so well developed.

The articular facet for the sacrum is variable, generally semilunar in shape.
The surface area of the iliac wing is larger, proportionally, than in Lepus
europaeus and Oryctolagus cuniculus. In adult specimens of Hypolagus brachy-

Table 14

/

Measurements of innominate bone. N — number of specimens; M — arithmetic mean
0. R. —observed range of measurements; W — Weze; R -— Rebielice; K — Kadzielnia;

Ky — Kamyk
H. brachygnathus L. euwropaeus | O. cuniculus
l -
; 0. R. N M M
W 869 i 84— 89 6
ch.ameter R 8-81 I $~2~ 9-4 9 1. g2
of acetabulum K 9-18 l 89— 95 8
Ky 10-57 ; 9-9—11-5 7/
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gnathus and Oryctolagus cumiculus the acetabular incisure forms a deep groove
crossing the surface of the acetabulum and directed towards the ischium.
In Lepus europaeus the acetabular incisure is, proportionally, far narrower
and it is occasionally partitioned by a thin bony bridge ocurring on its surface.

Femur

The great and small trochanters as well as the shaft of the femur are ro-
buster than in Oryciolagus cuniculus and Lepus europaeus.
Above the condyles the posterior surface of the distal epiphysis is covered

Table 15a

Measurements of femur. N — number of specimens; M — arithmetic mean; O. R. — observed
range of measurements; W — Weie; R — Rebielice; K — Kadzielnia; Ky — Kamyk;
* — length from reconstruction

| : L. euro- | O. cuni- |H.schreu-
H. brachygnathus 2
e paeus culus deri
M 0. R. N M M M
: |
W Sk i
transverse diameter R T3 7-0— 7-6 6 o
of shaft K 7-42 6:9— 7-7 12 o5 6:2 =
Ky 8:83 82— 92 4
W £ i |
sagittal diameter R 7-01 7-0— 7-3 7 o .
of shaft K 7-20 7-0— 17-8 12 6-1 -
Ky 7-65 7-2— 85 4
W 1501 14:6—15-3 10
spread of condyles R 15-11 14-4—158 10 .
: K 1560 | 14:6—158 | 12 19:2 13-0 =
Ky 17-20 18:8—17-5 4
W 5-40 51— 56 10
width of patellar R 5-21 50— 53 9 o i
groove K 540 50— 57 12 Q. T
Ky 630 6:2— 65 4
W 5:33 4-9— 55 10
width of inter- R 5-33 50— 5-8 9 o o
condylar fossa K 5-38 4-9— 57 11 =
Ky 5-81 54— 59
w — e —
R 93-0* — — :
length K 06-0* T o 1340 834 123-6
Ky | 109-0% — —
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Table 151
Ratios of measurements of femur. Abbreviations as in Table 15 a
e i = 2 ' _— ;
H. brachygna-- j L. euro- | 0. cuni- |
thus f paeus 1 culus |
e — — i
Wi | 98-8 : \
width of intercondylar fossa R 102-3 & }
- - - 100 K 99-4 985 i 84-3
width of patellar groove eIt | {
Ky 93-1 :’ }
| \
)P } ‘
W ;
sa - Sl e 486 i |
5 sagittal diameter of shatt 0 Ié 43? ‘ i i o
spread of condyles 475 | i
Ky 51-3 ‘ |

with prominent tuberosities, which in Oryctolagus cumiculus and Lepus ewro-
paeus are remarkably more poorly developed (Pl. VI, 4a, b, ¢).

Index 1, (Table 15a) expressing the relative width of the intercondylar
notch, shows no differences between Hypolagus brachygnathus and Lepus euro-
paeus, but points to a mediolateral shortening of this notch in Oryctol wgus
cuniculus.

Index 2 (Table 15b) characterizes the massiveness of the distal epiphysis.
It does not distinguish Hypolagus brachygnathus from the other two species.

Tibia

The lateral condyle of the proximal epiphysis in Hypotagus brachygnathus
little exceeds the medial condyle in size. In Oryctolagus cuniculus and Lepus
europaeus this difference between the condyles is greater. The intercondylar
eminence is more pronounced than in Oryctolagus cuniculus and Lepus euro-
paeus (Pl. VI, 3a, b, ¢). The anterolateral and medial surfaces of the middle
section of the shaft are slightly convex in Hypolagus brachygnathus. More
peripherally this convexity increases, blurring the three-sided structure of the
shaft, which becomes a slightly flattened cylinder here. In the distalmost por-
tion, just above the distal epiphysis, the shaft approximates to a tetragon in
cross-section. In Oryctolagus cuniculus and Lepus europaeus the shaft is angular
throughout its length; in the peripheral region this quality is better visible
in Oryclolagus cuniculus than in Lepus europacus. In Hypolagus brachygnathus
the anterior side of the distal epiphysis is flattened, in the other two species
it is evidently convex, particularly so in Lepus europaeus.



Table 16 a

Measurements of tibia. N — number of specimens; M — arithmetic mean; O. R. — observed
range of measurements; W — Weze; R — Rebielice; K — Kadzielnia; Ky — Kamyk;
* —length from reconstruction

| 5 i | 5 |
‘ L. euro- | O. cuni- |H.schreu-
’ H. brachygnathus : | Ly 2 w:eu
J’ paeus culus deri
‘ o |
| M 0.R. N M | M M
|
W 1690 | 165—17-3 | 9 ; |
width of proximal R 17-02 16-:8—17-2 | . 4 - i . .
epiphysis K 1729 " d6s 177 | 5 2l et 10
Ky | 2056 | 19-9—21-4 3 !
W clgmor 213 ey
width of distal R 1306 | 12:6—I13-8 | 14 Tl :
epiphysis : K 13560 losiag g e | 15-9
Ky 14-93 | 13-9—15:6 18
w @30 60 e 9 |
| |
thickness of dittal R 6:50 | 61— 68 | 13 s S
epiphysis K 6-61 60— 69 | 8 el oo =
Ky 7-65 7-4= 7-9 1€ 18 ;
W | 103-0% = = ;
length R e s = .
S - o T5L 90-5 136-8
Ky | 120-5* — —
Table 16 b
Ratios of measurements of tibia. Abbreviations as in Table 16 a
1
H. brachygna- I ;
s . europaeus 0. cuniculus
|
W 50-1
thickness of distal epiphysis R 49-8 ;
= - - — . 100 K 487 57-3 44-6
width of distal epiphysis 4
Ky 51-2 |
Talus

The medial crest being well developed, the trochlea of the talus more
resembles the trochlea of Oryctolagus cuniculus than that of Lepus europaeus.
The trochlear groove in Hypolagus brachygnathus is deeper than in the other-
two species.
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The index of the relative length of the neck of the talus determines the
intermediate position of Hypolagus brachygnathus in this respect between Lepus
europaeus and Oryctolagus cuniculus (Table 17b). Owing to the great variability
of the tibia in Hypolagus brachygnathus this index must be treated with reserve.

Table 17 a

Measurements of talus. N — number of specimens; M — arithmetic mean; O. R. — observed
range of measurements; W — Weze; R — Rebielice; K — Kadzielnia; Ky — Kamyk

H. brachygnathus L. ewropaeus| 0. cuniculus
! M ' 0. R. N M M
Emaa e peae e | | =
W g0l | og =133 | o
R 1461 | 14:1—15-1 10
total length | K 1482 | 13-5—152 9 171 114
| Ky 1573 | 15:1—165 32
| |
W 872 | 83— 89 12 <
length k R | 88 | 80— 93 10 o ;
of collum | K | 1080 | 87—105 9 8
r Ky 1 10-74 | 10-2—12-2 32

Table 17b

’

Ratios of measurements of talus. Abbreviations as in Table 17 a

H. brachygna- |
7;;;;7/5;‘1@@ L. ewropaeus 0. cuniculus

w 67-1
length of coll R 60-4
ol ol : 004 - .

total length : :
Ky 68-3
Calcaneus

On the lateral surface of the tuber calcanei of Hypolagus brachygnathus,
at the height of the facet for the tibia there occurs a longitudinal depression
with one or two small foramina for blood vessels in its bottom. In Oryciolagus
cuniculus and Lepus europaeus this depression has the shape of a distinet
groove running all along the lateral surface of the tuber calcanei; moreover,
in Lepus europaeus the above-mentioned foramen lies at about the half-length
of the tuber calcanei.
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The posterior facet for the talus consists of a medial part and a lateral
part, separated by a clear-cut groove (sulcus calcanei). The medial part, situated
on the sustentaculum talare, is larger than the lateral part or equal to it. In
Oryctolagus cuniculus and Lepus ewropoeus this relation is reverse: the medial

Table 18 a

Measurements of calcaneus. N — number of specimens; M — arithmetic mean; O. R. — ob-

served range of measurements; W — Weze; R — Rebielice; K — Kadzielnia; Ky — Kamyk
H. brachygnathus L. europaeus | O. cuniculus
G B e A e
' 1 |
M 0. R. N ( M | M
W | el desiono }
‘ R 27-13 255284 Sl L
total length K 98.52 97.4--30-0 20 | 355 i 23-5
Ky | 3204 | 300344 gk
|
W |l 100124 9 e i
; R LETse | 105 1185 0 ) N
gt K | lies |10 125 | 20 e
| Ky | 1304+ 12.0—139 | 34 ;
w 12:32 11-5—13:5 18 ‘
; R 12-87 12:9—13-9 gl e :
length f’t tuber K 12-75 11-9—13-5 20 5 9-9
caleanei Ky | 1512 | 14-0- 168 34
w 975 | 117—13-4 18
L R 977 9-5—10-0 31 o
ength fot body K 10-38 9-7—113 20 o 90
Ky | 1234 11-5—13-9 34

Table 18 b

Ratios of measurements of calcaneus. Abbreviations as in Table 18 a

{ H. brachygna- ! T : 7
| thus L. ewropaeus 0. cuniculus
W 42-8 \
e = e e s
" length K 40-9 | 2
Ky 40-7 J
w 46-8 |
; length of tuber calcanei 100 R 455 i ‘ e
: total length : K 44-8 ‘( L ‘ 2
Ky ’ 47-1 1‘
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part is generally smaller than the lateral. Owing to this fact the sustentaculum
talare is convex more medially in Hypol igus brachygnathus than in both recent
species (Pl. VII 1a, b, c).

The anterior facet for the talus is smaller in Hypolagus brachygnaihus than
in Oryctolagus cuniculus and Lepus europaeus.

The calcanei of the three species cannot be told from each other on the
basis of the length to width ratio (index 1, Table 18b).

Neither does index 2 (Table 18b), characterizing the relative length of
the tuber calcanei, vary distinctly from one species under study to another.

The fact that in various species the measurements of the calcaneus main-
tain uniform proportions will be further considered in respect of its usefulness
for estimation of the body size of some leporids (p. 78).

Cuboid

The facet of the cuboid for the calcaneus is narrower, proportionally, than
in Oryciolagus cuniculus and Lepus europaeus.

Navicular

The projecting ventral portion of this bone is robuster than in Lepus euro-
paeus and Oryctolagus cuniculus.

Metacarpals, metatarsals, and phalanges

The epiphyses of the metacarpals and metatarsals are strongly built. In
robustness they exceed the same bones in Lepus europaeus. Like the phalanges,
they show the same morphological characters as the corresponding bones of
Lepus europaeus and Oryciolagus cuniculus.

LENGTH RATIOS OF THE LIMB BONES

The length ratios of the particular sections of limbs have been tabulated
for comparison. Since these lengths in the fossil species are known not from
direct measurements but from reconstructions, their values bear errors ranging
from 3 to 59,. Consequently, in the comparison of the values of indices offered
in Table 19 only the differences exceeding 59, can be treated as significant.

As will be seen from this comparison, Hypolagus brachygnathus differs from
Lepus europacus (partly also from Oryctolagus cumiculus) in its arm being
relatively longer compared with the forearm. On the other hand, it does not differ
from Lepus europaeus in the ratio of the partial length of the fore-limb to that
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of the hind-limb (index 5, Table 19). In comparison with these species Orycto-
lagus cuniculus has the fore-limbs relatively shorter than the hind-limbs.
No significant differences can also be found between Hypolagus brachygnathus
and Lepus europaeus as regards the proportions of the humerus and femur.

Index 5, showing in general that the fore-limb is as much shorter than
the hind-limb in Lepus europaeus as in Hypolagus brachygnathus, compares
with similar indices for Hypolagus schreuderi TEILHARD DE CHARDIN (TEILHARD
DE CHARDIN, 1940). This author compared Hypolagus schreuderi with a recent
member of Lepus from Manchuria (species not given). In the calculation of
this ratio he used the radius in the place of the ulna (it was impossible in my
case to reconstruct the radius on the basis of my material). The index thus
calculated amounts to 71-0 for Hypolagus schreuderi and to 70-0 for Lepus
from Manchuria. The value of the index in the present study is different, be-
cause, as mentioned above, I used the ulna for computation. However, it
points to the same fact in both cases: the degree of shortening of the fore-limb
in relation to the hind-limb is the same in Hypolagus as in Lepus.

Table 19

Length indices of bones of limbs. W -— Weze; R - Rebielice; K — Kadzielnia; Ky — Kamyk

| H. brachygna- =2 2
\ | hs L. europaeus 0. cuniculus
IS W ST e il EdGElLe  E
| = 1 | |
W = ‘ |
femur o e R | 90-2 ‘ i g <‘ i
- B Pacey 89-0 88-7 i 92-2
: | Ky | 90-4 =
‘ i |
[T - ’
5 humerus . e 92-0 i | o
gt e Ghiai 96-0 | o ;
| W s 1
humerus R 81-7 i .
; ) | | 4 3. | 730
2 10 . T | 78-4 | 733
| Ky | 84-0
| |
lw | = . ’
z ulna R 79-9 . i o
. b 0 5 : 769 | 2 \ 189
e |
e i |
e : | |
5 humerus -+ ulna o PR 80-8 i S0 \ -
= + tibia . e 799 ‘ - | -
e |
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CHANGES IN SIZE IN THE SKELETON OF HYPOLAGUS BRACHYGNATHUS
IN THE PERIOD FROM THE UPPER PLIOCENE TO THE END OF THE FIRST
INTERGLACIAL

A comparison of the measurements of various elements of the skeleton of
Hypolagus brachygnathus from different geological periods shows that their
sizes changed with time. These changes are manifested in the growth of ab-
solute measurements of the skeletal elements and then they also affected the
over-all measurements of the body. The greatest growth in size in the samples
from the chronologically ,neighbouring® faunae occurs in the Kadzielnia-
Kamyk interval. It is a relatively short period as compared with thetime span
separating it from the middle Pliocene and, as will be seen from the data given
by KOwALSKI (1958a—19604a), it corresponds approximately to the Giinz-
Mindel interglacial. The increase in size in the Weze-Rebielice and Rebielice-
Kadzielnia periods is small; it lies close to the significance-insignificance
demarcation line, as shown by the test of significance of the differences ¢ for
the calcaneus. Thus, the increase in the size of body of Hypolagus brachygnathus
in the period from the middle Pliocene to the end of the first interglacial is
not continuous.

The value of growth varies with the size of bones, the larger the size, the
higher the value, which is illustrated by black stripes on the right-hand side
of Fig. 27.

III. SYSTEMATIC POSITION OF THE GENUS PLIOLAGUS Kormos

THE HISTORY OF THE DESCRIPTION OF SPECIES BELONGING TO THE GENUS
PLIOLAGUS KorMOS

In 1917 DicE divided the family Leporidae, which was hard to systematize,
into three subfamilies: Palaeolaginae, Archaeolaginae, and Leporinae. The
division was based on the structure of the first lower premolar (P;), which
has two, an internal and an external, deep enamel folds (giving it the distinctive
shape of an hour-glass) in the first group, only one, external, fold extending
at most halfway across the tooth in the second group, and the same external
fold reaching as far as the medial wall of the tooth in the third group (Fig. 28).

Basing on DIcE’s division Kormos (1934) distinguished three genera of
the fossil hares from the early Pleistocene of Central Europe: the first repre-
sented by Hypolagus brachygnathus Kormos with distinet characters of the
Archaeolaginae, the second including Pliolagus beremendensis KorMos, which
had characters both of the Archaeolaginae and. of the Palaeolaginae, and the
third genus, Lepus, a typical member of the Leporinae
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Fig. 27. Changes in measurements of some bones of the skeleton of Hypolagus brachygnathus
from the fauna of Weze to that of Kamyk
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The genus Pliolagus KorMOS along with the species Pliolagus beremendensis
Kormos has been described from Villany, Beremend, and Csarnota in Hungary.
The members of this species, as may be inferred from rather vague data given
by KorMos (no measurements given), were smaller than Lepus and Hypolagus.
In addition to its smaller size, the character distinguishing the genus Plio-
lagus Kormos from Hypolagus DICE was the presence of a small additional

PALAEOLAGINAE ARCHANOLAGINAE LEPORINAE
P, g P, 2 s Q

I'ig. 28. Shape of P; after Dice

enamel fold on the internal side of P;. Its occurrence, according to KoRMOS,
recurs to the phylogenetically old group Palaeolaginae. This fold was, however,
absent from the deepest portion of the tooth, from its bottom side, which
Kormos illustrated in his two drawings of P, showing the enamel pattern of
the top surface and that of the bottom surface of this tooth (so-called ,,Kaufli-
chenbild“ and ,Rohrenbild*“). He presented the enamel pattern of the bottom

2588

Fig. 29. s, t — P, of Pliolagus beremendensis from holotype No 3931; p,r — P, of Pliolagus
beremendensis from specimen No 3692 (from Kormos, 1934)

surface as reflected in a mirror to facilitate the comparison of the two drawings
(Fig. 29). The drawings were made from the holotype of Pliolagus beremendensis
(No 3931). Beside these two the author placed two other drawings showing
a left and a right third lower premolar (the latter as seen in a mirror) from
two mandibular bodies marked with the same number, Ob. 3692, and then
probably belonging to the same individual. In these drawings the additional
internal enamel fold, the generic character of Pliolagus, is well visible. KORMOS
did not give any drawings of the bottom surfaces of these teeth.

In 1941 Krerzol put the determination made by Kormos to revision and
questioned the correctness of his observation as to the existence of the internal
enamel fold in P, of Pliolagus beremendensis. He offered the four above-men-
tioned drawings of P, (after the publication of 1934), all as mirror reflections
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of Kormos’s drawings, preserving the details of their originals, and stated that
they were the result of his faulty observation, for the internal (lingual) enamel
fold described by Kormos did not exist at all (...Das von Kormos beschriebene
und abgebildete Kaufldchenbild von Pliolagus beruht auf einem schweren
Beobachtungs- und Illustrationsfehler! Die von KXormos betonte linguale
Palaeolaginae-Synklinale existiert ttberhaupt nicht, der betreffende Zahn ist
typisch archaeolagin gebaut!...)“. Nevertheless, KrRETZ0I recognized the validity
of the species Pliolagus beremendensis KorM0OS8. Moreover, he found remains
of a small hare in the Lower Pleistocene fauna from Betfia (Roumania), the
specimens of P, of which, in his opinion, have no additional internal fold and
are exactly like those of Pliolagus béremendensis in shape. The only character

1 2 3

Iig. 30. Pliolagus tothi. P, after KrETzOI (1941)

distinguishing this hare from Pliolagus beremendensis is, according to KRETZOT,
its measurements, 1!/, times as large. Like Kormos, KrETZ01 did not give any
measurements. The difference in size between the two forms caused KrErzoIl
to describe the hare found by him as a new species, Pliolagus tothi KRETZOI
(Fig. 30). However, he did not publish a precise diagnosis of the species,
nor did he indicate the holotype except for two drawings of a specimen
of P, (top and bottom surface) of Pliolagus tothi. Next to them he placed the
drawing of the top surface of P; (Fig. 30) of the specimen of Puiolagus beremen-
densis having no additional internal fold, for comparison. I{ cannot, however,
be inferred either from the text or from the explanations of the drawings which
specimens of the original collection of Kormos he used for this comparative
drawing. :

In 1958 KowALskT mentioned two species of fossil hares in his study on
the early Pleistocene fauna of Kadzielnia in Kielce: Hypolagus brachygnathus
Kormos and another hare still smaller in size. On the ground of the size of
its mandibles and teeth, smaller than in Hypolagus brachygnathus, and the
traces of an additional internal fold in P, he decided to name it Pliolagus cf.
tothi KRETZOI.

The contradictions in the observations of Kormos and KrEurzor quoted
above and the striking likeness of Pliolagus cf. tothi from Kadzielnia to Hypo-
lagus brachygnathus induced me to resume the morphological analysis of both
the species of Pliolagus and to compare them with Hypolagus brachygnathus.

Acta Zoologica Cracoviensia nr 1 5
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MORPHOLOGICAL DETAILS OF PLIOLAGUS BEREMENDENSIS KorMOS

The present description concerns the original specimen of KorMosS (,,genus
typus a Villany, Kalkberg, 1932. X., no 3931%).

The holotype is a fragment of a mandibular body with the complete set
of cheek teeth but without incisors.

A very distinet additional internal enamel fold extending about 1/4 of
the way across the tooth is to be seen on the wear surface of P;. The fold is
filled with cement. It is not perceptible in the bottom aspect of the tooth,
as it disappears at its mid-height. The shape of the lower cross-section of the
tooth differs from that of the wear surface in that it is slightly narrowed
mediolaterally and more evidently elongated (about 109,) anteroposte-
riorly. As a result, the opposite walls of the tooth are not exactly parallel
to each other. The medial portion of the outline of the lower cross-
section is slightly concave. The photograph of this specimen (Pl. VII, 2a, b)
differs a little from the drawing of Kormos (1934 b), probably because the
latter is a freehand drawing from nature performed without using a drawing
apparatus (the outer contour of rather a thick layer of enamel changes some-
what with the kind of lighting and the direction of the falling light). The ac-
complishment of a clear photogram of the bottom surface of P; from specimen
No 3931 presented difficulties owing to its being partly damaged and its
margins uneven. The other morphological details of the mandible of Pliolagus
beremendensis also agree with the description given by Kormos. The measure-
ments of the specimens are presented in Table 20.

In view of these observations it becomes undoubtful that the additional
internal enamel fold on P, described by KorMos exists really
and is not an error of observation or illustration. In conse-
quence, the different observations of KrEerzor quoted above have not been
confirmed.

According to the information given by Kormos (1934, p. 71) about two
specimens of Pliolagus beremendensis No 3692, at present missing in the col-
lection of the Zoological Department of the National Museum in Budapest,
the right and left lower premolars (Iig. 29) represent a young individual age
of Pliolagus beremendensis, at which age the internal enamel fold in question
is best visible. Even if we assume that specimens Nos 3692 and 3931 in the
figures presented by Kormos were drawn to only approximately the same
scale of magnification, it seems questionable whether specimen No 3931 be-
longed to an adult individual, considering the fact that the neighbouring
specimen, denoted as No 3692, is larger but all the same it repregents, as KorMOS
writes, a young age. In his opinion, the occurrence of this additional internal
fold in P, of Pliolagus beremendensis is a temporary character connected with
individual age.
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MORPHOLOGICAL DETAILS OF PLIOLAGUS TOTHI KRETZOT

The specimens of this species from the Lower Pleistocene of Betfia examined
by me do not show any additional internal enamel fold on P,. The measure-
ments of these specimens are offered in Table 20. According to KrRETZ0I, the
specimens of his species are 1!/, times as large as those of Pliolagus beremendensis.
It will be seen from a comparison of the measurements of Pliolagus beremen-
densts and Pliolagus toths (Table 20) that the differences in size between these
two species are hardly perceptible and even, in the cases of some measure-
ments, quite absent, so they certainly cannot reach 1/4 of their values.

In the two specimens of Pliolagus tothi the measurements of the bottom
surface of P, (it was visible in both of them) were compared with those of the
wear surface. The difference was considerable, it amounted to about 309,.
The wear surface is thus far smaller than the bottom surface, and so the op-
posite walls of this tooth are not parallel. The radiogram of one of these mandi-
bles (as in other cases, its number was not given) corroborates this observation:
the tooth approximates to a pyramid in shape (Pl. VII, 3).

It has already been pointed out (p. 22) that the lack of parallelism of the
walls of cheek teeth in Hypolagus brachygnathus is a character of the permanent
dentition of young individuals. Therefore, it may be assumed that the spe-
cimens of Pliolagus tothi examined undoubtedly did not represent old indi-
viduals.

As for the quantitative occurrence of Pliolagus tothi, it formed, according
to KrETZOI, hardly 39, of the remains of the Leporidae from Betfia, while the
other specimens belonged to Hypolagus brachygnathus (229,) and Lepus Sp.
(75%)-

CONCLUSIONS

As has been shown by a close analysis of the specimens of Pliolagus tothi
KrETZ0I and Pliolagus beremendensis KorMOS including their descriptive types,
they represent young individuals, that is such as have atypical measurements
and structure.

The measurements of both these species as well as the measurements of
Pliolagus cf. tothi KrETz0I from Kadzielnia were compared with those of the
third developmental stage of the young teeth of Hypolagus brachygnathus
(p. 33). They all lie within the range of measurements of this developmental
stage of Hypolagus brachygnathus (Table 20).

Variation in the enamel pattern of P, both in the deciduous and in the
permanent, generation presented on p. 34, 42 indicates that there were small
numbers of young specimens of Hypolagus brachygnathus with the structure
of Pg resembling that in the two species of Pliolagus. These last species occurred

o*
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only in small numbers in the materials from Betfia and Villany, because, in
my opinion, their quantity at the stage of development that they represented
ig, in the nature of things, small.

On the basis of observations carried out during the present study it must
be stated that there are no morphological grounds to hold that Pliolagus bere-
mendensis KorMos and Pliolagus totht KRETZOI are species distinet from Hypo-
ldgus brachygnathus XorMoS. There are only various juvenile stages of indi-
vidual development of Hypolagus brachygnathus Kormos. Consequently the
genus Pliolagus KorMos must be considered to be synonymous with the genug
Hypolagus DicE, and the species Pliolagus beremendensis KorMos and Plio-
lagus totht KrETZOI synonymized with Hypolagus brachygnathus KORMOS.

IV. DISCUSSION

THE DYNAMICS OF VARIATION IN THE DENTITION

One of the great changes that took place in the history of the Lagomorpha
is the transformation of their cuspidoradical type teeth into ever-growing
hypsodont teeth. The permanent dentition of the late Eocene leporids shows,
besides the existence of roots, also some traces of hypsodonty, which becomes
still clearer in the forms from the early Oligocene, and as early as the Lower
Miocene, according to DAWsoN (1958), predominates over the radical structure
of the dentition. It seems probable that the presence of the roots in the deci-
duous teeth with traces of hypsodonty described in Hypolagus brachygnathus
(p. 34) is the partial ontogenic repetition of this very process of evolution.
STACH (1904, 1910) suggests in his studies on the ontogenesis and transformation
of the deciduous dentition of Oryctolagus cuniculus that the occurrence of one,
strongly elongated, trough-shaped root in the milk teeth is caused by the
necessity of their nutrition still for some time in the period when they are being
ousted by the permanent teeth. The gradual prolongation of the period of
nutrition of the teeth and the elongation of the roots of that type probably
mark the morphological beginnings of hypsodonty.-

The process of unification of the shape and partly of measurements in the
teeth of the upper row of the Leporidae begins at the time of the appearance
of hypsodonty, the molar teeth being ,models“ for shape. This process, gener-
ally called molarization, consists in gradual appearance of the characters of
molars in the premolars. It manifests itself, above all, in the elongation of
the hypostria of the upper cheek teeth and in the increasing density of crenu-
lation. of this enamel fold. The data of DAWSON (1958) indicate that in the
phylogenetically older species of the genus Hypolagus the crenulation of the
hypostria is stronger in the premolars than in the molars. The uniformity of
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crenulation occurs in the younger species of Hypolagus and in the modern
Leporidae. Another feature of molarization is the anteroposterior elongation
of the teeth, especially of P* and P

The molarization of the cheek teeth in Hypolagus brachygnathus, as will
be noticed, advanced so far that it becomes difficult and in some cases im-
possible to distinguish isolated P* from M'. The crenulation of hypostria is
practically the same in premolars as in molars. In this respect, therefore, Hypo-
lagus brachygnathus was one of the evolutionarily advanced species of the
genus Hypolagus.

The change in measurements of P2, P4, M!, and partly also of M? during
the Weze-Kamyk interval is of this kind that the widths of anterolophid and
posterolophid show parallel changes, while the crown length is in its changes
quite independent of both of them (p. 40). This fact is of great importance
to the process of molarization of these teeth, among others to their antero-
posterior elongation. It seems that the changes in the length of crown indepen-
dent of its other two measurements were a factor facilitating the molarization.

The very well developed crenulation of the upper cheek teeth of the modern
Leporidae appears to be a good adaptation of these teeth for grinding food by
characteristic of leporids transverse movements of the mandible. The occur-
rence of crenulation on the hypostria not only increases the grinding surface,
but also prevents dentine, softer than enamel, from excessively fast wearing.
This adaptation was acqired during the long process of molarization of the
upper cheek teeth.

The changes that occurred in the lower cheek teeth of Hypolagus brachy-
gnathus took a different direction from those discussed above. M,, in which,
as has been shown (p. 42), the process making this tooth of simple structure
similar to the other molafs has started, is an exception.

The distinctness of the changes in the lower cheek tooth row is evidenced
by the fact that in the case of P,, M;, and M, the trigonid width is the character
that changes independently of the others and not, as in P3, P4, M!, and M2, the
crown length. In P,, M;, and M, the measurements correlated with each other
are the crown length and the talonid width.

The posterior external enamel fold in P, and the deep fold between the
trigonid and the talonid of the lower cheek teeth next to it show a progressive
tendency towards simplification of their shape (p. 41). On the other hand,
in the evolution of various leporid species the enamel pattern exhibits a tend-
ency to become more complicated. The occurrence of crenulation and of various
kinds of waviness of the enamel fold between the trigonid and the talonid
in P, is not an isolated case. P, of Hypolagus parviplicatus DAWSoN, 1958 from
the Miocene shows, as can be seen in the clear drawing on page 45 of
the paper of DAwsoN (1958), a .distinet crenulation of the posterior wall of
the posterior external enamel fold like that described from Hypolagus brachy-
gnathus of Weze. The phylogenetically younger species of the genus Hypolagus
have these folds void of crenulation, especially so in P,.
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It is hard to establish whether the role of crenulation in the lower denti-
tion was the same as that discussed above in connection with the upper cheek
teeth. If it was similar, then the reduction in crenulation and waviness of
enamel in the lower cheek teeth of Hypolagus brachygnathus should be re-
garded as a regressive tendency difficult to agree with Dorro’s rule on the
irreversibility of evolutionary changes.

The appearance of primitive characters is fairly often observed in Hypo-
lagus brachygnathus. Among these we can reckon the occasional additional
enamel fold in P,, with which I dealt when discussing the systematic position of
the genus Pliolagus. The above-mentioned reduction in crenulation in the
lower cheek teeth seems to belong to the same category of characters only
that it manifests itself far oftener and in the fauna from Kamyk it is to some
extent a character of population. In Hypolagus brachygnathus the frequent
occurrence of these primitive characters may have reflected the still im-
perfect adaptation for grinding food, which is also indicated by the results
obtained from an analysis of correlations in the measurements of the lower
cheek teeth (p. 46).

BIOLOGICAL SIGNIFICANCE OF CORRELATIONS IN TOOTH MEASUREMENTS

The occurrence of positive correlations between the sizes of neighbouring
teeth seems to result from a need of keeping constant proportions between
them, particularly so between' the portions of tooth row doing different work.
The mechanism enabling the maintenance of these proportions at a steady
level through numerous generations is certainly founded on genetics. A reduc-
tion in correlation, as the distance between the teeth increases, is probably
governed by the action of the ,genetic field of growth determined by a set
of polymeric genes. KURTEN (1953) presented a schematic model showing the
action of gene pairs on the crown size in three successive teeth. In accordance
with this model, definite alleles of the genes acting on a tooth are responsible
for the growth of its crown size by a certain meassurable value, which decreases
and increases for the neighbouring teeth depending on the possible combi-
nations of the genes; this results in the appearance of definite correlations
between the sizes of these teeth. The application of this scheme for considera-
tions on the correlations discussed above facilitates the explanation of some
problems, and yet the importance of the theory of genetic correlation fields
of KUrTEN should not be overestimated, and this is not inconsistent with the
wery opinion of its author.

The occurrence of the highest correlations in the same tooth pairs in Hypo-
lagus brachygnathus, Lepus europaeus, and Oryctolagus cuniculus gives evidence
of the action of identical genes, responsible for these strong interrelations,
on P,, M;, and M, of these species. Apart from their sizes the crowns of these
teeth much resemble each other in shape (p. 22). The same likeness is observed
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in a large number of both modern and fossil leporids (e. g. in phylogenetically
old genera such as Archaeolagus DicE, 1917 or Palaeolagus LwIDY, 1856). The
diagram illustrating the course of changes in the absolute measurements of
all the teeth of Hypolagus brachygnathus during the Weze-Kamyk interval
(p. 38) shows that the changes concerning three measurements of each tooth
are uniform for P,, M,, and M, contrary to what has been found in the remain-
ing teeth of the lower row. The foregoing facts indicate a close functional as-
sociation of these three teeth forming a distinct unit of great phylogenetic
durability within the tooth row. As regards the adaptation of teeth for grinding,
I might hazard the statement that the development achieved by P,, M,, and M,
constitutes a rather much advanced adaptation in the mandible of leporids.
The only hazard results here from the fact that I do not known the correlations
in the dentition of the above-mentioned fossil forms of the genera Archacolagus
and Palaeolagus, these being unavailable for me.

It will be seen from the comparison of the general degrees of correlations
carried out above that Hypolagus brachygnathus more approaches Lepus euro-
paeus than Oryctolagus cuniculus in this respect. This last species in general
shows a lower degree of interdependence in the lengths of the tooth crowns and
at the same time a tendency to expansion of correlation, though at a lower
level of its value. Since the correlation fields and the course of the contour
lines are very pronounced and uniform in Hypolagus brachygnathus and Lepus
europaeus, it seems that the process of formation of correlations in the lower
tooth row proceeds virtually in one direction in both these species, but especially
so in Lepus europaeus. Despite a close resemblance of both the species in this
respect, Lepus europaeus represents a higher level of development as far as
the adaptation of the dentition for grinding is concerned, on account of its
higher values of correlation and, what is more, their occurrence in the group
of teeth constituting a functional unit (P, and M,, as shown above, differ
significantly in these species).

The appearance of medium and low (not significant) correlations in the
particular species is especially interesting in the case of P, and M,. Here all
the three species exhibit similar low values of correlations. This proves the
action of a combination of genes on P, different from that aecting on P,, M,,
and M,. Carrying these considerations on, we may presume that the lack of
correlation expected according to ,the rule of neighbourhood“ between the
length of M, and the length of the remaining teeth, is controlled by the action
of a combination of genes varying from that active in the case of the other
teeth.

The lack of correlation, or its low value, should in theory afford the pos-
sibility for greater variation in the characters examined. The coefficients of
variation (V) for different measurements of teeth in Hypolagus brachygnathus
-from geologically varying localities (p. 25) indicate that M, and partly also
P, really differ from the remaining lower cheek teeth in their considerably higher
values, and this is true not only of the length but also of other measurements.
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Apart from the variation of measurements, M, shows a great morphological
variation as well. This manifests itself particularly clearly in the material from
Kamyk, in which the changes in the tooth length to width ratio and the oc-
currence of various patterns of the enamel between the trigonid and the talonid
are observed (p. 42).

BIOMECHANIC SIGNIFICANCE OI' SOME CHARACTERS OF THE SKELETON OF
HYPOLAGUS BRACHYGNATHUS

The characters of the scapula of Hypolagus brachygnathus that I have
already described, i. e. an increase in its surface area compared to the recent
hare and wild rabbit with a simultaneous relative shortening of its neck and
the less clear than in Lepus ewropaeus preponderance of the infragpinous fossa
over the supraspinous fossa, refer to the analogous characters recorded by
Dawson (1958) from the Oligocene and earlier Leporidae, in which, according
to this authoress, it is possible to trace the gradual transition from the original
state of balance of both the spinous fossae to a remarkable reduction of the
supraspinous fossa, which is characteristic of phylogenetically younger and
recent forms.

The elongation of the scapular neck and the narrowing of the whole scapula
found in the modern forms are, according to SMITH and SAVAGE (1956), a dis-
tinetive character of many mammalian species having a perfected cursorial
type of locomotion. In respect of this specialization, therefore, Hypolagus
brachygnathus was second to the recent hare, though it surpassed its Oligocene
ancestors.

The widening of the scapular socket found relatively smaller in Hypolagus
brachygnathus and the wild rabbit than in the hare, facilitates the-movements
of the humerus out of their principal plane, i. e., the sagittal plane. This charac-
ter is associated with a slight shallowing and shortening of the bicipital groove
of the humerus observed in Hypolagus brachygnathus. This character, peculiar
to phylogenetically primitive forms, is, in addition, one of the adaptations
of the fore-limb of Hypolagus brachygnathus for digging movements (cf. wild
rabbit).

The sturdiness and elongation of the medial epicondyle of the humerus
of Hypolagus brachygnathus and the generally less massive structure of the
trochlea than in the modern hare and wild rabbit, together with its relatively
low crest seem to be due to the strong development of the flexors and extensors
of the forearm. The development of these muscles may have increased the
efficiency of digging movements. '

The articulation of the humerus with the bones of the forearm, not so tight
as in the modern hare and the wild rabbit, and the looser contact of the ulna
with the radial than in these species suggest that Hypolagus brachygnathus
possessed the greater power of pronation and supination movements. The
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hare has lost this property of its limbs almost completely in connection with
the perfection of its cursorial type of locomotion.

The relative elongation of the olecranon process, which is the place of the
insertion of the triceps, the strong muscle extending the elbow joint and re-
tracting the forearm, observed-in Hypolagus brachygnathus, indicates that this
musecle was better developed than in the hare, resembling that in the wild
rabbit. According to PoPLEWSKI (1948), it plays an important role in the
digging movements of the limb. The presumption that Hypolagus brachygnathus
frequently performed such movements proves true also when congidered in
connection with some other above-discussed characters of its skeleton.

Most of the morphological characters of the skeleton of Hypolagus brachy-
gnathus differing from the corresponding characters of the hare in respect of
biomechanics concern, as will be seen, the fore-limb. Begides these characters
there are still some others, specified below, which indirectly affect the
motion and contribute to the formation of the general shape of body of this
animal.

The following muscles having a bearing on the body shape of Hypolagus
brachygnathus were, as may be presumed, more strongly developed than in the
recent forms:

1) the supraspinatus and infraspinatus, having an increased area of at-
tachment on the scapular blade;

2) the set of acromial muscles inserted at the greater tuberosity and in
its direct vicinity, the greater growth of which is indicated by the stronger
than in recent forms development of the deltoid tubercle and the deltoid crest,
the presence of an additional fine tubercle above them and, finally, by the
sturdiness of the greater tuberosity; ;

3) the triceps brachii, the properties of which have already been discussed
above;

4) the rectus femoris, the remarkable development of which can be inferred
from the presence of the big inferior anterior spine on the ilium;

5) the gluteus medius attached to the robust great trochanter;

6) the gastronemius, whose attachment area just above both condyles
of the femur (on the posterior side) shows pronounced roughness.

Some of the muscles, being better developed, probably enabled Hypolagus
brachygnathus to execute vigorous movements. On the other hand, the sturdiness
of various elements of its skeleton, which might well be defined as ,thick-
bonedness®, is striking. The combination of both these properties, coinciding
with the smaller absolute measurements of body than in the recent hare,
suggests that the cursorial ability of this species was rather poor, as was demon-
strated above. '

Frequent execution of digging movements implies burrowing, which again
resembles the ways of the wild rabbit.

As will be seen from the results of the analysis of the bones of limbs, Hypo-
lagus brachygnathus had the musculature of the upper portions of its Limbs



-
75 75

and partly of the shoulder and hip girdles better developed than that in the
recent hare. If these characters, as may be supposed, manifested themselves
in the general mould of its body, they were responsible for its being robust
and stocky.

In the length ratios of the fore- and hind-limbs Hypolagus brachygnathus,
as has been shown, resembles the recent hare.

The evidently shortened facial portion of the skull owing to the short
toothless margins of the jaws (p. 17) indicates the blunt shape of the muzzle.

CHANGES IN THE BODY SIZE OF HYPOLAGUS BRACHYGNATHUS WITH TIME
AND THEIR CLIMATIC INTERPRETATION

A comparison of the measurements of various skeletal elements of Hypo-
lagus brachygnathus shows that the size of body varied in the members of this
species with time. The greatest differences were found between the specimens
from Weze and those from Kamyk. Hypolagus brachygnathus was considerably
smaller in the Upper -Pliocene than at the end of the first interglacial (statistic-
ally significant differences in Table 23).

Changes in body size occurring in mammals during long periods may be
twofold in nature: they either reflect a general evolutionary trend to continuous
change in body size of animals representing the same evolutionary lines
(StvpsoN, 1955; Moopy, 1962) or are brought about by climatic changes (more
strictly, changes in temperature) in accordance with the bioclimatic rule of
BERGMANN (RENSCH, 1936; KURTEN, 1960). Finally, they may as well be due
to the co-action of both these factors.

The changes in the size of body of Hypolagus brachygnathus over the time
discussed are not continuous: the differences in size of the particular parts
of skeleton between the samples from Rebielice and those from Kadzielnia
are sometimes hardly visible, but they increase rapidly between the samples
from Kadzielnia and from Kamyk. As can be seen from the data of WooD (1940),
the evolutionary process of growth of body measurements in the fossil Lepo-
ridae is hard to perceive and, if there was any, it was the most intense in the
period from the middle of the Oligocene to the beginning of the Pliocene, no
later changes in size being palpable. This fact, as well as the abov-mentioned
discontinuity of the growth of body size in Hypolagus brachygnathus from my
material, allows the fairly probable presumption that the increase in size
observed in this species over the Weze-Kamyk period was not an evolutionary
process of growth in the body size.

On the other hand, the palaeoclimatic data (BROOKS, 1949; ZEUNER, 1959)
indicate that the Pliocene weather was milder than later in the interglacial
periods of the Pleistocene. Conclusions concerning this difference can be made
on the bagis of my material, for instance, comparing the colour of clay in the
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particular breccias. The clay has the properties of typical terra rosa except
for the breccia from Kamyk. The most intense red coloration is found in the
breccia from Weze. The coloration is less intense in the breccias from Rebielice
and Kadzielnia, while the deposits from Kamyk are only brown-yellowish.
Hence it appears that, as far as temperature is concerned, the difference in
climate was the greatest between the period when the fauna of Weze lived
and that of the fauna of Kamyk.

The dependence of the size of body in warm-blooded animals of the same
species on the temperature of the environment is, as it is well known, determined
by BERGMANN’S rule. According to this rule, animals living in a cold climate
have larger measurements of body than the members of the same species living
in a warmer climate. This dependence is connected with a trend to achieve as
advantageous a relation of the body surface area, radiating heat, to the volume
(and so to the size) as possible. The ratio iy more advantageous in big animals
than in small ones. However, there is a large number of mammals which form
exceptions, e. g., some Mustelidae, whose body measurements change irrespec-
tive of the fluctuations of temperature (KURTEN, 1960).

For this reason I preceded my trials to explain the increase of absolut-
measurements of Hypolagus brachygnathus through changes in climate by
checking and demonstrating that BERGMANN’S rule proves true of recent
leporids. The data used for this purpose derive from two sources: 1) from the

_paper on bioclimatic laws by RENSCH (1936) containing, among other things,
a comparison of sizes of various American subspecies of hares and rabbits
having a limited range and collected at latitudes differing distinctly in climate,
and 2) from my own measurements of skulls of the variable hare Lepus timi-
dus L. from a few regions of Asia differing in climate. The data of RENSCH were
completed with the mean annual temperatures of the geographical regions
inhabited by the subspecies compared. These data were used to compile Ta-
bles 21 and 22. They permit the statement that various species of the Leporidae
change their body measurements in accordance with BERGMANN’S rule and
that the degree of these changes is proportional to the climatic differences,
expressed here by the mean annual temperature. Consequently, it seems quite
probable that the changes in size of Hypolagus brachygnathus over the period
between the Upper Pliocene and the end of the Giinz-Mindel interglacial were
due to changes in climate.

Being in possession of the data concerning the mean changes in size of recent
hares and rabbits, controlled by differences in climate according to the latitude
in which they live, and knowing the magnitude of differences in size of Hypo-
lagus brachygnathus between the middle Pliocene and the end of the Giinz-
Mindel interglacial, brought about by climatic changes of an unknown gradient,
one can try to calculate the order of magnitude of this gradient. However,
it should be mentioned beforehand that this kind of calculation is possible
after introducing some simplifications into the initial assumptions, causing the
approximate nature of the result. ,
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Table 22

Changes in condylobasal length of skull of Lepus timidus from two climatically differing
regions of Arkhangel’sk and Vladivostok. N — number of specimens
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A comparison of the measurements obtained from different parts of the
skeleton of Hypolagus brachygnathus with these data is difficult, as we do not
know the exact measurements of its body. Those obtained from the reconstruc-
tions of numerous but fragmentary long bones would not be reliable because
of too great errors. It is also difficult to infer the size of the whole body from
the measurements of fossil teeth, as the correlation between these values is
not sufficiently high.

The only elements of the skeleton fit for such a comparison are short bones
of the ankle joint, which change within very narrow limits with the changes
in proportions of the long bones of limbs, as has been checked in recent hares
and rabbits. Among the bones of the ankle joint theoretically fit for comparison,
the calcaneus is the most abundant and least damaged in the available fossil
materials. Its abundance makes it also possible to carry out the basic statistical
analysis. The results of measuring and the statistical data are given in Table 23.

The general assumptions for calculation of the gradient of mean annual
temperature are as follows:

1) The changes in size of Hypolagus brachygnathus over the period between
the middle Pliocene (Weze) and the end of the first interglacial (Kamyk) were
caused by the differences in the temperatures of environments according to
BERGMANN’S rule.

2) The changes in size of Hypolagus brachygnathus caused by a gradient
of temperature are proportional to the changes brought about by the same
gradient in similar recent forms.

3) The measurements of the calcaneus of Hypolagus brachygnathus are
proportional to the size of this animal.
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Table 23

Mean length M of calcaneus of Hypolagus brachygnathus comprising
statistical data: M -— arithmetic mean; oy — standard error;
s — standard deviation; t — confidence interval with Student’s
value t at a level of 0-05, for mean M; N — number of specimens

| N M+o s M+ ot
Weze | 18 26-334-0-12 | 0-53 | 26-33 +0-26
Rebielice 31 27-1340-14 | 0:78 | 27-134+0-29
Kadzielnia 20 28-52+0-32 1-46 28-52 4-0-68
Kamyk : 34 32:044-0-14 | 0-84 | 32:04--0-29

4) The gradient of temperature will be determined in the form of a dif-
ference in degrees between the mean annual temperatures of environments for
the faunae from Weze and Kamyk extremely remote from each other in time.

The following parameters were used for this purpose:

1) percentage difference in body size between two recent subspecies s,
and s, living in latitudes ¢ and y; v

2) difference of the mean annual temperatures ¢ obtained from the annal
isotherms I, and I, of the respective regions situated in latitudes o and y;

3) percentage difference Al in the total length of calcaneus between speci-
mens of Hypolagus brachygnathus from Weze (I,) and those from Kamyk (Iy,).

The application of percentage differences, as far as the size of body and the
length of calcaneus are concerned, makes these values comparable within
the limits of proportionality between them discussed above and eliminates
the unknown parameter, which is the absolute size of body of the fossil species,
from the calculation.

The value to be calculated is the gradient of temperature x. The following
equation can be written on the basis of assumption 2:

Al As
o
giving
»— A2t
As
Since
L Sa — 8
= - = 00 . As — ~—§T*-100, and At = I, — I,

$a(ly — Iv)'(lky — ly)
lkﬂ/(sa 7 37)
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Having replaced the denotations s and ! by suitable arithmetic means M,
I obtain finally - . o
Al Mso(I, — L) My, — M)
My, (Ms, — Ms,)

Substituting the suitable means from the table in the formula, I achieve
the approximate difference in mean annual temperature between the environ-
ment of the middle Pliocene fauna from Weze and that of the fauna from
Kamyk dated from the end of the Giinz-Mindel interglacial. The mean value
of this gradient obtained from the combination of the data for various species
of recent leporids and for Hypolagus brachygnathus amounts to 10-5°. This
is a very high value, approximating to the change of the Mediterranean climate
(e. g., that of the Naples region) into the moderate climate (e. g., that of the
Warsaw region). We should accept this figure with some reserve in view of the
necessary simplifications introduced into the initial assumptions for calculation.

PROBLEM OF EXTINCTION OF HYPOLAGUS BRACHYGNATHUS IN THE
PLEISTOCENE

The species making up the genus Hypolagus form an evolutionary line hav-
ing origin in the middle Miocene (Hypolagus parviplicatus DAWSON, 1958 —
North America). The last representatives of this line became extinct in the
early Pleistocene in both Old and New Worlds. These forms constitute a side
branch in the phylogenetic pedigree of the Lagomorpha (DAWSON, 1958;
GUREYEV, 1964). HIBBARD’S conception (1963) is that the genus Lepus has
a distinet genealogy and its ancestors were not related in the direct line with
Hypolagus. As regards the place of origin of Hypolagus, SIMPSON (1947) believed
that North America was its cradle, Asia being the cradle of Lepus. The dis-
persal of various leporid species occurred in the periods of intercontinental
exchange of the fauna, which in his opinion, took place successively in the
early and late Eocene, early Oligocene, late Miocene, Upper Pliocene, and
Pleistocene. Thus, in the late Pliocene the Eurasian Leporinee are supposed
to have migrated to North America, from where at the same time some mem-
bers of Hypolagus migrated to Eurasia. On the other hand, it is known from
the data given by GUREYEV (1964) that as early as the Upper Miocene Hypo-
lagus gromovi GUREEV occurred in Moldavia. This fact shakes Sivpson’s
hypothesis concerning the migrations of Hypolagus in the late Pliocene, but
it does not rule out North America being the cradle of this group of species.
The majority (9) of the known species of Hypolagus accumulated there, the
remaining ones being found in Asia (China — Hypolagus schreuderi TEIL-
HARD DE CHARDIN 1940), Bastern Europe (Moldavia — Hypolagus gromovi
Gurery) and Central Europe (Hypolagus brachygnathus). Thus, Central
Europe should be regarded as a periphery of the range of the genus Hypolagus.

If we take into consideration the fact that great variation and strong selec-
tion are most intensely active in the periphery of the range of a species, the
peripheral occurrence of Hypolagus brachygnathus seems to have been one of
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the reasons for great morphological variation in this species, reflected in the
high coefficients of variation of some measurements of teeth (p. 25) and in
the diversity of the shape of P2, P?, and M; (p. 42).

The causes of extinction of Hypolagus and, in general, of the whole group
Archaelaginae have not been elucidated so far. The fact of complete disap-
pearance of this genus in the early Pleistocene might be explained by the
effect of the cooling of climate. On the other hand, it has been found on the
basis of Hypolagus brachygnathus that this genus showed a distinct adaptation
to climatic changes in keeping with BERGMANN’S rule. Consequently, the
changes in climate were not the factor leading to the continuous reduction
of its particular populations.

The genus Lepus also appeared in the younger faunae of the Central Euro-
pean early Pleistocene. In KRETZOI’'S opinion (1941), it is rare in the fauna
of Episcopia along with dominant Hypolagus brachygnathus, in the fauna of
Betfia it already forms about 759, of the total of leporids, while Hypolagus
brachygnathus amounts to about 229, it is strongly dominant in the fauna of
Nagyharsanyhegy, and the only leporid species present in the youngest, early
Pleistocene, fauna of Brasso.

As 1 have shown Hypolagus brachygnathus had different primitive chara-
cters. A comparative study of the correlations between the measurements
of the lower teeth indicates that Lepus europaeus distinetly surpasses Hypo-
lagus brachygnathus in the adaptation of the dentition for gnawing. The hare,
as has been demonstrated by a comparison of the biomechanic properties of
the skeleton, was far more efficient, in so far as locomotion and especially
running are concerned, than heavy and sturdy Hypolagus brachygnathus.

The persistence of the two species in the common ecological niche, which
was undoubtedly formed by their similar food supplies, probably led to strong
competition between the hare and Hypolagus brachygnathus,in which the former,
better adapted to the environment in many respects, was finally victorious.

The genus Lepus, which appeared in the Pliocene, dominated in Eurasia
in a comparatively short time and came to Central Europe in the early Pleisto-
cene. There is no reason to doubt that its expansion was equally rapid in North
America, when it had reached there in one of the periods of the intercontinental
exchange of the fauna. The disappearance of the species of the phylogenetic
line of Hypolagus in the New World was also connected with the competition
of the genus Lepus.

REFERENCES

BensLEY B. A. 1945. Practical anatomy of rabbit. Philadelphia, X - 358, 114 figs,
BERNSEN J. J. A., SCHREUDER A. 1934. Eine Revision der fossilen Sdugetierfaune aus den
Tonen von Tegelen. IX. Natuurh. Maandbl.,, Limburg, 23: 82—86.

Acta Zoologica Cracoviensia nr 1 6



82 82

Brooxs C. E. P. 1949. Climate through the ages. London, 395 pp., 39 figs.

Burke J. J. 1934. Mytonolagus, a new leporine genus from the Uinta Eocene series in Utah.
Ann. Mus. Carnegie, 23 (9): 399—420, pl. I—L.

BuUrkE J. J. 1941. New fossil Leporidae from Mongolia. Amer. Mus. nat. Hist. Nov., 1117:
1—23, fige 1—6.

Cork E. D. 1884. The Vertebrata of the Tertiary formations oi the West. Rep. US. Geol. Surv.
Terr. 3: XXV -+ 1009 pp. pls I—LXXYV.

Dawsox M. E. 1958. Later tertiary Leporidae of North America. Univ. Kansas paleont. Contr.,
Vertebrata, Lawrence, (6): 1-—75, 2 pls., figs. 1—39.

Dice L. R. 1917. Systematic position of several american tertiary lagomorphs. Univ. Calif.
Publ., Bull. Dep. Geol., 10 (12): 179—183, figs. 1—6.

Dice L. R. 1929. The phylogeny of Leporidae, with deseription of a new genus. J. Mamm.,
10: 340—344, fig. 1.

Dtmst J. U. 1930. Vergleichende Untersuchungsmethoden am Skelett bei Siugern. In: 1. Ab-

der biologischen Arbeitsmethoden. Berlin—Wien, Abt. VII,
(1): 125—530, figs. 23—247. '

Enix J. 1926. The right interpretation of the cheek teeth tubercles of Titanomys. Ann. Mus.
nat. hung., 23: 178—186, 5 figs.

Frjrar 0. 1961. Die plio-pleistozinen Wirbeltierfaunen von Hajnic¢ka und Ivanovee (Slo-
wakei), CSR. III. Lagomorpha. N. Jb. Geol. Palaeont., Mh., Stuttgart, 5: 267282,
figs. 1—6.

GipLey J. W. 1912. Lagomorphs as independent order. Sci.,” (n.s.), 36 (922): 285—
286.

GUREYEV A. A. 1964. Fauna USSR: Zaiceobraznye (Lagomorpha). Moscow, Leningrad, 3 (10)
2176 pp., 129 figs.

Hart™MAN C. G. 1925. On some characters of taxonomic value appertaining to the egg and
ovary of rabbits. J. Mammal., 6: 114—121.

HerLLer F. 1930. Eine Forest-Bed Fauna aus Sackdillinger Hohle (Oberpfalz). N. Jb. Miner.,
Geol. Palaeont., Stuttgart, 63: 247—298.

Herier F. 1936. Eine oberpliozéine Wirbeltierfauna aus Rheinhessen. N. Jb. miner., Geol.
Palaeont., Stuttgart, 76: 99—160, pls. 7—11, figs. 1—4.

Hissarp C. W. 1963. The origin of the P, pattern of Sylilagus, Caprolagus, Oryclolagus
~and Lepus. J. Mamm., 44 (1): 1—15, figs. 1—3.

Ircierr C. 1811. Prodromus systematis mammalium et avium additis terminis zoogeographicis
utriudque classis. Berlin, XVIIT 4 311 pp.

Kormos T. 1934. Zur I'rage der Abstammung eurasiatischer IIasen Allattani Kozlemenyék,
Budapest, 31: 5—78, figs. 1—3.

Kowarskr K. 1958a. An early pleistocene fauna of small mammals from the Kadmelma hill
in Kielce (Poland). Acta palaeont. pol., Warszawa, 3 (1): 1—47, figs. 1-—24.

Kowarskr K. 1958b. Altpleistozine Kleinsdugerfauna von Podumei in Norddalmatien.
Palaeont. Jugoslav., Zagreb, 2: 1—30.

Kowarsk1 K. 1960a. An early pleistocene fauna of small mammals from Kamyk ([’oland)
Folia Quatern., Krakéw, (1): 1—24, figs. 1—6.

Kowarskr K. 1960b. Pliocene Insectivores and Rodents from Rebielice Klolewskle (P()Lmd)
Acta zool. cracov., Krakéw, 5 (5): 155—194, pls. XIX—XXI.

Kowarskl K. 1962a. I'auna of Bats from the Pliocene of Weze in Poland. Acta zool. cracov.
Krakéw, 7 (3): 39—51.

Kowarskr K. 1962b. Paleozoologiczne datowanie osadéw jaskiniowych. Folia quatern., Kra-
kéw, (8): 1—16, figs. 1—3.

Kretzor M. 1941. Die unterpleistozine Siugetierfauna von Beffla ‘bei Nagyvarad. I'oldt.
Kozl., Budapest, 71 (7—12): 308—335, figs. 1—17.

Krr1zor M. 1954. Bericht uber die calabrische (villafranchische) Fauna von Kislang. Jhber.
ungar. geol. Anst., Budapest, 1: 239—256. : :




83 33

Krrtzor M. 1956. Die altpleistozine Wirbeltierfaunen des Villanyer Gebirges. Geol. hung.
Budapest, 27: 1-—264.

KurtiN B. 1953. On the variation and population dynamies of fossil and recent mammal
populations. Acta zool. fenn., Helsingfors, 76: 1-—122.

KurTN B. 1960. Chronology and faunal evolution of the earlier European glaciations. Comm.
biol., Soc. Seci. fenn., Helsingfors, 21 (5): 1--62, figs. 1—10. :
Magor C. I. T, 1899. On tossil and recent Lagomorpha. Trans. Linn. Soc. London, (2) 7: 433—520,

pls. XXXVI-XXXIX.

MLyNARSKI M. 1962. Notes on the amphibian and reptilian fauna of the Polish pliocene and
early pleistocene. Acta zool. cracov., Krakow, 7 (11): 177—194, pl. XIV.

Moopy P. A. 1962. Introduction to evolution., New York. XI 4 553 pp.

PopLewskr R. 1948. Anatomia ssakéw T. II. Stockholm, 690 pp., 492 figs.

Renscu B. 1936. Studien itber klimatische Parallelitit der Merkmalsausprigung bei Vogeln
und Sidugern. Arch. Naturgesch., 5: 317—363, figs. 1-—2.

ScurEUDER A. 1937. Hypolagus from the Tegelen clay; with a note on recent Nesolagus. Axrch.
Néerl. Zool., 2: 225—239, pls. II, figs. 1—17.

SimpsoN G G. 1945. The principles of classification and a classification of mammals. Bull.
Amer. Mus. Nat. Hist., 85: 1—272.

SimpsoN G. G. 1947. Holarctic Mammalian faunas and continental relationships during the
cenozoic. Bull. geol. Soc. Am., 58: 613668, 6 figs. ¢

SimpsoN G G. 1955. The major features of evolution. New York, XX - 433 pp., 52 figs.

SIMPSON G G, RoE A., LEwonTIN R. C. 1960. Quantitative Zoology, New York, VII + 440 pp.,
64 figs.

Surta J. M., Savace R. J. G. 1956. Some locomotory adaptations in mammals. J. Linn. Soc.,
42 (288): 603—622, figs. 1—14.

StacH J. 1904. Uber die Entstehung des Ersatzgebisses und der Backenziihne bei den Siuge-
tieren. Bull. int. Acad. pol. Cl. math. nat., Krakow, 6: 283—299, figs. 1—6.

StacH J. 1910. Ontologia zebéw siecznych krolika. Przyczynek do kwestyi pochodzenia gry-
zoni. Rozpr. Wydz. mat.-przyr. PAU, Krakéw, (3) 10 B: 306—326, pls. 12—13.

SuLiMskr A. 1959. Pliocene Insectivores from Weze. Acta palaeont. pol., Warszawa, 4:
119—175, pls. I—IV.

SuriMskI A. 1964. Pliocene Lagomorpha and Rodentia from Weze 1 (Poland). Acta palaeont.
pol.,, Warszawa, 9: 149—261, pls. I—XVI.

TEILHARD DE CHARDIN P. 1940. The fossils from the locality 18 near Peking. Palaeont. sin.,
Peking, (n.s.C.) 9, 94 pp., 3 pls.

TuLLBERG T. 1897. Uber das System der Nagetiere. Mitt. kgl. Ges. Wiss. Upsala, 1 + 514 4
18 pp., LVII pls.

WatErRHOUSE (. R. 1842. Opservations on the Rodentia. Ann. Mag. nat. Hist. 10: 197—203,
344347 (after Siapsox, 1945).

Woop A. E. 1940. The mammalian fauna of the White River Oligocene. Part. III Lagomorpha.
Trans. Amer. philos. Soc., Philadelphia (n.s.), 28 (3): 271-—362, pls. XXXIV—XXXYV,
figs. 71—116. :

Woop A. E. 1957. What, if anything is a rabbit? Evolution, Chicago, 11 (4): 417—425, 1 fig.

ZEUNER . E. 1959. The pleistocen period. London. XVIII - 447 pp., 80 figs.

STRESZCZENIE

Autor podaje szezegolows analize morfologiczng i biometryczng licznych
szezatkow zajacowatych z czterech réznigeych sie wiekiem geologicznym faun
z miejscowosci: Weze k. Dzialoszyna (gérny pliocen starszy), Rebielice Kro-
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lewskie k. Klobucka (goérny pliocen mlodszy), Kadzielnia w Kielcath (wezesny
plejstocen, prawdopodobnie poczatek interglacjatu Giinz-Mindel) i Kamyk
k. Czestochowy (wezesny plejstocen, prawdopodobnie schylek interglacjatu
Gilinz-Mindel). Szczatki te we wszystkich czterech faunach naleza do wymarltego
w plejstocenie gatunku Hypolagus brachygnathus Kormos, 1934. Poszcze-
gblne elementy jego czaszki i koSci szkieletu konezyn poréwnano z odpowied-
nimi elementami u wspélezesnych gatunkéw Oryctolagus cuniculus LINNAEUS
i Lepus europaeus PALLAS. W niektéryeh przypadkach przeprowadzono rowniez
poréwnanie Hypolagus brachygnathus z okazami tego gatunku z innych euro-
pejskich faun kopalnych oraz z pojedynczymi okazami Hypolagus gromovi
GURJIEJEW 1 Hypolagus schreuderi TEILHARD. Szczegélowo zbadano holotypy
gatunkdéw Pliolagus beremendensis Kormos, 1934 i Pliolagus tothi KrRETZOT, 1941
i poréwnano je z okazami Hypolagus brachygnathus KorRMOS w réznych stadiach
wieku osobniczego, co umozliwilo rewizje stanowiska systematycznego kopal-
nego rodzaju Pliolagus Kormos, 1934. Duzo uwagi pofwiecono dynamice
zmiennofei uzebienia w okresie czasu dzielacym faune z Wezéw od fauny
z Kamyka, przeprowadzajac podstawows analize statystyezng danych bio-
metrycznych oraz poréwnanie korelacji wymiaréw zeboéw u Hypolagus brachy-
gnathus, Lepus europaeus i Oryctolagus cuniculus. Dzieki znacznej obfitosei
materialéw udato sie poznaé mlode stadia rozwojowe zebéw stalych oraz uze-
bienie mleczne Hypolagus brachygnathus.

Kofci szkieletu pasa barkowego, miednicznego i kornezyn zbadano pod
katem mechaniki biegu, co umozliwilo cze$ciowo probe odtworzenia trybu
jego zycia.

Wnioski

1. Okazy Hypolagus brachygnathus w badanych polskich faunach z gérnego
pliocenu i wezesnego plejstocenu nie réznig sie od okazoéw tego gatunku z in-
nych faun europejskich. Wymiary okazéw Hypolagus brachygnathus z Tegelen
Clay i Beremend sg najblizsze wymiarom tego gatunku z Kamyka, szczatki
za$ z Betfia i Villany odpowiadaja wielkofcig szczgtkom z Kadzielni.

2. Holotypy gatunkéw Pliolagus beremendensis KoRMOS, 1934 i Pliolagus
tothi KRETZOT, 1941 83 mlodymi okazami Hypolagus brachygnathus KormMos, 1934.
Do nich zaliczyé nalezy réwniez okazy Pliolagus cf. tothi opisane przez Kow AL-
SKIEGO (1958) z fauny w Kadzielni. W zwiazku z tym nazwy Pliolagus beremen-
densis Kormos i Pliolagus tothi KRETZOI uznaé nalezy za synonimy Hypolagus

brachygnathus KORMOS, nazwe zas$ Pliolagus KORMOS, 1934 za synonim nazwy
rodzaju Hypolagus DICE, 1917.

3. Hypolagus brachygnathus byl zwierzeciem o wymiarach ciata posrednich
miedzy dzikim krélikiem Oryctolagus cuniculus (LINNEUS) a zajacem szarakiem
Lepus europacus (PALLAS), blizszych jednakze temu ostatniemu. Analiza
czaszki 1 reszty szkieletu Hypolagus brachygnathus pod katem rozwoju umiesnie-
nia wskazuje, ze gatunek ten, w odréznieniu od dzikiego krélika i zajaca, mial
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prawdopodobnie masywng i krepa budowe ciata, pysk tepo zakonczony z dosé
wyraznie skrécong czescig twarzowg czaszki. Masywno§¢ kosci jego szkieletu
i istnienie silniej rozwinigtych miesni w réznych okolicach ciata niz u zajaca
i dzikiego krolika sklaniaja do przypuszcezenia, ze biegowy typ lokomocji byl
u Hypolagus brachygnathus mniej doskonaly niz u zajaca. Znalezienie lepiej
rozwinietych niz u zajaca miesni ulatwiajgceych ruchy grzebigce pozwala wnio-
skowaé, ze ruchy te byly czesto przez Hypolagus brachygnathus wykonywane
i, by¢é moze, stuzyly — podobnie jak u dzikiego krdlika — do kopania nor.

4. Stale uzebienie Hypolagus brachygnathus wykazuje daleko posuniety
stopienn molaryzacji, zwlaszcza w gornym szeregu zebowym. Uzewnetrznia sie
to w silnie rozwinietej krenulacji hypostria, co jest prawdopodobnie adaptacja
do $cierania twardego pokarmu, nabyta w dlugim procesie molaryzacji gor-
nych zeb6éw policzkowyeh. Pod tym wzgledem wiee Hypolagus brachygnathus
byl jednym z bardziej ewolucyjnie zaawansowanych gatunkéw rodzaju Hypo-
lagus DICE.

Natomiast znaleziona w dolnych zebach policzkowych tendencja do
uproszezania faldu szkliwa miedzy trygonidem i talonidem pozostaje na razie
blizej niewyjasniona.

5. Wazny taksonomicznie P,;, pomimo istnienia réznych przypadkéow
indywidualnej zmienno$ci, nie wykazuje tendencji do poglebienia tylnego
zewnetrznego fatdu szkliwa wraz z uplywem czasu.

6. Odréznienie od siebie izolowanych P,, M, i M, u Hypolagus brachygnathus
jest mozliwe na podstawie plaszezyzn zgiecia tych zebow i ksztaltu talonidow.
Ma to znaczenie dla wykorzystania do badan takze zebéw izolowanych nie
tylko u Hypolagus brachygnathus, ale réwniez u wielu innych zblizonych do
tego gatunku zajecy posiadajacych podobny typ dolnego uzebienia.

7. 7 punktu widzenia adaptacji uzebienia do gryzienia Hypolagus brachy-
gnathus stoi nizej od Lepus europaeus ze wzgledu na nizsze wartosci korelacji
wymiaréw zebéw, w grupie stanowiacej funkcjonalng calo§é (P,, M; i M,).

8. Hypolagus brachygnathus wykazuje cechy prymitywne: obecnosé nie-
kiedy na P, dodatkowego wewnetrznego faldu szkliwa i stale istnienie tego
faldu w uzebieniu mlecznym, co nawigzuje do cech, starych filogenetycznie
gatunkéw z grupy Palacolaginae DIcB. Obecno$¢ na DM, wypuklenia ku
tylowi tylnej Scianki trygonidu nawiazuje do cech wlagciwych grupie Agispela-
ginae GUREEV.

9. Wymiary ciala Hypolagus brachygnathus powigkszaly sie z czasem, naj-
gwaltowniej u schylku intercjalu Giinz-Mindel (forma z Kamyka). Jest to
prawdopodobnie wplyw ochlodzenia sie klimatu zgodnie z regula BERGMANNA,
ktdra sprawdza sie z do§é znaczng Scisloscia na wielu podgatunkach zajacowa-
tych. Przyblizone, hipotetyczne obliczenie rzedu wielkosei zmiany klimatu
(§redniej rocznej), ktéra mogla spowodowaé zmiany wielkogei ciata u Hypolagus
brachygnathus w czasie: starszy gérny pliocen (Weze) — schylek interglacjatu
Giinz-Mindel (Kamyk), wykazalo, ze roznica Sredniej rocznej temperatury sro-
dowiska Wezéw i Kamyka mogla siegaé rzedu 10°C. Liczbe te nalezy traktowaé
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ostroznie ze wzgledu na konieczne uproszczenia w zalozeniach wyjsciowych
obliczenia.

10. Odnosnie wyginiecia w poezgtkach plejstocenu Hypolagus brachygna-
thus, a takze innych gatunkéw rodzaju Hypolagus, autor przypuszeza, ze jedng
z waznych przyezyn byla konkurencja z gatunkami z rodzaju Lepus, ktory
pojawil si¢ w pliocenie. Jak wykazalo poréwnanie Lepus europaeus i Hypo-
lagus brachygnathus, ten ostatni byl pod wieloma wzgledami stabszy z punktu
widzenia adaptacji do Srodowiska,

PE3IOME

i

Asrop maér nonpoOHBIA MOPGhOIOrHUeckui 1 OHOMETPHUECKNH aHamms GOJIBIIOro
KOJIMUECTBA HCKOIAEMBIX OCTaTKOB Leporidae NpUHAMIEIKAIMX K YETHIPEM, OTIMYa-
IOIIUMCSI TE0JIOTHYECKOM APEBHOCTHIO (hayHaM U3 CIEAYIOIIMX MECTOIIOIOMKEHIIH | Bemke
Bossie Issuommua (crapumit Bepxuuil rmonen), Pembenmne Kpynescke Bosize Kio-
Oynxa (miamumit Bepxuumii 1wmolien), Kangensus B Kembuax (panuuil 1efcronew,
oueBuAHO Hauaao IroHr-Munpensckoro wnTeprianuana) u Kampix Bosne Yencroxona
(panHuit 1UIEHCTOIEH, OUEBUIHO CKIOH I'roHI-Muujensckoro wunreprianuaina). Bo
BceX ueThIpéx hayHax OCTATKM 9TH IPUHAIIIEKAT K BBIMEPLIEMY B IUIEHCTOLEHE BHILY
Hypolagus brachygnathus KORMOS, 1934. Orpeinpable 971eMEHTDI Yepena 1 KOCTH CKe-
JjleTa KOHEUHOCTEN 9TOr0 BUAA CDABHEHBI C COOTBETCTBYIOIIMMY 9JIEMCHTAMU COBPEMCH-
HBIX BUIOB Oryctolagus cuniculus LINNARUS u Lepus europacus PALLAS. B Hexo-
TOPBIX CIIy4yasgX IIpOBedeHo Taroke cpaBHenue Hypolagus brachygnathus c sxsemmis-
PAMH TOI0-)KE BUJIA U3 UHBIX €BPOIEHCKUX WCKONAeMbIX (ayH, a TAlOKe C OJMHOUHLIMY
oxsemmgpanu  Hypolagus gromovi GUREEV u Hypolagus schreuderi TEILHARD.
TraTesbHO UCCIIENOBaHbI TosoTuIb! BuioB Pliolagus beremendensis KorRMOS, 1934 u
Pliolagus tothi KRETZOI, 1941 u cpaBrens! ¢ axsemmuiapanu Hypolagus brachygnathus
KORMOS Ha PaSHBIX CTaUAX WHAUBUIYAIBHOIO DPAa3SHUTHSA, UTO MO3BOJMIIO IPOBECTH
PEBU3HIO CHCTEMATHUECKOIO II0JIOMKEHHUA HcKomaemoro poja Pilolagus KORMOS, 1934.
MHOro BHUMAHUs YIEI.HO JIMHAMUKE W3MECHUMBOCTH 3y00B B IIEpHOJE OTHCIIAIONIEM
¢ayny u3 Bemwxe or (ayner u3 Kampixa, IIpOBO/IA OCHOBHOH CTaTMCTHMUYECKHH amaims
OMOMETPUUECKUX AHHBIX M CPABHEHME KOppelsiiuu paswepon 3y6os y Hypolagus bra-
chygnathus, Lepus ewropacus n Oryctolagus cuniculus. brarogapst obnimio marepuaia,
VIAT0Ch M3YUYHTh pAHHHE CTA[NH DASBUTUS IOCTOSHHBIX 3y0OB M MOJIOYHBIE 3yObI
Hypolagus brachygnathus.

Kocru ckesera 1edyeBoro u TasoBoro 1105ICOB U KOI‘IC‘IPIOCTCﬁ, HCCIICIOBAHBI C TOUKH
3pPEHUA MEXAHUKU 661"3, YTO YaCTHYHO IIOMOIJIO CJI€JIaTh IIOIIBITKY PEKOHCTPYKIINU
o0pasa KU3HH ITOTO BHJIA.

Brisognr

1. Oxsemwutiper  Hypolagus brachygnathus wccnenoBaHHbIX 10JbCKUX (hayn us
BEPXHErO IJIMOLEHa U PAHHEro IIEHCTOUEHa, He OTIMYAIOTCA OT 9K3EMIUIAPOB TOIO-3KE
Bujia uHbIX eBponeiickux (ayn. Pasmeps! oxsemmsipos Hypolagus brachygnathus us
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Tagelen Clay n Beremend mamboinee Gimsku pasmepam Toro-xe Buua us Kameixa,
a ocrarxun n3 Betfia u Villany pasmepamu coorsercrByror ocrarxam uz Kajsessi.

2. Tonoruner sunios Pliolagus beremendensis Kormos, 1934 u Pliolagus tothi
Krirzot, 1941, spistores monosmmu  ox3emmisapanu  Hypolagus brachygnathus
Kormos. K mam sauucsurs crefiyer taioxe axsemwisipet Pliolagus cf. tothi ommica-
naple KoBaibcxmm (KOWALSKI, 1958) B dayne Kajsensuu. B BCA3M ¢ 9THM HASBAHUS
Pliolagus beremendensis KorMos n Pliolagus tothi KRE1ZOT CJIEJIyeT IIpU3HATh
cunonmmanu, Hypolagus brachygnathus Kormos, a pox Pliolagus Kormos, 1934
cuHonumom poja Hypolagus Dicr, 1917.

3. Hypolagus brachygnathus 1o pasmepam Tejia 3aHEMACT IIPOMEKYTOUHOE 10O
PKEHHE MY JUKUM Kposmrom Oryctolagus cuniculus (LINNEUS) u pycaxom Lepus
europaeus PALLAS, HO OmmKe pycaka. AHATNG Uepena M OCTalBHOIO ckeiera Hiypo-
lagus brachygnathus ¢ TOUI 3PEHHsT PASBUTHS MYCKYJATyPbl IOKASLIBAET, UTO B
9TOT, B OTJIMUME OT JUKOr0 KPOJIKA ¥ 3aMIa, GbLT OUEBHIIHO MACCHBHOTO I KPEIKOIo
TEJIOCTIOZKEHHST, TYIOMOP/IBLI C 3aMETHO YKOPOUECHHOM JIMIEBON yacThio uepena. Maccus-
HOCTb €r0 KOCTel 1 GoJlee CHIBHOE, YeM Y PYCaKa H JMKOro KPOJIMKA, pasBHTHE MYyCKYy-
JIaTyphl B PA3HBIX YACTAX TeJA, JAIOT BO3MOYKHOCTH IIPEJIIONArarh, YTO GErOBOH THII
nepesKenust y Hypolagus brachygnathus 6611 menee coBepleHHBIR uem y 3aiina.
Bostee cunproe uem y saiina pasBuTHE MYCKyJIaTypBI CHOCOBCTBYIOLIEH IpeGHbIM MBI
PKEHHSIM YKASbIBACT, UTO JIBHYKEHUS 9TH Yacto BuiosHsumach Hypolagus brachygnathus
M MOXKET OBITH CIyIKHJIM JULT PBITHS HOP, NOJ0GHO KaK y IMKOLO KpOJIHKA.

4. Tocrostuple 3y6nr Hypolagus brachygnathus oGuapysxusaior CHJIBHYIO CIEIIEHD
MOJIIpM3alK, 0co0eHHo B BepxHel uyemoctu. IIposiBiIsTercss 9T0 B CHIIBHO pasBuTOH
Kperysammt hypostria, uro oueBH/IHO ABISETCS IPACIOCOBIIEHIIEM K PACTUPAHIIO TBEP-
JIOH IUIH, NPUOGPETEHHBIM B NPOMOIDKMTENHHOM IPOIECcEe MOJSIPU3ALIH BEpXHe-
6oxoBBIX 3y60B. B orom ornomenun Hypolagus brachygnathus 60t oy u3 zanGoliee
IPOABUHYBINMXCA B 9BOJIOIMU BuAom u3 pojaa Hypolagus Dick.

OrmeueHHast >Ke TEHJICHIMA K YIPOIIEHHIO CKIANKH OMAIM MEXKILY TPHIOHHIOM
M TAJOHUJIOM OCTAETcsl IIOKA HEBBISICHEHHOIX.

5. TakconoMuyecKu BaKHDLIH P; He MposBILsIeT CKIIOHHOCTH K YIVIyGIICHUIO 3alfHeit,

BHCIIHCH CKJIAJIKU 9MAJIH, HECMOTPS HA HAJMUHME PASIIMUYHBIX CIIyUACB HUHTUBU/TYaJIbHON
M3MEHUKHBOCTH .

6. Ommuurs usosmposanuble Py, My, u M, y I ypolagus brachygnathus Mo>kHo 110
IIOCKOCTSAM u3ruba 3y6oB 1 110 PopMe TaToHHA0B. DTO MMEET 3HAUEHHE JUIS HCIOJb-
30BAHHA U30JIMPOBAHHBIX 3y00B IIPH MCCIIEJIOBAHUY HE TOJIBKO ypolagus brachygnathus
HO M JIPYTUX, OJM3KUX emy BHJOB Leporidae co CXOMHBIM THIIOM 3y00B B HIKHEH ue-
JIFOCTH.

7. Crouxu 3penust afanTanuy 3y00B K MPLI3EHHIO, H ypolagus brachygnathus crour
mKe Lepus europaeus Beupy 0ojee HUSKHX KauecTB KODPPEJLIIUU pasmepa 3yGoB
B TPYIIIE COCTAaBIIAIOIECH (yHKUMOHANBHYIO HenocrHocTh (Py, My m M,).

8. Hypolagus brachygnathus UpoSBIsLeT IPUMUTHBHBIC UEPTHI: HATIIUE (uHorIA)
Ha Py 106aBoumoi BHyTpeHHel CKIIAMIKH OMATH I TOCTOSHHOE TIPHCYTCTBHE 9TOi CKJIAKH
Ha MOJIOUHBIX 8y0ax — uro yKashIBacT Ha (DHJIOTCHETHUEKYIO C CBA3B APEBHUMI BHIAMI
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narpynnsl Palaeolaginae DICE. Hamruue sa DM,, csagu Ha 3ajHell CTEHKE, TpH-
FOHW/IA YKA3bIBAET HA CBA3b C UepTamu XapaxTepHbIMu rpymne Algispelaginae GUREEV.

9. Pasmepsl testa Hypolagus brachygnathus yBemIIuBaIMCh IOCTENEHHO, 8 HA CKIIOHE
Tronn- MuHIeIFCKOTO HHTEPIIauaa AaXke H0BOJIbHO pe3ko (bopma us Kambika). B atom
cllydae OUEBMIHO NOBJMAIO OXJIKJCHHME KJIMMaTa CoIJIacHO npasBmiry beprmana, Ko-
TOpPOE TIOATBEPYKIAETCS 10 OTHOLIEHWIO KO muorum nomsuzmam Leporidae. IIpubmman-
TeJIFHOE, CHIIOTETHUYECKOE BBIUMCIIEHUE TIOPSIAKa BEJIMYMHBI U3MEHEHUsI Kiumara (Cpef-
Hell TOOUYHOMN), KOTOpPOE MOIJIO BBI3BATH M3MEHEHME BEIMYHHBI Tena Hypolagus bra-
chygnathus B nepuoje CTapuui BepXHUH ILIMOLECH (Bemxe) — cxion I'romrr-
Munpensckoro unteprianuana (Kamplk) Imoxasano, 4YTo OTJIMYMA CpefHE TOJUYHOH
remmeparyps! B Bemxe u Kambix mormm mocrurars 10°C. K unciy aTomy ciefyer oTHO-
CHTBCA OCTOPOYKHO, TAK KAK NIPU €r0 BBIYUCIIEHUH II0 HEOOXOJUMOCTH CJIeIaHBI YIIPO-
LIEHUST UCXOOHBIX JIAHHBIX.

10. Ormocurensno ucuesHosenuss Hypolagus brachygnathus u Ipyrux BUIOB pojia
Hypolagus B Hauajie ILIEHCTOIIEHA, ABTOp IPEJIIONIAraeT, UTO. OJHOH M3 BOKHBIX
npuurH ObIIa KOHKYPEHIUsI BUIOB poja Lepus. nosisuplierocs B mmonene Cpabhe-
une Lepus europaeus ¢ Hypolagus brachygnathus noxasano, 4ro HOCiIeAHui Bujy GpL1
BO MHOTHMX OTHOIIEHHSX cja0ee afalTHpPOBaH K Cpefie.
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Plate I

1. Ventral side of the anterior portion of the zygomatic arch in Hypolagus brachygnathus (a),
Lepus europaeus (b) and Oryctolagus cuniculus (c).

2. Ventral side of the palatal bridge of Hypolagus brachygnathus (a), Lepus europaeus (b) and
Oryctolagus cuniculus (e).

3. Posterior nares of Hypolagus brachygnathus (a), Lepus ewropaeus (b) and Oryctolagus cuni-
culus (e).
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Plate II

1. Shortening of mandibular diastema of Hypolagus brachygnathus (a) in comparison with
Lepus europaeus (b) and Oryctolagus cuniculus (c).
2. Tragments of skulls of Hypolagus brachygnathus from Weze. a — dorsal view; b — lateral

view; ¢ — ventral view.
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Plate III

a — parallelism of tooth walls in adults; b — obliquity of tooth walls in young specimens.

2. Pattern of the posterior wall of the posterior external enamel fold on P, of Hypolagus brachy-

crenulation.

gnathus. a — smooth line; b — irregular waviness; ¢

. Structure of some specimens of M, in Hypolagus brachygnathus from Kamyk. Union of the

trigonid with the talonid.

. P2 of Hypolagus brachygnathus. a — wear surface; b — bottom surface.
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Plate IV

. Topography of lower incisors relative to the tooth row. Radiograms of mandibles

a — Hypolagus brachygnathus from Rebielice; b — Lepus europaeus.

Cross-sections of incisors of Hypolagus brachygnathus. a — upper incisors of the anterior
pair; b — lower incisors.

Wear surface of the crown of DM, in Hypolagus brachygnathus showing the trigonid bulging
posterad

Wear surface of the erown of M?® in Hypolagus brachygnathus.

Posterior side of the young permanent teeth (P*) of Hypolagus brachygnathus. a — stage I,
crown with cusps; b — stage II, erown without cusps, obliquity of walls.

Deciduous teeth of Hypolagus brachygnathus. a — DM? with conical roots; b — DM? with
one trough-shaped (long) root and one conical (short) root; ¢ — DM, with one trough-
shaped (long) and one conical (short) root.

. Three successive phases of wear of DM, of Hypolagus brachygnathus. a — whole internal

enamel fold present; b — internal enamel fold in the form of an islet; ¢ — no internal ena-
mel fold as in P,.
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Plate V

. Scapula of Hypolagus brachygnathus from Weze.
. Deltoid tubercle and deltoid crest of Hypolagus brachygnathus (a), Lepus europaeus (b) and

Oryctolagus euniculus(c).

. Trochlea of humerus of Hypolagus brachygnathus (a), Lepus europaeus (b) and Oryclolagus

cuniculus (c).

. Olecranon process of Hypolagus brachygnallius (a), Lepus ewropaeus (b) and  Oryclolagus

cuniculus ().
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Plate VI

. Anterior side of the shaft of the ulna in Hypolagus brachygnathus (a), Lepus europaeus (b)
and Oryctolagus cuniculus (c).

. Proximal epiphysis of radius of Hypolagus brachygnathus (a), Lepus ewropaeus (b) and
Oryctolagus cuniculus (¢).

3. Posterior side of the distal epiphysis of the femur in Hypolagus brachygnathus (a), Lepus

europaeus (b) and Oryctolagus cuniculus (c¢).
. Articular facet of the proximal epiphysis of the tibia in Hypolagus brachygnathus (a), Lepus
ewropaeus (b) and Oryclolagus cuniculus (c).
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Plate VII

. Calcaneus of Hypolagus brachygnathus (a), Lepus europaeus (b) and Oryelolagus cuniculus (c).

Holotype of Pliolagus beremendensis. Wear surface of the mandibular tooth row (a); mandible,

inner surface.
Radiogram of a specimen of “Pliolagus lothi*, from Betfia showing the obliquity of the walls

of Iower teeth.
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