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I. INTRODUCTION

The skull of the European hare — Lepus europaeus Pallas, 1778 — has
not as yet been given complete morphological treatment. This remark also applies
to related species, which represent a similar type of skull struciure to Lagomor-
pha. The relatively most abundant morphological literature is concerned with the
rabbit, Oryctolagus cuniculus (Linnaeus, 1758) but papers on the anatomy
of the skull of this species are scattered and in monographies these problems
have received only general treatment (Krause, 1884; Zedenov et al,
1957). In addition the structure of the skull of Leporidae exhibits far-reaching
specific characters which make it difficult to grasp any analogy with other species
of animals of which the skull has been fully described,

Taxonomic descriptions of the characters of the hare’s skull are to be found
in faunistic papers (Ognev, 1940; Gaffrey, 1961; Koby, 1959;
Gureev, 1963, 1964; also in the monograph by Korneev, 1960), Text-
books on animal anatomy, on the other hand, with a few exceptions (Kolda,
1936; Poplewski, 1948) do not enter into a detailed description of the skull
structure of Lagomorpha. )

The present investigations are based on an extensive series composed of skulls
from specimens of L. europaeus of different ages, taken from a relatively limited
area. This material made it possible to analyse the structure of the skull from
the angle of growth and age changes and formed a basis for a morphological
description and definition of the scale of individual variation.

II. MATERIAL. AND METHODS

1. Description of Material

The material used for the investigations consisted of hares shot in the Poznan
province in monthly series, over the period from December 1958 to February
1960. Shooting was carried out chiefly in the south-eastern part of the province,
according to a previously-arranged plan which ensured the random character of
the samples obtained. As many of the skulls were damaged during shooting only
482 skulls were used for craniometrical purposes, and the majority of the
measurements were made on these skulls.

The skulls were prepared after previously being boiled, only the undamaged
mandibles being in addition subjected to maceration and later weighing.

2. Craniometrical Measurements

A total of 26 linear measurements were made on the skulls, and the value of
the weight of the mandible was in addition found for 103 specimens. The
measurements were made using a vernier calipers with a nonius, the result being
read with accuracy to 0.1 mm., Both jaws with complete sets of teeth were
weighed on a laboratory balance with accuracy to 50 mg.

The numerical material was given statistical treatment, using the Student test
for comparison of differences between mean values. A large number of indices
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were calculated in order to grasp the proportions of the skull. Increases in
measurements in different age groups were expressed in percentages in relation
to age class I.

The majority of the measurements were made after Duerst (1926), but
in view of the specific character of the skull structure in hares certain meas-
urements were modified, The following measurements were made:

1. Basal length: Prosthion — Basion.
2. Condylobasal length: Prosthion — posterior plane of the occipital condyle.
3. Profile length: Prosthion — Acrocranion.

4. Length of the facial part: Prosthion — to a point lying on the intersection
of the frontal suture with a line drawn between the anterior margins of incisura
postorbitalis.

5. Length of brain-case: from a point lying on the intersection of the frontal
suture with a line drawn between the anterior margins of the incisura postorbit-
alis — Acrocranion.

6. Nasal length: Rhynion — Nasion, .
7. Nasal length: measured on the internasal suture
8. Maxillary tooth row: Praemolare — Postdentale.

9. Length of margo adentalis: from the posterior margin of alveola to the
anterior margin of alveola Pml,

10. Sagittal length of frontal bone: Nasion — Bregma.

11. Sagittal length of parietal bone: Bregma — Lambda.

12. Mandibular tooth row.

13. Length of mandible: from a point lying nearest cranial on the mandibular
symphysis — to the furthest point on the angular process of the mandible,

14. Maximum skull breadth: Zygion — Zygion,

15. Breadth of brain- case: Euryon — Euryon.

16. Occipital breadth: distance between the most laterally situated points on
exooccipitale.

17. Minimum breadth of frontal bones: measured between the anterior marg-
ins of inc. postorbitales,

18. Maximum breadth of nasalia.

19. Minimum breadth of nasalia: Nasointermaxillare — Nasointermaxillare,

20. Breadth of occipital squama: measured on the nuchal ridge.

21, Breadth of for. occipitale magnum.

22, Height of for. occipitale magnum,

23. Depth of brain case: Sphenobasion — to a point lying in the central section
of the sagittal suture,

24. Palatal height: Staphylion — Nasion.

25. Height of dental processes: measured from external margin of alveola Pm3
to upper surface of the alveolar bulla.

26. Height of ramus mandibulae: conion ventrale — condylion medniale,

27. Weight of jaw.

3. Description of age classes

The material was divided into four age classes, according to the growth changes
in the skull connected with the progressive ossification of the sutures with age,
in particular of sut. frontalis, sut, coronaria, sut. sagittalis and sut. parietotempo=






Fig. 1. Ossification of the skull sutures in consecutive age
classes, a,e) Age class I, b,f) Age class II, ¢) Age class III,
d) Age class IV.
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ralis. The study made by Empel (1957) of the rabbit has been used as a
guide in allocating material into age classes. On account of the possibility of
making use of a large number of supplementary data on the shot hares, the
date of shooting, body weight and state of the gonads were in addition taken
into consideration in determination of the age classes. Comparison was also made
of results with the independently classified age groups of this same material on
the basis of age changes in the pelvis (Bujalska, 1964). As a result a div-
ision was obtained which grouped individuals of relatively equal absolute age
in each class (Fig. 1).

Age class I includes individuals not over 6 months old. The skull sutures are
loose without any trace of ossification, os interparietale is clearly distinguished
and the sutures within os occipitale are clearly visible, The structure of the skull
is delicate. During the first phase of the work all young individuals shot during
the period from April to August, which came from litters born “that year” (body
weight not exceeding 3 kg, gonads juvenile) were chosen. Bearing in mind that
the first litters came from the end of February and beginning of March (R a-
czynski, 1964), none of the specimens taken as representatives exceeded the
age of 6 months. Age of material from the following months was determined
according to the representative standard spscimens chosen. Individuals in this
age class occur in the material from April to December.

Class IT includes individuals aged from 6—8 months. Os interparietale is either
difficult to distinguish or its margins are already completely obliterated, The
sutures within os occipitale -are either in process of obliteration or are completely
obliterated. The ossification process has begun in the posterior section of sut.
sagittalis. The skull as yet retains a fairly delicate structure. The standard
examples of this age class were chosen from skulls of hares from August and
September, which differed in appearance from those accepted for class I. This
group is in addition characterised by the juvenile structure of the genital organs
(in August-September), while the body weight includes values characteristic of
both age class I and of adult individuals. Hares in this age class occur in the
material from August to February.

Age class IIT includes animals aged from approximately 9—12 (13) months. The
sut. frontalis has begun to ossify in the medial section, /2 of the suture being
already ossified (from the front) in certain individuals. Sut. sagittalis is ossified
along 1/2 of its length, counting from the posterior., The ossitication process has
begun in 'sut, parietotemporalis, The boundaries of os interparietale are complet-
ely obliterated. Age class III is distinctly transitional in character, since the skull
does not differ greatly as regards the morphological aspect from the appearance
of individuals in age class IV. Specimens in this class occur in all the months
of the year.

Age class IV includes individuals over 1 year old. Complete ossification of the
following sutures: sut. frontalis, sut. sagittalis, sut., parietotemporalis and occas-
ionally sut. coronaria. Near the boundary of the juncture of sutures: frontalis,
sagittalis and coronaria sections of these sutures not as yet ossified can often be
seen. The ossification (closing) of inc. praeorbitalis occurring between proc.
supraorbitalis oralis and os frontale can be used as a positive character in the
identification of this age group. This class includes individuals shot in all the
months of the year,

i - >
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IIT. MORPHOLOGICAL DESCRIPTION OF THE SKULL
1. Os occipitale

The following parts can be distinguished in the occipital bone: un-
paired basioccipitale, paired exooccipitale and squama, which in view of
the fact that it differs in structure from that in other mammals is
particularly worthy of notice in the hare. '

Squama ossis occipitalis is composed of two principal parts (pars
nuchalis and pars parietalis). Pars nuchalis consists of a vertical plate,
the lower margin of which separates for. occipitale magnum from the
top and terminates at the top in crista nuchalis. Crista occipitalis ext.
can be seen in the middle of this part, in the vertical plane. Sutures
running diagonally in relation to the vertical axis of the skull divide
the squama from the lateral parts of os occipitale, These sutures are
clearly visible in age class I, not infrequently in class II, while as from
class III the boundaries of this part of the occiput become obliterated.
The second part of the occipital squama (pars parietalis) is far larger
in area than pars nuchalis. It is worthy of note that in the hare the
squama directly participates in the structure of the vault of the skull.
The arched part of the squama has a lacy structure but differs from
that in os maxillare. Its structural elements are arranged very densely,
the spaces between them are small, and the bone trabeculae thick. In
pars parietalis the medial part and two lateral parts are clearly
distinguishable, situated lower and adjacent to the pars mastoideum
os. temporalis. The medial part takes the form of a narrow projection
hounded by well-developed bony margins, which contrary to the medial
part are very compact in structure. These margins are elongated later-
ally in their arched line, forming a bony ridge of compact structure.
They form the anterior and partly the lateral margin of the occipital
squama, In general appearance they are similar in shape to a lyre. The
vaulted part of os occipitale borders from the front with os. parietalia.
Sut. lambdoides does not ossify even in late old age in animals. From
the sides the squama is bordered by sut. occipitomastoidea, not as yet
ossified in hares from age class III. In older animals (from age class IV)
it is often ossified, but is always clearly distinct in the form of a nar-
row, bony bridge running diagonally to the long axis of the skull.

Exooccipitale forming together with the vertical plate of squama
occipitalis the rosterior wall of the skull, borders from the front with
the temporal bone (with the mastoid part and the petrous part). Condyli
occipitales lie pericentrally, laterally bounding for. occipitale magnum.
Procc. jugulares, the free ends of which protrude beyond the lower sur-
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face of bullae tympanicae, project laterally from condyli occipitales.
Exooccipitalia are joined with basioccipitale by means of sutures, which
are clearly visible in individuals in age class I. In age class II these
sutures are completely ossified and the boundary of their original course
is invisible. Fossa condyloidea ventralis is situated between the occipital
condyle and the jugular process. In this fossa, pericentrally, at the base
of condyli, there is a small, usually paired for. n. hypoglossi. For. lace-
rum aborale, similar in appearance to a lengthways fissure, vertical to
the long axis of the skull, is situated on the boundary of the lateral
occiput and the tympanic part of the temporal bone, in the condyloid
fossa.

Basioccipitale is connected from the front with the sphenoid bone
by means of synchondrosis sphenooccipitalis, and from the back is
joinned with the lateral parts of the occiput, with which as from age
class II it forms one whole. Laterally basioccipitale is connected by a
suture, clearly visible in old animals, with the tympanic part of the
, temporal bone. On the surface of the corpus of the occiput in old
animals from age class IV, lengthways bony crests are often formed,
which seen from the side of the occipital foramen are similar in shape
to a letter Y.

2. Os temporale

Os temporale has a distinct squama to which the three other parts
of os temporale: the mastoid, tympanic and petrous parts, adhere
fairly loosely.

Squama os. temporalis borders from the front with the frontal bone
and the temporal wing of the sphenoid, from the bottom with the ptery-
goid bone and from the top by parietal bone. At the back in the upper
section it borders with squama os. occipitalis, then with the other parts
of the temporal bone. The posterior margin of the squama has a lacy
structure. It is possible to distingvish in the squama the orbital surface
and the lateral surface which forms the lateral part of the wall of the
braincase. Proc. zygomaticus os. temporalis is formed on the boundary
of the above surfaces, running vertically to the squama and then inclin-
ing downwards. Above proc. zygomaticus there is a small tubevculate
process, situated on the posterior extremity of the orbit, which is fairly
well developed in older animals (age class IV). Proc. squamosus (Kr a-
use, 1884), flat, relatively long, spade-shaped with a broader end runs
from the posterior margin of the squama, adhering to the pars mastoi-
dea os. temporalis. It strengthens the juncture of the squama with the
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other parts of the temporal bone, but it is characteristic that it does
not fuse permanently with the mastoid part.

Fars mastoidea is of a spongy structure. The posterior margin adheres
closely to exooccipitale. In certain specimens from age class IV these
two bones fuse. It is connected at the top with the occipital squama,
from the front with the spongy margin of the temporal squama, and
from the bottom with the tympanic part. Proc. mastoideus is faintly
formed. Tt runs parallel to proc. jugularis, partly adhering to bullae
tympanicae. On the boundary between pars mastoidea and pars tympa-
nica, at the base of the external mastoid duct there is for. stylomastoi-
deum,

Pars tympanica forms bulla tympanica together with meatus acus-
ticus ext. Bullae tympanicae are relatively well developed, bullate,
slightly flattened laterally. On the side of the base of the skull they
adhere to basioccipitale by means of narrow, horizontally lying bony
projection. On its margin, near the wall of the bulla, there is round
opening (for. tympanicum). From the front of bulla tympanica a small
proc. muscularis can be seen. The connection between pars tympanica
and basioccipitale is strengthened by a bony process of the tympanic
part, not visible from the exterior, which enters into a fairly deep
sulcus situated on the lateral surface of basioccipitale.

Meatus acusticus ext, takes the form of a fairly short tube, directed
diagonally upwards and opening in a round porus acusticus ext.

Pars petrosa seen from the internal side of the braincase covers pars
mastoidea. The upper part of this bone is occupied by the extensive
fossa subarcuata, opening into the interior of the skull by a smaller
foramen. Porus acusticus int. is situated below fosse subarcuata. To-
wards the front from this opening there is a semilunar cavity leading
to canalis facialis, through which the facial nerve runs, passing out
through for. stylomastoideum. From the front pars petrosa passes into
a well developed crista petrosa.

3. Os sphenoides

Os sphenoides is composed of three principle parts: corpus ossis
sphenoidei and two pairs of wings: alae orbitales and the slightly .
smaller alae temporales.

It is possible to distinguish in corpus os. sphenoides the praespheno-
ideum and basisphenoideum. At the place where it joins the occiput
the basisphenoideum is broader and more massive, narrowing towards
the front and inclining into the middle of the braincase. Paired procc.
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pterygoidei, which are laterally fused with the hamuli os. pterygoidei,
run from the sides of basisphenoideum in downwards and slightly lat-
eral directions. From the front they are bounded by the vertical plate
of the os palatinum, while the posterior margin remains free. In the
middle of the cranial surface of the basisphenoideum there is a decep
fossa hypophyseos. On the bottom of this fossa, pericentrally there is
an opening piercing in a vertical direction the middle of corpus os.
sphenoides, this is canalis craniopharyngeus (Poplewski, 1948).
The fact is worthy of emphasis that there is a distinct fissure separating
the corpus of the two parts betwezn praesphenoideum and basispheno-
ideum. Both alae orbitales and alae temporales os. sphenoidalis run
from the separate praesphenoideum. The alae are separated by a large
round for. interorbitale formed by the juncture of paired foramina
optica.

Ala orbitalis borders at the top with the frontal bone, from the
interior of the nasal cavity from the front with the ethmoid bone and
from the bottom with the vertical plate of the palatal bone. Within
the frontosphenoidal suture there is the small fissure-like for. ethmo-
idale, which is sometimes shifted slightly upwards and occurs within
the orbital part of the frontal bone.

Ala temporalis borders at the top with the frontal bone, at the back
with the temporal bone and at the bottom with the pterygoid bone.
Allae temporales are slightly smaller than alae orbitales. There is a
nodose area at the back of ala temporalis on the boundary of the con-
nection with the temporal and pterygoid bones.

4. Os parietale

The paired ossa parietalia take the form of a slightly convex plate.
They participate in the formation of the vault of the skull. From the
front the parietal bone borders with the frontal bone, from the sides

with the squama os. temporalis and from the back with the occipi‘Eal
and interparietal bones. Contrary to the rabbit, in the hare parietal

bones usually have a smooth external surface.
5. Os interparietale

Os interparietale is visible in the skull of the hare only in age class
I and takes the form of paired, small elements, which consist of two
oval plates contacting each other in the sagittal plane. They are of
porous structure. They do not fuse with the occipital bone even in very
old animals. On the skull of adult specimens the place in which os
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interparietale occurs may be defined owing to the porous structure of
its surface.

6. Os frontale

Two principle elements can be distinguished in the paired os frontale:
» horizontal plate, slightly convex in the centripetal part, and a vertical
plate forming the upper part of the orkit. The two parts are serarated
by proc. supraorbitalis, in which proc. supraorbitalis oralis and proc.
supraorbitalis aboralis (Popesco, 1961) can be distinguished. Proc.
supraorbitalis oralis is usually separated from the vaulted part of os
frontale by a small incisura praeorbitalis, proc. supraorbitalis aboralis
is hordered laterally by tke deep incisura postorbitalis.

The vaulted part of the frontal bone takes the form of a squama, slightly
concave in the anterior part, or flat along a line connecting incisura
postorbitalis, then becomes slightly convex, finally to decline in the
direction of the parietal bones. The highest convexity of the skull lies
slightly caudal from the postorbital narrowing in the sagittal plane.
Sut. coronaria undulates symmetrically to the long axis of the skull. On
hoth sides of sut. frontalis in the depression of the squama of frontal
hone there are small foramina, or sometimes only a single foramen.

In the anterior part the frontal bones form the nasal processes, wedging
in between the nasal bones. The shape of these processes differs, but two
principal types can be distinguished: 1. processes with sharp ends tog-
ether forming an isosceles triangle, the base of which is formed by
a line connecting the posterior margins of the nasal bones; 2. the ends
of the processes end in a line vertical to the long axis of the skull,
forming a figure similar to a trapezium (Fig. 2). In cases in which the
first shape occurs the processes are usually long (measuring along the
frontal suture from a line connecting nasal bones), and in the case of
the occurrence of the second type of shape the processes are usually
short. As a rule 64% of the individuals in the material had processes
of the first type described and 36°% the second type.

In addition to the above nasal processes of the frontal bones well-
developed lateral processes of the frontal bone occur in the
hare. They lie laterally in relation to the nasal processes of the
intermaxillary bone but ventrally in the anterior part in relation to the
nasal processes of the intermaxillary bone. The lateral processes are
very thin and fairly long — they form about 1/, of the length of the
nasal processts of os incisivum. The base of the lateral processes is
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massive, rough and forms the upper-anterior section of the orbit
contiguous to hamulus os. lacrimalis and proc. sphenoorbitalis (Kr a-
use, 1884).

Procc. supraorbitales are distinguished by considerable variability of
shape with age (Fig. 3). In individuals from age class 1 these processes
have a very delicate structure, are relatively small, often similar to the
analogical processes in the rabbit. With age the processes become more
massive and develop. Procc. supraorbitales post. in certain of the indi-
viduals in age class III, and as a rule in class IV, extend to small tuber-
culose processes on os temporale and close the postorbital incisure with
a cartilaginous bridge. Procc. supraorbitgles ant. are particularly worthy
of note from the systematic aspect. The shape of the processes is

b

o]}

Fig. 2. Shape of nasal processes of the frontal bone. a) Type characteristic of
L. europaeus, b) Type characteristic of L. timidus (after Koby, 1959).

treated as an additional systematic character distinguishing L. euro-
paeus from. L. timidus. In L. europaeus these processes are described
as longer and therefore the incisura prazorbitalis is deeper than in L.
timidus. In the present material, in age class IV, that is, in fully-grown
individuals, the process of complete closing of anterior incisure was
observed. This closing of the depression occurred in 33.2% of the spec-
imens. In the place in which the incisura had originally occurred single,
small foramina in the bone plate remain in many cases. The phenom-
enon of the ossification of incisura praeorbitalis would seem to be a
process connected with the age of the animals, but it does not occur
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Fig. 3. Variation in the shape of supraorbital processes of the frontal bones.
a) Age class I, b) Age class II, c¢) Age class I1I, d-i) Variation the shape of supra-
orbital processes in age class IV,
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regularly. In age class III it was only in a few casés that the initial
process of closure of incisura praeorbitalis was observed. This process
takes place unevenly in the two incisurae (in right and left).

7. Os ethmoidale

Lamina cribrosa is divided into two parts by the narrow crista galli
Bony prominences can be seen on both sides of the crest, which is
fairly high throughout its entire length. Lamina cribrosa is similar
in shape to an isosceles triangle turned base upwards, and has small
and large foramina scattered all over it. Ethmoturbinalia, in the form
of relled, thin bony plates, similar to the tube of-a cigarette in shape,
proceed from lamina cribrosa in a forwards direction.

Lamina perpendicularis together with the vomer form the posterior
part of the nasal septum.

8. Os mnasale

The nasal bones, joined medially by sut. internasalis, usually take
the shape of a parallelogram, with diagonally directed anterior and
posterior margins. They are of uniform breadth throughout their whole
length, the lateral parts giving the impression of narrowing towards
the front only because they decline downwards. The nasal bones border
at the top with apertura piriformis, but their free ends do not reach
to the farthest cranial point on the skull, which lies on the intermaxil-
lary bone. —

The nasal bones border laterally with the nasal processes of the
intermaxillary bones and from the back with frontal bone.

9. Os lacrimale

Os lacrimale in the hare takes the form of a thin, irregular bone plate
situated in the anterior part of the orbit. Only lamina orbitalis is well
shaped here, being very delicate and easily damaged during preparation.
In the anterior part of os lacrimale there is a distinct for. lacrimale
hordered from the front by the orbital margin of the jaw. It leads to
ductus nasolacrimalis. Immediately above for. lacrimale an elongate
process — hamulus os. lacrimalis — passes laterally from the plate. In
the youngest specimens (age class I) it is delicate, while in older anim-
als it becomes more massive and developed on the exterior. In indivi-
duals in age class IV spongy bony tissue is often observed to grow on
its surface, which sometimes leads to the connection of the hamulus
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with proc. supraorbitalis oralis. Lachrymal bone has a relatively loose
connection with the neighbouring bones and does not fuse with them
even in old animals.

10. Os maxillare

Os maxillare in the hare, as in other representatives of Leporidae,
is characterised by a specific structure. Corpus maxillae in particular
differs from the typical structural plan, possessing a delicate lacy
structure, especially loosely constructed in the upper part. The corpus
is, however, bordered by fairly strong bony elements — from the top
by proc. nasalis intermaxillae and proc. lateralis os. frontalis. From the
back strengthening is provided by the anterior margin of the orbit,
formed of the compact structure of maxilla, shaped in the form of
proc. sphenoorbitalis (Krause, 1884). The structure of the lower
surface of the corpus (margo adentalis) is also strong. On the corpus
maxillae, at the height of Pm! for. infraorbitale, opening ventral, is
situated opposite the base of the zygomatic arch. Proc. zygomaticus
maxillae connecting with the Z)\rgomatic bone, is situated at the back,
behind for. infraorbitale. There is a well-developed crista facialis on the
proc. zygomaticus maxillae.

Proc. alveolaris occupies the upper row of teeth in a straight line,
almost parallel to the long axis of the skull. Alveoli dentales have an
even internal margin and a convex, considerably higher, external marg-
in. The external margins of the tooth crowns do not project much above
the margins of the tooth sockets. Each of the tooth sockets are separat-
ed by transverse thin bony septa. The tooth sockets are closed from
above by bulla alveolaris maxillae situated in the anterio-ventral part
of the orbit.

Proc. palatinus takes the form of a narrow horizontal bony plate,
running vertically towards the upper premwolars and is connected with
the opposite process by means of sut. palatina media. On the bound-
ary of the connection of the two processes they form a characteristic
projection in the anterior part. The posterior margins of the processes
are strongly fused with the very narrow lamina horizontalis os. pala-
tini forming in the medial part, in individuals in age class I, from !/,
to /3 of the length of the hard palate and about 1/, of the length of the
hard palate in older individuals. These relations are, however, very
variable and may not agree with the proportions given. At the base of
the procc. palatini maxillae on the boundary with the lamina horizon-
talis os. palatini, there is usually one for. palatinum.
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11. Os. intermaxillare s, os incisivum

Os incisivum (= intermacxillare) in the hare has a relatively massive
structure. The corpus is bordered from the side and bottom by apertura
piriformis of the nasal cavity. From the front there is tooth socket I!
and at the back of it the smaller tooth socket of incisor 12, with a round
cross-section. Inside the corpus tooth socket I! follows an arched course,
and ends without extending to sut. incisivomaxillaris. Proc. nasalis os.
intermaxillaris runs from the corpus on the dorsal side. Itisa character-
istic feature that it extends as far as the frontal bone, ending beyond
the most caudad margin of the nasal bone or on a line with it, someti-
mes not extending quite as far as it. The nasal processes do not fuse
with either the nasal bone or corpus maxzillae throughout the whole life
of the animal.

The palatal processes of both incisive bones run from the place at
which these bones connect along a lengthways axis of the skull, end-
ing near the hard palate. They divide along a considerable section forr.
incissiva, which near the hard palate connect in one foramen. Procc.
palatini fuse together only at the base and further along there is con-
tact only between the flattened pericentral surfaces. From the dorsal
side they jointly form a bony sulcus, created as the result of the
upwards inclination of the external margins of the processes. The lower
cartilaginous margin of the nasal septum runs along the bony sulcus,
while the vomer adheres to its posterior section.

Os incisivum borders at the back with maxilla and through the nasal
process with the frontal bone, from the back and top with os nasale,
and through procc. palatini with the vomer.

12. Conchae mnasales

Nasoturbinale in the hare occurs in form of a smooth, irregular lami-
na attached to crista nasoturbinalis. .

Mazilloturbinale is strongly developed. The upper lamina, branching
"¢ a tree into several delicate, tube-shaped canals, passes from short
basal plate attached to crista mawxilloturbinalis. The lower lamina is
smaller, far shorter and only slightly branching.

13. Vomer

The vomer takes the form of a thin, delicate plate bent in an arch.
From the front the lower margin enters into a sulcus formed by the
palatal processes of the intermaxillary bone. At the back the vomer has
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a free sharp end, reaching to the level of the anterior margin of prae-
sphenoideum. The upper margin of vomer forms the deep sulcus vome-
ris, bordered by thin lamina situated parallel to it. The two alae vomeris,
connecting with lamina perpendicularis os. palatini, proceed from the
posterior of the margin of sulcus. It is remarcable that vomer does not
connect with praesphenoideum. As is has no connection with the hard
palate it does not completely divide the internal choanae.

14, Os palatinum

Os palatinum consists of two plates situated vertically to each other.
Lamina horizontalis is weakly developed and forms the posterior nar-
row margin of the hard palate, connecting by means of a suture with
the procc. palatini maxillae.

Lamina perpendicularis, together with basisphenoides and proc.
pterygoideus, form the upper and lateral walls of the nasopharyngeal
cavity. In the anterior part from the bottom the lamina perpendicularis
overlaps on the internal wall of procc. alveolares maxillae up to the
height of the tooth sockets, then passes to the exterior of the final
section of the maxilla. In its continuance caudal it forms two lateral
processes, one of which, the external process, overlaps from the bottom
on to hamulus of the pterygoid bone, while the second, internal process,
partly overlaps on the pterygoid process of the sphenoid bone. The
lower margin is free.

15. Os pterygoideum

Os pterygoideum in the hare is fairly distinctly separated even in
adult specimens (from age class IV). It consists of two parts: of a
convex squama, forming part of lateral and lower wall of the braincase,
and equal in size to the squama os. temporalis, and of a hamulus pro-
jecting in a downwards and forwards direction.

Pars squamosa at the back, near the juncture with pars tympanica
os. temporalis, has a characteristic lacy structure. In the front, at the
place in which it is joined with the temporal pterygoid of the sphen-
oid bone the orbit is fairly densely tuberculate, this being visible as
early as in specimens from age class I. The anterior margin of the squa-
ma is bordered from the back and bottom by the quadrilateral-shaped
for, orbitorotundum. The base of hamulus os. pterigoidei is pierced by
an oval for. pterygoideum, and laterally from this foramen two small
foramina can be seen. The anterior margin of the hamulus overlaps on
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to the lateral process of the palatal bone. The hamulus os. pterygoidei
fuses with the proc. pterygoideus os. sphenoidalis, and both these
elements jointly border the extensive fossa pterygoidea.

In view of the fact that a considerable part of os pterygoideum direct-
iy participates in the structure of the braincase, it may be considered
as among the elements shaping the cranium in Leporidae.

Fig. 4. Course taken by sut. zygomaticomaxillaris. a) In the rabbit, according to
Krause (1884), b) In the hare.

16, Os zygomaticum

Os zygomaticum in the hare does not occur independently, since very
early on it fuses completely with the maxilla by means of proc. zygo-
maticus maxillae. In the study material the sut. zygomaticomaxillaris
was not observed, but it was present in the embryonic stage in a foetus
a few days before birth. On these grounds it can be established that
this suture runs above crista maxillae, proc. orbitalis forming the lower
anterior angle of the orbit (Fig. 4). For the reasons given above it is
more correct to use the term arcus zygomaticus, beginning from the
front from crista maxillae. The arch runs caudal and inclines slightly
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upward, passing into proc. temporalis os. zygomatici, with which proc.
zygomaticus os. temporalis is continuous from above. The suture conn-
ecting the two processes (sut. zygomaticotemporalis) runs almost hori-
zontally and does not ossify even in old animals. Proc. temporalis os.
zygomatici has a free end which protrudes caudal beyond the suture.
Facies orbitalis is flat, while facies malaris is concave, particularly in
the anterior part. These relations differ from those typical of the
majority of mammals. It is also characteristic of the hare that canalis
zygomaticus, described in the rabbit (‘Zedenov et al, 1957)
beginning with a fairly large foramen on the boundary of proc. zygo-
maticus maxillae and os zygomaticum either does rot occur at all in
the hare, or it is only in certain individuals that a very small foramen
can be seen in this place.

Os zygomaticum is neighboured by two bones only — from the back
by means of proc. zygomaticus by os temporalis and from the front by
the macxilla.

17. Mandibula

The symetrical mandibles are joined by a non-ossifying symphysis
mandibularis. The symphysis on the ventral side extends almost to the
extends almost to the extreme edge of the row of teeth, while from the
top it occupies less than half the diastem.

Corpus mandibulae has a margo adentalis behind the incisor,
forming half the length of the corpus and situated almost parallel to
the long axis of the skull, and a part bearing teeth, declining outwards.
Within the diastem, 1/3 of the length from the side of the tooth row,
on the lateral wall of the corpus, usually one, but sometimes two, forr.
mentalia occur. When two occur, the second foramen is situated at the
back and lower in relation to the first. This region is in addition pitted
with small, numerous foramina. The external surface of the corpus is
smooth, while the internal surface within the row of teeth has promi-
nences corresponding to the tooth sockets of the malar teeth.

Ramus mandibulae is formed like a thin, broad plate. The lower
margin, edged by a bony ridge, begins with inc. varosum, passes in
an arch caudal, then inclines upwards and ends in proc. angularis.
Proc. articularis is the most strongly developed process of the jaw,
and ends in a distinct capitulum. Its anterior margin is fairly thick
and runs from capitulum to the corpus mandibulae on the internal side
of ramus mandibulae. Proc. muscularis mandibulae, which takes the
form of a narrow plate curled inwards, is situated on the external side.
The anterior margin of proc. articularis, together with proc. muscularis,
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form a very characteristic sulcus, beginning at the base of the capitul-
um of proc. articularis and ending by the final molar tooth. Near the
final molar the sulcus is pierced by an oval foramen. On the internal
side of ramus mandibulae, below this foramen, there is for. mandibulare.

IV. OBLITERATION OF THE SKULL SUTURES

The degree of obliteration of the boundaries of the sutures, leading
in extreme cases to the fusing of the two bony elements without any
trace of connection, expresses the stages of ossification of the sutures.
The defined succession of ossification of the sutures on the skull and
the time taken by this process made it possible to use these observa-
tions for age classification.

One of the sutures to disappear earliest is sut. parietointerparietalis.
In specimens from age class I this suture had not infrequently reached
the initial phase of obliteration. In the youngest individuals it is clearly
visible throughout its whole course. In age class II in a small number
of individuals the outline of the interparietal bones is still visible, but
in the majority of cases the suture becomes completely obliterated. The
suture between the paired interparietal bones disappears simultaneously.

During this time the sutures within the occiput exhibit ossification
— particularly the suture between exooccipitale and basioccipitale. The
suture between exooccipitale and squama occipitalis becomes obliterated
somewhat later, and it can still be seen, although very indistinctly, in
specimens from age class II. The other sutures mentioned above are
completely obliterated on the skulls of specimens from age class III.

Sut. sagittalis begins to ossify in principle in age class III, although
in certain individuals the most posterior section immediately in front
of os interparietale, which is no longer separate, is ossified as early
as in age class II. In age class III the ossification of this suture occupies
more or less /3 of its length, counting from the posterior. Skulls in
age class IV are characterised by elongation of the ossified section
cranial and even complete ossification of the suture.

Sut. frontalis begins to ossify most often in the medial section, or
sometimes in the anterior section. This process can be observed as
from age class IIl, but individuals are also encountered in which the
obliteration of this suture has not yet begun. In age class IV it is poss-
ible to find a posterior section, occupying 1/; of the length of the sutu-
re, not as yet ossified. In some of the specimens from this class the
suture was observed to be ossified throughout its entire length,

Sut. parietotemporalis partly ossifies in age class III, but its full
obliteration as a rule occurs in specimens from age class IV.



268 K. Caboni-Raczynska

Sut. coronaria sometimes begins to ossify in age class III, but this
invariably applies only to the most lateral of its sections. In adult
specimens in age class IV ossification is the rule, although in the major-
ity of ceses the pericentral sections of the suture continue to remain
unossified. Complete ossification of sut. coronaria probably takes place
in hares several years old. Of the 5 specimens of known age having
lived at least 4 years, it was only in one that the pericentral sections
of the suture had not yet been obliterated.

It is worthy of note that of the sutures of the braincase hitherto
mentioned, only sut. parietointerparietalis, the suture joining the in-
terparietal bones and the sutures visible in young specimens within the
os occipitale, disappear in old animals to an extent which makes it
impossible to find them on the skull. In the case of the remainder of
the sutures discussed, although subject to a greater or lesser degree to
ossification, the boundaries of the bones are not completely obliterated
and the lines of the sutures generally continue to be distinct.

In the structure of the braincase of the hare the different relations
in the connection of the anterior part of the braincase with the rear
part, formed by the occipital bone and parts of the temporal bone, are
particularly noteworthy. The posterior part, generally of a thickened
structure owing to the spongy structure of the upper occipital bone and
mastoid part of the temporal bone and to the compact structure of the
petrous portion and the thickness of the basioccipital, constitutes a cer-
tain complex element. It is true that functionally it forms one with the
skull as a whole, but remains loosely connected with it. This is due to
the fact that neither the sutures: sut. parietooccipitalis from the top,
then from the side the suture connecting the squama o0s. temporalis
with pars mastoidea, nor the juncture of os pterygoideum with pars
tympanica os. temporalis and finally synchondrosis sphenooccipitalis,
ossify throughout the whole life of the hare.

The sutures within the facial part of the skull were discussed in
describing each of the bones. Generally speaking they undergo ossifi-
cation to a slight degree only, and they usually remain clearly visible
on the skulls of adult animals. The sutures of this part of the skull do
not express the changes progressing with age to an extent which would
make them of any use in age classification.

V. VARIATION IN SKULL MEASUREMENTS
Skull measurements were analysed in each age class, taking indi-

vidual variations into consideration. In work on this material it was
decided not to split it up according to the sex of the hare, in view of
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the negative results obtained from attempts at grasping dimorphic diff-
erences, in either the whole of the material taken jointly or in each
age class.

1. Absolute Values of Measurements

The maximum age variation is revealed by measurements made of
the facial part and by measurements of the length of the whole skull.
The three principal measurements of length made of the skulls: con-
dylobasal length, basal length and profile length are subject to very
similar age variations. They exhibit the greatest growth differences
between age class I and Il. The relatively smallest differences occur
between age classes III and IV (although they are statistically signifi-
cant). This points to the fact that the skull gradually increases in length
throughout the animal’s life. As an example the relations discussed are
illustrated by Table 1, giving the variations in condylobasal length. The
occurrence of considerable individual wvariation in this measurement
within age classes III and IV is worthy of emphasis. In the case of
class IV the range of variation is from 81.3 — 96.2 mm,

Table 1.

Age variation in condylobasal length,

Age O n O " O n O n =] [y o [a} o [a} (=] n O n -

class | S R EEEEE ¢ 5 5 8 8§ s dda|l | f *
I 2 5 3 2 b] 16 75.06 100

11 1 4 12 12 8 6 43 81.89 109.1
111 14 5 10 21 30 23 29 16 4 143 85.71 14,2
v 3 7 8 37 51 61 39 12 1 1 230 e8. 51 117.9 |

In comparison with the condylobasal length, the length of the facial
part exhibits greater age variation, expressed in the higher percentage
of increase in each age class. The increase in this measurement in age
class II is of the same order as the increase in condylobasal length in
age class IV (Table 2). There is a real, although slow, increase here
between age class III and IV.

Only age class I is distinctly different in respect of the measurement
of length of diastem (Table 3), the other classes have similar ranges of
variation. Differences in the mean values between classes III and IV
are, however, statistically significant, which indicates that this measu-
rement increases in adult animals.

The length of the maxillary teeth row (Table 4) is subject to variation
similar to that in the length of the diastema. A more even increase in
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each age class and considerable individual variation in age classes IIl
and IV, in which the range is from 16.8 — 21.7 mm, is observed in this
dimension,

Among measurements of length made on the facial part the length
of the nasal bones (Table 5) and length of the internasal suture are
subject to the greatest changes with age. Relatively large differences

Table 2.
Age variation in rostral length.

;‘ge n o n O n O o [’} o ['a} o [a) o " o -
class | 8 S8 g8 3 &g g g g g ] X ®
1 2 4 4 302 2 1 1 19 | 58.66 | 100
II 2 2 10 13 10 6 1 44 64,67 110.24
111 3011 33 sx 23 8 1 123 | 68.73 | 117.16
v 1 2 219 43 72 62 24 3 228 70. 66 120,46
Table 3-
Age variation in length of the diastem,
Abe o n (=] n o " o N o a2y -
2 ) ) > 9N .
class S 8888 & R 5443 n X %
1 311 3 19 14 1 51 | 24.97 | 100
II 11 20 34 1 1 67 27.63 110. 65
111 3 13 49 36 5 106 28.88 115.65
v 1 16 89 114 35 2 1 258 29. 52 118.22
Table 4.
Age variation in length of the maxillary tooth row.
Agg ['a) o ['aY o w o n (o] ['aY o ['a) o ['a¥ o 2} -
class L T B T R Sj g a ;, n X %
1 3310 3 5 3 27 | 15.74 | 100
11 2 1 9 11 17 7 4 2 53 17,32 110.03
111 1 013 26 33 4 24 19 2 1 145 12.26 116, 01
v 6 15 45 62 53 30 19 & 2 1 237 | 18.73 | 119.00

are observed here, both in the ranges of variation for each class and in
the mean values. It is a characteristic feature here that differences
between classes III and IV are relatively greatest in comparison with
all the other measurements. This points to the constant, intensive growth
of the elements of the skull, which is possible owing to the loose con-
nection of the nasal bones with the frontal bones, by means of a suture
which does not ossify even in late old age.
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Measurements of breadth and height made of the facial part were
also characterised by considerable variation, both age and individual.
Among these measurements are: breadth of nasal bone and palatal
height (Tables 6—7). The occurrence of considerable individual varia-
tion in the breadth of the nasal bone in age classes III and IV is re-
markable.

Table 5.
! Age variation in nasal length.

Age O N O n O o ['a} o [a} o ) o [1aY - %

class | R AR A28 3 ¢ ¢ 2 ¢ ¢ 8 ¢ "

1 12 1 3 8 | 33.19 | 100

11 2 4 4 10 10 6 3 39 | 3%.50 | 119.0

I11 5 11 25 32 17 1 2 103 | 43.25 | 130.0

v 9 23 51 55 51 28 3 220 | 44.95 | 135.4
Table 6.

Age variation in maximum breadth of both nasals together,

Age [ Q0O m O O w © o n O n O n O «w O n -
Sl & &8 & 8 8 £ £ a4 a A A 5 3 & & 6 9| N X %
class|- «+- - +« - - & & N N &N &N & & & « N N NN
1 1 3 02 3 2 1 1 1 1 15119.20 | 100
11 12 7 5 1 8 5 1 1 4 45| 20.68 | 107.70
I11 2 3 5 J 12 12 20 23 17 10 3 5 2 31 1211 22.30 | 116.14
v 1 1 5 J 12 17 26 28 32 24 23 20 16 10 7 4 |229]23.16| 120.60
Table 7,
Age variation in palatine height,
ige o o o ~ o0 " <+ -~ o - o © _
®© ®© & O < o M - “ 3 o ~ o n X %
class - - - ~ ~ o~ cy ~ ~ €3 o~ o~ «~
I 1 2 5 8 11 8 11 2 2 50 21,89 100
II 1 3 21 19 15 6 1 66 24.30 110. 01
III ' 2 6 21 36 29 1" 2 107 25.35 115.81
v 1 8 29 66 85 50 12 5 256 25.89 118.27
[

The group of measurements made of the brain-case is characterised
by the generally small age variation found. A typical measurement here
is the length of the cerebral part (Table 8), the increase of which in
age class IV in relation to class I is half that of the increase in the fa-
cial part, although it is statistically significant. Occipital breadth was
subject to similar variation.
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The three next measurements: zygomatic breadth, depth and breadth
of brain-case represent a common type of age variation. It is charac-
teristic here that the total percentage of increase is about 7% for these
measurements, the minimum values, beginning with age class II, being
mantained on a constant level and differences in mean values being
slight. No statistically significant differences between age classes III

Table 8-
Age variation in length of the brain-case,

Age O n oI O N O n O n _
B - a3 A& N B O e n X %
class | A& A~ =2+ = < e = 2 "N
1 t 35 3 4 3 19 | 42,18 | 100
II 2 6 14 15 S 1 43 |s4.63 | 105.81
111 11 42 38 23 7 121 | 46.66 | 110.62
v 2 7 36 74 77 29 5 230 |u7.6% | 112.87
Table 9.
Age variation in zygomatic breadth,
I.\[,E Cz ~~ 4 - s 4] " o o O ~ o ~ 4 - 4] —
SEFC - I O S - - I T
1 6 2 4 2 & M 7 5 5 1 1 46 | 43.39 | 100
11 6 10 13 15 9 6 3 62 | 65.36 | 104, 54
111 5 8 11 16 29 20 7 & 1 101 | 46.08 | 106.20
Iv 13 24 34 65 29 39 10 4 11219 | 46,42 | 106,08
Table 10.
Age variation in depth of brain-case.
Age o o~ 4 - © 2 o <)) e ~ o o~ -
s 4 & b Y & & & & IS L 2 0« n X %
class o~ ~ o~ ~ o o~ ~ ~ o~ - e - hal
1 1 2 6 8 10 13 3 2 3 48 26.90 100
11 3 9 15 14 12 5 4 62 28.10 104,46
m 2 5 20 25 26 16 & 2 % 101 28.53 105.05
v 2 10 33 61 62 39 25 9 1 1 244 28.79 107,03

and IV were found in the zygomatic breadth. Real differences occur
between the three first classes (Table 9). No statistically significant
differences between age classes II and III, and between TII and IV
were found in the depth of the brain-case (Table 10), but the real diff-
erences occurring between classes II and IV are evidence of the in-
crease in this measurement with age. Significant differences in ths
breadth of the braincase were found to occur only between age classes
I and II.
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The two principle measurements made of the jaw: length and height
of the mandible (Tables 11 and 12) are subject to slight variation with
age, expressed by a total increase of 12 and 13%.

There are some measurements among those made which do not rev-
eal any age variation. A typical example here is formed by distrib-
utions of the values of the minimum breadth of the frontal bone (Table

Table 11.
Age variation in length of mandible,

Lge n O N O N O Nn O N O 0 o n O n O -
) P Y S - < S I Y T n X %
class T Y O Y R v BERY- SRRt 0 w0 ve] O O~ ~ &
1 4 4 &4 3 4 S5 10 10 1 1 1 44 58.86 100
11 1,2 8 11 16 16 6 1 61 63.33 107.59
I1I 7 13 19 25 14 3 1 1 85 65.08 110.56
v 2 6 14 57 43 59 33 9 1 224 66.80 113,48
Table 12,
Age variation in height of ramus mandibule,
hge o w [e] “ o "y o ['a o n~ o —- -
cless | & 3 8 £ 8 & ¢ & § 5§ ¢ | ° X ®
1 1 2 3 6 7 12 1 5 47 38.86 100
11 6 14 25 24 3 72 42.58 109, 57
111 4 4 13 42 28 9 2 99 42.92 110.45
[ v 3 19 67 88 44 9 230 43.66 112,35
Table 13-

Age variation in minimum breadth of frontal bones.

e |95 2% 2% 2 % 2 9 2 % 9098 Z
S -
I 1 3 2 4 3 2 2 17 113.59 | 100
11 5 5 M 9 4 8 1 1 46 113,91 1102.33
111 1 2 5 9 17 20 21 20 13 8 8 &4 128 | 14.01 1 103.09
v 3 8 6 16 27 36 A3 43 25 12 5 2 3 ] 229 (13.91 [102.35
L. -

13). A relatively small range of individual variation in young animals
(from classses I and II) and relatively wide range in class IV, is obser-
ved here. Height and breadth of for. occipitale magnum are subject
to similar variation.

The data given show that the various measurements, on account of
the different character of variation, are distributed in three principle
groups: 1. group of measurements with considerable age variation
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(profile length, condylobasal length, basal length, length of facial part,
nasal length, breadth of nasal bones and palatal height); 2. measure-
ments with relatively slight age variation (length of brain-case, length
and height of mandible, zygomatic breadth and depth and breadth of
brain-case); 3. group of measurements exhibiting individual variation
only, irrespective of age (minimum breadth of frontal bone and height
snd breadth of for. occipitale magnum).

2. Rate of Growth of Skull

The age variation discussed above in the various measurements of
the skull constitute a reflection of the process of formation with age of
the final form of the skull. The growth in different elements of the
skull characterised by chosen linear measurements takes place with
equal intensity in time and is expressed in the form of different incre-
ases. Fig. 5 shows the course taken by curves of increase in the major-
ity of the skull measurements subject to variation with age. Four groups
of measurements with a similar rate of growth are clearly distingui-
shed on the diagram.

1. Two measurements: nasal length and length of sut. internasalis
exhibit the highest percentage of increase. The most intensive growth in
nasal length takes place between class I and II (19%). A rapid rate of
growth is maintained in class III (11%), and in age class IV (5.4%). No
other measurement is characterised by so high a percentage of increase
in age class IV,

2. The second group of measurements is characterised by a very
evenly maintained rate of growth, total increase coming within limits
of 1799% — 20.5%. The maximum increases are observed between
classes I and II, the only exception here being the maximum nasal
breadth, which exhibits maximum increase between age classes II and
II1 (8.4%).

3. The third group of measurements has an even total increase
(11 — 13%), but the various measurements are subject to uneven rate
of growth in different age classes. The length of the brain-case exhibits,
for instance, a similar ;increase in classes II and 'III (5.8% and 4.8%),
and does not alter distinctly until class IV (2.2%). The height of ramus
mandibulae exhibits very considerable increase in age class II (9.6%)
and only negligible increase in class III (0.8%) and class IV (1.9%).
Increase in length of the mandible decreases gradually in consecutive
age classes. .
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The above three groups of measurements, with different rates of
growth, are characterised by a common feature, that in all measure-
ments between classes III and IV growth continues to be statistically
significant.

4. Contrary to the three foregoing groups, the fourth group of mea-
surements exhibits a real increase between classes I and II (for height
and breadth of the brain-case) and it is only in the case of zygomatic
breadth that statistically significant growth differences occur between
classes II and III. A general feature of these measurements is the slight
total increase from class I to IV (6.7—7.0%) which takes place primarily
between age classes I and II. Bearing in mind the fact that these
measurements are subject only to slight age variation, the ranges of
measurements obtained may be treated as individual variations as from
age class II.

Analysis of increase in the various measurements reveals a non-uni-
form rate of growth of different parts of the skull. The elements rela-
tively loosely connected with the skull, that is, the nasal bones, which
can freely increase in length, are subject to the greatest and most
intensive growth. This process probably does not cease with the halt-
ing of the growth of the other elements of the skull.

The facial part of the skull is characterised by considerable growth
— this aprlies equally to measurements of length, breadth and height.
This is most probably connected with the development of the function
of the jaws as an apparatus active throughout the whole of the ani-
mal’s life. In the group of measurements made of the facial part the
maximum increases are exhibited by: length of diastem and length of
maxillary and mandibular teeth-rows. The condylobasal length, varies
chiefly as a result of the growth of the facial part, forming about half
the total length of this measurement. The fact is characteristic of the
measurements given here that their rate of growth is most intensive
up to the time the animals attain the age of 8—12 months. Later
growth, although considerably weaker, is, however, perceptible between
classes III and IV and is statistically significant.

Measurements of the brain-case reveal that it is subject to conside-
rably less growth. The increase in length of the brain-case is rela-
tively the greatest, increasing intensively between classes II and III. The
other measurements of the skull are subject to real growth up to age
class II, :
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VI. PROPORTIONS OF THE SKULL

Several indices were calculated in order to grasp age variation in
the proportions of the skull. In calculating indices comparison was
made of measurements subject to small growth changes with those
which exhibit considerable increase with age.

breadth of brain-case
Index of

© % . .
length of facial part 100 has values decreasing in

successive age classes (Table 14). In classes III and IV the ranges of
this index are uniform (41.6 — 51.5), but differences occur in the mean
values of this index, which may provide evidence that the proportions
of these measurements are established only in age class IV.

Table 14.

breadth of brain-case

Age variation in index of X 100
rostral length

Age o o o o o o o (=) o o (=) (=) (= o o -
w A3 A o ~ o o S <& o A 3 w8 8 & N X
ClaSS = = = = = < [y " " n " ['aY ['a)
1 1 5 2 2 2 2 2 1 1 t 19 51.53
11 2 11 12 5 9 3 1 1 Lb 48,59
III 2 7 15 42 29 <3 10 6 1 135 ub. 72
v 3 8 29 35 53 46 32 10 4 2 .222 46,17 §
J

zygomatic breadth

Index - X 100 exhibits fairly considerable diff-
profile length

erences between the three first age classes, and a slight difference in
class IV in relation to class IIl. The range of variation of this index
is wide, particularly in class IV (43.8 — 49.7). The differences which
are evident between classes III and IV in the mean values of the index
are statistically significant, although small. This points to the estab-
lishment of this proportion only in class IV.

length of cranial part

Index profile Tength X 100 exhibits slight differences as

from age class II. In age classes III and IV the fact of the occurrence
of considerable variation in this index, from 44 — 52, is worth of atten-
tion, as is also the absence of significant differences between these
classes in the mean values of the index (Table 15). Proportion is there-
fore established, in this case, in age class IIl.

Ind height of brain-case < 100 i duced by R y
naex Weight of mandible was 1ntroauce y ossoli-
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mo (1959) as a character making it possible to define age in nutria.
The relatively small amount of jaw material did not permit of finding
whether this index may also form a reliable age character in relation
to the hare. The fact of the occurrence of wide differences between the
mean values for each class, indicating real age variation in this index
is, however, worth emphasising. However in this case also, the ranges
of classes III and IV are common from 30.0 to 46.5, while differences
in mean values are real (Table 16).

Table 15,

length of the brain-case
Age variation in index of - X 100.
profile length

Age o n O n O ['aY [=) ['aY [+ ['a} Q ['aY (=] N O N O n O Ju—
& 348 d 3 b & R 8 B8 & & S S L oaoan N X
class + & s <+ ey Es nooon NN N NN
1 1 1 3 3 4 2 1 2 2 2 21 50. 38
I1 1 1 4 3 2 8 9 2 6 4 1 1 2 L 48,49
1711 T 1 1 7 9 tu 11 26 19 21 13 11 5 2 1 1 146 47.88
v 2 1V 7 12 24 37 44 44 24 20 8 10 3 3 2 241 47.75
Table 16.
depth of brain-case
Age variation in index of -~ ———— X 100,
weight of mandible
Age Q o Q o o (=] 2 o o o o o o o 2 o —_
8 S A Y8 & a4 & @ £ 5 & S & 8 & o & N X
class A S “a s N " N O W O v o~
I 1 3 1 1 1 7 53.28
11 1 4 3 1 1 10 43.00
III 1 2 8 7 6 1 25 33.16
Iv 4 7 20 18 4 4 57 37.21

VII. DISCUSSION

An essential condition for work on variations in the skull stracture
of the species examined is that sufficiently abundant material, provid-
ing the fullest possible range of morphological variation in individuals
in the population, should be available. This condition was complied with
in the present study thanks to the comprehensive series of skulls used
for study purposes, and to the availability of random samples frcm the
population. Fortuitous selection of material due to damage to skulls
during shooting did not affect in principle the material from the aspect
of quality.
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The problem of the correct classification of age groups is of funda-
mental imgportance to the study as a whole. On account of the lack of
standard model skulls of hares of known age, as a criterion of the
markings on the skull, use was made of the results of investigations
of the ossification of the pelvis (Bujalska, 1964) and the state of
sexual activity (Raczynski, 1964), based on the same material.
Estimation of the absolute age of young hares was made possible by
the fact that the material contained monthly series. Raczynski
(1964) found the first litter to occur in February-March in 1959, and
the last (in a small number of females only) at the end of September.
A knowledge of the breeding period and data on body weight (Ca-
bon-Raczynska, 1964 b) enabled the young hares to be divided
into classes (from class I to 1II). Only age class IV is non-uniform from
the aspect of absolute age, since in addition to specimens beginning
their second year of life it also contains animals several years old.
These latter are, of course, few in number, judging from the observ-
ations made by Rieck (1956) on the age structure of a population
of marked hares under the conditions prevailing in a area used for
organised game shooting. Confirmation of the correctness of the divi-
sior made in relation to classes I and II is their regular distribution in
monthly samples over the course of a year: age class I occurs in the
material up to December, and age class II up to February of the next
year. The survival of young hares from the final litter is not very
probable under field conditions (Rieck, 1956). 1t must therefore be
assumed that only the last young hares born in July and August are
represented in the material.

The plan accepted for dividing the age groups made it possible to
trace the rate of growth of the skull as a whole on the basis of analysis
of measurements made. The fact that between age classes III and IV
real increase takes place in the majority of measurements suggests that
the skull of the hare is subject to constant although slow growth to
a late age. Similar results were obtained by Dalquest (1942) for
the related American species Lepus americanus Erxleben, 1777
and by Empel (1957) for the rabbit Oryctolagus cuniculus Lin-
nmaeus, 1758. The phenomenon of growth of the skull in old indiv-
iduals was also observed in certain rodents such as, e.g. Clethrionomys
glareolus Schreber, 1780 (Wasilewski, 1952), Microtus
arvilis (Pallas, 1778) (Stein, 1958) and Microtus agrestis L in-
naeus, 1761 (Gebczynska, 1964).

The final proportions of the hare’s skull are not in principle reached
until age class IV. The establishment of this fact was possible owing
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to comparison of measurements and indices of the skull frém succes-
sive age classes set out together with observations on correlative connec-
tions between different measurements. Percentages of increase in skull
measurements (Fig. 4) indicate that differences are small between age
classes III and IV, but reveal a distinct growth in relation to young
animals (age classes I and II). Comparison of correlative connections
in the skull of the hare made in an earlier study (Cabon-Ra-
czynska, 1964 a) permitted of explaining the phenomenon of for-
mation of the final form of the skull. It was shown that the high co-
efficient of correlation characterise reciprocal connections of the
majority of skull measurements in young hares. This correlation is the
result of the process of growth of the skull, which takes place very
intensively in all its elements during this period. In age class IV, on
the other hand, a high degree of correlation is found only in the group
of measurements very similar to each other (Cb. length, profile length
and basal lenght). The remaining measurements exhibit connections
far smaller and even statistically insignificant, despite the fact that
rate of growth may be very similar. A situation of this sort arises as
the result of individual differences in the rate of growth of different ele-
ments of the skull, leading to differentiation of individual morpholo-
gical types. Variation in measurements observed in age class IV, i.e.
in hares over one year old, therefore express true individual variation
within the species and may provide a basis for studies of a systematic
character.

Ranges of the basic measurements of the skull of L. europaeus, given
by different authors in studies of a taxonomic character, differ from
each other to a certain extent. An example of this is given below in
a table of Cb. lengths:

Miller (1912) Ognev (1940) Gureev (1962, 1964) Cabon-Raczynska
85.2—92.2 84 — 95 80 —96.3 (68 — 83?) 81.3 — 96.2

These differences may result from the use of too small an amount of
material (e.g. Ognev had only 4 skulls of L. e. europaeus), or from
not adhering to age criteria in determining the ranges of variation of
measurements. The limits of Cb.-length determined for the present
material include in principle ranges of variation given by other authors
with the exception of Gureev (1964), which are most certainly
erroneous.

The problem of the subspecific appurtenance of the hare inhab-
iting Poland is not clear. The majority of authors state that a nom-
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inative subspecies occurs in West Poland (Ognev, 1940; Gaf{-
rey, 1961; Gureev, 1964. Poland, according to Ognev
(1540) forming terra typica for L. europaeus. Lubicz-Niezabi-
towski (1933) writes that the occurrence of subspecies of L. euro-
paeus and their distribution in Poland is unknown. Ellerman
& Morroson-Scott (1951), in addition to the western part of
the Soviet Union and the Lithuanian Socialist Republic, give Germany
as an area settled by L. e. hybridus Desmarest, 1822, which
would form evidence of the occurrence of this particular subspecies
in Western Poland. This subspecies, according to other authors, occurs
only to the East of the Vistula (Gaffrey, 1961), or in the Soviet
Union (Ognev, 1940). Differences between the above-mentioned
subspecies are expressed chiefly in the shade of their coloration. On
the basis of a description of the coloration of the same series of hares
{Borowski, 1964) it may be concluded that it is typical of the
nominative subspecies. Differences in the skull consist only in the
slightly larger dimensions in the form L. e. hybridus Desm. (Ogneyv,
1940). Ranges of variation in a series of measurements given in the
present study include, however, ranges of both the subspecific forms
discussed here. In view of the fact that the colour plays a decisive
part here I am of the opinion that the nominative subspecies — L.
europaeus europaeus Pallas, 1778, inhabits the Poznan province.

In the species systematics of the genus Lepus, in addition to the
dimensional characters of the skull, anatomic data, constituting descript-
ive taxonomic characters, are of importance. The shape of procc.
supraorbitales is given, inter alia, as characteristic of many of the
species of the genus Lepus (Gureev, 1964). An analysis was made
in the present material of the shape of these processes in specimens
in age class IV. It was found that within series of adult hares the
shape of the supraorbital processes varies greatly and almost all types
can be found here, described as characteristic of various species of the
genus Lepus.

Ossification of incisura praeorbitalis in a large number of individuals
in age class IV (33,2%) is a phenomenon connected with age, but it
did not characterise all the adult specimens. This is borne out by the
fact that of 5 marked hares living under natural conditions and killed
when at least 4 years old, it was only in one specimen that complete
closure of incisura praeorbitalis occurred. Simultaneously among hares
from age class III 3 cases were found of closure of incisura praeorbit-
alis. This character is therefore subject to considerable individual
variation and cannot be taken as a criterion of age, although as a rule
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it is characteristic of the group of older hares. It must be emphasised
that the kind of formation of proc. supraorbitalis oralis is treated as
characteristic of species of L. europaeus and L. timidus (Siivonen,
1956; Gaffrey, 1961). The observations given above prove that
this character, in view of the considerable variability in L. europaeus,
cannot be treated as being a completely certain one.

Koby (1959) emphasises the differences in shape of nasal proces-
ses of frontal bones supposedly making it possible to distinguish L.
europaeus from L. timidus. 1t was found in the present material that
the shape typical of the European hare occurred in 64%, while the
shape of these processes typical of L. timidus occurred in 36% of the
specimens (Fig. 2). This is evidence that the character described comes
within the range of individual variation of L. europaeus.

The questions of systematics and taxonomic characters of the skull
constitute an important problem in relation to Leporidae, which can-
not be dealt with in greater detail in the present study, on account of
the lack of comparative material. The present study permitted, how-
ever, ot formulating the postulate, that research of this type must be
based on comprehensive collections including material of varying ages
and sufficiently numerous series of adult specimens.

VIII. SUMMARY

A morphological description of the skull of the European hare (Lepus europaeus
Pallas, 1778) and an analysis of wvariation in 27 craniological measurements
from the age and individual aspects were made on material (n = 482) obtained
from the Poznan province (West Poland). Four age classes were distinguished
on the basis of the degree of ossification of the skull sutures.

1. Tt was established that sut. zygomaticomaxillaris runs immediately behind
the proc. zygomaticus maxillae, diagonally to the long axis of the skull (Fig. 4).

2. Os interparietale occurs in young individuals up to approximately 6 months
old and takes the form of small paired plates. This character made il possible to
distinguish the skull of a young hare from a rabbit, which has a single os inter-
parietale.

3. Canalis zygomaticus, beginning in the rabbit with an oval foramen in the
anterior part of the zygomatic arch, is in process of disappearance in the hare or
does not occur at all.

4, In addition to a small hamulus, a well formed wide squama, participating in
the structure of the braincase, occurs in the pterygoid bone of the hare. This
points to the greater functional connection of os pterygoideum with the brain-
case then with the facial part of the skull.

5. Procc. supraorbitales exhibit variation in size and shape with age (Fig. 3).
In age class IV it is possible to distinguish all the types of these processes given
as characteristic of different species of the genus Lepus, In 33.2% of specimens
in age class IV ossification by means of bony tissue of incisura preaorbitalis was
observed.
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6. It was found that the nasal processes of the frontal bone occur in the form
typical of L. europaeus in 64% and of L. timidus in 36%, which throws doubt
on the taxonomic value of this character.

7. Analysis made of measurements in the facial part of the skull, that is,
length, breadth and height and measurements of the total length of the skull
reveal a constant increase, particularly intensive up to age class III, ie. about
8—12 months old. A real increase in measurements takes place between age
classes III and IV, which leads to the assumption that the skull of the hare is
subject to a constant, although slow, growth until the end of the animal’s life.

8. Measurements of the brain-case reveal a slight increase, real up to about 8
months of life (age class II),

9. The different measurements of the skull reveal a different rate of growth.
Four groups of measurements were distinguished (Fig. 5).

10. Analysis of indices made it possible to establish that the true proportions
of the skull are not established until age class IV, ie. in individuals in the
second year of their life,

11, Using a description of the coloration of this same series of hares (Bo-
rowski, 1964), it was found that it is typical of the nominative subspecies.
The range of the craniological measurements analysed includes both the wvalues
given for the nominative subspecies and for L. e. hybridus. The authoress is of
the opinion that the nominative subspecies — L. e. europaeus — occurs in the
Poznan province,
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STRESZCZENIE

Dokonano opisu morfologicznego czaszki zajgca szaraka (Lepus europeaus
Pallas, 1778) oraz przeprowadzono analize zmienno$ci 27 pomiaréw kraniolo-
gicznych w aspekcie wiekowym i osobniczym na materiale (n = 482) pochodzacym
z wojewddztwa voznanskiego. Na podstawie stopnia skostnienia szwoéw czaszki
wydzielono 4 klasy wiekowe.

1. Ustalono, ze szew jarzmowoszczekowy (sut. zygomaticomaxillaris) przebiega
bezpoSrednio za wyrostkiem jarzmowym szczeki, sko$nie do osi dilugiej czaszki
(Ryc. 4).

2. Ko§¢ miedzyciemieniowa (os interparietale) wystepuje u osobnik6w miodych
do ca 6 miesiecy zycia i jest wyksztalcona w pestaci niewielkich parzystych bla-
szek. Cecha ta pozwala odr6znié czaszke mlodego zajgca od krolika, posiadajgcegn
pojedyncza ko§¢ miedzyciemieniows.

3. Kanal jarzmowy, rozpoczynajgcy sie u krélika owalnym otworem w przed-
niej cze$ci tuku jarzmowego, jest u zajaca w zaniku lub w ogéle nie wystepuje.

4. W ko$ci skrzydlowej zajgca wystepuje obok niewielkiego haczyka (hamulus)
dobrze wyksztalcona obszerna tuska, biorgca udzial w budowie puszki moézgowej.
Wskazuje to na wieksze funkcjonalne powigzanie koSci skrzydiowej z médzgoczasz-
kg niz z twarzoczaszka.

5. Wyrostki nadoczodotowe (procc. supraorbitales) wykazuja z wiekiem zmien-
no$é¢ wielkos$ci i ksztaltu (Ryc. 3). W IV klasie wieku mozna wyr6zni¢ prawie
wszystkie typy tych wyrostkéw, podawane jako charakterystyczne dla réinych
gatunkéw rodzaju Lepus. U 33,2% okazéw z IV klasy wieku stwierdzono zarasta-
nie tkankg kostng weciecia przedoczodotowego (incisura praeorbitalis).

6. Stwierdzono, ze wyrostki nosowe kos$ci czolowych wystepujag w postaci typo-
wej dla L, europaeus u 64% a dla L. timidus u 36% okazéw co podwaza takso-
nomiczng warto$¢ tej cechy.

7. Analizowane pomiary przeprowadzone w cze$ci twarzowej czaszki, zaréwno
diugo$ciowe, szeroko$ciowe jak i wysokoSciowe oraz pomiary calej dlugo$ci czasz-
ki wykazuja staly wzrost, szczegélnie intensywny do III klasy wieku tj. ca 8—12
miesiecy zycia. Realny wzrost pomiaréw odbywa sie miedzy IIT i IV klasg wieku,
co pozwala przypuszcza¢, Ze czaszka zajgca podlega statemu, cho¢ powolnemu
wzrostowi do konca Zycia.

8. Wymiary moézgoczaszki wykazujg niewielki wzrost, realny do ca 8 miesiecy
zycia (II klasa wieku).

9. Poszczegblne pomiary czaszki wykazujg rézne tempo wzrostu., Wyrdzniono
cztery grupy pomiaréw (Ryc. 5).

10. Analiza wskaznik6w pozwolila stwierdzi¢, ze wlasSciwe proporcje czaszki
ustalajg sie dopiero w IV klasie wieku tj. u osobnikéw w drugim roku zycia.

11. W oparciu o opis ubarwienia tej samej serii zajecy (Borowski, 1964),
stwierdzono, ze jest ono typowe dla podgatunku nominatywnego. Zakres analizo-
wanych pomiarow kraniologicznych obejmuje zaréwno warto$§ci podawane dla
podgatunku nominatywnego jak i dla L.e. hybridus. Autorka sadzi, ze w woje-
wodztwie poznanskim wystepuje podgatunek nominatywny — L, e, europaeus
Pallas, 1778,






