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I. INTRODUCTION

The skull of the European hare — Lepus europaeus P a l l a s ,  1778 — has 
not as yet been given com plete m orphological trea tm en t. This rem ark  also applies 
to re la ted  species, which rep resen t a sim ilar type of sku ll s tru c tu re  to Lagomor- 
pha. The relatively m ost abundant m orphological lite ra tu re  is concerned w ith the 
rabbit, Oryctolagus cuniculus ( L i n n a e u s ,  1758) bu t papers on the anatom y 
of the skull of th is species are scattered  and in m onographies these problem s 
have received only general trea tm en t ( K r a u s e ,  1884; Z e d e n o v  e t al., 
1957). In  addition the s tru c tu re  of the skull of Leporidae exhibits far-reach ing  
specific characters which m ake it d ifficult to g rasp  any analogy w ith o ther species 
of anim als of which the skull has been fully described.

Taxonom ic descriptions of the characters of the  h a re ’s sku ll are  to be found 
in faunistic papers ( O g n e v ,  1940; G a f f r e y ,  1961; K o b y, 1959; 
G u r  e e v, 1963, 1964; also in the m onograph by K o r n e e v ,  1960). T ex t­
books on anim al anatom y, on the other hand, w ith  a few exceptions (K o 1 d a, 
1936; P o p l e w s k i ,  1948) do not en ter into a detailed  descrip tion  of the sku ll 
s tru c tu re  of Lagomorpha.

The p resen t investigations are based on an extensive series composed of skulls 
from  specim ens of L. europaeus of d ifferen t ages, taken  from  a relatively  lim ited 
area. This m ateria l m ade it possible to analyse the s tru c tu re  of the sku ll from  
the angle of grow th and age changes and form ed a basis for a morphological 
descrip tion  and definition of the scale of individual variation.

II. MATERIAL AND METHODS

1. Description of Material

The m ateria l used for the investigations consisted of hares shot in the Poznan 
province in m onthly series, over the  period from  D ecem ber 1958 to F ebruary  
1960. Shooting w as carried out chiefly in the so u th -easte rn  p a r t of the province, 
according to a p rev iously-arranged  plan which ensured  the random  character of 
the  sam ples obtained. As m any of the skulls w ere dam aged d u ring  shooting only 
482 skulls w ere used for craniom etrical purposes, and the m ajority  of the 
m easurem ents w ere m ade on these skulls.

The skulls w ere p repared  after previously being boiled, only the undam aged 
m andibles being in addition sub jected  to m aceration  and la te r  weighing.

2. Craniometrical Measurements

A to ta l of 26 linear m easurem ents w ere m ade on the skulls, and the value of 
the w eight of the  m andible was in addition found for 103 specim ens. The 
m easurem ents w ere m ade using a vern ier calipers w ith a nonius, the  resu lt being 
read  w ith  accuracy to  0.1 mm. Both jaws w ith  com plete sets of teeth  w ere 
w eighed on a labora to ry  balance w ith  accuracy to 50 mg.

The num erical m ateria l was given sta tistica l trea tm en t, using the S tuden t test 
for com parison of differences betw een m ean values. A large num ber of indices
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w ere calculated in o rder to grasp  the proportions of the skull. Increases in 
m easurem ents in d iffe ren t age groups w ere expressed in percentages in relatiori 
to  age class I.

The m ajo rity  of the m easurem ents w ere m ade afte r D u  e r s t  (1926), bu t 
in view  of the specific character of the sku ll s tru c tu re  in hares certain  m eas­
urem ents w ere modified. The following m easurem ents w ere made:

1. Basal length: Prosthion  — Basion.
2. Condylobasal length: Prosthion  — posterior plane of the occipital condyle.
3. P rofile length: Prosthion  — Acrocranion.
4. Length of the facial part: Prosthion  — to a point lying on the intersection  

of the  fron ta l su tu re  w ith a line draw n betw een the an terio r m argins of incbsura 
po st orbit alis.

5. Length of brain-case: from  a point lying on the intersection of the fron ta l 
su tu re  w ith a line draw n betw een the an terio r m argins of the incisura postorbit- 
alis — Acrocranion.

6. N asal length: Rhynion  — Nasion.
7. N asal length: m easured on the in te rnasa l su tu re
8. M axillary tooth row: Praemolare — Postdentale.
9. Length of margo adentalis: from  the posterior m argin  of alveola to  the 

an terio r m arg in  of alveola Pm i.
10. S agittal length of fron ta l bone: Nasion  — Bregma.
11. S agittal length of p arie ta l bone: Bregm a  — Lambda.
12. M andibular tooth row.
13. Length of m andible: from  a point lying nearest cran ial on the m and ibu lar 

sym physis — to the fu rthest point on the angular process of the m andible.
14. M axim um  sku ll b readth: Zygion  — Zygion.
15. B readth  of brain- case: Euryon  — Euryon.
16. O ccipital b read th : distance between the m ost la tera lly  s itu a ted  points on 

exooccipitale.
17. M inimum bread th  of fron ta l bones: m easured betw een the an terio r m arg ­

ins of inc. postorbitales.
18. M axim um  breadth  of nasalia.
19. M inimum bread th  of nasalia: N asointerm axillare  — N asointerm axillare.
20. B readth of occipital squam a: m easured on the nuchal ridge.
21. B read th  of for. occipitale magnum.
22. H eight of for. occipitale m agnum .
23. Depth of b rain  case: Sphenobasion  — to a point lying in the cen tra l section 

of the sag itta l suture.
24. P ala ta l height: Staphylion  — Nasion.
25. H eight of den tal processes: m easured from  ex tern a l m arg in  of alveola Pm3

to upper surface of the alveolar bulla.
26. H eight of ram us m andibulae: conion ven tra le  — condylion m edniale.
27. W eight of jaw.

3. Description of age classes

The m ateria l was divided into four age classes, according to the grow th changes 
in the skull connected w ith the progressive ossification of the su tu res  w ith  age,
in particu lar of sut. frontalis, sut. coronaria, sut. sagittalis and sut. parietotem po~





Fig. 1. Ossification of the sku ll su tures in consecutive age 
classes, a, e) Age class I, b, f) Age class II, c) Age class III, 

d) Age class IV.
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rails. The study m ade by E m  p e l  (1957) of the rab b it has been used as a 
guide in allocating m ateria l into age classes. On account of the possibility of 
m aking use of a large num ber of supp lem entary  data on the shot hares, the 
date of shooting, body w eight and s ta te  of the gonads w ere in addition taken  
into consideration in determ ination of the age classes. Com parison was also m ade 
of resu lts w ith  the independently  classified age groups of this same m ateria l on 
the basis of age changes in the pelvis ( B u j a l s k a ,  1964). As a resu lt a d iv­
ision was obtained which grouped individuals of relatively  equal absolute age 
in each class (Fig. 1).

Age class I  includes individuals not over 6 m onths old. The sku ll su tures are 
loose w ithout any trace of ossification, os in ter par ietale is clearly distinguished 
and the su tu res w ithin os occipitale are clearly  visible. The s tru c tu re  of the skull 
is delicate. D uring the firs t phase of the  w ork all young individuals sho t during  
the period from  A pril to August, which came from  litte rs  born “th a t year” (body 
w eight not exceeding 3 kg, gonads juvenile) w ere chosen. Bearing in m ind th a t 
the firs t litte rs  came from  the end of F eb ruary  and beginning of M arch (R a- 
c z y n s k i ,  1964), none of the specimens taken  as rep resen tatives exceeded the 
age of 6 m onths. Age of m ateria l from  the following m onths was determ ined 
according to the rep resen ta tive  standard  specim ens chosen. Individuals in this 
age class occur in the m ateria l from A pril to December.

Class I I  includes individuals aged from  6—8 m onths. Os interparietale  is e ither 
d ifficult to distinguish or its m argins are already com pletely ob literated . The 
su tu res w ith in  os occipitale are either in process of ob literation  or are com pletely 
obliterated . The ossification process has begun in the  posterior section of sut. 
sagittalis. The skull as yet retains a fairly  delicate structure . The standard  
exam ples of this age class were chosen from  skulls of hares from  A ugust and 
Septem ber, which differed in appearance from  those accepted for class I. This 
group is in addition characterised by the juvenile s tru c tu re  of the genital organs 
(in A ugust-Septem ber), while the body w eight includes values characteristic  of 
both age class I and of adult individuals. H ares in th is  age class occur in the 
m ateria l from  August to February .

Age class I II  includes anim als aged from  approxim ately  9—12 (13) m onths. The 
sut. frontalis  has begun to ossify in the m edial section, V2 of the su tu re  being 
already ossified (from the front) in certain  individuals. Sut. sagittalis is ossified 
along V2 of its length, counting from the posterior. The ossification process has 
begun in sut. parietotem poralis. The boundaries of os in terparietale  are com plet­
ely ob literated . Age class III  is distinctly  transitiona l in character, since the skull 
does not d iffer greatly  as regards the m orphological aspect from  the appearance 
of ind ividuals in age class IV. Specimens in this class occur in all the m onths 
of the year.

Age class IV  includes individuals over 1 year old. Com plete ossification of the 
following su tu res: sut. frontalis, sut. sagittalis, sut. parietotem poralis and occas­
ionally sut. coronaria. Near the boundary of the  junc tu re  of sutures: frontalis, 
sagittalis and coronaria sections of these su tu res not as yet ossified can often  be 
seen. The ossification (closing) of inc. praeorbitalis occurring betw een 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.
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III. 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 th a t it d iffers in s truc tu re  from that in o ther m am m als is 
particu larly  w orthy 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 m argin of which separates for. occipitale m agnum  from  the 
top and term inates 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 su tu res are 
clearly  visible in age class I, not in frequently  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 w orthy  of note th a t in the hare  the 
squama d irec tly  participates in the s tructu re  of the vau lt of the skull. 
The arched part of the squama has a lacy s truc tu re  bu t d iffers from 
th a t in os maxillare. Its  s truc tu ra l elem ents are arranged  very  densely, 
the  spaces betw een them  are small, and the bone trabeculae thick. In 
pars parietalis the medial p a rt and two lateral p a rts  are clearly 
distinguishable, situated lower and adjacent to the pars mastoideum  
os. temporalis. The m edial p a rt takes the form  of a narrow  projection 
bounded by well-developed bony m argins, which con trary  to the medial 
p a rt are very  compact in structure . These m argins are elongated la te r­
ally  in th e ir  arched line, form ing a bony ridge of compact structure. 
They form  the an terior and p a rtly  the lateral m argin of the occipital 
squama. In  general appearance they  are sim ilar in shape to a lyre. The 
vaulted p a rt of os occipitale borders from  the front w ith  os. parietalia. 
Sut. lambdoides does not ossify even in late old age in  animals. From  
the sides the squama is bordered by sut. occipitomastoid ea, not as yet 
ossified in hares from age class III. In older anim als (from age class IV) 
it is often ossified, bu t is alw ays clearly distinct in the  form  of a n a r ­
row, bony bridge running  diagonally to the  long axis of the skull.

Exooccipitale form ing together w ith the vertical plate of squama 
occipitalis the posterior wall of the skull, borders from  the fron t w ith  
the tem poral bone (with the mastoid part and the petrous part). Condyli  
occipitales lie pericentrally , la te ra lly  bounding for. occipitale magnum. 
Procc. jugulares, the free ends of which pro trude beyond the lower su r­
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face of bullae tympanicae, project la te ra lly  from  condyli occipitales. 
Exooccipitalia are joined w ith basioccipitale by m eans of sutures, which 
are clearly visible in individuals in age class I. In age class II  these 
su tures are completely ossified and the boundary of the ir original course 
is invisible. Fossa condyloidea ventralis  is situated  betw een the occipital 
condyle and the jugu lar process. In th is fossa, pericentrally , a t the base 
of condyli, there is a small, usually  paired  for. n. hypoglossi. For. lace- 
rum  aborale, sim ilar in appearance to a lengthw ays fissure, vertical to 
the long axis of the skull, is situated  on the boundary of the la tera l 
occiput and the tym panic part of the tem poral bone, in the condyloid 
fossa.

Basioccipitale is connected from the fron t w ith the sphenoid bone 
by m eans of synchondrosis sphenooccipitalis, and from  the back is 
joinned w ith the lateral parts of the occiput, w ith which as from  age 
class II it forms one whole. L aterally  basioccipitale is connected by a 
suture, clearly  visible in old animals, w ith the tym panic part of the  

 ̂ tem poral bone'. On the surface of the corpus of the occiput in  old 
anim als from  age class IV, lengthw ays bony crests are often form ed, 
which seen from  the side of the occipital foram en are sim ilar in shape 
to a le tte r  Y.

2. Os tem porale

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

Squama os. temporalis borders from  the front w ith the frontal bone 
and the tem poral wing of the sphenoid, from  the bottom  w ith  the p te ry ­
goid bone and from the top by parietal bone. At the back in the upper 
section it borders w ith  squama os. occipitalis, then w ith the o ther p arts  
of the tem poral bone. The posterior m argin  of the  squam a has a lacy 
structu re . It is possible to distinguish in the  squam a the orbital surface 
and the lateral surface which form s the lateral part of the w all of the 
braincase. Proc. zygomaticus os. temporalis  is form ed on the boundary 
of the above surfaces, running vertically  to the  squama and then  inclin­
ing downwards. Above proc. zygomaticus  there  is a small tubercu la te  
process, situated on the posterior ex trem ity  of the orbit, which is fa irly  
well developed in older anim als (age class IV). Proc. squamosus  (K r  a- 
u s e, 1884), flat, relatively  long, spade-shaped w ith a broader end runs 
from the posterior m argin of the squama, adhering to the pars mastoi-  
dea os. temporalis. I t strengthens the junctu re  of the squam a w ith  the
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o ther p a rts  of the  tem poral bone, bu t it is characteristic  tha t it does 
not fuse perm anently  w ith the m astoid part.

Pars mastoidea is of a spongy structure. The posterior m argin adheres 
closely to exooccipitale. In certain  specimens from  age class IV  these 
two bones fuse. It is connected at the top w ith the occipital squama, 
from  the fron t w ith the spongy m argin of the tem poral squam a, and 
from  the bottom  w ith the tym panic part. Proc. mastoideus is faintly  
form ed. Ht runs parallel to proc. jugidaris, partly  adhering to bullae 
tympanicae. On the boundary betw een pars mastoidea and pars tym pa-  
nica, at the base of the ex ternal m astoid duct there  is for. stylomastoi-  
deum.

Pars tympanica  form s bulla tympanica  together w ith 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 m eans of narrow, horizontally  lying bony 
projection. On its m argin, 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 betw een pars tympanica  
and basioccipitale is strengthened by a bony process of the tym panic 
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 upw ards and opening in a round porus acusticus ext.

Pars petrosa seen from  the in ternal side of the braincase covers pars 
mastoidea. The upper part of th is bone is occupied by the extensive 
fossa subarcuata, opening into the in terior of the skull by a sm aller 
foram en. Porus acusticus int. is situated below fossa subarcuata. To­
w ards the fron t from  this opening there is a sem ilunar cavity leading 
to canalis facialis, through which the facial nerve runs, passing out 
th rough  for. stylomastoideum. From  the front pars petrosa passes into 
a well developed crista petrosa.

3. Os sphenoides

Os sphenoides is composed of th ree principle parts: corpus ossis 
sphenoidei and two pairs of wings: alae orbitales and the slightly
sm aller alae temporales.

It is possible to distinguish in corpus os. sphenoides the praespheno- 
ideum  and basisphenoideum. A t the place where it joins the occiput 
the  basisphenoideum  is broader and more massive, narrow ing tow ards 
the fro n t and inclining into the m iddle of the braincase. Paired  procc.
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pterygoidei, which are latera lly  fused w ith  the hamuli os. pterygoidei, 
ru n  from  the sides of basisphenoideum  in dow nw ards and slightly  la t­
e ra l directions. From  the front they  are bounded by the vertical p late  
of the os palatinum, while the posterior m argin  rem ains free. In the 
m iddle of the cranial surface of the basisphenoideum  there is a deep 
fossa hypophyseos. On the bottom of th is fossa, pericentrally  there  is 
an opening piercing in a vertical direction the middle of corpus os. 
sphenoides, this is canalis craniopharyngeus  ( P o p l e w s k i ,  1948). 
The fact is w orthy of emphasis tha t there  is a d 's tinc t fissure separating 
the corpus of the two parts betw een praesphenoideum  and basispheno­
ideum. Both alae orbitales and alae iemporales os. sphenoidalis run  
from  the separate praesphenoideum. The alae are separated by a large 
round for. interorbitale form ed by the junctu re  of paired foramina  
optica.

Ala orbitalis borders at the top w ith the frontal bone, from  the 
in terior of the nasal cavity from  the fron t w ith the ethm oid bone and 
from  the bottom w ith the vertical p late of the palatal bone. W ithin 
the frontosphenoidal su ture  there is the small fissure-like for. e thmo-  
idale, which is sometimes shifted slightly upw ards and occurs w ith in  
the orb ita l part of the frontal bone.

Ala temporalis  borders at the top w ith the frontal bone, a t the back 
with the tem poral bone and at the bottom  w ith the pterygoid bone. 
Allae temporales  are slightly  sm aller than  alae orbitales. There is a 
nodose area at the back of ala temporalis on the boundary of the con­
nection w ith  the tem poral and pterygoid bones.

4. Os parietale

The paired ossa parietalia take the form  of a slightly convex plate. 
They participate in the form ation of the vau lt of the skull. From  the 
front the parietal bone borders w ith the frontal bone, from  the sides 
w ith the squama os. temporalis and from  the back w ith the occipital 
and in terparie ta l bones. C ontrary  to the rabbit, in the hare parietal 
bones usually  have a smooth ex ternal surface.

5. Os in ter parietale

Os interparietale is visible in the skull of the hare only in age class 
1 and takes the form  of paired, small elem ents, which consist of two 
oval plates contacting each o ther in the sagittal plane. They are of 
porous structure. They do not fuse w ith  the occipital bone even in very  
old anim als. On the skull of adult specim ens the place in which os
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interparietale  occurs m ay be defined owing to the porous s truc tu re  of 
its surface.

6. Os frontale

Two principle elem ents can be distinguished in the paired os frontale: 
p. horizontal plate, slightly  convex in the centripetal part, and a vertical 
plate form ing the upper p a rt of the orbit. The two parts  are separated 
by proc. supraorbitalis, in which proc. supraorbitalis oralis and proc. 
supraorbitalis aboralis ( P o p e s  co , 1961) can be distinguished. Proc. 
supraorbitalis oralis is usually  separated from  the vaulted p a rt of os 
frontale  by  a small incisura praeorbitalis, proc. supraorbitalis aboralis 
is bordered la te ra lly  by the deep incisura postorbitalis.

The vaulted part of the frontal bone takes the form  of a squama, slightly 
concave in the an terior part, or flat along a line connecting incisura 
vostorbitalis , then becomes slightly convex, finally  to decline in the 
direction of the parietal bones. The highest convexity of the  skull lies 
slightlv  caudal from the postorbital narrow ing in the sagittal plane. 
Sut. coronaria undulates sym m etrically to the  long axis of the skull. On 
both sides of sut. frontalis in the depression of the squam a of frontal 
bone there  are small foram ina, o r sometim es only a single foram en.

Tn the an terior p a rt the frontal bones form  the nasal processes, wedging 
in betw een the nasal bones. The shape of these processes differs, b u t two 
principal types can be distinguished: 1. processes w ith  sharp  ends tog­
e ther form ing an isosceles triangle, the base of which is form ed by 
a line connecting the posterior m argins of the nasal bones; 2 . the ends 
of the  processes end in a line vertical to the long axis of the skull, 
form ing a figure sim ilar to  a trapezium  (Fig. 2). In cases in which the 
firs t shape occurs the processes are usually  long (m easuring along the 
frontal su tu re  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 m aterial had processes 
of the first type described and 36% the second type.

In addition to the above nasal processes of the frontal bones w ell- 
developed lateral processes of the frontal bone occur in the 
hare. They lie laterally  in relation to the nasal processes of the 
in term axillary  bone but ven tra lly  in the an terio r part in relation to the 
nasal processes of the in term axillary  bone. The lateral processes are 
very  th in  and fairly  long — they form  about V2 of the length of the 
nasal processes of os incisivum. The base of the lateral processes is
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massive, rough and form s the upper-an terio r section of the orbit 
contiguous to hamulus os. lacrimalis and proc. sphenoorbitalis (K r a- 
u s e ,  1884).

Procc. supraorbitales are distinguished by considerable variab ility  of 
shape with age (Fig. 3). In individuals from  age class I these processes 
have a very  delicate structure, are rela tively  small, often sim ilar to the 
analogical processes in the rabbit. W ith age the processes become m ore 
massive and develop. Procc. supraorbitales post, in certain  of the  indi­
viduals in age class III, and as a ru le in class IV, extend to small tu b e r­
culose processes on os temporale  and close the postorbital incisure w ith 
a cartilaginous bridge. Procc. supraorbitales ant. are particu larly  w orthy 
of note from the system atic aspect. The shape of the processes is

L. europaeus, b) Type characteristic of L. tim idus  (after K o  b y , 1959).

treated  as an additional system atic character distinguishing L. euro­
paeus from. L. timidus. In L. europaeus these processes are described 
as longer and therefore the incisura praeorbitalis is deeper than  in L. 
timidus. In the present m aterial, in age class IV, th a t is, in fully-grow n 
individuals, the process of complete closing of an terior 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 foram ina in the bone plate rem ain in m any cases. The phenom ­
enon of the ossification of incisura praeorbitalis would seem to be a 
process connected w ith the age of the animals, bu t it does not occur
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Fig. 3. V ariation in the shape of supraorb ita l processes of the fron ta l bones, 
a) Age class I, b) Age class II, c) Age class III,  d-i) V ariation the shape of su p ra ­

o rb ita l processes in age class IV.



M orphological variab ility  of the skuii ¿61

regularly . In age class III it was only in a few cases th a t the  in itial 
process of closure of incisura praeorbilalis was observed. This process 
takes place unevenly in the two incisurae (in righ t and left).

7. Os ethm oidale

Lamina cribrosa is divided into two parts  by the narrow  crista galli 
Bony prom inences can be seen on both sides of the  crest, which is 
fairly  high throughout its en tire  length. Lamina cribrosa is sim ilar 
in shape to an isosceles triangle tu rned  base upw ards, and has small 
and large foram ina scattered all over it. Ethmoturbinalia, in the form 
of relied, th in  bony plates, sim ilar to the tube o f 'a  cigarette in shape, 
proceed from  lamina cribrosa in a forw ards direction.

Lam ina perpendicularis together w ith the vom er form  the posterior 
part of the  nasal septum .

8. Os nasale

The nasal bones, joined m edially by sut. internasalis, usually  take 
the shape of a parallelogram , w ith  diagonally d irected an terio r and 
posterior m argins. They are of uniform  breadth  throughout the ir whole 
length, the  lateral parts giving the impression of narrow ing tow ards 
the fro n t only because they decline downwards. The nasal bones border 
at the top w ith apertura piriformis , bu t their free ends do not reach 
to the fa rth es t cranial point on the skull, which lies on the in term ax il­
lary  bone. —

The nasal bones border la tera lly  w ith the nasal processes of the 
in te rm ax illary  bones and from  the back w ith frontal bone.

9. Os lacrímale

Os lacrímale in the hare takes the form  of a thin, irregu lar bone plate 
situated in the an terior part of the orbit. Only lamina orbitalis is well 
shaped here, being very  delicate and easily damaged during preparation. 
In the an terio r part of os lacrímale there  is a distinct for. lacrímale 
bordered from  the front by the orbital m argin of the jaw. It leads to 
ductus nasolacrimalis. Im m ediately above for. lacrímale an elongate 
process — hamulus os. lacrimalis — passes la tera lly  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 ham ulus
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with proc. supraorbitalis oralis. Lachrym al bone has a rela tively  loose 
connection w ith  the neighbouring bones and does not fuse w ith them  
even in old animals.

10. Os m axillare

Os maxillare  in the hare, as in other representatives of Leporidae, 
is characterised by a specific structure. Corpus maxillae  in particu lar 
differs from  the typical struc tu ra l plan, possessing a delicate lacy 
structu re , especially loosely constructed in the upper part. The corpus 
is, however, bordered by fairly  strong bony elem ents — from  the top 
by proc. nasalis intermaxillae  and proc. lateralis os. frontalis. From  the 
back strengthening  is provided by the an terio r m argin of the orbit, 
form ed of the compact s truc tu re  of maxilla , shaped in the form  of 
proc. sphenoorbitalis  ( K r a u s e ,  1884). The s tructu re  of the lower 
surface of the corpus (margo adentalis) is also strong.' On the corpus 
maxillae, a t the height of Pm 1 for. infraorbitale, opening ventral, is 
situated opposite the base of the zygomatic arch. Proc. zygomaticus 
maxillae connecting w ith  the zygomatic bone, is situated  at the back, 
behind for. infraorbitale. There is a w ell-developed crista facialis on the 
proc. zygomaticus maxillae.

Proc. alveolaris occupies the upper row of teeth  in a stra igh t line, 
alm ost parallel to the long axis of the skull. Alveoli dentales have an 
even in te rnal m argin and a convex, considerably higher, ex ternal m arg­
in. The ex ternal m argins of the tooth crowns do not project m uch above 
the m argins of the tooth sockets. Each of the tooth sockets are separa t­
ed by transverse  th in  bony septa. The tooth sockets are closed from 
above by bulla alveolaris maxillae  situated  in  the an terio-ventral part 
of the orbit.

Proc. palatinus takes the form  of a narrow  horizontal bony plate, 
running vertically  tow ards the upper prem olars and is connected with 
the opposite process by m eans of sut. palatina media. On the bound­
ary  of the  connection of the two processes they  form  a characteristic 
projection in the an terior part. The posterior m argins of the processes 
are strongly  fused w ith the very  narrow  lamina horizontalis os. pala­
tini form ing in the medial part, in individuals in age class I, from  V2 
to V3 of the length of the hard  palate and about V4 of the length of the 
hard palate in older individuals. These relations are, however, very  
variable and m ay not agree w ith the proportions given. A t the base of 
the procc. palatini maxillae  on the boundary w ith the lamina horizon­
talis os. palatini, there  is usually  one for. palatinum.
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11. Os. in term axillare s. os incisivum

Os incisivum (=  inter maxillare) in the hare has a rela tively  massive 
structu re . The corpus is bordered from  the side and bottom  by apertura 
piriformis  of the nasal cavity. From  the front there  is tooth socket I1 
and at the back of it the sm aller tooth socket of incisor I2, w ith a round 
cross-section. Inside the corpus tooth socket I1 follows an arched course, 
and ends w ithout extending to sut. incisivomaxillaris. Proc. nasalis os. 
intermaxillaris  runs from the corpus on the dorsal side. It is a character­
istic featu re  th a t it extends as far as the frontal bone, ending beyond 
the most caudad m argin of the nasal bone or on a line w ith it, som eti­
m es not extending quite as far as it. The nasal processes do not fuse 
w ith  e ither the nasal bone or corpus maxillae  throughout the whole life 
of the anim al.

The palatal processes of both incisive bones run  from  the place at 
which these bones connect along a lengthw ays 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 foram en. Procc. 
palatini fuse together only at the base and fu rth e r along there  is con­
tac t only betw een the flattened pericentral surfaces. From  the dorsal 
side they  jo in tly  form  a bony sulcus, created as the result of the  
upw ards inclination of the ex ternal m argins of the processes. The lower 
cartilaginous m argin of the nasal septum  runs along the bony sulcus, 
while the vom er adheres to its posterior section.

Os incisivum  borders at the back w ith m axilla and through the nasal 
process w ith the frontal bone, from  the back and top w ith  os nasale, 
and through procc. palatini w ith the vomer.

12. Conchae nasales

N asoturbinale in the hare occurs in form of a smooth, irregu lar lam i­
na attached to crista nasoturbinalis.

Maxilloturbinale  is strongly developed. The upper lamina, branching 
'■l-:c- a tree  into several delicate, tube-shaped canals, passes from short 
basal p late  attached to crista maxilloturbinalis. The lower lam ina is 
smaller, fa r  shorter and only slightly branching.

13. Vom er

The vom er  takes the form of a thin, delicate p late bent in an arch. 
From  the  fro n t the lower m argin en ters into a sulcus form ed by the 
palatal processes of the in term axillary  bone. At the back the vomer  has
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a free sharp end, reaching to the level of the  an terio r m argin of prae- 
sphenoideum. The upper m argin of vomer  form s the deep sulcus vome-  
ris, bordered by thin lam ina situated parallel to it. The two alae vomeris, 
connecting w ith lamina perpendicularis os. palatini, proceed from  the 
posterior of the m argin of sulcus. It is rem arcable th a t vomer  does not 
connect w ith praesphenoideum. As is has no connection w ith  the hard 
palate  it does not com pletely divide the in ternal choanae.

14. Os palatinum

Os palatinum  consists of two plates situated  vertica lly  to each other. 
Lamina horizontalis is weakly developed and form s the posterior n a r­
row  m argin of the hard  palate, connecting by m eans of a su tu re  with 
the procc. palatini maxillae.

Lamina perpendicularis, together w ith  basisphenoides and proc. 
pterygoideus, form  the upper and lateral w alls of the  nasopharyngeal 
cavity. In the an terio r part from  the bottom  the lamina perpendicularis 
overlaps on the in ternal wall of procc. alveolares maxillae up to the 
height of the tooth sockets, then  passes to the ex te rio r of the final 
section of the m axilla. In its continuance caudal it form s two lateral 
processes, one of which, the ex ternal process, overlaps from  the bottom 
on to ham ulus of the pterygoid bone, w hile the  second, in ternal process, 
p a rtly  overlaps on the pterygoid process of the sphenoid bone. The 
low er m argin is free.

15. Os p terygoideum

Os pterygoideum  in the hare is fairly  d istinctly  separated even in 
adu lt specimens (from age class IV). I t consists of two parts: of a 
convex squama, form ing part of lateral and lower wall of the braincase, 
and equal in size to the squama os. temporalis, and of a ham ulus p ro ­
jecting in a dow nw ards and forw ards direction.

Pars squamosa at the back, near the  junctu re  w ith pars tympanica  
os. temporalis, has a characteristic lacy structu re . In the front, a t the 
place in which it is joined w ith  the tem poral pterygoid of the sphen­
oid bone the orbit is fairly  densely tuberculate, th is being visible as 
early  as in specimens from  age class I. The an terior m argin of the squa­
ma is bordered from  the back and bottom  by the quadrilateral-shaped  
for. orbit or otundum. The base of hamulus os. pterigoidei is pierced by 
an oval for. pterygoideum, and latera lly  from  this foram en two small 
foram ina can be seen. The an terior m argin  of the ham ulus overlaps on
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to  the lateral process of the palatal bone. The hamulus os. pterygoidei  
fuses w ith the proc. pterygoideus os. sphenoidalis, and both these 
elem ents jo in tly  border the extensive fossa pterygoidea.

In  view of the fact tha t a considerable p a rt of os pterygoideum  d irec t­
ly  participates in the structu re  of the braincase, it m ay be considered 
as among the elem ents shaping the cranium  in Leporidae.

Fig. 4. Course taken  by sut. zygom aticom axillaris. a) In  the rabbit, according to 
K r a u s e  (1884), b) In the hare.

16. Os zygom aticum

Os zygomaticum  in the hare does not occur independently, since very 
early  on it fuses completely w ith the m axilla by m eans of proc. zygo- 
maticus maxillae. In the study m aterial the sut. zygomaticomaxillaris  
was not observed, but it was present in the  em bryonic stage in a foetus 
a few days before b irth . On these grounds it can be established tha t 
this su ture  runs above crista maxillae, proc. orhitalis form ing the low er 
an terio r 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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upw ard, passing into proc. temporalis os. zygomatici, w ith  which prod, 
zygomaticus os. temporalis is continuous from  above. The su ture  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, particu larly  in 
the an terio r part. These relations d iffer from  thiose typical of the 
m ajority  of mammals. It is also characteristic of the hare  tha t canalis 
zygomaticus, described in the rabbit ( Z e d e n o v  et al., 1957) 
beginning w ith a fairly  large foram en on the boundary  of proc. zygo­
maticus maxillae  and os zygomaticum  e ither does not occur at all in 
the hare, or it is only in certain  individuals tha t a very  small foram en 
can be seen in th is place.

Os zygomaticum  is neighboured by two bones only — from  the back 
by m eans of proc. zygomaticus  by os temporalis and from  the fron t by 
the maxilla.

17. M andibula

The sym etrical m andibles are joined by a non-ossifying symphysis  
mandibularis. The sym physis on the ventral side extends almost to the 
extends alm ost to the extrem e 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, 
form ing half the length of the corpus and situated alm ost parallel to 
the long axis of the skull, and a p a rt bearing teeth, declining outw ards. 
W ithin the diastem , V3 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. W hen two occur, the second foram en is situated a t the 
back and lower in relation to the first. This region is in addition pitted  
w ith  small, num erous foram ina. The ex ternal surface of the corpus is 
smooth, while the in ternal surface w ithin the row of teeth  has prom i­
nences corresponding to the tooth sockets of the m alar teeth.

Ramus mandibulae  is form ed like a thin, broad plate. The lower 
m argin, edged by a bony ridge, begins w ith inc. varosum, passes in 
an arch caudal, then inclines upw ards and ends in proc. angularis. 
Proc. articularis is the m ost strongly developed process of the jaw, 
and ends in a distinct capitulum . Its anterior m argin is fairly  thick 
and runs from  capitulum  to the corpus m andibulae on the in ternal side 
of ramus mandibulae. Proc. muscularis mandibulae, which takes the 
form  of a narrow  plate curled inwards, is situated on the ex ternal side. 
The an terio r m argin of proc. articularis, together w ith 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 m olar tooth. Near the 
final m olar the sulcus is pierced by an oval foram en. On the in ternal 
side of ramus mandibulae, below this foram en, there  is for. mandibulare.

IV. OBLITERATION OF THE SKULL SUTURES

The degree of obliteration of the boundaries of the sutures, leading 
in ex trem e cases to the fusing of the two bony elem ents w ithout any 
trace  of connection, expresses the stages of ossification of the sutures. 
The defined succession of ossification of the su tures on the skull and 
the tim e 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  specim ens from age class I th is su tu re  had not in frequently  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 num ber 
of individuals the outline of the in te rparie ta l bones is still visible, but 
in the m ajority  of cases the suture becomes com pletely obliterated . The 
su tu re  betw een the paired in terparie ta l bones disappears sim ultaneously.

D uring th is time the su tures w ithin the occiput exhibit ossification 
— particu la rly  the su tu re  betw een exooccipitale and basioccipitale. The 
su tu re  betw een exooccipitale and squama occipitalis becomes obliterated 
som ew hat later, and it can still be seen, although very  indistinctly, in 
specim ens from  age class II. The o ther su tu res m entioned above are 
com pletely 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 m ost posterior section im m ediately 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 th is su tu re  occupies 
more or less V3 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 
sometim es in the an terio r section. This process can be observed as 
from  age class III, but individuals are also encountered in which the 
ob literation  of this su ture  has not yet begun. In age class IV  it is poss­
ible to find a posterior section, occupying V3 of the length of the su tu ­
re, not as yet ossified. In some of the specimens from this class the 
su tu re  w as observed to be ossified th roughout its en tire  length.

Sut. parietotemporalis p artly  ossifies in age class III, bu t its full 
ob literation  as a ru le occurs in specim ens from  age class IV.
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Sut. coronaria sometim es begins to ossify in age class III, bu t this
invariab ly  applies only to the most la tera l of its sections. In adult
specim ens in age class IV  ossification is the rule, although in the m ajor­
ity  of ceses the pericentral sections of the  su tu re  continue to rem ain 
unossified. Complete ossification of sut. coronaria probably  takes place 
in hares several years old. Of the 5 specim ens of known age having 
lived at least 4 years, it was only in one tha t the pericentral sections 
of the  su tu re  had not yet been obliterated.

It is w orthy  of note tha t of the su tures of the braincase h itherto
m entioned, only sut. parietointerparietalis, the su tu re  joining the in- 
te rparie ta l bones and the su tures visible in young specim ens w ithin the 
os occipitale, disappear in old anim als to an ex ten t which m akes it 
impossible to find them  on the skull. In  the case of the rem ainder of 
the su tu res discussed, although subject to a g rea ter o r lesser degree to 
ossification, the boundaries of the bones are not com pletely obliterated 
and the lines of the sutures generally  continue to be distinct.

In the s tructu re  of the braincase of the hare the  d iffe ren t relations 
in the connection of the an terior part of the braincase w ith the rear 
part, form ed by the occipital bone and p a rts  of the tem poral bone, are 
particu la rly  notew orthy. The posterior part, generally  of a thickened 
s tru c tu re  owing to the spongy s tructu re  of the upper occipital bone and 
m astoid p a rt of the tem poral bone and to the compact s truc tu re  of the 
petrous portion and the thickness of the basioccipital, constitutes a cer­
ta in  complex elem ent. 'It is true  tha t functionally  it form s one w ith  the 
skull as a whole, bu t rem ains loosely connected w ith  it. This is due to 
the  fact th a t neither the sutures: sut. parietooccipitalis from  the top, 
then  from  the side the su ture  connecting the squama os. temporalis  
w ith  pars mastoidea, nor the juncture  of os pterygoideum  w ith pars 
tympanica os. temporalis and finally  synchondrosis sphenooccipitalis, 
ossify throughout the whole life of the hare.

The su tu res w ithin the facial part of the skull w ere discussed in 
describing each of the bones. G enerally  speaking they  undergo ossifi­
cation to a slight degree only, and they usually  rem ain  clearly  visible 
on the skulls of adult animals. The su tu res of th is  p a rt of the skull do 
not express the changes progressing w ith age to an ex ten t which w ould 
m ake them  of any use in age classification.

V. VARIATION IN SKULL MEASUREMENTS

Skull m easurem ents were analysed in each age class, taking ind i­
vidual variations into consideration. In w ork on th is m aterial it w as 
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 attem pts at grasping dim orphic d iff­
erences, in either the whole of the m aterial taken jo in tly  or in each 
age class.

1. Absolute Values of Measurements

The m aximum  age variation is revealed by m easurem ents m ade of 
the facial part and by m easurem ents of the length of the whole skull. 
The th ree  principal m easurem ents of length made of the skulls: con- 
dylobasal length, basal length and profile length are subject to very  
sim ilar age variations. They exhibit the greatest grow th differences 
betw een age class I and /7. The rela tively  sm allest differences occur 
between age classes III and IV  (although they are statistically  signifi­
cant). This points to the fact tha t the skull gradually  increases in length 
throughout the anim al’s life. As an exam ple the  relations discussed are 
illustrated  by Table 1, giving the variations in condylobasal length. The 
occurrence of considerable individual variation in this m easurem ent 
w ithin age classes )III and IV  is w orthy of em phasis. 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 ITN o m O in o in o tf\ o m o in o in O in

c la s '* o r\ ^  \D r- o in \D © O' CNJ V* in n X %
r-~ f- f- r- r- f* 00 CO CO CO 00 © © cr ON O'

I 2 5 3 2 3 16 7 5 .  06 100
I I 4 12 12 8 6 43 8 1 .  89 1 09 .  1

I I I k 5 1.0 21 30 23 29 16 4 143 8 5 . 7 1 1 1 4 . 2
IV 3 7 18 37 51 61 39 12 1 1 2 3 0 8 8 .  51 1 1 7 . 9

In comparison with the condylobasal length, the length of the facial 
part exhibits g rea ter age variation, expressed in the higher percentage 
of increase in each age class. The increase in this m easurem ent in age 
class II is of the same o rder 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  d ifferen t in respect of the m easurem ent 
of length of diastem  (Table 3), the o ther classes have sim ilar ranges of 
variation. D ifferences in the m ean values betw een classes III  and IV  
are, however, statistically  significant, which indicates th a t th is m easu­
rem ent increases in adult animals.

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

Among m easurem ents of length m ade on the facial p a rt the length 
of the nasal bones (Table 5) and length of the in ternasal suture are 
subject to the greatest changes w ith age. R elatively large differences

Table 2.
Age varia tion  in ro s tra l length.

Age
c l a s s

ITN
CM 5

4
.0

5
5

.5

5
7

.0
 

58
. 

5

6
0

.0 IT\

vD

o
r>
vO 6

6
.0

6
7

.5

69
. 

0

70
. 

5 o
CJ
c-~

r\
r- 75

. 
0

n X %

I 2 4 4 3 2 2 1 1 19 5 8 .  66 100

I I 2 2 10 13 10 6 1 44 6 4 .  67 1 1 0 . 2 4

I I I 3 11 31 44 23 8 1 123 6 8 . 7 3 1 1 7 . 1 6

IV 1 2 21 43 72 62 2U 3 2 2 8 7 0 .  66 1 2 0 . 4 6

Table 3-
Age varia tion  in length of the diastem .

Age o m O in o in o in O  in
%in CO o cn -if n X

c l a s s CM cm CM CM CM in c-1 i—i m

I 3 11 3 19 1 4 1 51 2 4 . 9 7 too
I I 11 2 0 34 1 1 67 2 7 . 6 3 11 0 . 65
I I I 3 13 49 36 5 106 2 8 .  88 1 15. 65
IV 1 16 89 114 35 2 1 2 58 2 9 .  52 1 18. 22

Table 4.
Age varia tion  in leng th  of the m axillary  tooth row.

Age
c l a s s
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lT\
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1
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.0 ir\
yc

17
. 

0

t-I
o
CO CO 19

. 
0

O'
o
ó

20
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5 O in

l\l CM
n X %

I 3 3 10 3 5 3 27 1 5.  74 100

I I 2 9 11 17 7 4 2 53 17 . 32 1 1 0 .  03

I I I 1 13 26 33 34 24 1 1 2 1 145 1 8 . 2 6 1 16 .  01
IV 6 15 45 62 53 30 19 4 2 1 237 18 . 73 1 1 9 . 0 0

are observed here, both in the  ranges of variation for each class and in 
the  m ean values. It is a characteristic  featu re  here th a t differences 
betw een classes III  and IV  are rela tively  greatest in comparison w ith 
all the o ther m easurem ents. This points to the constant, intensive grow th 
of the elem ents of the skull, which is possible owing to the loose con­
nection of the nasal bones w ith  the fron tal bones, by m eans of a su tu re  
which does not ossify even in  late  old age.
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M easurem ents of breadth  and height m ade of the facial part w ere 
also characterised by considerable variation, both age and individual. 
Among these m easurem ents are: b read th  of nasal bone and palatal 
height (Tables 6— 7). The occurrence of considerable individual v aria ­
tion in the breadth  of the nasal bone in age classes III  and IV  is re ­
m arkable.

Table 5.
Age varia tion  in nasal length.

Age
c l a s s

O ifN O ifN O if\ O iTv O (T\ O u"\ O iT\
O t — 0 - t f v 0 t " - c r \  O eg 1r\ vO CO cr>r\ C~\ -CJ-

n X %

I 1 2  1 3  1 8 33. 19 1 00

I I 2 4 4 1 0  10  6 3 39 39 .  50 1 1 9 . 0

I I I 5 11 25  32 17 11 2 103 4 3 . 2 5 1 3 0 .  0

IV 9 23 51 55  51 28  3 2 2 0 A4. 95 1 3 5 .  4

Table 6.
Age variation  in m axim um  bread th  of both nasals together.

Age O  lA O
O  r- f- CO

lfN
CO

o
ON

iTN
ON

o
o

lfN
o

o iTN o
eg

iTN
CNJ

o
d

ifN
o

o tfN o iTN
ITS

o
d

ITN
d n X %

c l a s s r- T- r- *" CNJ CNJ eg CNJ CNJ CNJ CNJ CNJ CVJ CNJ CNJ CJ CNJ CNJ

I 1 3 2 3 2 1 1 1 1 5 1 9 . 2 0 1 00

I I 2 7 5 1 1 8 5 1 1 4 45 2 0 .  68 1 0 7 . 7 0

I I I 2 3 5 3 12 12 20 23 17 10 3 5 2 3 121 2 2 .  30 11 6.  14

IV 5 3 12 17 26 28 32 24 23 2 0 16 10 7 4 2 29 23 .  16 1 2 0 . 6 0

Table 7.
Age variation  in palatine height.

Age o  ON CO r- sO IfN r-\ eg _ o Cn CO
CO 00 ON ' o eg r-N ITN NO e- e- CO n X %

c la s s r- CNJ CNJ CNJ eg CNJ CNJ eg CNJ CNJ eg

I 1 2 5 8 1 1 8 1 1 2 2 50 21 . 89 100
I I 1 3 1 1 19 1 5 6 1 66 2 4 .  30 1 1 0 . 0 1

I I I 2 6 21 36 29 1 1 2 107 25. 35 115.81
IV 8 29 66 85 50 12 5 256 2 5 . 8 9 1 1 8 . 2 7

The group of m easurem ents made of the brain-case is characterised 
by the generally small age variation found. A typical m easurem ent 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 th a t of the increase in the  fa­
cial part, although it is statistically  significant. Occipital b read th  was 
subject to sim ilar variation.
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The th ree  next m easurem ents: zygomatic breadth, depth and breadth 
of brain-case represent a common type of age variation. It is charac­
teristic  here th a t the total percentage of increase is about 7°/o for these 
m easurem ents, the m inim um  values, beginning w ith  age class II, being 
m antained on a constant level and differences in m ean values being 
slight. No statistically  significant differences betw een age classes III

Table 8-
Age varia tion  in length of the  brain-case.

Age

c l a s s

O O IT\ O ITv O IT\ O iTv
f- CD O t- 

lb a
n X %

I 1 3  5 1 4 3 19 4 2 .  18 100

I I 2 6 14 1 5  5 1 43 4 4 .  63 1 0 5 .8 1

I I I 11 42 38 23 7 121 4 6 . 6 6 1 1 0 . 6 2
IV 2 7 36 74 77 29  5 2 3 0 4 7 .  61 1 1 2 . 8 7

Table 9.
Age variation  in zygomatic b readth .

Age
c l a s s

o
o o eg

CO
CNJ r\

gf

tM CV >o
d

o
t-1
er COgf d

oo
c’ n X £

I 4 2 4 2 4 1 1 7 5 5 1 1 46 4 3 .  39 100
I I 6 10 13 15 9 6 3 62 4 5 .  36 104. 54
I I I 5 8 11 16 29 2 0 7 4 1 101 4 6 .  08 1 0 6 . 2 0
IV 13 24 34 65 29 39 1 0 4 1 219 4 6 . 4 2 106. ° e

Table 10.
Age varia tion  in depth  of brain-case.

Age
c l a s s

o
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ir\
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2
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.8

2
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.5

2
8

.2

2
8

.9
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o
O t"
•“ rj  r-\ r~v n X £

I Z 6 8 10 13 3 2 3 48 2 6 . 9 0 100

I I 3 9 1 5 1 4 12 5 4 62 2 8 .  10 1 04 .  4 6

I I I 2 5 20 25 26 16 4 2 1 101 2 8 .  53 1 0 6 . 0 5
IV 2 10 33 61 62 39 26 9 1 1 244 2 8 .  79 1 0 7 . 0 3

and IV  w ere found in the zygomatic breadth . Real differences occur 
betw een the  th ree first classes (Table 9). No statistically  significant 
differences betw een age classes II  and III, and betw een III  and IV  
w ere found in the depth of the brain-case (Table 10), bu t the real d iff­
erences occurring betw een classes l l  and IV  are evidence of the in­
crease in th is m easurem ent w ith age. Significant differences in the 
bread th  of the  braincase were found to occur only betw een age classes 
I  and II.
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The two principle m easurem ents m ade of the jaw: length and height 
of the m andible (Tables 11 and 12) are  subject to slight variation w ith 
age, expressed by a total increase of 12 and 13°/o.

There are some m easurem ents among those made which do not rev ­
eal any age variation. A typical exam ple here is form ed by d istrib ­
utions of the values of the m inim um  bread th  of the frontal bone (Table

Table 11.
Age varia tion  in length of m andible.

Age
c l a s s
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I 4 1 4 3 4 5 10 10 1 1 1 44 5 8 . 8 6 10 0

I I 2 8 11 16 16 6 1 61 6 3 . 3 3 1 0 7 . 5 9

I I I 7 13 19 25 14 5 1 1 85 6 5 .  08 1 1 0 .  56

IV 2 6 u 57 43 59 33 9 1 224 6 6 . 8 0 11 3. 48

Table 12.
Age variation  in height of ram us m andibule.

Age
c l a s s

o
njr\ 33
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.0 in
dr>

o
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in
O'in
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3
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3
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n X %

I 1 2 3 6 7 12 11 5 47 3 8 . 8 6 100

I I 6 14 25 24 3 72 4 2 .  58 1 09 .  57
I I I 1 4 13 42 28 9 2 99 4 2 .  92 1 1 0 . 4 5
IV 3 19 67 88 44 9 2 3 0 4 3 . 6 6 1 1 2 . 3 5

Table 13-
Age varia tion  in m inim um  b read th  of fron ta l bones.

Age

c l a s s
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d o
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o in
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3
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3
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in
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0

X %

I 3 2 4 3 2 2 17 13 .  59 100

I I 5 5 1 1 9 4 8 1 44 1 3.  91 1 0 2 .  35

I I I 1 2 5 9 17 20 21 2 0 13 8 8 4 128 I 4 . 01 1 0 3 . 0 9

IV 3 8 6 16 27 36 4 3 4 3 25 12 5 2 3 229 1 3.  91 1 0 2 .  35

13). A relatively  small range of individual variation in young anim als 
(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 sim ilar variation.

The data given show that the various m easurem ents, on account of 
the d ifferent character of variation, are d istribu ted  in th ree principle 
groups: 1. group of m easurem ents w ith  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 . m easure­
m ents w ith relatively  slight age variation (length of brain-case, length 
and height of m andible, zygomatic breadth  and depth and breadth  of 
brain-case); 3. group of m easurem ents exhibiting individual variation 
only, irrespective of age (minimum breadth  of frontal bone and height 
and breadth  of for. occipitale magnum).

2. Rate of Growth of Skull

The age variation discussed above in the various m easurem ents of 
the skull constitute a reflection of the process of form ation w ith  age of 
the final form of the skull. The growth in d ifferen t elem ents of the 
skull characterised by chosen linear m easurem ents takes place w ith 
equal in tensity  in tim e and is expressed in the form of d ifferen t incre­
ases. Fig. 5 shows the course taken by curves of increase in the m ajor­
ity  of the skull m easurem ents subject to varia tion  w ith age. Four groups 
of m easurem ents w ith a sim ilar ra te  of grow th are clearly d istingui­
shed on the diagram.

1. Two m easurem ents: nasal length and length of sut. internasalis 
exhibit the highest percentage of increase. The most intensive growth in 
nasal length takes place betw een class I  and II  (19%). A rapid ra te  of 
grow th is m aintained in class III  (11%), and in age class 7V (5.4%). No 
o ther m easurem ent is characterised by so high a percentage of increase 
in age class IV.

2. The second group of m easurem ents is characterised by a very  
evenly m aintained rate  of growth, total increase coming w ithin lim its 
of 17.9% — 20.5%. The m axim um  increases are observed betw een 
classes I and II, the only exception here being the m axim um  nasal 
breadth, which exhibits m axim um  increase betw een age classes II  and 
III  (8.4%).

3. The th ird  group of m easurem ents has an even to tal increase 
(11 — .’13%), bu t the various m easurem ents are subject to uneven rate  
of growth in d ifferen t age classes. The length of the brain-case exhibits, 
for instance, a sim ilar increase in classes II  and 'III (5.8% and 4.8%), 
and does not a lter d istinctly  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 m andible decreases gradually  in consecutive 
age classes. > ■
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Nasal length

N asal length 
(on in te rnasa l sut.)

G reatest b read th  of 
both nasals together 
R ostral Length
M axillary tooth-row  
P rofile length 
P ala tine  heigth 
D iastem a 
Cb -length  
H eigth of dental 
processes

Length of m andible 
Length of b ra in  case 
H eigth of m andible
Occipital bread th

D epth of brain-case 
Zygomatic bread th  
B readth  of b rain-case

Fig. 5. R ate of grow th of the skull in age classes.
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The above th ree groups of m easurem ents, w ith d ifferen t rates of 
grow th, are characterised by a common feature, th a t in all m easure­
m ents betw een classes III  and IV  grow th continues to be statistically 
significant.

4. C ontrary  to the th ree foregoing groups, the fourth  group of m ea­
surem ents 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 
b read th  that statistically  significant grow th differences occur between 
classes II  and III. A general featu re  of these m easurem ents is the slight 
total increase from  class I to IV  (6.7—7.0°/'o) which takes place prim arily 
betw een age classes I and II. Bearing in m ind the fact tha t these 
m easurem ents are subject only to slight age variation, the ranges of 
m easurem ents obtained m ay be treated  as individual variations as from 
age class II.

A nalysis of increase in the various m easurem ents reveals a non-uni­
form  rate  of grow th of d ifferen t parts of the skull. The elem ents re la ­
tively  loosely connected w ith the skull, th a t is, the nasal bones, which 
can freely  increase in length, are subject to the greatest and most 
intensive grow th. This process probably does not cease w ith  the h a lt­
ing of the grow th of the other elem ents of the skull.

The facial part of the skull is characterised by considerable growth 
— this applies equally to m easurem ents of length, breadth  and height. 
This is most probably  connected w ith the developm ent of the function 
of the  jaws as an apparatus active throughout the whole of the  an i­
m al’s life. In the group of m easurem ents made of the facial p a rt the 
m axim um  increases are exhibited by: length of diastem  and length of 
m axillary  and m andibular teeth-row s. The condylobasal length, varies 
chiefly as a resu lt of the grow th of the facial part, form ing about half 
the  total length of this m easurem ent. The fact is characteristic of the 
m easurem ents given here tha t their rate  of grow th is m ost intensive 
up to the tim e the anim als a tta in  the age of 8— 12 m onths. L ater 
grow th, although considerably w eaker, is, however, perceptible betw een 
classes III  and IV  and is statistically  significant.

M easurem ents of the brain-case reveal that it is subject to conside­
rab ly  less growth. The increase in length of the brain-case is rela- 
iively  the greatest, increasing intensively betw een classes II and III. The 
other m easurem ents of the skull are subject to real grow th 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
m ade of m easurem ents subject to small grow th changes w ith  those
w hich exhibit considerable increase w ith age.

breadth  of brain-case
Index of —   - „ ■ — — X 100 has values decreasing in

length of facial part
successive age classes (Table 14). In classes III  and IV  the  ranges of
th is  index are uniform  (41.6 — 51.5), but differences occur in the m ean
values of th is index, which m ay provide evidence tha t the proportions
of these m easurem ents are established only in age class IV.

Table 14.

bread th  of b rain-case
Age variation  in index of ------------------------------------  X 100

rostra l length

Age
c l a s s
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d
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d

o
o
iA

o
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o
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o O O O Û
^  (A SO f- iT\ (A tA A N X

I 1 5 2 2 2 2 2 1 1 1 19 51.  53
I I 2 1 1 12 5 9 3 1 1 44 4 8 .  5°
I I I 2 7 15 42 29 ¿3 10 6 135 4 6 . 7 2
IV 3 8 29 35 53 46 32 10 4 2 . 2 2 2 4 6 .  1 7

zygomatic breadth
Index --------   X 100 exhibits fairly  considerable diff-

profile length
erences betw een the three first age classes, and a slight difference in 
class IV  in relation to class III. The range of variation of this index 
is wide, particu larly  in class IV  (43.8 — 49.7). The differences which 
are evident betw een classes III  and 7V" in the m ean values of the index 
are statistically  significant, although small. This points to the estab­
lishm ent of th is proportion only in class IV.

length of cranial part
Index ------—— ;---- ri--------------- X 100 exhibits slight differences as

profile length
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 w orth of a tte n ­
tion, as is also the absence of significant d ifferences betw een these 
classes in the m ean values of the index (Table 15). Proportion is th e re ­
fore established, in th is case, in age class III.

height of brain-case
Index ------- :------ ----------1——;— X 100 was introduced by R o s s o l i -

w eight of m andible
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m o  (1959) as a character m aking it possible to define age in nutria. 
The relatively  small am ount of jaw  m aterial did not perm it of finding 
w hether th is index m ay also form  a reliable age character in relation 
to the hare. The fact of the occurrence of wide differences betw een the 
mean values for each class, indicating real age variation in this index 
is, however, w orth em phasising. However in th is case also, the ranges 
of classes III  and IV  are common from  30.0 to 46.5, w hile differences 
in mean values are real (Table 16).

Table 15.

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

profile length

Table 16.

depth of b rain-case
Age variation  in index of   X 100.

w eight of m andible

o o o o o o o  o o o o o o o o o
ge

o CT> \CS r-* o r\ vO O' 04 tTs N X
c l a s s r\ *jf <f if\ iTN ux «o SO vO SO f-

I 1 3 1 7 5 3 . 2 8

I I 1 4 3 1 10 43. 00
I I I 1 2 8 1 6 25 3 3 . 1 6
IV 4 7 2 0 18 4 4 57 37.21

VII. DISCUSSION

An essential condition for w ork on variations in the skull structure 
of the species exam ined is th a t sufficiently  abundant m aterial, provid­
ing the fullest possible range of morphological variation in individuals 
in the population, should be available. This condition was complied w ith  
in the present study thanks to the com prehensive series of skulls used 
for study purposes, and to the availability  of random  samples frcm the 
population. Fortuitous selection of m aterial due to damage to skulls 
during shooting did not affect in principle the m aterial from  the aspect 
of quality.
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The problem  of the correct classification of age groups is of funda­
m ental im portance 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 
m arkings on the skull, use was made of the resu lts  of investigations 
of the ossification of the pelvis (B u j a 1 s k a, 1964) and the state of 
sexual activ ity  ( R a c z y ń s k i ,  1964), based on the same m aterial. 
E stim ation of the  absolute age of young hares was made possible by 
the  fact th a t the m aterial contained m onthly series. R a c z y ń s k i  
(1964) found the first litte r  to occur in February-M arch in 1959, and 
the last (in a small num ber of fem ales only) a t the end of Septem ber. 
A knowledge of the breeding period and data on body weight (C a- 
b o ń - R a c z y ń s k a ,  1964 b) enabled the young hares to be divided 
into classes (from class I to I'll). 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 anim als several years old. 
These la tte r  are, of course, few in num ber, judging from  the observ­
ations m ade by R i e c k  (1956) on the age s truc tu re  of a population 
of marked hares under the conditions prevailing in a area used for 
organised gam e shooting. Confirm ation of the correctness of the divi­
sion m ade in relation to classes I and II  is the ir regular distribution in 
m onthly sam ples over the course of a year: age class I occurs in the 
m aterial up to December, and age class II up to F ebruary  of the next 
year. The survival of young hares from  the final litte r is not very 
probable under field conditions ( R i e c k ,  1956). I t  m ust therefore be 
assumed th a t only the last young hares born in Ju ly  and A ugust are 
represented  in the m aterial.

The plan  accepted for dividing the age groups m ade it possible to 
trace the ra te  of growth of the skull as a whole on the basis of analysis 
of m easurem ents made. The fact that betw een age classes III  and IV  
r-eal increase takes place in the m ajority  of m easurem ents suggests that 
th e  skull of the hare is subject to constant although slow grow th to 
a late age. S im ilar results were obtained by D a l q u e s t  (1942) for 
th e  rela ted  A m erican species Lepus americanus  E r x l e b e n ,  1777 
and by E m p e 1 (1957) for the rabbit Oryctolagus cuniculus  L i n ­
n a e u s ,  1758. The phenomenon of grow th of the skull in old indiv­
iduals was also observed in certain  rodents such as, e.g. Clethrionomys  
gilcneolus S c h r e b e r ,  1780 ( W a s i l e w s k i ,  1952), Microtus 
arvilis  ( P a l l a s ,  1778) ( S t e i n ,  1958) and Microtus agrestis L i n ­
n a e u s ,  1761 ( G ę b c z y ń s k a ,  1964).

The final proportions of the h a re ’s skull are not in principle reached 
iintil age class IV. The establishm ent of th is fact was possible owing
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to comparison of m easurem ents and indices of the skull from  succes­
sive age classes set ou t together w ith observations on correlative connec­
tions betw een d ifferen t m easurem ents. Percentages of increase in skull 
m easurem ents (Fig. 4) indicate tha t differences are small betw een age 
classes III  and IV, bu t reveal a distinct grow th in relation to young 
anim als (age classes I and II). Comparison of correlative connections 
in the skull of the hare m ade in an earlier study ( C a b o n - R a -  
e z y n s k a ,  1964 a) perm itted  of explaining the phenom enon of for­
m ation of the final form  of the skull. I t  was shown that the high co­
efficient of correlation characterise reciprocal connections of the 
m ajority of skull m easurem ents in young hares. This correlation is the 
result of the process of grow th of the skull, which takes place very 
intensively in all its elem ents during th is period. In  age class IV,  on 
the o ther hand, a high degree of correlation is found only in the group 
of m easurem ents very  sim ilar to each o ther (Cb. length, profile length 
and basal lenght). The rem aining m easurem ents exhibit connections 
far sm aller and even statistically  insignificant, despite the fact that 
rate  of growth m ay be very  sim ilar. A situation of th is sort arises as 
the resu lt of individual differences in the rate  of grow th of d ifferen t e le­
m ents of the skull, leading to differentiation of individual m orpholo­
gical types. V ariation in m easurem ents observed in age class IV,  i.e. 
in hares over one year old, therefore express true  individual variation 
w ithin the species and m ay provide a basis for studies of a system atic 
character.

Ranges of the basic m easurem ents of the skull of L. europaeus, given 
by d ifferen t authors in studies of a taxonom ic character, d iffer from 
each o ther to a certain  extent. An exam ple of this is given below in 
a table of Cb. lengths:

M i l l e r  (1912) O g n e v  (1940) G u r  e e v (1962, 1964) C a b o n - R a c z y n s k a  
85.2 — 92.2 84 — 95 80 — 96.3 (68 — 83?) 81.3 — 96.2

These differences m ay resu lt from  the use of too small an am ount of 
m aterial (e.g. O g n e v  had only 4 skulls of L. e. europaeus), or from  
not adhering to age criteria  in determ ining the ranges of varia tion  of 
m easurem ents. The lim its of Cb.-length determ ined for the present 
m aterial include in principle ranges of variation  given by other authors 
w ith the exception of G u r e e v (1964), which are most certainly 
erroneous.

The problem  of the subspecific appurtenance of the hare  inhab­
iting Poland is not clear. The m ajority  of au thors state th a t a nom­
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inative subspecies occurs in W est Poland ( O g n e v ,  1940; G a f f- 
r e y ,  1961 ; G u r e e v, 1964. Poland, according to O g n e v  
(1940) form ing terra typica  for L. europaeus. L u b i c z -  N i e z a b  i- 
t o w s k i  (1933) w rites tha t the  occurrence of subspecies of L. euro­
paeus and their d istribution in Poland is unknown. E l l e r m a n  
& M o r r o s o n - S c o t t  (1951), in addition to the w estern p a rt of 
the Soviet Union and the L ithuanian Socialist Republic, give G erm any 
as an area settled  by L. e. hybridus  D e s m a r e s t ,  1822, which 
would form  evidence of the occurrence of this particu lar subspecies 
in W estern Poland. This subspecies, according to other authors, occurs 
only to the East of the Vistula (G a f f r e y, 1961), o r in the Soviet 
Union ( O g n e v ,  1940). D ifferences betw een the above-m entioned 
subspecies are expressed chiefly in the shade of th e ir coloration. On 
the basis of a description of the coloration of the same series of hares 
( B o r o w s k i ,  1964) it m ay be concluded tha t it is typical of the 
nom inative subspecies. Differences in the skull consist only in the 
slightly larger dim ensions in the form  L. e. hybridus  D e s m. ( O g n e v ,  
1940). Ranges of variation in a series of m easurem ents given in the 
present study include, however, ranges of both the subspecific forms 
discussed here. In view of the fact tha t the colour plays a decisive 
p art here I am of the opinion th a t the nom inative subspecies — L. 
europaeus europaeus P a l l a s ,  1778, inhabits the Poznań province.

In the species system atics of the genus Lepus, in addition to the 
dimensional characters of the skull, anatom ic data, constituting descript­
ive taxonomic characters, are of im portance. The shape of procc. 
supraorbitales is given, in ter alia, as characteristic of m any of the 
species of the genus Lepus  (G u r e e v, 1964). An analysis was made 
in the present m aterial of the shape of these processes in specimens 
in age class IV. I t was found th a t w ith in  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 num ber of individuals 
in age class IV  (33,2%) is a phenomenon connected w ith age, bu t it 
did not characterise all the adult specimens. This is borne out by the 
fact tha t of 5 m arked hares living under na tu ra l conditions and killed 
when at least 4 years old, it was only in one specim en that complete 
closure of incisura praeorbitalis occurred. Sim ultaneously 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 ru le
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it is characteristic  of the group of older hares. It m ust be emphasised 
that the kind of form ation of proc. supraorbitalis oralis is trea ted  as 
characteristic of species of L. europaeus and L. tim idus  (S i i v o n e n, 
1956; G a f f r e y, 1961). The observations given above prove that 
this character, in view of the considerable variab ility  in L. europaeus, 
cannot be treated  as being a com pletely certain  one.

K o b y  (1959) emphasises the differences in shape of nasal proces­
ses of frontal bones supposedly m aking it possible to distinguish  L. 
europaeus from  L. timidus. It w as found in the p resent m ateria l that 
the shape typical of the European hare occurred in 64%, w hile the 
shape of these processes typical of L. tim idus  occurred in 36% of the 
specim ens (Fig. 2). This is evidence tha t the character described comes 
w ithin the range of individual varia tion  of L. europaeus.

The questions of system atics and taxonom ic characters of the  skull 
constitute an im portant problem  in relation to Leporidae, which can­
not be dealt w ith in greater detail in the present study, on account of 
the lack of com parative m aterial. The present study perm itted , how­
ever, of form ulating the postulate, tha t research of th is type m ust be 
based on comprehensive collections including m aterial of varying ages 
and sufficiently  num erous series of adult specimens.

VIII. SUMMARY

A m orphological description of the sku ll of the European hare (Lepus europaeus 
P a l l a s ,  1778) and an analysis of varia tion  in  27 craniological m easurem ents 
from  the age and individual aspects w ere m ade on m ateria l (n =  482) obtained 
from th e  Poznań province (West Poland). F our age classes w ere distinguished 
on the basis of the degree of ossification of the skull sutures.

1. I t was established th a t sut. zygom aticom axillaris  runs im m ediately behind 
the proc. zygom aticus m axillae, diagonally to  the long axis of the sku ll (Fig. 4).

2. Os interparietale  occurs in young individuals up to approxim ately  6 m onths 
old and takes the form  of sm all paired  plates. This character m ade it possible to 
distinguish the  skull of a young hare from  a rabb it, which has a single os in te r ­
parietale.

3. Canalis zygomaticus, beginning in the  rab b it w ith  an oval fo ram en in the 
an terio r p a rt of the  zygomatic arch, is in process of d isappearance in the hare or 
does not occur at all.

4. In addition to a sm all ham ulus, a w ell form ed wide squam a, partic ipa ting  in 
the s tru c tu re  of the braincase, occurs in the  pterygoid bone of the hare. This 
points to the g rea ter functional connection of os pterygoideum  w ith  the b ra in ­
case then  w ith the facial p a rt of the skull.

5. Procc. supraorbitales exhibit varia tion  in  size and shape w ith age (Fig. 3). 
In age class IV  it is possible to d istinguish all th e  types of these processes given 
as characteristic  of d iffe ren t species of the genus Lepus. In  33.2% of specim ens 
in  age class IV  ossification by m eans of bony tissue of incisura preaorbitalis  was 
observed.
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6. I t  was found th a t the nasal processes of the fron ta l bone occur in the form  
typical of L. europaeus in 64% and of L. tim idus  in 36°/o, which throw s doubt
on the  taxonom ic value of this character.

7. Analysis m ade of m easurem ents in the facial p art of the skull, th a t is, 
length, b read th  and height and m easurem ents of the total length of the  skull 
reveal a constant increase, particu larly  in tensive up  to age class III,  i.e. about 
8—12 m onths old. A real increase in m easurem ents takes place betw een age
classes I I I  and IV,  which leads to the assum ption th a t the skull of the hare  is
sub ject to a constant, although slow, grow th un til the end of the an im al’s life.

8. M easurem ents of the brain-case reveal a slight increase, rea l up to about 8 
m onths of life (age class II).

9. The d iffe ren t m easurem ents of the  sku ll reveal a d iffe ren t ra te  of grow th. 
Four groups of m easurem ents w ere distinguished (Fig. 5).

10. Analysis of indices m ade it possible to establish  th a t the tru e  proportions 
of the skull are not established until age class IV, i.e. in individuals in the
second year of the ir life.

11. Using a description of the coloration of this sam e series of hares (B o ­
r o w s k i ,  1964), it was found th a t it is typicail of the nom inative subspecies. 
The range of the craniological m easurem ents analysed includes both the values 
given for the nom inative subspecies and for L. e. hybridus. The authoress is of 
the opinion th a t the  nom inative subspecies — L. e. europaeus — occurs in  the 
Poznań province.
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STRESZCZENIE

D okonano opisu morfologicznego czaszki zająca szaraka (Lepus europeaus 
P a l l a s ,  1778) oraz przeprow adzono analizę zmienności 27 pom iarów  kran io lo- 
gicznych w aspekcie wiekowym  i osobniczym na m ateria le  (n =  482) pochodzącym  
z w ojew ództw a ooznańskiego. Na podstaw ie stopnia skostn ienia szwów czaszki 
wydzielono 4 klasy wiekowe.

1. Ustalono, że szew jarzmowoszczękowy (sut. zygom aticom axillaris) przebiega 
bezpośrednio za w yrostkiem  jarzm ow ym  szczęki, skośnie do osi długiej czaszki 
(Ryc. 4).

2. Kość m iędzyciem ieniowa (os interparietale) w ystępuje u osobników m łodych 
do ca 6 miesięcy życia i jest w ykształcona w postaci niewielkich parzystych b la ­
szek. Cecha ta pozwala odróżnić czaszkę młodego zająca od królika, posiadającego 
pojedynczą kość międzyciemieniową.

3. K anał jarzm owy, rozpoczynający się u k ró lika ow alnym  otw orem  w p rzed ­
niej części łuku jarzmowego, jest u zająca w zaniku lub w  ogóle nie w ystępuje.

4. W kości skrzydłow ej zająca w ystępuje obok niewielkiego haczyka (ham ulus) 
dobrze w ykształcona obszerna łuska, biorąca udział w budowie puszki mózgowej. 
W skazuje to na większe funkcjonalne pow iązanie kości skrzydłow ej z mózgoczasz- 
ką  niż z twarzoczaszką.

5. W yrostki nadoczodołowe (proce, supraorbitales) w ykazują z w iekiem  zm ien­
ność w ielkości i kształtu  (Ryc. 3). W IV  klasie w ieku można w yróżnić praw ie 
w szystkie typy tych wyrostków, podaw ane jako charakterystyczne d la  różnych 
gatunków  rodzaju Lepus. U 33,2°/» okazów z IV  klasy w ieku stw ierdzono za ra s ta ­
nie tk an k ą  kostną wcięcia przedoczodołowego (incisura praeorbitalis).

6. S tw ierdzono, że w yrostki nosowe kości czołowych w ystępują w postaci typo­
wej d la  L. europaeus u 64% a dla L. tim idus  u 36°/o okazów co podw aża takso ­
nom iczną w artość tej cechy.

7. A nalizow ane pom iary przeprow adzone w części tw arzow ej czaszki, zarów no 
długościowe, szerokościowe jak  i wysokościowe oraz pom iary całej długości czasz­
ki w ykazują sta ły  wzrost, szczególnie intensyw ny do III  klasy w ieku tj. ca 8— 12 
m iesięcy życia. Realny w zrost pom iarów  odbyw a się m iędzy I II  i IV  k lasą w ieku, 
co pozw ala przypuszczać, że czaszka zająca podlega stałem u, choć powolnem u 
w zrostow i do końca życia.

8. W ym iary mózgoczaszki w ykazują niew ielki wzrost, rea lny  do ca 8 miesięcy 
życia (II k lasa wieku).

9. Poszczególne pomiary czaszki w ykazują różne tem po wzrostu. W yróżniono 
cztery grupy pom iarów  (Ryc. 5).

10. A naliza w skaźników  pozwoliła stw ierdzić, że właściwe proporcje czaszki 
usta la ją  się dopiero w  IV  k lasie w ieku tj. u osobników w drugim  roku życia.

11. W oparciu o opis ubarw ienia te j sam ej serii zajęcy ( B o r o w s k i ,  1964), 
stw ierdzono, że jest ono typowe dla podgatunku nom inatyw nego. Zakres analizo­
w anych pom iarów  kraniologicznych obejm uje zarówno w artości podaw ane dla 
podgatunku nom inatyw nego jak  i d la L.e. hybridus. A utorka sądzi, że w  w oje­
wództw ie poznańskim  w ystępuje podgatunek nom inatyw ny — L, e. europaeus 
P a l l a s ,  1778.




