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The m aterial used for the investigations consisted of 483 skulls. An 
anatom ical description w as m ade of the skull, taking into consider
ation sex  dim orphism  and age, and also the characters distinguishing  
the sku ll of the red deer from other rum inants. The process of ob liter
ation of the sutures takes place m ore rapidly in m ales than in fem ales. 
T he variab ility  and rate of increase in 34 craniom etric m easurem ents 
and m easurem ents of body w eigh t are g iven . S ex  dim orphism  in the 
red deer is best illustrated by: zygom atic breadth, breadth on facia l 
tubers, condylo-occip ita l breadth, m axim um  length of skull, length  of 
m andibula, height of pars rostralis, height of neurocranium  and index  
of pars rostralis X 100/length of m andibulary tooth-row . The capacity  
of the cranial cavity  is greater in m ales than in fem ales. Skull length  
in P olish  red deer is greater than in N orw egian, and less than in  
H ungarian red deer. Most in ten sive  grow th of the sku ll takes place
in fem ales betw een the first and second, and in m ales during the
second and third, years of life. The viscerocranium  grow s m ore in ten 
s ive ly  in fem ales than the neurocranium , w h ile  in m ales the
neurocranium  and viscerocranium  grow  at an even  rate. A ll the 
m easurem ents can be divided into three groups: (1) those w h ich
increase w ith  age m ore in fem ales than in m ales, (2) increasing equally  
in both sex es and, (3) increasing m ore rapidly in m ales. The only  
m easurem ents w hich  decrease w ith  age are the length  of m axillary  
and m andibulary tooth-row s. Red deer in Poland are distinguished by  
greater body w eigh t and larger sku ll d im ensions than red deer from  
W estern Europe, but they are sm aller than red deer from  Eastern  
Europe.
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I. INTRODUCTION

The m ajority of studies of red deer are prim arily concerned w ith  the antlers, 
w hich have form ed a valuable hunting trophy in great dem and for m any centuries. 
Such studies often include m ention of body w eigh t w hich , in the opinion of most 
authors ( B o t e z a t ,  1904; B e n i n d e, 1940; M a g e r ,  1941), is strictly  connected  
w ith the size of the antlers. Only a few  studies ( I n g e b r i g t s e n ,  1927; G e p -  
t n e r  & C a l k i n ,  1947; F 1 e r o v, 1952; S z u n y o g h y ,  1963) g iv e  craniom etric 
m easurem ents and these are usually  m ade on sm all am ounts of m aterial. In none 
of the papers to w hich  I had access did I find a m orphological description of the 
skull, and only in certain of them  data on the capacity of the cranial cavity  
( I n g e b r i g t s e n ,  1927; S z u n y o g h y ,  1963).

Red deer have occurred in  P olish  forests since extrem ely  ancient tim es, as is 
evidenced by the excavations m ade in different regions of Poland w hich have  
revealed m any fragm ents of the skeleton or antlers ( K r y s i a  k, 1959; K u b a 
s i e w i c z ,  1959). Exam ination of accounts e. g. fees paid for anim als shot and for 
skins and also records of red deer caught a live, show s that in the 16th and 17th 
centuries the red deer w as to be found in great abundance in a ll the forests 
( M a g e r ,  1941). W ith the passage of tim e the liv in g  area of the red deer in Poland  
has shrunk and th e  density of the gam e decreased in the shoots in d ifferent areas, 
w hile at the sam e tim e the q uality  of the antlers has deteriorated and the w eight 
of the carcass decreased. In order to correct this state of a ffa irs red deer possessing  
desirable characters w ere m oved to areas in w hich  either this gam e had been  
exterm inated, or the local population w as extrem ely  poor (as regards quality of the 
antlers and w eigh t of carcass). The greater part of such operations w ere carried 
out at the end of the 19th century and beginning of the 20th ( M a g e r ,  1941; C e n -
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k i e r ,  1957), although as early as the 16th century m ention is made of the intro
duction into Poland of three stags and three hinds (M a g e r, 1941).

The Carpathian red deer Cervus elaphus montanus B e t e z a t, 1903, from the 
H ungarian parts of the Carpathian Mts. w ere m ost often introduced into Polish  
hunting grounds, ch iefly  on account of their good body structure (body w eight as 
m uch as 300 kg) and pow erfu l antlers. They w ere introduced to the hunting  
grounds in th e area form ing the present-day Olsztyn province (Sorkwity), the B ia
łystok  province (B iałow ieża P rim aeval Forest), Łódź province (Spala), K atow ice  
province (Pszczyna), the Opole province (T ulow ieckie forests) and the W roclaw  
province (Siedlisko and K liczkow o) (C e n k i e r, 1957).

Cervus elaphus canadensis E r x l e b e n ,  1777, w hich is distinguished by consi
derable body w eight and fine m ass of antlers, the shape of w hich d iffers from  
that characteristic of the European red deer, w as also introduced, prim arly into  
Silesia  in the hunting areas in the K atow ice province (Pszczyna), Opole province 
(T ulow ieckie forests and Zyglinek) and the W roclaw province (Siedlisko, K licz
kowo) (B e n i n d e, 1940; C e n k i e r, 1957).

Cervus elaphus sibiricus S e v e r z o v ,  1878, w as introduced into the B iałow ieża  
Prim aeval Forest (C e n k i e r, 1957).

Red deer from  German breeding areas at Potsdam and Schorfheide w ere also 
introduced into Poland. The deer from Potsdam form ed m aterial consisting of 
a m ixture of the local population w ith  im portations from  the Carpathians ( B e 
n i  d e, 1940; C e n k i e r, 1957).

Apart from  the above, red deer w ere m oved about in Poland itself, ch iefly  from  
the shoots at Spała and Pszczyna to other areas (C e n k i e r, 1957).

The N iepołom ice Forest occupies a special position among Folish hunting grounds 
as it w as there that a local form  of red deer was preserved, alw ays a llow ing for 
the possib ility , of course, that the deer m ight crossbreed w ith individuals m igrating  
from other areas during the rutting season (C e n k i e r, 1957).

None of these operations consisting in the introduction of breeding m aterial 
m ore valuable from the gam e point of v iew , as a rule produced the results an ti
cipated. The first generation of hybrids w ith  the local stock w as very good and 
alw ays surpassed the local population as to body w eight and antlers, but after 
a few  generations the good points of the im ported race disappeared and the  
w hole population returned to its original state (B e n i n d e, 1940). The hunting  
grounds at Pszczyna may serve as an exam ple of this. A fter the Canadian red 
deer had been introduced there the crossbred anim als w ere very good1), although  
the body w eigh t never equalled  that of the w apiti bucks. The mean w eigh t of 
the carcass w as m aintained w ith in  lim its of 170 kg, but the w eight of the largest 
individuals reached as much as 200 kg. A fter eleven years the mean body w eight
had fa llen  to 135 kg, that is, it had returned to the local leve l (B e n i n d e, 1940).

It is a fact that only a few  specim ens of alien anim als w ere introduced into  
different hunting grounds, and the effect of their introduction w as effacted after  
a lapse of som e years, but at the sam e tim e ft m ust be em phasised that operations 
connected w ith  transfer of individuals from  a better population to areas inhabited  
by a poorer population w ere in effect com pleted by 1914. The rare cases of later 
transfers apply only to transfers of red deer w ith in  Poland itself. This ju stifies the

') By the term ’’good” and ’’poor” antlers is m eant the attainm ent of certain  
height and w eigh t dim ensions, the form ation of a certain num ber of points, size  
of the transverse section of the antler and its w eight.
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statem ent that for 46 years all the characters of the ind ividuals introduced have 
been thoroughly m ixed  w ith  the local ones and that no sign ifican t in flu en ce has 
been le ft on the present population of red deer in Poland, w h ich  can therefore be 
considered as hom ogeneous, form ed by the in fluence of local conditions.

The aim  of the present study is to present the ind ividual and age m orphological 
variab ility  in the skull, its rate of grow th and also variab ility  in the body w eight 
of the red deer, Cervus elaphus L i n n a e u s ,  1758 in Poland. T his leads us nearer 
to grasping the m orphological characteristics of the red deer, about w h ich  so little  
know ledge has so far been obtained.

II. M ATERIAL AND METHODS

The m aterial w as collected  over the period from  1960 to 1962, and thus com es 
from  three shooting seasons. It w as obtained in the m ajority of cases (in relation  
to m ales) from  exh ib itions of hunting trophies organised by th e P olish  H unting  
U nion. In addition I had access to the collections in the Forest R esearch Institute, 
and also I m ade use of private m aterial to som e extent. The greater part of the 
sk u lls  of hinds w hich  I m easured belonged to the collections of the M amm als 
R esearch Institute, P olish  A cadem y of Sciences at B iałow ieża.

Table 1.
Comparison of m aterial.

A total of 223 sku lls of hinds and 260 sku lls of stags w ere m easured (Table 1). 
It did not prove possib le to m ake a ll of the 34 m easurem ents g iven  below  on the  
w hole of the m aterial, as som e of the skulls w ere damaged in the region of os 
occip ita le  and os sphenoides.

The m aterial exam ined w as obtained prim arily from  the O lsztyn, Poznan and 
K oszalin  provinces. There are few er individuals from  other provinces but the  
w h ole  represents the alm ost com plete range of the red deer’s occurrence in Poland.

The stag m aterial, as previously m entioned, cam e from  exh ib itions of hunting  
trophies, so that it w as to a certain ex ten t selected. The sku lls m easured came
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either from  so-ca lled  ’’se lectiv e” individuals, or from those included in the group  
of der deer ’’trohpy stag”. Selection  w as based prim arily on the antlers. It m ight 
seem  that stag m aterial obtained in this w ay does not represent the w h ole  of 
the P olish  red deer population, but antlers constitute a factor so variab le that 
an ind iv idu al w hich  is ’’selected'' in one year, may in the fo llow in g  year, w ith  
a change of conditions for the better, develop antlers w hich  if not ’’good” are at 
any rate average for the g iven  hunting ground.

W hen considering m aterial from  this aspect it m ust be m entioned that red deer 
from  d ifferen t regions of Poland and from different hunting grounds are equal 
as regards body w eigh t and m assiveness of antlers. An ind ividual w ith  large body  
w eigh t and considerable antler m ass in relation to the general lev e l of the local 
ind iv iduals in one hunting area (Poznan province) w ill be less than average in  
a d ifferen t area (Olsztyn province). The criteria of selection  therefore d iffer in  
differen t regions of Poland, these criteria being stricter in hunting areas w hen  
planned reduction shooting had been carried out.

T he m ateria l w as collected over a period of three years, w h ich  elim inated  the  
possib le e ffect of one unfavourable year as regards food and clim atic conditions. 
In addition to stags correctly shot according to selection principles a high percentage  
(about 20%) of m y m aterial w as form ed by individuals shot in error in the g iven  
hunting area. T hese are individuals w ith  a good future, that is deer w h ich  w ill 
probably develop  better antlers than their present ones in succeed ing years, or 
w hich  currently  com e up to the lev e l of the local population as regards quality  
of antlers and body w eight, or even  exceed  it.

T aking the above into consideration I have perm itted m yself to treat the m a
terial as a w h ole  representing the range of occurrence of the red deer in Poland.

In the case of hinds the sam ple from  the population is of a random  character.
The age of ind ividuals w as determ ined on the basis of the degree of w ear of 

the teeth  (R a e s f e 1 d, 1957), according to the m ethod generally  used in studies  
on red deer. The w hole m aterial w as divided into four age groups: group I —  in 
d ividuals from  1 to 3 years; group II — 4 to 7 years; group III — 8 to 11 years; 
group IV —  12 to 16 years.

B i o m e (1957) d ivides his m aterial into 5 age groups, but a d ivision  of th is  
sort into sm aller classes seem ed pointless to me, on account of the lack  of a m ethod  
enabling the age of ind ividuals below  3 years to be accurately determ ined. The 
divid ing lines betw een the ages of 4—5 and 6—7 years are d ifficu lt to grasp. T he  
division  of m aterial into sm aller groups reduces the possib ility  of error to a m i
nim um . In v iew  of the lack of a su ffic ien t num ber of sku lls of older hinds in 
group III, and particu larly in group IV, I com bined these tw o groups in certain  
cases, w h ich  does not produce any great changes in the m ean va lu es, absolute  
m easurem ents or indices.

T he sk u lls w ere m easured w ith  a vernier calipers and zoom etric com passes w ith  
sharp and closely  filed  points. M easurem ents m ade w ith  the com passes w ere  
transferred to a linear m easure.

A total of 34 m easurem ents w ere made. A ll the m easuring points w ere  estab lished  
after D u e r s t (1926) w h ile  for the few  m odified m easurem ents I have described  
the w ay in w h ich  they w ere made. M easurem ents w ere m ade in the fo llow in g  
order:

1. Cb — length  of sku ll from  the posterior plane of the occip ita l condyles to 
point P  — Prosthion.

2. P -B  — Prosthion-— Basion, length  of base of skull.
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3. P -O p  — Prosthion — O pisthokranion, m axim um  length of skull.
4. Z l -P  — Z ygolacrim ale — Prosthion, lateral length of viscerocranium .
5. Z l-O p  — Z ygolacrim ale — Opisthokranion.
6. O p-B r  — O pisthokranion — Bregma.
7. B r-N  — B regm a — Nasion, length  of frontal bones.
8. P -B r  — Prosthion — Bregma.
9. N -N s i — N asion — central point on a line connecting N i w ith  N i (N asiointer- 

m axillare), length  of nasal bones.
10. S t-B  — Staphylion — Basion, length of base of skull from end of posterior 

hard palate to anterior m argin of for. occipitale magnum.
11. S t-P  — Staphylion — Prosthion, length of palate.
12. M o l-P  — M olare — Prosthion.
13. P m -P  — Praem olare — Prosthion.
14. P m ~M o-M o  — Praem olare — centre of line connecting M o  w ith  Mo 

(M axilloorale) length  of margo adentalis of m axilla .
15. P m -P d  — Praem olare — P ostdentale — length  of m axillary  tooth-row , 

Pi—Ms.
16. M o-M o  — M axilloorale — M axilloorale, breadth of incisive bones.
17. N i-N i  — N asointerm axillare — N asointerm axillare, m inim um  breadth of 

nasal bones.
18. N m -N m  — N asom axillare — N asom axillare, m axim um  breadth of nasal 

nones.
19. M -M — M olare — Molare, breadth of facia l part of skull m easured on facia l 

tubers.
20. Z y -Z y  — Zygion — Zygion, breadth of skull on low er edge of orbit.
21. Ect-E ct — Ectoorbitale — Ectoorbitale, breadth on posterior edge of orbit.
22. Da-Da  — D acryon — D acryon, m inim um  breadth of frontal bones on m argin  

of eye sockets.
23. fs-fs  — frontostenion — frontostenion, m inim um  breadth of bases of antlers.
24. eu-eu  —  euryon — euryon, m axim um  breadth of cranium.
25. O l-O t  — Otion — Otion, breadth of occipital bones.
26. Con-Con  — breadth betw een external edges of occipital condyles.
27. Nsi-m argo adentalis — m easurem ent of height, m ade by sliding scale from

Nsi vertica lly  to margo adentalis.
28. S t-N  — Staphylion — N asion, height of viscerocranium .
29. Sph-B r  — Sphenobasion — Bregm a, height of cranium.
30. O p-O  — O pisthokranion — Opistion, m axim um  height of occipital.
31. if-g o c  — in fradentale — gonioncaudale, length  of m andibula.
32. Length of margo adentalis mandibulae, m easured from  the edge of tooth  

socket of fin a l incisor to edge of tooth socket of first praem olar.
33. L ength of m andibulary tooth-row , m easured from  the edge of tooth socket of 

first praem olar to edge of tooth socket of final molar.
34. gov -cr  — gonion ventrale — coronion, height of ramus mandibulae.
A ll the m easuring points are indicated on fig. 1 a-d.
Calculation w as m ade of the confidence interval for the m ean x on the leve l 

of sign ifican ce a=0.01. The lim its of this interval are the values x — sx • t and  
x-f-sx • t. V alues t w ere obtained from tables of the normal distribution for m ean  
values estim ated on the basis of at least 30 elem ent sam ples (n ^ 30), w h ile  for 
the m ean values estim ated from  sm aller sam ples (n ^ 30) f-S tudent tables w ere used.

The fo llow in g  indices w ere used in the study:
Zy  —  Z y X  100 Nsi — margo ad. X

P — Op 5. Pm  — Pd
Z y  —  Z y  X  100 Mo  —  M o X  100

P  —  Br 6. Pm  — P
St —  N X  100

7.
Pm  — M o M o  X 100

P — Ov St —  P
St —  P X  100 N —  N s iX  100

P — Op 8- M  —  M
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Ln
9.

10.

11.

Br —  N X  100 

Ect — Ect 
Op —  O X  100

con  — con
M —  M X  100

12.

13.

u .

eu — eu X 100 

S t -— B
length of mar go ad. mandib.X  100 

i f  —  goc
length of m andibulary tooth -row X  100

St — P ' if  — goc
T he capacity of the cranial cavity w as m easu ied  using 4.25 mm diam eter shot 

and w as expressed  in cm 3.

margo
goc

Fig. 1 (a—d). M arking of m easuring points.

The body w eigh t2) of stags is given  according to the data of the P olish  H unting  
U nion, the m aterial used in this section not com pletely covering the m aterial 
m easured osteom etrically. Data on the body w eight of hinds w ere obtained from  
the collections of the Forest R esearch Institute and the M am m als R esearch  
Institute.

III. MORPHOLOGICAL DESCRIPTION OF THE SKULL

1 . Os occipitale

The squama of the bone is oval in shape and has a clearly distinct 
linea nuchalis superior, which separates the pars nuchalis from pars 
parietalis. In pars parietalis ossis occipitalis in hinds there is a crista 
sagittalis ext. which reaches to the above-mentioned linea nuchalis. In 
the majority of stags the crista is completely invisible, although there are

2) T he term body w eigh t in relation to w ild  anim als m eans the w h ole  animal, 
only gralloched, w ith  or w ithout the head.
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a very few cases in which it occurs. Underdevelopment of the crista in 
stags is compensated for by the more extensive and deep fossa temporalis, 
which is the place of insertion of m. temporalis; this forms a remarkable 
exception to the rule that the degree of development of crista sagittalis 
ext. indicates the degree of development of m. temporalis. In the case 
of red deer, despite the fact that m. temporalis is more strongly formed 
in stags than in hinds, yet, the presence of crista sagittalis is not always 
manifested.

In pars nuchalis in both sexes the protuberantia occipitalis ext. can 
be clearly seen, similar in shape to a triangle, the base of which is formed 
by linea nuchalis. In hinds protuberantia occipitalis ext. is more elongated 
ventral, and crista occipitalis ext. runs in the direction of for. occipitale 
magnum. In stags crista occipitalis ext. is less distinctly marked. Under 
protuberantia occipitalis ext. there is a distinct /ossa ligamentosa divided 
into two parts by crista occipitalis ext. This fossa is more distinct in 
stags than in hinds. On the sides of squama occipitalis there are two

Fig. 2 (a—c). O ssification of sut. interparietalis. 
a) cT aged 2—3 years, b) cf aged 4— 5 years, c) d  aged 8 years.

forr. supramastoidea, which are situated either above the suture or 
within the trace of coalescence between exooccipitale and supraoccipitale 
and pars mastoidea oss. temporalis. The trace of fusion between the 
supraoccipitale and exooccipitale runs above for. occipitale magnum  
through the squama of os occipitale, and can be clearly seen in individuals 
from 2—4 years old (Fig. 2a). As from the age of 4 years the line of 
fusion is obliterated in the middle above for. occipitale magnum, to the 
right and left from crista occipitalis ext. Sections of it are still visible 
at this age running centripetally from forr. supramastoidea, the length 
of which is about V5 the length of the lamina (Fig. 2b). The obliteration 
of this line progresses with the passage of years. At 7 years old only 
very small lateral sections are visible (Fig. 2c), and as from 11 years of 
age this fusion is completely obliterated.
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The external surface of pars nuchalis squamae occipitalis is flatter in 
older stags than it is in hinds, only the part contiguous to condyles 
occipitalis being convex in the former. For. occipitale magnum  is round 
in shape. Two openings occur at the base of condyles occipitalis: for. 
condyloideum  and for. nervi hypoglossi. The greatly elongated procc. 
jugulares are situated laterally from condyles occipitalis, and about V3 
of their total length reaches below condyles occipitalis. The free ends of 
procc. jugulares are bent in bowshape towards the centre and forwards.

The basal part of os occipitale is elongated, narrowing in the direction 
of its juncture with os sphenoides. In the place in which it connects with 
os temporale the symmetrical for. lacerum occurs in the form of a gap 
lying parallel to the long axis of the skull. For. lacerum aborale is 
rounded, for. lacerum orale narrows in the direction of os sphenoides.

2. Os temporale

The suture connecting os temporale with os parietale — sut. 
parietotemporalis s. squamosa runs diagonally in an arch across the 
skull forwards and downards as far as os sphenoides. This suture can be 
clearly seen in all the age groups.

Proc. zygomaticus oss. temporalis runs forward and away from the 
centre. The upper surface of proc. jugularis is sharp. Near the base geni- 
culum proc. zygomatici occurs, beginning at the base and running along 
proc. zygomaticus to its end. Proc. zygomaticus is flattened laterally: 
its shape, or rather the shape of the cross-section, may be compared 
to a triangle with one longer side. In its final part proc. zygomaticus 
oss. temporalis overlaps proc. temporalis os. zygomaticus and connects 
with it over a space equal to half the whole length of the process. The 
suture runs diagonally downwards from the margin of annulus orbitalis. 
This process does not contact with proc. postoribitalis os. frontalis. The 
anterior part of the process participates in the formation of the orbit 
from the lower and medial sides over a very small area. As in other 
ruminants a wide foramen leading to the temporal duct occurs on the 
upper surface of lamina zygomatica. Not infrequently it is double, or it 
may be completely absent. Fossa mandibularis is faintly marked and 
shallow. Proc. postglenoidalis is high, lamelliform and bent outwards and 
backwards. Tuberculum articulare is shaped in the form of a small 
prominence. At the back and towards the centre from proc. postgleno
idalis there is a large for. postglenoideum. In Cervidae this foramen 
is equal in size to porus acusticus ext. Proc. muscularis is fairly long, 
pointed and directed forwards. Crista temporalis is well formed and 
caudal passes w ithout any distinct boundary into crista nuchalis.

Pars mastoidea oss. temporalis takes the form of a narrow band
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widening slightly ventral. It is thrust between squama oss. temporalis 
and the nuchal plate of oss. occipitalis and the pars tympanica oss. 
temporalis. The lower part overlaps on to proc. jugularis, forming the 
lateral part of its base.

The cross-section of pars petrosa oss. temporalis is quadrilateral in 
shape with a rounded lower side. Two sides, the upper and lateral of 
this geometrical figure participate in forming the bottom of the skull 
cavity. The medial surface together with the upper surface forms a sharp 
edge, the crista petrosa, which is directed backwards and in a direction 
from the centre to the side. The medial surface is folded and there is 
a wide and deep depression (porus acusticus int.) in its central part, 
divided into two parts by the high, well-defined crista transversa.

Looking backwards and upwards from this opening a gap can be seen 
bounded on the lateral side by a bony process — this is apertura ext. 
aqueductus vestibuli. Immediately above for. lacerum aborale there is 
a similarly well defined apertura ext. aqueductus cochlae. Incisura nervi 
trigemini is faintly marked.

Beyond the posterior margin of pars petrosa a wide foramen opens 
on os occipitale connected by a canal with for. supramastoideum  described 
simultaneously with os occipitale.

3. Os sphenoides

Two parts of the shaft of os. sphenoides, i. e. praesphenoideum  and 
besisphenoideum, are connected by synchondrosis intersphenoidalis. 
Caudad the shaft of os sphenoides is joined with basioccipitale by means 
of synchondrosis sphenooccipitalis, on which normal tubercula muscularia 
are situated.

Allae orbitales ossis sphenoides are larger than alae temporales. They 
are similar to an elongated plate in shape, lying in the lower part of 
the orbit, forming two processes, one running upwards and thrusting 
into pars orbitalis oss. frontalis and the other running forwards, bounded 
from the top by pars orbitalis ossis frontalis and from the bottom by 
lamina perpendicularis oss. palatini. In the posterior part of alae orb.ta- 
les, just below the suture with the frontal bone there is foranen  
opticum, and further backwards and downwards between clae 
orbitales and alae temporales there is the large for. orbitorotundum  
quadrilateral in shape. Ala temporalis runs towards the back of the 
skull bordering the lateral margin of for. orbitorotundum, then forms 
in its anterior part a process directed upwards and thrusting between 
os temporale, os parietale, os frontale and alae orbitales ossis sphenoiies. 
There is a large for. ovale in the posterior part of this process. Alae
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tcmporales ossis sphenoides are bounded from the front by for. lacerum  
orale.

4. Os ethmoidale

Lamina cribrosa is divided into two parts by the low crista galli, 
which is fairly narrow at the base and broadens upwards. Both parts 
of lamina cribrosa i. e. fossa olfactoria are a regular oval in shape and 
each of them is situated diagonally from bottom upwards and away 
from the centre.

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

Labirynthus oss. ethmoidalis is formed by a group of very thin bony 
laminae rolled in the shape of cylinders — ethmoturbinalia, situated in 
the posterior upper region of cavum nasi.

5. Os parietale

Partes parietales of the paired ossa parietalia are rectangular in shape, 
bent in the shape of a bow in the central part. Partes temporales on the 
other hand form a narrow band running diagonally downwards, 
surrounding the anterior part of the braincase from the sides. They 
thrust between os temporale and os frontale, and in males bound the 
base of the antlers from the back. The measuring point eu is situated 
on os parietale in older individuals or on sut. squamosa in younger 
animals. In females this point lies on os parietale or on os temporale. 
Crista parietalis ext. can be seen only in the form of a slight eminence 
taking the form of a bony line.

6. Os jrontale

The vaulted parts — squamae of the paired ossa frontalia take the 
form as a whole of a slightly convex lamina between margines orbitales. 
In its posterior part this lamina broadens considerably and forms antlers 
in males. The posterior part of the lamina is raised upwards and at 
times point Br. is the highest point of the skull. Sut. coronaria is situated 
horizontally in females, along an almost straight line (similarly to that 
in goats): in males it surrounds the bases of the antlers and enters between 
them in a forwards direction. Sut. interfrontale is clearly visible in 
individuals of both sexes up to 8 years of age (and in females is not 
obliterated up to the end of their lives. Obliteration of the suture begins 
from point Br in a forwards direction. A bony crest occurs on this suture 
starting at a distance of 1/3 the length of the frontal bone going from 
front to back. This crest is clearer in females and is most distinct in the
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highest point of the skull. It begins in both females and males in the 
depression on the front of the squama between the margines orbitales. 
Central from margines supraorbitales there are extensive for. supra- 
orbitale on both sides, usually single ones, although a larger number 
of additional foramina may occur here occasionally. Sulci supraorbitales 
ant. et post, begin from these foramina. The medial margin of these 
sulci is sharp and high. Margo supraorbitalis is slightly inclined upwards 
and semi-circular in its central part. Proc. postorbitalis s. proc. 
zygomaticus oss. frontalis, situated almost vertically to arcus zygomaticus, 
is connected with proc. postorbitalis oss. zygomatici, forming the 
posterior margin of annulus orbitalis. Crista frontalis ext. is clearly 
defined in females only. This crest does not occur in males on account 
of the presence of the antlers. This character distinguishes male stags 
from other ruminants. The bases of the antlers are surrounded with sut. 
coronalis from the back and exterior.

The antlers of males of C. elaphus take very varied forms, depending 
on age, endocrine secretion, components of their food, heredity and the 
possibility cannot be excluded that other factors may play a part in 
shaping the antlers in .one and not another form ( Vog t ,  1947; F r a n -  
k e n b e r g e r ,  1955; B a l i ś ,  1959). Taking into consideration only the 
lowland males it can be stated tha t in the material examined the best 
heads were those of males in the Olsztyn province, the poorest males 
from the Poznań and Opole provinces.

Margo supraorbitalis is situated diagonally in relation to the long 
axis of the skull and in its anterior part the left and right sides of the 
margin run diagonally and central in the direction of os lacrimale.

Sut. nasofrontalis takes very varied forms (Fig. 3a-l) and is clearly 
visible throughout the whole life of the animal. Procc. nasale oss. fron
talis are bounded from the sides by ossa nasalia which in their central 
part thrust far between ossa frontalia. The above processes partly  separate 
the os nasale from hiatus lacrimalis: cases occur in which os frontale 
reaches to os maxillare (Fig. 3 d, f, 1). Such cases are in general rare; 
more often the os frontale does not contact the os maxillare and is 
separated from it by processes of ossis nasalis.

Pars orbitalis oss. frontalis takes the form of a lamina running 
downwards from the vaulted part and participates in the formation of 
the greater part of the orbit. The suture between os frontale (pars 
orbitalis) and os lacrimale, os sphenoides and os temporale is clearly 
visible in all age groups. In the upper part of the lamina orbitalis there 
is for. supraorbitale inf. For. ethmoidale laterale is situated in the lower 
part of lamina orbitalis, immediately above the suture with os sphenoides.



Fig. 3 (a—1). Structure of nasal bones, 
a) cf — 2 years; b) cf — 3 years; c) cf — 5 years — Poznań province;
d) cf — 8 years — Bydgoszcz province; e) cf — 10 years — O lsztyn province;
f) cf — 10— 11 years — O lsztyn province; g) cf — 11 years, Poznań province;
h) cf — 12 years — K oszalin province; i) ? — 6 years, O lsztyn province;
j) 9 — 8 years, O lsztyn province; k) 9 — 9 years, Olsztyn province; 1) 9 —

12 years, K oszalin province.
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7. Os nusale

Ossa nasalia are formed in the shape of elongated, arched laminae. Sut. 
internasalis is clearly marked throughout the whole of the anim al’s life. 
In the posterior part ossa nasalia thrust deep in between ossa frontalia. 
From the side, on the boundary with hiatus lacrimalis, there are 
processes separating os frontale from os maxillare. These processes take 
different shapes, considerable individual variation occurring here 
(Fig. 3a-l). They may be either broad or very narrow. Occasionally they 
do not occur at all and then os frontale is directly connected with os 
maxillare, as mentioned above. In the anterior part ossa nasalia protrude 
beyond os intermaxillare for a distance of 5—10 mm, and sometimes 
even more. Margo liber is formed in the shape of a letter W, the sides 
of which are formed by the exterior part of the bone reaching to os 
intermaxillare. This margin takes the form of two procc. nasale — 
pericentral and lateral. The lateral processes on both sides are usually 
longer, but this is not invariable (Fig. 3).

8. Os lacrimale

Pars facialis is similar in shape to a triangle, the base of which is 
formed by margo orbitalis. A large, irregular opening, termed hiatus 
lacrimalis, occurs between this part of os lacrimale and the following 
bones: os frontale, os nasale and os maxillare. An extensive depression, 
often with numerous foramina, situated lengthways and diagonally 
forwards and downwards in relation to the long axis of the skull, can 
be seen on the facial part of os lacrimale. This is fossa lacrimalis ext. 
A similar fossa lacrimalis occurs in sheep. On margo orbitalis oss. lacrima
lis there are two forr. lacrimalia, situated on the margo orbitalis itself. 
One of them may also lie in the facial part. Sut. lacrimo-zygomatica is 
clearly visible throughout the whole life of the animals. The suture 
between os lacrimale and os frontale is loose in age group one, ossifying 
in higher age groups, but always distinct. There is a deep incision on 
this suture on margo orbitalis, between os frontale and os lacrimale, on 
which the measurement point Dacryon — Da is situated. The incision is 
deeper and most distinct in the skulls of older animals.

Pars orbitalis is somewhat similar in shape to an acute-angled triangle. 
There is a depression in the form of a fhnnel — fossa sacci lacrimalis — 
in this lamina above the suture with os maxillare. A  well formed bulla 
lacrimalis is situated in the anterioro-lateral part of the orbit.

9. Vomer

The vomer takes the form of a thin lamina, decreasing in height from 
back to front. Vomer begins slightly to the fore from synchondrosis
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intersphenoidalis. In its central part it forms, together with lamina 
perpendicularis oss. ethmoidalis, septum nasi osseum.

Sulcus vomeris forms a fairly deep groove which reaches to procc. 
palatinus oss. intermaxillaris, overlapping them on their posterior part 
for a distance of approx. 1.5 to 2 cm.

10. Os m axillare

The external surface of the shaft may be compared to a trapezium 
with one side markedly elongated. It is convex in the shape of a roof, 
this convexity increasing caudad, and beginning in the region of for. 
infraorbitalc, which lies at the level of the The convexity then runs 
backward and downward in the direction of tuber faciale. This tuber is 
faintly marked in young individuals (age group I), in which it is situated 
in the plane of the Mx. In the second age group it shifts to the boundary 
between the Mj and M2. In the third and fourth age group tuber faciale 
lies in the plane of the M2 or M3. Tuber maxillae lies in the extension 
backwards of the edge of the tooth socket and ends in a sharp process 
bent central. For. maxillare is situated in the posterior part of the shaft 
and is also formed by lamina perpendicularis oss. palatini.

As in all ruminants the premolars and molars are separated from the 
canine teeth by margo adentalis. In the anterior part of proc. alveolaris 
there is alveolus caninus, also partly  formed by os intermaxillare.

Proc. palatinus is similar to an elongated lamina in shape. From the 
front it is bounded by proc. palatinus oss. intermaxillaris, thus 
participating in the formation of the lateral and posterior part of fissura 
palatina. In the medial and anterior part of the two procc. palatini there 
is a triangular incision on sut. palatina media, into which the posterior 
parts of procc. palatini oss. intermaxillaris enter. Forr. palatina majora 
described in detail in connection with os palatinum, occur on the suture 
between procc. palatini oss. maxillaris and laminae horizontales ossa 
palatini. The left and right sulci palatini, which are relatively short 
(since they scarcely reach the height of the first molar), run from these 
foramina along procc. palatini oss. maxillaris to the front. Sut. palatina 
media between the left and right proc. palatinus is clearly visible 
throughout the whole of the animals’ life.

Proc. zygomaticus is faintly marked, and thrusts between proc. zygo- 
maticus oss. temporalis and proc. temporalis oss. zygomatici, participa
ting to a minimum extent in the formation of the medial part of arcus 
zygomaticus.

11. Os interm axillare

Ossa intermaxillaria protrude very strongly forwards and form hilus 
nasalis at the entrance to cavum nasi.



144 E w a T. M ystkow ska

Fissura incisiva is visible on corpus oss. inlermaxïllaris, and is similar 
in shape to that in sheep. In the posterior part of the corpus where it 
connects with os maxillare there is a small depression, which is part 
of alveolus caninus. The greater part of this alveolus is however formed 
by os maxillare. Proc. nasalis, shaped like an elongated and convex plate 
reaches to ossa nasalia and is connected with them by a suture which 
does not ossify throughout the animals’ entire lifetime. The suture 
between proc. nasalis and os maxillare does not ossify at any time. Procc. 
palatini are very thin and long and form t,he medial margin and the 
edge of fissura palatina.

12. Os palatinum

Laminae horizontales of both bones are similar in shape to a letter 
U with the base directed to the front. The anterior edge of these laminae, 
bounded by the procc. palatini oss. maxillaris, is ragged. The suture 
between the right and left laminae horizontales has slightly raised 
edges which form a characteristic bony crest. The measurement point 
St. lies on the posterior margin of this suture. In young individuals 
(age group I) St. lies in the convexity between oss. palatina in front of 
the measurement point Pd. This point is situated in the centre of a line 
connecting the edges, the posterior margins of the alveoli of the final 
molars M3 on the left and right sides. In older individuals (age groups 
II, III and IV) St. is situated at the back of Pd. This is connected with 
the change in the length of the tooth row with the animal’s age.

For. palatinum majus is situated on the suture between lamina hori- 
zontalis and proc. palatinus oss. maxillaris. This foramen forms a sort 
of kink, a depression between the two bones, its lower ventral wall being 
formed by lamina palatina and upper dorsal wall by proc. palatinus oss. 
maxillaris. For. palatinum ahorale is situated on the lateral surface of 
lamina perpendicularis oss. palatini. For maxillare can be seen in the 
place where lamina perpendicularis oss. palatini joins os maxillare.

Proc. pterygoideus is large and irregular in shape.

13. Os pterygoideum

Os pterygoideum  on the left and right side takes the form of a thin 
lamina shaped like an acute-angled triangle. The acute angle of this 
triangle is directed forwards and downwards. It is elongated in its apical 
part, forming a thin plate ending in a hamulus. Margo inf. of this 
complicated geometrical figure is arched downards.

14. Os zygomaticum

Pars facialis is rectangular in shape. A bony crest runs through its 
whole length (similarly to that in cattle and goats, except that in cattle
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it is extended on to os maxillare, and in goats surrounds margo orbitalis 
and runs upwards). In the stag this crest begins from the suture between 
os zygomaticum  and os maxillare and runs along the bone below annulus 
orbitalis as far as proc. temporalis oss. zygomatici. It next runs to the 
suture with proc. zygomaticus oss. temporale on arcus zygomaticus, then 
passes on the lateral side of this process and ends at its base. A depression 
like a long groove, which is clearly visible in older individuals (as from 
age group II) can be seen under this crest in the region of the anterior 
part of the orbit.

Proc. temporalis is elongated and overlaps in its posterior part on to 
the lateral and lower side of proc. zygomaticus oss. temporalis.

Proc. postorbitalis oss. zygomatici forms the posterior and lower edge 
of annulus orbitalis. It is situated almost perpendicularly to arcus 
zygomaticus and is connected by a suture with proc. postorbitalis oss. 
frontalis. This suture ossifies in age groups III and IV and is more 
difficult to see than in age groups I and II.

Pars orbitalis oss. zygomatici is shaped like an elongated, rectangular 
plate bounding the lower lateral part of the orbit, and where it connects 
with pars facialis it forms the margo inf. annuli orbitalis.

15. Conchae nasales

Conchae nasales are similar in shape to those in other ruminants.
Concha nasalis sup., or nasoturbinale, is faintly developed. It occurs 

in the form of a long, porous bony lamina attached to the crista nasotur- 
binalis.

Conache nasalis inf. or maxilloturbinale, far larger than the preceding, 
can be distinguished by the two rolled bony laminae running from 
a common basic lamina attached to crista maxilloturbinalis. Lamina sup. 
maxilloturbinale rolls upwards and forms four twists, lamina inf. forms 
only one twist and is rolled downards.

16. Mandibula

Both ossa mandibularia are set in symphysis mandibularis which does 
not ossify throughout the animals’ life. The inferior surface of corpus 
mandibulae is bent in a bow shape upwards. There is a clearly visible 
incisura praemasseterica. Margo adentalis mandibulae, with a sharp 
edge, occurs on the upper margin of the corpus between the alveolus of 
the final ’’incisor” and the first premolar. A fairly large oval for. mentale 
occurs on the external surface of the corpus in its pars incisiva. At the 
back of this opening there is a second opening of varying size but usually 
smaller, characteristic only of Cervidae, although it does not occur in 
all individuals.
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Ramus mandibulae takes the shape of a rectangular lamina broadening 
towards the base. The angle between corpus and ramus mandibulae is 
almost a right angle.

Proc. articularis is shaped similarly to that in other ruminants. Proc. 
temporalis takes the form of a long lamina arched upwards and 
backwards. Fossa masseterica, shaped like rectangular triangle, is situated 
on the external surface of ramus mandibulae, below incisura mandibulae. 
A long and convex bony crest, characteristic of red deer, occurs in the 
posterior and lower part of angulus mandibulae. It begins in the lower 
part of angulus mandibulae, a t the back of incisura praemasseterica, and 
runs in a bow along the angle upwards ending approximately halfway 
along the ramus in fairly large protuberantia inclined forwards and 
sideways. This crest is more distinct and larger in older individuals, and 
only faintly marked in females.

On the medial surface about halfway along ramus mandibulae there 
is the fairly large horseshoe-shaped for. mandibulare.

IV. OBLITERATION OF SUTURES

I should like to draw attention in this section to certain differences 
in the rate of obliteration of some sutures in the skulls of males and 
females, connected with sex dimorphism. This may prove of some 
assistance in identifying the age of different individuals, or at least in 
defining the age group of, e. g. fossil remains, when only a fragment of 
the skull, deprived of teeth, is preserved.

Males and females must be considered separately, since the rate at 
which the sutures become obliterated is not uniform in the two sexes. 
(Tables 2, 3). All the sutures in males ossify far earlier than in females, 
which agrees with the observations made of the European bison 
(E m p e 1, 1962). Such sutures as sut. coronaria, sut. frontalis, sut. 
frontalis, sut. lambdoidea do not ossify in females throughout their 
lifetime. Only occasionally, in rare cases, does their obliteration begin 
in a certain place in very old females. Sut. interparietalis and sut. 
sphenooccipitalis undergo obliteration earliest. In males 4 years old these 
sutures are already obliterated, in females the first is obliterated at the 
age of 7 and in the second at the age of 4 years. The fact is remarkable 
that sut. coronaria, which begins to obliterate fairly early in males (as 
early as the 4th year of life), in females remains unobliterated up to the 
animals’ death. This is probably connected with the considerable burden 
placed on the skull of the male by the antlers, which may often weigh 
up to nearly 12 kg. The same explanation applies to the earlier



Table 2.
D escription of sku ll suteres in cTcT

Age
in

years
Sut. coronaria Sut. lambdoidea

Sut. interparietale 
(Trace of adhesion  

betw een  oss. occipit.)

Sut.
squamosa

Sut. frontalis Synch, spheno- 
occipitalis

Synch, inter- 
sphenoidalis

1______ _
2 D istinct

:
D istinct j

! D istinct

3
D istinct O bliterating in i 

m edial part I

4 Obliterated in m e
dial part above for 
occip. magnum. L a
teral parts v isib le  
\ 5 length of squam a

Distinct Obliterated in 
m edial part.

5

6
O bliterating in 
m edial part

O bliterating in 
m edial part to

lateral parts
distinctly
obliterating D istinct

left and right
7 betw een  bases 

of antlers
of crista ocip. ext.

8
Obliterated or > 
obliterating in  
m edial part.

Obliterated for 
approx. 3,4 length  
of suture. V ery sm all

Distinct

Obliterating in pos
terior part beginning  
from  Br forwards

9
O bliterated in 
m edial part, 
obliteration of

lateral sections v i
sible.

'/5 length oblitd. 
app. V5 obliterating  
(forwards; :V5 d istinct10

Lateral parts 
reaching linea O bliterated

O bliterating  
or obliterated

partietal. ext. 
obliterating

11
further part 
behind antlers

V3 suture oblitd. re
m ainder obliterating. 
Sm all section d istinct 
from front

12
O bliterated at 
back of antler

Obliterated in  
m edial part,

O bliterated V2 suture obltd. re
m ainder oblitg. cases 
occur w hen at 14 
years of age suture  
is still in obltg. stage

Obliterated

over
12

bases obliterated  
or obliterating  
from sides

obliterating on 
sides. |



T a b le  3.

D escrip tio n  of sk u ll su tu re s  in $ ?

A ge
in

years

Sut.
coronaria

Sut.
lambdoidea

Sut. interparietale 
(Trace of adhesion betw een  

oss. occipitalia)

Sut.
squamosa

Sut.
frontalis

Synch, spheno- 
occipitalis

Synch, intersphe- 
noidalis

1 D istinct D istinct

2
M edial part obliterating, 
visible. Lateral parts, length  
app. Vs of w hole d istinct

Obliterated but 
sm all side parts 
som etim es v isib le

3
M edial part obliterating or 
obliterated. L ateral parts 
s t ill d istinct D istinct

4

5 D istinct

O bliterated in m edial part. 
Lateral parts app. ',r of total 
length of suture still d istinct

6
D istinct

A lm ost w hole obliterated. 
Side parts distinct, are very  
short D istinct

7
Obliterated but cases occur 
in w hich side parts are still 
visib le Distinct

O bliteration  
beginning in 
m edial part

8
Obliterated

Obliteration in 
m edial part. Cases 
occur in w hich  
suture allready  
obliterated

9
10
11
12

D istinct or 
obliteration  
beginning in  
m edial part 
of suture above 
protuberantia 
occipitalis

Obliterated

Obliteratad

over
12

D istinct in m a
jority of cases, 
but oblitera
tion beginning  
at Bregm a

<

In m ajority of 
cases suture is 
distinct but 
obliteration is 
beginning at 
Bregm a
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obliteration in males of sut. lambdoidea. Sut. frontalis and sut. in- 
tersphenoidalis remain unobliterated for a very long time.

V. VARIATIO NS IN SKULL M EASUREMENTS AND INDICES

Thirty-four measurements were made on the skulls, and the results 
are given in tables 4 and 5. The calculated values of 14 indices are given 
in table 6, retaining the division into the same age groups.

Discussion in this section has been limited to the most interesting 
measurements, which throw some light on the question of sex dimor
phism in the red deer.

Table 4.
Variations in sku ll m easurem ents of m ales (in mm).

No. M e a s u r e m e n t
I  g r o u p 11 g r o u p I I I  g r o u p IY g r o u p

n S f S j t n X i V 4 n X + S _ . t n X i V 1

1 CB 20 3 7 0 . 1 + 1 2 . 0 44 3 8 6 .  3 + 7 . 0 40 4 0 5 . 1 + 1 2 . 6 26 3 9 6 . 8 + 8 .  6
. 2 P -  B 20 3 4 8 .  0 + 1 2 .  3 44 3 6 3 . 9 + 7 . 5 57 3 7 4 . 6 + 6 . 2 24 3 7 6 . 4 + 9 . 0

3 P -  Op 36 3 8 6 . 7 + 1 2 . 6 86 4 0 6 . 8 + 5 . 4 101 4 1 8 .  5 + 4 . 9 57 4 1 9 . 3 ♦ 5 . 7
4 Z1 -  P 36 2 2 0 . 2 + 6 . 7 86 2 3 2 . 7 +4 .  4 78 2 4 1 . 8 + 3 . 9 57 2 3 9 . 7 + 4 .  6
5 Z1 -  Op 37 1 8 8 . 4 ♦ 4 . 4 86 1 9 7 . 3 + 2 . 3 103 2 0 3 .  0 + 1 . 8 57 2 0 5 . 2 + 2 .  1
6 Op -  Br 37 8 6 . 2 + 1 . 8 85 8 8 . 9 + 3 . 4 103 8 9 . 5 + 1 . 3 55 9 0 . 9 + 2 . 1
7 Br -  » 37 1 2 2 . 7 + 3 . 9 85 1 2 8 . 4 + 3 . 1 103 1 3 1 . 6 + 2 . 8 57 1 3 2 . 6 + 3 . 1
8 P -  Br 23 3 2 1 . 0 + 8 . 8 85 3 4 3 .  1 + 5 . 9 101 3 5 2 .  5 + 5 . 2 56 3 5 6 . 6 + 5 . 9
9 N s l  -  N 37 9 5 . 7 + 6 . 7 86 1 0 3 . 3 + 3 . 4 102 1 0 6 . 4 + 2 . 6 56 1 0 7 . 1 ♦ 2 . 6

10 S t  -  B 20 1 2 9 . 7 + 6 . 3 43 1 3 0 . 2 + 1 3 . 7 59 1 3 8 .  1 + 4 .1 23 1 4 3 . 6 + 3 . 9
11 S t  -  P 36 2 1 8 . 2 + 5 . 9 81 2 3 1 .  0 +4 . 4 95 2 3 8 . 3 + 3 . 6 53 2 3 7 . 1 +4 .  4
12 Mol -  P 36 1 5 9 . 9 1 4 * 1 85 1 6 5 . 7 + 2 . 3 101 1 6 8 . 1 + 2 . 6 55 1 6 9 . 1 ♦ 3 . 4
13 Pm -  P 36 1 1 7 . 0 + 3 . 6 86 1 2 5 . 2 + 3 . 4 100 1 2 8 . 7 ♦ 2 . 3 56 1 3 0 . 2 ♦ 2 . 6
14 Pm -  Mo -Mo 37 7 5 . 9 + 5 . 2 85 7 8 . 4 +2 . 1 99 8 1 . 2 + 2 . 1 54 8 2 .  4 + 2 . 3
15 Pm -  Pd - - 86 1 0 7 . 4 + 2 . 3 102 1 0 5 . 6 + 1 . 3 53 1 0 1 . 3 + 1 . 5
16 Mo -  Mo 36 60 .  0 + 2 . 1 85 6 5 . 0 + 0 . 8 10 0 6 8 .  5 + 1 . 3 56 6 9 . 7 + 1 . 3
17 N1 -  N1 33 2 9 . 4 + 1 . 8 66 3 2 . 4 + 1 . 5 84 3 5 . 2 + 1 . 0 52 3 5 . 8 + 1 . 5
18 Nm -  Nm 37 46 .  7 + 2 . 3 83 50 . 3 + 1 . 5 102 5 1 . 9 +1 . 5 57 5 7 . 4 + 2 .  1
19 U -  M 37 1 1 7 . 8 + 2 . 3 82 127 .  0 + 1 . 8 103 131 .  2 + 2 . 3 57 1 3 3 . 2 + 2 . 3
20 Zy -  Zy 37 1 5 8 . 4 + 2 . 8 85 1 6 9 . 1 +2 . 1 103 1 7 5 . 3 +2 . 1 57 1 7 7 . 1 + 2 .  3
21 E c t  -  E c t 37 162 .  5 + 3 .1 86 1 7 3 .  4 +2.  1 103 1 7 9 .  3 +2 . 1 56 1 8 1 . 4 +2 . 3
22 Da -  Da 37 1 1 4 .  5 + 8 . 3 86 1 1 5 .  5 + 1 . 8 102 1 2 0 .  5 + 1 . 3 57 1 2 1 . 1 I 2 - 3
23 f y  -  f s 37 116 .  4 + 2 .  1 85 1 1 9 . 3 + 1 . 8 102 1 2 3 . 3 + 1.  5 54 1 2 6 . 3 + 2 .  3
24 e u  -  e u 36 9 6 .  0 + 1 . 8 86 1 0 0 . 9 + 1 . 3 103 1 0 4 . 8 + 1 . 8 57 1 0 5 . 9 + 2 .  1
25 Ot -  Ot 34 1 1 7 . 7 + 3 . 4 75 1 2 7 .  3 +2.  1 88 1 3 3 .  5 + 1 . 8 50 1 3 4 . 7 + 2 .  1
26 Con  -  Con 21 7 1 .  4 + 1 . 4 44 7 1 .  5 + 1 . 5 58 7 3 . 9 + 1 . 9 26 7 2 . 2 + 1 . 7
27 N s l - o a r g o  ad 37 57. 1 + 1 . 8 86 6 0 . 2 + 0 103 6 2 . 8 + 1 . 0 56 6 3 . 3 + 1 . 3
28 S t  -  N 37 8 7 .  4 + 2 . 6 82 9 3 . 3 + 1 . 8 97 9 6 .  1 + 1 . 3 53 9 6 . 1 + 1.  3
29 Sp h  -  Br 35 8 7 . 7 + 1 . 8 79 9 2 . 4 + 1 . 3 89 9 6 . 9 + 1 . 3 46 9 9 . 2 + 1 . 8
30 Op -  0 21 5 3 . 6 + 2 . 0 43 56 . 1 + 6 . 2 57 5 5 . 0 + 1 . 3 29 9 3 . 8 + 1 . 9
31 i f  -  g oo 32 2 9 4 . 2 + 7 .  5 56 3 1 0 . 6 +8 . 3 77 3 1 3 . 3 + 6 . 2 44 3 2 0 . 9 + 5 . 2

32 L e n g t h 32 9 0 .  1 ♦ 4 . 4 68 9 6 . 6 + 2 . 6 78 1 0 0 . 6 + 2 . 3 47 1 0 3 .  5 +3 .  1
o . a d . m a n d .

33 L e n g t h  P 1 -M^ - - 66 1 2 0 . 7 + 1 . 0 79 1 1 9 . 7 + 1 . 5 47 1 1 7 . 1 + 1 . 8
34 g o v  -  o r 32 145 .  6 +  3 . 9 54 ' 5 0 . 2 + 2 . 3 76 1 5 4 . 3 + 2 .1 •42 1 5 6 .  5 + 2 . 6
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Table 5.
V ariations in skull m easurem ents of fem ales (in mm).

M e a s u r e m e n t

I  g r o u p I I  g r o u p I I I  g r o u p IV g r o u p

No.
n X 1 S - t a X + Sjft n X + S _ tX n x + S _ tX

1 CB 81 3 0 1 .  3 z 9.  5 65 3 5 1 . 8 + 4 .  4 45 3 6 0 . 7 + 6 . 2 13 3 6 2 . 9 + 17 . 1

2 P -  B 81 2 7 9 . 9 + 9 .  3 63 3 2 9 . 7 + 4 .  6 45 3 3 8 . 5 + 5 . 9 13 3 3 9 . 8 ♦ 1 5 . 0

3 P -  Op 87 3 1 2 . 3 + 9 . 3 73 3 6 3 .  5 + 4 . 9 52 3 7 2 . 6 + 5 . 4 13 3 7 5 . 4 + 1 5 . 3

4 Z1 -  ? 65 1 7 4 .  5 + 6 . 7 73 2 1 1 .  1 + 3 .  4 52 2 1 9 .  5 + 3 . 6 13 2 2 0 . 8 + 3 6 . 7

5 Z1 -  Op 87 1 5 6 . 0 + 3 . 6 73 1 7 2 . 0 +2 . 1 52 1 7 3 . 6 + 2 . 3 13 1 7 5 .1 + 5 . 8

6 Op -  Br 86 7 6 .  5 + 0 . 8 72 7 9 . 9 + 1 . 5 52 8 0 . 1 + 1 . 0 13 8 0 . 3 + 3 . 4

7 Br -  N 87 9 4 . 2 + 2 . 6 7 3 106 .  6 +2 . 1 51 1 07 .  6 +2 . 1 13 1 1 0 . 7 + 5 . 2

8 P -  Br 87 2 5 5 . 6 +8 . 5 73 3 0 3 . 2 + 4 .1 52 3 12 .  2 +4. 6 13 3 1 4 . 6 + 5 . 0

9 Nsi  -  N 85 7 7 . 3 + 3 . 6 72 9 5 . 6 + 0 . 8 52 1 0 0 . 2 + 2 . 8 13 9 7 . 1 + 1 7 . 7

10 S t  -  B 75 1 0 3 . 3 + 3 . 1 59 1 1 7 . 1 + 2 . 3 39 1 1 9 . 3 + 2 . 3 10 1 2 3 . 0 + 6 . 2

11 S t  -  ? 82 1 7 9 .  6 + 9 . 3 65 2 1 2 .  6 +7 . 5 45 2 1 8 . 8 + 4 . 9 10 2 1 7 . 7 + 1 5 . 0

12 Mol -  P 87 1 3 8 . 9 +3 . 1 72 1 5 3 . 5 +2 .  3 52 1 5 7 . 9 + 3 . 4 13 1 6 0 . 6 + 9 . 5

13 Pm -  P 87 9 6 . 4 + 3 . 4 72 1 1 2 . 9 + 2 . 1 52 118 .  1 + 2 . 8 13 1 2 1 .  5 + 6 . 4

14 Pm-Mo-Mo 87 6 1 . 9 +2 .  6 71 7 2 . 7 + 1 . 5 52 7 7 .  1 +2. 1 13 7 8 . 9 + 6 . 7

15 Pm -  Pd - - 71 1 0 6 . 8 + 1 . 5 52 1 0 4 . 7 + 1 . 5 13 9 9 . 1 + 3 . 4

16 Mo -  Mo 87 4 7 . 6 + 1 . 3 72 5 5 . 8 + 1 . 8 52 58 .  1 + 1 . 0 13 6 0 . 6 + 4 . 6

17 Ni -  Ni 69 2 2 . 9 + 1 . 3 69 2 7 . 1 + 1.  3 51 2 8 .  1 + 1 . 0 13 2 8 . 0 + 1 . 8

18 Nm -  Nm 68 3 8 . 9 + 1 . 3 70 4 3 .  1 + 1 . 3 51 4 4 . 8 + 1 . 5 13 4 3 . 7 + 4 . 3

19 M -  M 85 9 8 . 0 + 2 . 6 73 1 1 2 . 8 + 1 . 8 52 1 17 .  5 + 1 . 8 12 1 2 0 .1 + 3 . 4

20 23 -  Zy 8 6 1 2 9 . 7 + 2 . 8 71 14 5 . 3 + 3.  4 51 1 4 7 . 8 + 2 .1 13 1 5 0 . 4 + 4 . 3

21 E o t  -  E c t 85 1 3 2 .1 + 2 . 6 70 1 46 .  4 + 3 . 4 51 1 4 9 . 7 + 2 .1 11 1 51 .  5 + 6 . 7

22 Da -  Da 8 6 8 7 . 2 + 2 . 3 71 9 9 .  1 + 2 . 6 52 1 02 .  3 + 1 . 5 13 1 0 4 . 7 + 4 .  0

23 t s  -  ta - - - - -
24 e u  -  e u 8 6 8 6 . 8 + 1.  3 73 9 0 . 1 + 1 . 3 52 9 0 . 8 + 1 . 0 13 9 1 .9 + 3 .4
25 Ot -  Ot 83 9 5 . 0 +0. 3 67 1 04 .8 +2 .8 46 106. 5 +1.8 12 106.1 + 5 . 0
26 Con -  Con 80 6 2 .9 + 1 .3 62 6 5 .3 + 1 .3 44 6 5 .9 + 1 .0 13 6 5 .2 ♦ 3 .4

27 N s l - m a r g o  ad. 73 47. 3 + 1 .5 70 5 3 .6 +0. 5 50 54. 6 + 1 .3 13 54. 1 + 3.1
28 St -  N 81 7 1 .2 + 1 . 8 66 79 .1 + 1 .0 46 80. 5 +1 .8 12 80 . 3 + 4 .3
29 Sph -  Br 77 7 4 .7 + 2 .6 58 7 9 .0 + 1 .3 43 7 9 .2 +1 .5 10 8 1 .3 ♦ 2 . 6
30 Op -  0 82 43. 5 + 1 .3 63 4 6 .7 + 0 .8 46 47. 6 + 1 .3 12 4 6 .8 ♦ 2 .2
31 I f  -  goc 85 2 3 9 .3 +8. 0 67 284. 2 +2. 6 49 2 9 1 .3 +4. 6 12 2 9 6 .6 ♦ 9 . 9

32
L e n g t h  
o .  a d .  mand. 85 7 1 .4 +2. 3 68 84. 6 + 1 .7 49 90 .1 + 1. 6 12 9 2 .6 + 6 . 8

33 Length P1 -Mj - - 68 1 21 .9 +2. 1 49 11 8 .8 + 1 .3 12 116. 3 + 3 . 7
34 gor -  or 84 123.1 + 3 .8 68 140. 4 +2. 1 49 14 2 .9 +2. 6 12 14 3 .6 + 5 .9

A choice was made of 13 of the 34 measurements, and calculation was 
made by means of the t-Student statistics of the significance of differen
ces between their values in males and females. These differences are 
significant at the level of cx^O.Ol with (n! + n2 — 2) degrees of freedom 
for all 13 measurements. The mean values of these measurements are 
given in table 7 for males and females, also t-empirical values and 
number of degrees of freedom.

When considering the measurement of maximum length of the skull 
(P — Op) it will be noticed that sex dimorphism in the red deer is very 
distinct here. The greatest differences between males and females occur
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Table 6.
V ariations in skull indices of m ales and fem ales.

Index Age
c l a s s

■ n 
i  i i  9

n Min. Avg. Max. a Min. Avg. Max.

Z.y-Zy x 1 00 I 37 37 .8 41. 4 4 8 .0 86 3 7 .6 4 1 .7 4 6 .9
P-Op II 85 37 .9 41. 6 4 5 .6 72 3 7 .2 3 9 .9 4 7 .8

I I I 101 38. 5 41 .9 4 8 .0 51 3 7 . 0 3 9 .7 42. 5
IV 57 39.1 4 2 .3 46. Q f3 3 8 .4 40.1 42. 4

I 35 45. 4 4 9 .3 55.^ 86 45 .2 51.1 58 .2Zy-Z.y x 100--Ti ¥»--------- 84 44. 9 4 9 .6 61. 3 72 4 3 .8 4 7 .7 52. 3P-Br I I I 101 4 4 .6 49. 4 55.9 51 44. 0 47. 4 51 .4
IV 56 45 .8 4 9 .7 54. 1 13 4 4 .9 47 .9 51. 3

I 36 2 1 .0 22 .7 2 4 .8 81 2 0 .2 2 3 . 0 2 8 .2St-N x 100 II 82 20. 4 2 3 .0 27.  5 65 19 .9 2 1 .8 2 4 .7F-Op I I I 94 21. 1 2 3 .0 2 5 .2 46 19 .9 21. 6 2 3 .6
IV 52 20 .9 2 2 .8 24. 5 12 19 .9 2 1 . 3 2 2 .2

I 36 5 3 .0 5 6 .6 6 4 .0 82 51 .0 56. 7 6 2 .6S t -P  x 100 I I 81 53. 5 57.1 6 1 .3 66 54 .7 5 8 .3 6 2 .8P-Op I I I 95 53 .5 5 7 .0 5 9 .9 45 55 .5 58 .8 6 0 .9
IV 53 5 4 .0 56 .5 59 .8 10 55 .7 5 7 .8 6 0 . 0

Nsl-margo adent x  100
I

II 85 39 .9 55 .8 6 7 . 0 68 4 2 .7 5 0 .5 6 1 .8
Po-Pd I I I 102 51 .6 59. 5 7 4 .7 50 4 3 .6 52-2 6 0 . 0

IV 52 55 .2 6 2 .8 76.  1 13 50.1 54 .7 6 2 . 0

I 33 45 .7 51 .6 59. 5 87 43 .7 49 .7 5 7 .9Mo-Ko x 100 I I 84 45. 5 52 .4 5 9 .0 72 45. 5 49 .4 55.7Pra-P I I I 94 4 7 .6 53. 5 60 .2 52 4 4 .8 4 9 .3 5 7 .8
IV 55 4 7 .5 53 .7 62 .1 13 4 3 .2 5 0 .0 5 5 .4

I 34 29. 3 3 3 .7 42. 3 81 27. 7 35.1 44. 6
Pn-Mo Mo x 100 II 78 2 9 .6 33. 5 3 9 .6 64 30 .7 34. 4 38 .7

S t -P I I I 90 29. 6 3 4 .0 3 9 .3 45 3 1 .6 3 5 .3 3 9 .0
IV 52 3 1 .7 34 .7 4 0 .0 10 3 3 .3 36 .2 41. 4

I 36 6 6 .0 79. 5 9 3 .0 85 57.1 7 8 .7 9 6 .7
N-Nsi x 100 I I 83 6 4 .9 81. 4 1 00 .7 72 6 9 .7 8 4 .8 100. 5

M-M I I I 101 60. 5 8 0 .8 9 7 .9 52 6 7 .6 85. 3 100. 5
IV 57 64. 3 8 0 .4 98. 4 12 67. 4 82. 3 9 6 . 0

I 37 66. 0 7 5 .6 8 9 .6 85 6 3 .8 71. 5 80. 4
Bp-It x 100 I I 84 62. 0 7 3 .8 8 7 .3 71 6 0 .4 7 3 .3 8 3 . 0

Ect-Eot I I I 102 6 2 .8 7 3 .6 9 0 . 0 48 6 1 .9 7 1 .9 8 1 . 0
• IV 56 5 8 .5 7 2 .6 84.  1 11 6 4 .8 72. 3 80. 5

I 24 7 1 . 0 7 5 .5 8 2 .  1 80 5 3 .6 6 9 .2 7 9 .7
Op-0 x 100 II 42 67 .1 75.1 8 2 . 0 62 5 7 .0 71. 1 82. 3

Con-Con I I I 55 5 1 .8 7 3 .9 8 2 .2 44 6 1 .5 72. 3 8 6 .1
IV 26 59 .2 74.1 8 4 . 0 12 66.1 7 1 .7 7 7 .8

I 36 4 9 .2 54.1 6 2 .3 79 4 8 .2 5 5 .3 65. 3
M-M x 100 II 75 4 8 .8 5 4 .7 6 3 .0 66 4 7 .6 53 .2 58. 3

S t-P III 94 5 0 .8 5 5 .4 63. 5 45 49. 5 53 .7 59. 3
IV 54 49 .8 5 6 .3 62 .1 9 5 2 .5 55 .3 6 1 .6

1 20 6 8 .0 7 4 .2 8 1 . 9 74 7 2 .2 8 4 .6 98. 1
Eu-Eu x 100 11 43 6 7 .4 7 4 ,8 8 9 .8 58 6 7 .2 7 7 . 0 89. 5

St-B 111 56 63 .2 7 4 .7 8 2 .2 39 7 1 .3 7 6 .2 83 . 1
IV 23 6 5 .4 74 .2 9 1 .7 10 69.1 7 5 .6 85. 1

I 32 2 6 .4 3 0 .6 4 0 .7 85 2 7 .4 2 9 .8 3 ) .  7
Marcro ad .oand .  x 100 II 67 2 7 .6 3 1 .3 3 5 .2 67 2 7 .5 2 9 .7 32. 5

l f - g o c I I I 77 2 7 .9 3 1 .8 34. 5 49 2 8 . 0 30 .9 33. 1
IV 44 2 8 .3 3 2 .3 3 5 .3 12 2 9 .0 31 .2 33 .9

T
I I 64 3 3 .3 3 9 .4 4 9 .8 67 3 9 .0 43 .1 4 8 . 0

Mandlb. t o o th -ro w  x 100 I I I 77 3 4 .2 3 7 .9 41 .1 49 3 7 .2 40 .8 4 7 .6
1f - g o o IV 44 3 2 .0 36 .5 4 2 .3 12 3 6 .8 3 9 .2 4 2 .7

in age group I. The difference between mean values attains a value of
74.4 mm. This difference decreases with increasing age of the individuals, 
attaining a value of 43.9 mm in age group IV. The differences between 
the mean values are statistically significant in all groups,
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In order to find the measurement corresponding to the maximum skull 
breadth the skull was measured in two places, i. e. on the lower (zy—zy) 
and posterior (Ect—Ect) walls of the orbits. Figures show that the 
zygomatic breadth is usually slightly smaller and only in certain cases 
is equal to the breadth on the posterior walls of the orbits. It is, however, 
never greater. The values of these two measuerements increase up to 
age group IV in both males and females. The differences between the 
mean values of the two measurements in females and males are 
statistically significant. Confidence intervals of average for the oldest

Table 7.
D egree of sign ificance of d ifferences betw een values of selected skull m easurem ents

in m ales and fem ales.

M e a s u r e 
m en t y<? *emp t 0 .  01

D e g r e e  o f  
f r e e d o m /  0 *emp t 0 . 0 1

D e g r e e  o f  
f r e e d o m

Age c l a s s  I Age c l a s s  I I

P-Op 3 1 2 .  3 3 8 6 . 7 1 1 2 . 3 4 2 .  617 121 3 6 3 .  5 4 0 6 . 8 1 4 8 . 0 0 2 .  576 157
r > ~ p 1 7 4 .  5 2 2 0 . 2 1 0 3 . 2 8 2 . 6 1 5 119 2 1 1 . 1 2 3 2 . 7 9 8 .  70 2 . 5 7 6 157
Br-N 9 4 . 2 1 2 2 . 7 1 5 9 . 6 0 2 .  614 122 1 06 .  6 1 2 8 .  4 1 4 0 .  39 2. 576 156
S t - B 1 0 3 .  3 1 2 9 . 7 9 7 . 1 5 2 . 6 3 7 93 1 17 .  1 1 3 0 . 2 2 8 .  03 2 .  631 1 0 0
S t - P 1 7 9 . 6 2 1 8 . 2 6 9 . 0 9 2 .  615 118 2 1 2 . 6 2 3 1 . 0 5 7 . 0 4 2 .  576 1 44
Z l - C p 1 5 6 . 0 1 8 8 .  4 1 3 5 . 4 3 2 .  614 122 1 72 .  0 1 9 7 .  3 1 9 7 . 3 4 2 .  576 157
P - B r 2 5 5 .  6 3 2 1 . 0 113 .  14 2 .  617 120 3 0 3 . 2 3 43 .  1 1 3 6 .  45 2 .  576 15 6
Pm-P 9 6 .  4 1 1 7 . 0 9 3 .  52 2 .  617 121 1 1 2 . 9 1 25 .  2 7 6 .  64 2 .  576 15 6
Zy -Z y 1 2 9 .  7 1 58. 4 1 5 6 . 4 1 2 .  617 121 1 4 5 .  3 1 6 9 .  1 1 5 7 . 3 2 2 .  576 154
E e t - E o t 1 3 2 .  1 1 62 .  5 1 7 7 .  53 2 .  617 1 20 1 46 .  4 1 73 .  4 1 84 .  41 2 .  576 1 54
O t - O t 9 5 . 0 1 1 7 . 7 2 4 2 . 2 0 2 .  62 8 11 5 1 0 4 . e 1 2 7 .  3 8 5 . 2 9 2 .  576 1 40
S p h - 3 r 7 4 . 7 8 7 . 7 1 8 9 . 6 7 2 .  624 110 7 9 .  0 9 2 .  4 1 8 8 . 5 4 2 .  576 1 35
I f - g o o 2 3 9 . 3 2 9 4 .  2 1 01 .  01 2 .  629 117 2 8 4 . 2 3 1 0 . 6 7 8 . 9 4 2 .  617 121

Age c l a s s  I I I Age c l a s s  IV
| _

P-Op 3 7 2 . 6 4 1 8 .  5 1 5C. 55 2 .  576 1 51 3 7 5 .  4 4 1 9 . 3 2 6 9 .  54 2 .  654 68
Z l - P 2 1 9 .  5 2 4 1 . 8 1 0 0 . 7 9 2 .  576 128 2 2 0 . 8 2 3 9 . 7 8 8 .  45 2 .  654 68
Br-N 1 0 7 .  6 1 3 1 .  6 1 4 8 .  06 2 .  576 1 52 1 1 0 . 7 1 3 2 . 6 2 5 5 . 3 5 2 .  654 68
S t - B 1 1 9 . 3 1 38 .1 8 9 .  30 2 .  634 96 1 2 3 . 0 1 4 3 . 6 8 2 . 8 1 2 . 7 5 0 31
S t - P 2 1 8 . 8 2 3 8 . 3 8 0 . 9 2 2 . 5 7 6 138 2 1 7 . 7 2 3 7 . 1 4 4 . 2 3 2 . 6 5 9 61
Z l -O p 1 7 3 .  6 2 0 3 .  0 2 3 5 . 7 9 2 .  576 153 1 7 5 .1 2 0 5 . 2 5 0 7 . 1 8 2 .  654 68
P - B r 3 1 2 . 2 3 5 2 .  5 1 2 8 . 5 6 2 .  576 151 3 1 4 .  6 3 5 6 . 6 7 8 . 1 2 2 . 6 5 5 67
Pm-F 1 1 8 .  1 1 2 8 .  7 6 6 .  67 2 .  576 15 0 1 2 1 . 5 1 3 0 . 2 3 5 . 8 4 2 . 6 5 5 67
Zy-Z y 1 4 7 .  8 175 .  3 2 1 9 . 4 5 2 .  576 152 1 50 . 4 1 7 7 .1 41 5. 18 2 .  654 68
E c t - E c t 1 4 9 .  7 179 .  3 2 3 1 . 1 8 2 .  576 152 1 5 1 .  5 1 8 1 .  4 1 2 6 .  47 2 . 6 5 7 65
O t - O t 1 0 6 .  5 1 3 3 .  5 2 3 5 . 7 1 2 .  576 132 1 0 6 . 1 1 3 4 . 7 1 6 3 . 8 7 2 .  660 60
S p h - B r 7 9 . 2 9 6 . 9 2 1 1 . 5 1 2 .  576 1 30 8 1 . 3 9 9 . 2 11 5.  45 2 .  674 54
l f - g o c 2 9 1 .  3 3 1 3 . 2 6 4 .  24 2 .  57 6 124 2 9 6 . 6 3 2 0 . 9 5 6 . 8 6 2 .  674 54

females do not overlap on to the intervals of averages for the youngest 
males: the interval for females in age group IV is 146.1—154.7 mm, and 
for males in age group I 155.6—161.2 mm, when zygomatic breadth is 
measured.

The differences in the shape of the skull in males and females are best 
illustrated by the index: zy—zyX. 100/P— Op (Fig. 4). This index increases 
in males from age group I to IV from 41.4—42.2, and in females decreases 
from 41.6—40.0. This is probably connected with the slower increase in 
females of skull breadth in relation to its maximum length. The shape 
of the skull is the same in both sexes in age group I, but differences
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occur in the latter. In age group I the two curves overlap. As from age 
group II the apices of the two curves are shifted in relation to each other, 
this being most distinct in group IV4).

Statistically significant difference is also revealed between the skulls 
of males and females in the value of measure P—Br. The difference 
between the mean values is 65.4 mm in age group I, 39.9 mm in group II, 
then increases progressively up to group IV, in which it reaches the 
figure of 42.0 mm.

Index zy—zyXlOO/P—Br illustrates the differences between males 
and females in relation to this length. In age group I the two curves 
on the diagram of this index (Fig. 5) almost completely coincide, and 
it is not until group II that the apices of the curves are shifted in relation 
to each other. It m ust be emphasised that the mean value of the index 
in males is almost the same in all age groups, varying within limits 
of 49.2 (group I) to 49.6 (group IV), whereas in females the index 
is higher (mean 51.1) in age group I and decreases in the 
following groups to 47.8 (group IV). This is evidence of the dispro
portionate increase in zygomatic breadth to P—Br length in females. 
The length measurement increases more rapidly. The skull of adult 
females is slightly narrow er in relation to P— Br length than in males.

The length of the viscerocranium in red deer is best described by the 
palatine length measurement S t—P. The size of this measurement differs 
fairly considerably in males and females. In age group I the difference 
between the mean values is 38.6 mm, as from group II decreases to
18.4 mm, to increase to a minimum extent to 19.5 mm in group III. In all 
age groups the differences between averages are statistically significant.

The proportions between length of viscerocranium and maximum skull 
length — (index S t—PxX 100/P—Op) are distributed similarly in males 
and females in age groups I apd II. The mean value of the index in 
group I is 56.6 in both cases. In diagram (Fig. 6) of this index the two 
curves can be seen to coincide in age groups I and II. As from group III 
the apices of the curves are shifted in relation to each other. In group III 
the mean value of the index is 56.9 for males and 58.7 for females, which 
is reflected in the diagram and is evidence that length of viscerocranium 
in relation to total length of the skull is greater in females than in males.

Breadth of viscerocranium, M— M for Polish male red deer in age 
group III is on an average 131.2 mm, and in females 117.5 mm. The 
difference between males and females in the size of this measurement

4) W hen m aking diagram s the ranges of values of the g iven  in d ex  w ere set out 
on the axis of abscissae, and the frequency of individuals in  a g iven  range on the 
axis of ordinates. Continuous lin e  indicates m ales, broken line, fem ales.
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(Roman num erals indicate age groups).

is smaller than in previous measurements, being 19.8 mm for age group 1, 
and decreases with age, reaching 13.7 mm in age group III.

Measurement of breadth of the viscerocranium above the canine teeth, 
Mo—Mo, is similar in this respect. The differences between the skulls 
of males and females in relation to this measurement is greatest in age 
group I (difference between means 12.4 mm), and decreases to 9.1 mm 
in later groups.
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Differences in breadth of the viscerocranium connected with sex 
dimorphism are described by the index M— M X 100/St—P. In age 
group I this index is lower for males than for females (males average
54.1 mm, females, average 55.3). The apex of the curve for males occupie* 
the left side of the diagram. In later groups the index for females 
decreases to the value 53.7 — group III and in males increases to 55.4. 
This is shown on the diagram of this index (Fig. 7): the apices of the 
two curves are shifted in relation to each other, the curve for males 
shifting towards greater values. This is connected with the more rapid 
growth in females than in males of the palatine length between age 
groups I and II and the minimum increase in M—M. The differences are 
clearest in the values of the index between males and females in age 
group III. The apices of the surves are shifted farthest from each other. 
This is confirmation of the conclusion previously reached as to the 
greater breadth of viscerocranium in males than in females.

The index Mo—Mo X 100/Pm—P (Fig. 8) illustrates the changes in 
breadth of the rostral part in relation to Pm—P length in the skulls of 
males and females within different age groups. In group I differences 
in the value of this index between males and females are slight (males 
49.7, females 51.6). The value of index alters in older individuals, 
increasing for males of 53.7 (group IV), and decreasing slightly in females 
to 49.3 in group III, to increase in group ’IV to 50.0. It must be added 
that measurement Pm—P is fairly constant and not greatly influenced 
by sex and age. The greatest difference between males and females is 
in group I, where it attains a value of 20.6 mm. In later groups it 
decreases to 8.07 mm (group IV). Differences within the index 
Mo—Mo X 100/Pm—P may therefore be attributed prim arily to the 
difference in breadth of the rostral part, which is wider in males than 
in females. The most distinct shifts in apices of the curves can be seen 
in age group III.

The' length of the maxillary tooth-row, Pm—Pd, decreases with age 
in both males and females. When examining this measurement only 
those individuals in which eruption of the teeth is complete, i. e. 3 years 
old (the final molar erupts in the third year of life), can be taken into 
consideration. In males the measurement of this length decreases from
107.4 mm in group II to 101.3 mm in group IV. In females this difference 
is better expressed: the mean value of the measurement decreases from
106.8 mm in group II to 99.1 mm in group IV. There are no great 

differences connected with sex dimorphism in the size of this measurement. 
Differences in the value of this measurement between skulls of males 
and females are very slight and attain 2.2 mm in age group IV (0.6 mm 
in group II, and 0.9 mm in group III).
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Index Nsi— Margo adent.XlOO/Pm— Pd (Fig. 9) is influenced by age. 
An increase in its value with increasing age of the individual can be 
seen in both males and females, from 55.8 (group II) to 62.8 (group IV) 
for males and from 50.5 (group II) to 54.7 (group IV) for females. The 
measurement of the height of the rostral part Nsi— margo adentalis is 
fairly stable and increases very slightly with age: from 60.2 mm to
63.8 mm in males and from 53.6 mm to 54.1 mm in females (these 
are mean values for age classes II and IV). Increase in the value of the
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Fig. 9. Changes in index
N si— m argo a d .X 100 ...-------------- - -------- —------w ith  agePm — Pd

in m ales and fem ales
(Roman num erals indicate age

groups).

index may therefore be attributed prim arily to changes in the length 
of the tooth row. These changes in the index, connected with the age 
and sex of the individuals, are illustrated by a diagram. The apices 
of the two curves can be seen to have shifted towards the right side of 
the diagram. Differences connected with sex dimorphism become more 
distinct with age. The most marked shift of the apices of curves in 
relation to each other are observed in groups III and IV. These distinct 
dimorphic differences can be connected with differences in the height 
between the averages of this measurement for males and females is 
6.6 mm in group II, and in the following groups increases to 8.2 mm,
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with a fairly similar value of the measurement Pm—Pd in both cases. 
This index best illustrates sex dimorphism in red deer.

The height of the viscerocranium in Polish red deer, St—N, varies 
in males within limits of 87.4 mm to 113.6 mm, and in females from
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71.2 mm to 80.3 mm (mean values of this measurement in groups I and 
IV). Dimorphic differences are most distinct in age groups III and IV. 
The curves of the diagram S t—IVX100/P—Op (Fig. 10) illustrate the 
proportions between the height of the viscerocranium and total skull 
length. The greatest shift in apices of the two curves in relation to each 
other can be seen in groups III and IV.

The skulls of males and females differ as to length and breadth of 
os frontale (Br—N and Da—Da) most markedly in age class I. In the 
case of the length measurement the difference in this group is 28.5 mm, 
and breadth 27.3 mm. The difference decreases in older animals.



I

The value of the index Br—NXlOO/Ect—Ect (Fig. 11) in males 
decreases with age, from 75.5 to 72.6 (mean values in age groups I and 
IV), which may be explained by the fairly rapid increase in skull breadth 
on the posterior walls of the orbits. This same index increases in females 
up to the group II (average in group I, 71.4; in group II, 73.2) and decreases 
in older individuals in age group III (71.9). This is connected with the 
change in rapidity of growth of these two measurements depending on 
age. This is an index which is not influenced by sex. The two curves 
and their apices coincide in the diagram.

Increase in length and breadth of ossa nasalia (Nsi—N, Nm — Nm  and 
Ni—Ni) ends in age group III. The greatest differences between averages 
of measurement of nasal bone length in males and females occur in age 
group I, i. e. 18.4 mm decreasing in later groups to 6.2 mm (group III). 
Conversely, in the case of measurements of breadth the greatest differ
ence is in group IV, being 13.7 mm for maximum breadth, and 7.8 mm 
for minimum breadth.

Index Nsi— N X 100/M—M which illustrates the proportions between 
nasal bone length and breadth on tuber faciale exhibits the most marked 
shift in apices of curves in age group I (Fig. 12). This is connected with 
the existence of the maximum dimorphic differences within measurements 
Nsi— N in age group I. In older individuals the differences between 
males and females are smaller, yet despite this the apices of curves 
are still shifted in relation to each other in age groups II and III. In age 
group IV the two curves coincide completely.

A shift in the curve for females from left to right side of the diagram 
within groups I and III, with simultaneous shift of the second curve 
from right to left side, can be seen in this same diagram. With continued 
development between groups II and III, we observe an increase in the 
index in females and its reduction in males. These changes in the index 
with age should be related to the difference in breadth of the 
viscerocranium between males and females.

Differences in the measurement of length of neurocranium connected 
with sex dimorphism are greatest in age group I (26.4 mm). In the next 
group the difference is smaller (x —13.1 mm) which is caused by the 
more rapid increase in this length in females between groups I and II. 
In later age groups this difference increases, reaching 20.6 mm in 
group IV.

The value of measurement of neurocranium height Sph— Br increases 
throughout the whole life time of the animal, up to age group IV (from
87.7 mm to 99.2 mm in males and from 74.7 mm to 81.3 mm in females 
— averages in groups I and IV). The interval of the mean value of the 
measurement for the group of oldest females does not coincide with the
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interval of mean value for the group of youngest males. The difference 
between averages in age class I for males and females is 13.0 mm and 
increases to 17.9 mm in group IV. It is therefore one of the measurements 
which aptly characterises sex dimorphism in red deer.

Condylar breadth, con—con, is one of the measurements which give 
a good illustration of sex dimorphism, particularly in young individuals. 
In group I in my material the difference in the averages of this

< ^  — —  — - o  <j) (j)

Nsi— N X m  ,
Fig. 12. Changes in i n d e x --------------------- w ith  age in m ales and fem ales

M — M
(Roman num erals indicate age groups).

measurement between males and females is the greatest and attains 
8.5 mm. In age class II this difference is smaller, 6.2 mm, but increases 
in the next group to 8.0 mm.

Index Op—OX 100/con—con (Fig. 13) increases in females from 69.1 
to 72.3 (means for groups I and III), then decreases in group IV, which 
is connected with the reduction in height of the planum nuchale.
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In males this index is observed to remain at the same level in groups 
I and II — 75, and in the third its value decreases to 73.9 — which agrees 
with the actual reduction of planum nuchale as from this age class. 
In group IV we observe a slight increase in the value of the index to 
74.1 which is connected with the simultaneous decrease in condylo- 
-occipital breadth. In group I the apices of the curves in the diagram

%
45
40
35
30
25
20
15
10

5

•547 -60.7 -66.7 -72.7 -78.7 *84.7 
-57.7 -63.7 -69.7 -757 -81.7 -87.7 7.

45
40
35
30
25
20
15
10

5

-547 -60.7 -66.7 -72,7 -78.7 -84.7 
-57.7 -63.7 -69.7 -75.7 -81.7 -877

IV

-54.7 -60.7 -66.7 -72.7 *787 *847 
-57.7 -63.7 -69.7 *75.7 *81.7 -87,7

-547 - 607 - 66.7 - 72.7 -78.7 -84.7 
-57.7 -637 -637 -75.7 -817 -877

  , £ £
Op—0X 100

Fig. 13. C hanges in index — — —— - w ith  age in m ales and fem ales
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(Roman num erals indicate age groups).

exhibit the maximum shift in relation to each other, this shift being 
visible in group II and even in group III, but in group IV the two curves 
coincide.

Maximal breadth of the braincase, eu— eu increases up to age group IV, 
reaching in this group an average of 105.9 mm for males and 91.9 mm 
for females. The maximum difference connected with sex dimorphism
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can be seen in this group (difference between averages is as much as 
14.0 mm).

Index eu— eu X I 00/St— B (Fig. 14) illustrates changes in the shape 
of the neurocranium in males and females depending on age. Proport-
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Fig. 14. C hanges in index
eu—ew X 100

Î Î
w ith  age in m ales and fem ales

St— B
(Roman num erals indicate age groups),

ions between maximum breadth of the neurocranium and length of its 
base in males hardly alters at all with age. Mean value of the index 
for males is 74 in all age groups. In the case of females this index 
decreases from 84.6 to 75.6 (averages for groups I and IV) which is
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connected with the rapid increase in basal length of the skull on the 
one hand and fairly slow increase in its breadth on the other. Maximum 
differences in the value of this index between skulls of both sexes occur 
in the youngest individuals (age group I). In later groups the two curves 
coincide and differences are difficult to perceive (Fig. 14).

Increase in mandibular length (if—goc) continues throughout the 
animal’s life. The greatest difference in the size of this measurement 
between males and females takes place in age group I, when it is
54.9 mm. In older individuals it is reduced to 21.9 mm, to increase in 
group IV to 24.3 mm. The difference between averages of measurement 
of mandibular height (gov—cr) in males and females attains 22.5 mm 
in group I.
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Fig. 15. Changes in index:
length of mandib. tooth-row  X 100
---------------------------------------------------- w ith age

i f— goc
in m ales and fem ales (Roman num erals 

indicate age groups).

Length of the mandibulary tooth-row decreases with age in a similar 
way to that of the m axillary tooth-row. The size of this measurement 
decreases in males from 120.7 mm to 117.1 mm and in females from
121.9 mm to 116.3 mm (averages of this measurement in groups II and 
IV). This is the only measurement, the average of which in age group
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II is smaller in males than in females. This difference is evened up in 
age group III. It may be said that the length of the mandibulary tooth-row 
is almost the same in individuals of both sexes in age groups III and IV 
(the difference is 0.9 mm in group III and 0.8 mm in group IV).

Index: mandibulary tooth-row lengthX  100/rf— goc (Fig. 15) decreases
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Fig. 16. Changes in index
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and fem ales (Roman num erals indicate age groups).

with age, jn males from 39.3 to 36.5 and in females from 43.1 to 39.2 
(averages for groups II and IV). Hence the apices of curves can be 
observed to shift to the left on the diagram. This decrease in the value
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of the index is connected with the shortening of the tooth-row with age 
on the one hand, and increase in total length of the mandible on the 
other. Length of tooth-row is similar in both sexes but as mandibular 
length is greater in males the value of the index in the la tte r is lower. 
This is why fairly considerable shift of the apices of the two curves in 
relation to each other can be observed on the diagram, which illustrates 
sex dimorphism.

The length of margo adentalis mandibulae increases with age up to 
group IV. Dimorphic differences are greatest in group I, in which they 
attain a value of 18.7 mm, while in later years they decrease, reaching
10.9 mm in group IV. The index: length of margo adentalis mandib.X  100/ 
/if— goc increases in both groups of skulls up to age group IV. The 
greatest differences between males and females in this index can be seen 
in age groups I and II (Fig. 16). These differences can still be perceived 
in group III, but in group IV the apices of the two curves on the diagram 
coincide.

VI. RATE OF GROWTH

1. Growth of Different Skull Measurements

The first age group was divided into three smaller ones in order to 
grasp age changes more accurately and fully. Group la includes the 
skulls of animals shot at ages varying from 6 to 12 months, i. e. up to 
one year old; lb, from 12 to 24 months; Ic, from 24 to 36 months. 
Group la was taken as the initial 100%, and figures illustrating increase 
in all the other groups were related to it.

Numbers of individuals in groups a, b, c of age class I are as follows:
Group la lb Ic

d d 3 12 21
9 9 40 26 20

Values of percentage increase in measurements with age in relation 
to group la are set out in table 8. Changes in skull measurements with 
increasing age of the animals must be considered separately for males 
and females, since fairly considerable differences occur here connected 
w ith sex dimorphism.

1. 1. F e m a l e s .  The diagram (Fig. 17) shows the increase in all skull 
measurements of females from group la to IV. Attention should first of 
all be directed here to the division of the lines (illustrating increase in 
different measurements) into two groups: the group of measurements 
of neurocranium increasing only slightly throughout the animals’ life, 
and the second larger group of measurements, increase in which is 
considerable, that is, all measurements of the viscerocranium, St— B 
and Zl—Op.
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Table 8.
Value of increase in percentage of m easurem ents w ith  age in relation to age 

group la  in m ales and fem ales.

Ags
c l a s s ¿6 99 99 ¿ i 99 SJ 99 U 99 iw 99

1 .  P-Op Z l - P 5. Z l - 0 p 6. Op-Br 7. 3 r - N 8 . P - B r

l a
l b
I c
I I

I I I
IV

1 00  
7 . 1  

11 .  1 
1 5 . 8
1 9 . 1
1 9 . 1

1 00  
21 
24  
1 0 .  4
1 1 . 7
1 4 . 7

100
1
9 .  5 

12 .  6
17 .  0 
16 .  0

100 
2 7 .  0 
12 .  1 
40 .  7
4 6 .  1
4 7 .  2

100 
5 .1  

1 1 .1  
1 1 . 2  
16 .  5 
1 7 . 7

100 
1 2 .  6 
1 1 . 9
17. 6
18. 7 
1 9 . 7

100
5 .1
8 . 9

1 0 . 2
1 0 . 9
1 2 . 6

100
5 . 8
5 . 8  
8 . 4  
8 . 7
8 . 9

100
0 . 2
1 . 5  
5 . 0
7 . 6  
8 . 4

100 
16 .  1 
1 6 . 4  
2 1 . 0  
2 4 . 2  
2 7 . 8

1 00  
7 . 4  

1 1 . 2  
1 7 . 7  
2 0 . 9  
2 2 . 1

100
2 1 . 4
2 7 . 8
1 5 . 0
1 9 . 1
4 0 . 1

9 . Y s i -N 10 . S t - D 11 . S t - P 11 . Pm-P 14 .  Pm-MoMo 15. Pm-Pa

l a
l b
10
11 

I I I
IV

100 
1 7 . A 
2 9 .  0
1 4 . 8
1 8 . 9  
1 9 . 8

100 
10 .  1 
4 0 .  5 
4 7 . 1  
5 4 . 4  
49 .  6

100 
1 1 . 2  
1 2 .  1 
12 .  1 
1 9 . 0  
2 1 . 8

100 
1 b .  1 
1 8 . 7  
2 4 . 2  
2 6 .  5 
10 .  4

100 
8 . 7  

1 6 . 0  
1 8 . 9  
2 2 .  6 
2 2 . C

100  
2 1 . 8  
1 0 . 0  
17 .  1 
4 1 .1  
4 0 . 4

100 
5 . 9  

1 1 . 0  
1 7 . 1  
2 0 .  6 
2 2 .  0

100
2 4 . 1  
2 5 .  5 
1 1 . 0
1 9 . 1
4 1 . 1

1 00  
12 .  4
1 9 . 1  
2 1 .  1 
2 7 .  5
2 9 . 1

100 
2 1 .  0 
2 1 .  5 
1 2 . 7  
4 0 .  7 
4 4 .  0

10 0
- 1 . 7
- 5 . 4
- 9 . 2

100
- 1 . 1
- 5 . 2

- 1 0 . 1

16 .  Mo-Mo 17 . N1 - N i 18 . Nra-Nra 1 9 . M-M 2 0 . z y - z y 2 1 .  E c t - B c t

l a
l b
I c
I I

I I I
IV

1 00  
6.  4 

1 4 . 2  
1 9 . 7  
2 6 .  1 
2 8 .  4

100 
1 6 .  1
1 9 . 1  
2 8 .  1 
1 1 .  5
1 9 . 1

10 0 
7 . 7  

1 7 . 1  
2 4 .  6 
1 5 . 4  
1 7 . 7

100 
1 8 .  6 
2 6 .  5 
1 2 . 8  
1 7 . 7  
1 7 . 2

10 0
1 2 . 6
1 9 . 8
2 4 . 8
2 8 . 8  
4 2 .  4

100 
1 2 . 9  
18 .  0 
2 1 . 1  
2 5 . 8  
2 2 . 7

1 00  
8 . 1  

1 1 . 6  
1 9 .  5 
2 1 . 4  
2 5 . 1

1 00
1 5 . 2  
2 0 .  6
2 6 . 2  
1 1 . 4  
1 4 . 1

1 00 
6 . 1  

1 0 . 8  
1 5 . 8  
2 0 .  1 
2 1 . 1

1 0 0
1 1 . 8
1 4 . 1
1 9 . 9
2 1 . 9  
2 4 .  1

1 00  
6 . 8  

1 1 . 9  
1 6 .  6 
2 6 . 0  
2 2 . 0

100 
1 1 . 0  
1 1 . 9  
1 8 .  1 
2 1 . 0  
2 2 .  5

2 2 . Da-Da 2 1 . x S - f S 2 4 . e u - e u 2 5 . o t - o t 2 6 .  c o n - c o n 2 7 .  N s l - m a r g o  
a d e n t a l l s

l a
l b
I c
I I

I I I
IV

1 00  
6.  0 

1 1 .  5
1 8 . 7
2 1 . 8  
2 4 .  5

100 
1 2 .  7
1 7 . 6  
2 2 .  6
2 6 . 6  
2 9 .  5

1 00
0 . 6
1 . 2
4 . 6
e .  1 

1 0 . 8

-

1 00  
2 . 2  
6.  6 
9 . 7  

1 1 . 9  
1 5 .  1

100 
4.  6 
5 . 4  
6.  5 
7 . 1  
8 .  6

100 
7 . 7  

1 2 .  6 
18 .  6
2 4 .  4
2 5 .  5

1 00
1 0 . 2
1 1 . 8
1 6 . 8
1 8 . 7
1 8 . 1

100  
7 . 7  

1 2 . 6  
1 0 .  0 
1 1 . 7  
1 1 . 1

1 0 0  
4.  0
1 . 7
5 . 8
6 . 8  
5 . 7

1 00  
4 . 1  

1 0 . 6  
1 1 . 6  
1 8 .  5 
1 9 . 4

10 0
1 4 . 7  
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1 7 .  4 
2 0 .  5 
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-
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1 6 . 2  
1 7 . 1  
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Jl 00

1 2 . 9  
1 8 .  6 

5 . 0

10 0

8 . 6  
9 . 6  

17 .  5

The most rapid increase in mesurements of the neurocranium takes 
place between the first and second year of life, being most intensive 
in the case of height of squama ossis occipitale, Op—O — 12.7%. In 
the third year of life there is a slight increase in breadth of braincase, 
eu—eu, slightly more rapid increase in its height, Sph—Br, while the 
height of planum nuchale, Op—O and length, Op—Br, do not change at 
all (Table 8).

In group II all measurements increase, whereas between age groups 
II and III intensive increase is exhibited only by height of planum
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nuchale, Op—O — 16.4%. The three other measurements described 
either do not increase at all, such as the height of the cranium, or else 
this increase is very slow (Table 8). Height of the skull increases 
intensively between age groups III and IV, while the height of planum 
nuchale descreases markedly.

All the measurements of the; viscerocranium increase most rapidly 
(like the neurocranium) between the first and second year of life. 
Breadth of the skull on the posterior walls of the orbits (Ect— Ect —
11.0%) increases least at this age, and length of nasal bones the most 
(Nsi—N — 30.3%).

In the third year of life some measurements continue to increase, but 
not as intensively as in the second year, and in the case of some increase 
is almost completely inhibited. These are: length of ossa frontalia, Br—N, 
length of margo adentalis maxillae, Pm—Mo—Mo and height of 
viscerocranium, St— N (Table 8). Continued increase between the third 
year of life and age group II takes place more rapidly, and its even rate, 
illustrated by the parallel lines on the diagram (Fig. 17), is remarkable.

As from age group II increase is more rapid only in length of margo 
adentalis maxillae, Pm—Mo-Mo (of 8.0%) and in length of margo 
adentalis mandibulae (of 8.6%).

In group IV certain measurements have a tendency to reduce their 
values, as follows: length of nasal bones, Nsi—N, and their maximum 
and minimum breadth, Nm —Nm, Ni—Ni (Tab. 8).

The m ajority of the measurements increase up to age group IV, 
although this increase is very slight between groups III and IV. There 
are, however, exceptions to this, and breadth on interm axillary bones 
increases intensively even in group IV. Increase is even greater here 
than between age groups II and III. Increase in basal length of the 
neurocranium, St— B and length of os frontale, Br—N  also follows 
the same pattern (Table 8, Fig. 17). It must be emphasised that the 
maximum increase throughout the individual’s life is shown by length 
of nasal bones (Nsi—N) and lateral length of the viscerocranium (Zl—P) 
(Table 8). Breadth of the braincase, eu—eu, changes and increases least 
during the animal’s life tim e (age group IV, 8.6%).

1. 2. M a l e s .  Contrary to females, the skull of males in general grows 
far less intensively. The only measurement which increases considerably 
with age is breadth of the nasal bones (Nm—Nm, 42.4%) (Table 8).

The neurocranium and viscerocranium increase similarly and thus 
in the case of males we cannot observe two groups of curves on the 
diagram (Fig. 18) as we can for females. The m ajority of increases in 
different measurements come within limits of 12 to 25%.
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Fig. 17. Percentage of increase w ith  age of all skull m easurem ents in fem ales.
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Between the first and second year of life the increase in measurements 
is not as rapid as that observed in females. It is true that certain skull 
bones grow most rapidly during this period, and tha t this jump in growth 
is not repeated later on e.g. height of planum nuchale (Op—O — 12.3%) 
but increase in the majority is distributed almost evenly between the

Age (years t classes)

Fig. 18. Percentage of increase w ith age of all sku ll m easurem ents in m ales
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second and third year of life. An example of this is the increase in the 
minimum breadth of ossa frontalia on the orbits, Da—Da, which increases 
by 6 .0 % in the second year, and by 13.5% in the third, or breadth of 
ossa intermaxillaria, Mo—Mo, which increases in the second year by 
6.4%, and in the third by 14.2%. There are more of such measurements, 
as can be seen from the diagram (Fig. 18, Tab. 8).

The majority of the measurements continue to increase up to age class 
II almost evenly, with the exception of basal length of the neurocranium 
— St—B, the growth of which is inhibited in group II (Fig. 18). In later 
years growth is similar except that basal length of the skull, St—B, 
increases more rapidly in groups III and IV than other measurements 
(19.0% increase in group III and 23.8% in group IV).

Measurement of height of planum nuchale, Op—C, takes a different 
course, its value decreasing as from group III (age group II, increase 
19.4%, III — 17.0%, and IV — 14.5%).

There is very little increase, if any, in measurements between group III 
and IV. An exception here is the maximum nasal breadth, Nm —Nm, 
which increases to 42.4% (increase between groups III and IV is 13.6%).

Maximum nasal length, Nsi—N, also exhibits very great increase, of
39.8 %, but it must be pointed out that increase in this length takes place 
almost evenly in all age groups (Table 8).

Increase in three measurements differs slightly from this general 
pattern: height of braincase, Sp—Br, minimum breadth between bases 
of antlers, js—js, and length of ossa frontalia, Br—N.

Attention must be drawn prim arily to measurement of height of the 
braincase, which does not increase in the second year of life. Increase 
in this measurement does not begin until the third year and lasts until 
the fourth (group IV) age group, with almost unvarying intensity 
(Table 8, Fig. 18).

Measurements fs—fs and Br—N  are distinguished by very small incr
ease in the second year of life of the animals (first of these measure
ments 0.6%, second 0.2%). Both these values increase rapidly in the 
third year, then continue increasing fairly evenly up to the group IV.

2. S ex  D im orphism

As can be seen from the preceding part of this section, the majority 
of females grow most intensively in the second, and of males in the 
second and third year of life, and apart from this, grow fairly regularly 
in later years. The most distinct differences connected with sex 
dimorphism should therefore be expected in the second year of life. 
This is illustrated by diagrams made similarly to those in Figs. 17 and 
18, but in this case the values of increase in only one measurement
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made on the skulls of males and females have been set out (females — 
indicated by broken line, males by continuous line).

It is possible to distinguish several groups of measurements, increase 
in which differs for each sex:

2. 1. The majority of skull measurements of females increase with 
age more than in males, but this is not an unalterable rule. This is 
clearly evident in the case of lateral length of the viscerocranium, Zl—P 
(Fig. 19A). The maximum increase in this measurement in males is 16.0% 
(3% in the second year of life) and in females 47.2% (27.0% in the 
second year). The rate of growth is slightly similar in both sexes only 
in the third year of life (Table 8, Fig. 19A). Increase in palatine length 
St—P, takes a similar course as do length of ossa fronialia, Br—N, 
Br—P, maximum length of skull, P—Op, mandibular length, if—goc 
(Table 8). Breadth of pars facialis, M—M, is similar, increasing in males 
to 25.3% and in females to 34.3% in group IV (Fig. 19B). Attention must 
be drawn to the fact that these measurements describe in the main 
increase in length and breadth of the viscerocranium in red deer.

2.2. A fairly similar growth rate can be observed in both sexes in the 
case of certain measurements, prim arily measurement of breadth on 
the posterior walls of the orbits, Ect— Ect (Fig. 19C). It is true that in 
the second year of life the skulls of females exhibit slightly greater 
increase than that of males (11.0% and 6.8% resp.), but the more rapid 
growth rate in this measurement in males in the third year of life 
(11.9 %) balances this difference to some extent. In both sexes this breadth 
increases up to group IV, attaining an increase of 22.0 % in males and 
22.5% in females.

Very similar growth with age is shown by: zygomatic breadth, zy—zy, 
breadth of ossa frontalia on the orbits, Da—Da, and lateral length of the 
neurocranium, Zl—Op (Table 8). The growth rate of height of the 
viscerocranium, St—N, also is very similar in both sexes (Table 8, 
Fig. 19D). Of course in the second year of life this height in females 
increases more rapidly, attaining 13.5% (9.1% in males) but similarly 
to the case described previously, in the third year of life increase in the 
measurement in females is far slower (by 0.5%) whereas in males 
intensive increase takes place which balances the previous difference 
(5.0%). In group II the difference is slight, 0.6%, in favour of females, 
but as from group III increase in this measurement in males attains 
22.1%, remaining unchanged in group IV. Females attain maximum 
increase in group III — 21.2%.

2.3. Group III is formed by measurements which increase more in 
males than in females. The most striking example of this is breadth of
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Age (gears t  classes)
E — Breadth of braincase, eu—eu\ F — Length, Op— Br; G — H eight of 
neurocranium , Sph—Br; H — H eight of planum nuchale, Op— O; I — Length of 
looth -row , Pm —Pd ; J — Length of mandib. tooth-row . P i—A7s; K — C apacity of 
cavum cranii in fem ales (age group la  taken as 100%), L — Capacity of cavum  

cranii in m ales and fem ales (age group I taken as 100o/o.



178 E w a T. M ystkow ska

the braincase, eu—eu. Increase in this breadth is more rapid in females 
in the second year of life than in males (females 4.6%, males 2.2%) 
(Table 8, Fig. 19E). In the third year fairly intensive increase begins 
in this measurement in males, attaining increases of 6.6% in the third 
year, 9.7% in age group II, 13.9% in age group III and 15.1% in age 
group IV. In females this increase also lasts up to group IV, in which 
it is only 8.6%. Breadth, Ot—Ot (Table 8) and length, Op—Br (Table 8, 
Fig. 19F) increase almost identically with age. Increase in the la tter 
measurement in the second year of life is almost the same in males 
as in females (the difference is 0.7% still in favour of females). In later 
years increase is greater in males.

Measurement of Sp— Ba exhibits similar changes, although in this 
case males attain greater increase than females in age group III (Fig. 19G). 
It must be emphasised that this height in females hardly increases at 
all between the third year of life and age group III (8.3% and 9.7%). 
Increase is not observed until age group IV — 12.5%.

2.4 Only two measurements: condylo-occipital breadth, con—con, and 
height of planum nuchale, Op—O, cannot be allocated to any of the 
three groups described. Increase in con— con is greater in males than 
in females in all the age groups (Table 8). In the second year of life 
this measurement increases in males by 7.7%, and in females by 4.0%. 
Increase is most intensive during this period in both sexes. Maximum 
increase is attained in age group III (males, 13.7%; females, 6.8%).

Increase in height of planum nuchale, Op—O, takes place in 
a similar way (Fig. 19H). The almost identical growth rate in both sexes 
in .the second year of life is remarkable (males 12.3%, females 12.7%). 
This height increases in males up to age group II, when it there attains 
its maximum — 19.4%, then decreases to 17.0% in age group III and 
14.5% in age group IV. Increase is inhibited in females between the 
second and third year. Maximum increase is attained in age group III — 
16.4%, and decreases in group IV to 14.4%. As in the second year of 
life the percentage of increase is almost identical in this group in both 
sexes (Table 8).

2.5. The only measurements which do not increase, but decrease, during 
the individual’s life are: length of m axillary tooth-row, Pm-Pd, and of 
mandibulary tooth-row, P i—M3 (Fig. 19 I—J ) 5).

Progessive reduction in the length Pm— Pd is parallel in both sexes 
up to age group III, being slightly greater in males. In group IV decrease 
is more intensive in females than in males (males — 9.2%, females —

•') In this case class Ic, in w hich  individuals have already com plete sets of 
perm anent teeth, w as taken as the in itia l group — 100%, to w h ich  the values ot 
other groups w ere related
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10.3%). Decrease in the length of the mandibulary tooth-row takes 
a similar course, except that decrease in length is more intensive in males 
than in females throughout the animals’ entire life.

VII. CAPACITY OF THE CRANIAL CAVITY (C A V U M  C R A N ll)

Faulty preparations of skulls intended as hunting trophies made it 
impossible to measure capacity in a large number of males, it proving 
possible to make this measurement on 29 individuals only. The number 
of skulls of females measured was 146.

Table 9 shows that the highest mean capacity of the brain case 
of females in age group IV (356 cm3) corresponds to the mean value for 
males in group II (358 cm3). Males attain maximum average value of 
this measurement in age group III, of 376 cm3.

Table 9.
Capacity of cavurn cranii (in cm 1*).

Age c l a s s
o'  o '

? ?
n M in . Avg. Max. n Min. Avg. Max.

I 3 2 7 5 317 36 5 61 2 1 5 303 370

I I 8 3 25 358 3 90 45 2 7 0 329 430

I I I 13 32 5 376 4 40 32 2 75 332 390

IV 5 2 9 5 333 36 0 8 2 85 356 41 0

In hinds there is constant increase in skull capacity up to age 
group IV, and it is most intensive between the first and second year of 
life — 10.2% (Fig. 19 K, Table 8), then no significant but constant slow 
increase up to group III is observed in these values. Between
age group III and IV increase again becomes rapid (25.8%).
In the case of males it is difficult to conclude in which age group increase 
is most intensive on account of the small amount of material available 
(group I — only 3 individuals °). If therefore we take the mean value 
for group I as a whole as 100% then most rapid increase in this
measurement will be between age groups I and II — 12.9%. The value
of this measurement increases up to age group III (18.6%), and in 
group IV decreases to 5 % (Table 8, Fig. 19 L).

8) Hence the double diagram  for th is m easurem ent: Fig. 20 K, on w hich increase 
in capacity of th e sku ll cav ity  has been given  for fem ales only, and w here age 
class la  has been taken as the in itia l group, and Fig. 20 L, in w hich  age group I 
has been taken as the in itia l group for fem ales and m ales.
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VIII. BODY WEIGHT

The carcass w eigh t7) of Polish lowland red deer comes within limits 
of 67 to 194 kg for males and from 25 to 103 kg for females (Table 10). 
The average weight of adult stags in age group III is 138.0 kg, and of 
hinds 73.7 kg. Sex dimorphism is therefore very distinctly manifested 
here.

Increase in the animals’ body weight with age is illustrated by Table 11, 
Fig. 20. Increase in body weight continues up to age group IV. It is 
a characteristic fact that in both sexes the increase of this value in the 
third year of life slows down (females) or is completely inhibited (males).

Table 10.
V aiiations in body w eigh ts of m ales and fem ales in d ifferent age groups (in kg).

Ags c la a *
0 0 2 ?

n Kin. Avg. Max. a 111 a. i r g . Max.

I 59 67 9 5 .8 151 61 25 5 5 .7 66

II 103 66 118. 2 167 *3 56 7 * .9 103

I I I 112 78 13«. 0 19* 33 56 73. 7 102

IV 53 101 1*1. 7 192 9 65 7 9 .6 92

Table 11.
Increase in body w eight in d ifferent age groups (group la  taken as 100%).

Age class la 16 1c I I I I I IV

5 2 o o 3 7 .0 * 1 .0 6 2 .8 60. 2 7 3 .0

i  S 100 11 .7 1 0 .6 2 5 .5 *6 .6 5 0 .0

In later years while males increase in weight fairly considerably, and 
continue to increase up to age class IV, the body weight of females 
increases up to age group II, then there is a period of stagnation between 
group II and III, or even a decrease in weight. It begins increasing again 
as from group III. Age groups II and III form a period of intensified 
reproduction in females, which undoubtedly affects the animals’ condition.

The most intensive increase in body weight in males is observed

7) A ll the values for body w eigh t g iven  in th is study refer to fem ales from
8 m onths upwards and m ales from  one year upwards. Data relating to fem ales refer 
to body w eight together w ith  the head, w h ile  the m ales w ere w eighed  after the 
head, together w ith  the antlers, had been cut off. It may be taken that the head 
w ithout antlers w eighs from  5 to 9 kg.



between age group II and III (21.3%) and in females in the second year 
of life (37.0%).

IX. D ISCUSSIO N AND SUM M ARY OF RESULTS

1. C haracteristic Features of the Skull of the Red Deer

In the morphological description of the skull I have tried to draw 
attention particularly to the characters distinguishing the skull of red 
deer from the skulls of other ruminants previously described and to 
characters which describe sex dimorphism.
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Age (y e a rs  i  classes)

Fig. 20. Percentage of increase w ith  age in body w eight of m ales and fem ales.

In males abortion of linea nuchalis superior in the structure of the 
skull fornix is observed, contrary to females, in which this line is better 
formed. This is connected, with the formation of a deeper and more 
extensive fossa temporalis, which is the place of insertion of the temporal 
muscle, better formed in stags.

Structure of ossa frontalia in red deer differs from the general pattern 
of skull structure in domestic ruminants. In males the posterior part of 
the squama of the paired bones forms massive bases with antlers.

The laminae of the paired ossa frontalia are characteristically bent 
upwards and backwards in males. In connection with the formation of
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antlers a transverse and lengthways kink or indentation can be observed 
in their medial part which is more distinctly visible, the older the 
individual and the more massive the antlers which it grows. Crista 
frontalis ext. does not occur in males, which is connected with the 
formation of antlers. Female skull is lighter, not so massive, and the 
laminae of oss. frontalia are more flat and do not bend to the same 
degree as in males.

The orbits of males and females are strongly protruded to the lateral 
side so that the margo supraorbitale is situated diagonally in a direction 
from front to back and sideways.

The anterior part of the fornix is formed by ossa nasalia, individual 
variations playing an im portant role in their formation. The lateral 
processes of these bones thrust between the os frontale and os maxillare, 
reaching to hiatus lacrimalis. The size of these processes varies greatly. 
In the m aterial examined there were also cases in which they were 
completely absent, and then the ossa frontalia contacted ossa maxillaria. 
The end of the free parts of the nasal bones from the front also varies 
greatly and is not dependent on sex or age.

The very strong formation of linea nuchalis superior is noticeable in 
the structure of planum nuchale. This line is far more distinct in males 
and forms a kind of bony ridge. This strong development of the crest is 
connected with development of the nuchal muscles moving the head 
which is burdened with antlers.

Two openings characteristic of the red deer occur on the sides of the 
squama occipitalis — these are forr. supramastoidea connecting with the 
posterior part of cavum cranii.

For. postglenoidaeum is exceptionally large in the red deer and may 
be compared in respect of size to the size of the porus acusticus ext.

The structure of os zygomaticum  is remarkable on account of the 
formation of a bony crest surrounding annulus orbitalis from the bottom 
and forming with it a kind of thin lamina bent downwards. This crest 
extends forwards to the suture between os zygomaticum  and os maxil
lare. Below it there is a long depression, more distinct in males and 
older individuals.

A characteristic feature of the mandible in red deer is the occurrence 
in the m ajority of individuals of an opening situated on the external 
anterior side of the corpus, caudad from the for. mentale. In the posterior 
and lower angle of the mandible there is a bony crest characteristic of 
the red deer which runs to an arch from bottom upwards, ending halfway 
along ramus mandibulae in a protuberation which is more distinct in 
older individuals and in males.
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2. Comparison of Skull Size in Red Deer from Poland and from  Other Areas

Data are given in table 12 on measurements of the skull of red deer 
from areas in Northern Europe (Norway, Denmark, Sweden), Eastern 
Europe (Soviet Union) and Southern Europe (Czechoslovakia, Hungary, 
Rumania). Skull measurements are also given for other European sub
species (Crimea, Causasus) similar in dimensions to the Polish popul
ation.

The maximum length of skull in Polish lowland red deer is decidedly 
exceeded by that in Scandinavian red deer, which even exceeded the 
sizes of this measurement given by G r o m o v  et al. (1963) for the 
subspecies of Cervus elaphus from the Soviet Union.

The Polish population of lowland red deer is similar in respect of 
maximum skull length to the High Tatra population of Czechoslovakia, 
but inferior to red deer from East Slovakia and Hungaria. In 
the la tter case this applies both to males and females. Possibly 
the Hungarian, East Slovakian and Rumanian red deer have already 
become a different subspecies. The above-mentioned authors (data, 
table 12) in describing these populations do not give a final opinion as 
to the subspecies appurtenance of the individuals examined, although 
they consider that the Carpathian red deer should be segregated into 
a separate subspecies, Cervus elaphus montanus B o t e z a t, 1903.

The Crimean red deer (Cervus elaphus brauneri C h a r l e m a g n e ,  
1920), of the European subspecies, are most similar to the Polish red deer 
in respect of maximum skull length.

The mean maximum skull lengths for Caucasian red deer (Cervus 
elaphus maral O g i 1 b y, 1840) markedly exceed the average for Polish 
red deer.

The skulls of lowland red deer are broader than the skulls of Rumanian 
and Crimean red deer. The mean value of the measurement of zygomatic 
breadth is only similar in Polish and Caucasian individuals.

The following measurements have a similar range in the Polish and 
Crimean red deer: lateral length of the viscerocranium, Zl—P, pala
tine length, Pm—P, and breadth of ossa frontalia at points Da—Da. 
A distinct difference in favour of Polish individuals occurs only in the 
measurement of condylo-occipital breadth.

Dimensions of the skull in Polish red deer are similar to the dimensions 
in Crimean red deer and sometimes evrn exceed them, as in the case 
of measurement of zygomatic and condylo-occipital breadth. Skull length 
in Crimean red deer is, however, greater than in Polish individuals, the 
skulls of these latter being slightly shorter and broader. Unfortunately 
data on values of measurements of the braincase of these later were not



Table 12.
Comparison of sku ll m easurem ents of red deer from  N orthern, C entral and Southern  
Europe w ith  corresponding Polish  low land red deer (after data g iven  by d ifferent

authors) (in mm)

M e a s u r e m e n t C o u n t r y L o c a l i t y ,  p o p u l a t i o n
M a le s P e r n a l e s

Au t h r r
Min. Max. Avg. Min. Max. Avg.

P -  Op P o l a n d l o w l a n d 381 .  0 * 6* .  0 *18. 5 3 2* .  * * 0 6 .  3 372 .  6 M y s tk o w sk a
P o l a n d C a r p a t h i a n * * з .  0 * 9 5 . 0 * 7 3 . 8 - - - S t a n l a w s k l  / 1 9 6 6 /
USSR *03 ** 0 - - - - Cromev  e t  a l .  / 1 9 6 3 /
C z e c h o s l o v a k i a H i g h  T a t r a s 359 *68 *1 *.  * - - - 3 a l l S  / 19 5 9 /
C z e c h o s l o v a k i a E a s t  S l o v a k i a 398 *97 * 3 5 .  3 — - - 3 a l l s  / 1 9 5 9 /
H u n g a r y - - **6 .  5 - - 3 9 6 .  <i S z u n y o g h y  / 1 9 6 3 /
R u m a n ia * 70 5 *0 - - - - P h l l l p o w l o z  / 1 9 6 1 /
USSR C r i m e a *05 *5* - 311 378 - C e p t n e r  A N a s i m o v i c  / 1 9 6 1 /
UooR C a u c a s u s **7 *82 *72 _ PI e r  о т  / 1 9 5 2 / ,  Berne / 1 9 5 7 /

'  CB P o l a n d l o w l a n d 3 6 1 . 0 * 1 8 .  0 * 0 5 .  1 3 0 6 .  * 3 9 * .  1 36C. 7
it

Uys t k o w s k a
Denmark l o w l a n d - - 36*. 0 - - 3 * 0 . 9 A h l e n  / 1 9 6 5 /
Sw ed en - - 3 8 1 .  3 - - 3** . 0 " "
Norw ay ~ ~ 3 6 6 .  1 ” - 327. 9

a y  -  zy P o l a n d l o w l a n d 1 6 0 . 0 1 9 9 . 0 1 7 5 . 3 1 3 5 . * 1 61 .  0 1 *7 .  В
*

M y s tk o w sk a
USSR C r i m e a 127 167 1 * 8 . 8 12 8 1 *6 Beme / i9 * > 7 /
USSR C a u c a s u s 178 18* 1 7 1 . 6 - - - P l e r c v  / 1 9 5 2 / ,  Berne /  1 9 5 7 /
R u m a n ia 1*0 180 ~ ■"

'
P b l l l p c w l c z  / 1 9 Ы /

21 -  P P o l a n d l o w l a n d 2 0 6 . 0 2 7 0 . 0 2 * 1 . 8 1 8 9 .  * 2 36. 8 2 1 9 .  5 M y s tk o w sk a
USSR C r i m e a 1 90 2 7 3 2 3 5 .  5 176 23* - З е в е  / 1 9 5 7 /
USSR C a u c a s u s 262 289 2 8 3 . 0 ~ “ - P l e r o v  / 1 * 5 2 / ,  Seme / ' 1 9 5 7 /

Pm -  P P o l a n d l o w l a n d 1 1 2 .  0 1 5 3 . 0 1 28 .  7 10 6 . 2 1 2 9 .  0 1 13. 1
«

tiy stkowsA.*
USSR C i i m e a 109 1 5* ” 100 13* “ Btme / 1 9 5 7 ,

Pm -  Pd P o l a n d l o w l a n d 9 1 . 0 1 1 8 .  0 105 .  6 ° 1 . 9 1 2 * .  * 1 0 * .  7 Mys tk o w a k a
USSR C r i m e a 92 12* - 96 116 ~ Berne / 1 9 5 7 /

Da -  Da P o l a n d l o w l a n d 1 0 7 . 0 1 3 3 . 0 1 2 0 .  5 9 0 .  * 1 1 3 . 6 1 02 .  3 M y s tk o w ek a
USSR C r i m e a 92 1 3 0 .  5 1 1 3 . 2 90 106 9 8 . 8 Berne / 1 9 5 7 /
USSR C a u c a s u s 125 136 8 0 . 9 - 7 1 . 6 P l e r o v  / 1 9 5 2 /

c o n  -  c o n P o l a n d l o w l a n d 6 8 . 0 8 0 . 0 7 3 . 9 58 .  * 7 * .  8 6 5 . 9 Mys t k o w s k a *
USSR C r i m e a 60 .  5 7 8 . 0 6 9 . 7 5* .  0 6 9 . 0 - 3eme / 1 9 5 7 /
USSR C a u o a s u s 73 79 7 7 . 8 ~ - P l e r o v  / 1 9 5 2 / ,  Seme / 1 9 5 7 /

Mo-Mo X 1 00 P o l a n d l o w l a n d * 7 . 6 6 0 . 2 53. 5 * * . 8 5 7 . 8 * 9 .  3 M y s tk o w s k a
USSR B e l o v e z s k a  P u s o a * 6 . 0 *8 *7 - — - U e p ' t n e r  A C a l k i n  / 1 9 * 7 /
USSR C a u o a s u s * 6 . 0 53 5 0 . 5 — ~ O e p t n e r  *  C a l k i n  / 1 9 * 7 /

*) data for age group III (7— 12 years).
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available for comparison. Probably greater differences, in favour of the 
Crimean red deer, would occur in its length.

Polish red deer exceed in respect of the index value Mo— Mo X 100/ 
/Pm—P not only individuals from the Soviet part of the Białowieża 
Primaeval Forest, but also Caucasian red deer, which points to the lesser 
breadth of pars facialis in these latter.

To sum up it must be said that Polish red deer, as Central European 
representatives, are inferior in skull dimensions to the red deer of 
Southern Europe, but exceed in this respect individuals from Western 
Europe. The High Tatra population of red deer, and also individuals 
from the Soviet part of the Białowieża Primaeval Forest, are very 
similar to Polish representatives.

It is difficult to give an opinion on the subspecies appurtenance of 
the lowland red deer (which in any case was not the purpose of this 
study). The m ajority of authors ( G e p t n e r  & C a l k i n ,  1947; F 1 e- 
r o v ,  1952; G r o m o v ,  et al., 1963) find that the subspecies Cervus 
elaphus elaphus occurs in Central Europe. Since the differences between 
red deer from Western, Central, Eastern and Southern Europe (Table 12) 
are slight, it is difficult to speak of subspecies appurtenance, particularly 
as the most similar European subspecies, the dimensions of which almost 
entirely coincide with the measurements made in this study, is the 
Crimean red deer, C.e. brauneri.

3. Sex Dimorphism

Sex dimorphism in red deer is best characterised by measurements of 
breadth: zygomatic breadth, breadth on facial tuber, condylo-occipital 
breadth; of length: maximum skull length, mandibular length and of 
height: height of braincase and height of pars rostralis. Of the indices, 
that which best illustrates sex dimorphism is the index: Nsi—margo 
adentalisX. 100/Pm—Pd.

The males of the Polish red deer differ from the females by the 
greater dimensions of their skulls. It is only in the measurement of 
length of maxillary tooth-row that differences are almost imperceptible 
but length of the mandibulary tooth-row is even very slightly greater 
in females than in males in age group II.

Breadth of the viscerocranium is, proportionately to length, greater 
in males than in females.

4. Rate of Growth

4.1. Growth Rate of the Skull in F em ales and Males

Growth rate of the skull differs in the two sexes. The skull of females
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grows most intensively in the second year ,and this jump in value is 
generally never repeated throughout the whole life of the individual. 
Inhibition of growth rate in the third year of life, or even its complete 
interruption, is remarkable. This applies both to measurements of the 
viscerocranium and neurocranium, and is also connected with smaller 
increase in body weight. This may be due to some physiological causes. 
An exception to this is the breadth of the viscerocranium which increases 
in this period also.

The majority of the bones of the viscerocranium grow up to age 
group IV except for the nasal bones, maximum growth of which is atta in
ed in age group III.

The very rapid increase in length of pars rostralis is remarkable. As 
from the third year of life this is expressed in the rapid increase in the 
measurement, Pm—Mo-Mo and in length Pm—P preceeding parallel to it, 
and on length of margo adentalis mandibulae (Fig. 17). The exponential 
of this considerable elongation of pars rostralis and simultaneously of 
increase in breadth of the viscerocranium is the enormous increase of 
Zl—P.

The neurocranium grows far less than the viscerocranium during 
postnatal life. Basal length, S t—B, increases most intensively, also lateral 
length, Zl—Op, it being possible to connect increase in the measurement 
Zl— Op with the intensive increase in zygomatic breadth, which may 
render the picture less clear.

Breadth of the braincase is the most stable measurement, which 
changes very little over the animal’s life, increasing slowly up to age 
group IV. The capacity of cavum cranii increases similarly up to group 
IV, but increase in this measurement is incomparably quicker in relation 
to the majority of measurements of the neurocranium, particular to 
eu—eu.

It is worth while drawing attention to the fairly intensive increase 
of Sph— Br in group IV coinciding with reduction in the height of 
planum nuchale, Op—O. This is probably connected with the fornication 
in females (to a certain degree similarly to that in males) of the frontal 
bones above the orbits.

Growth of different bones of the viscerocranium in males, in the third 
year of life is equally intensive as in the second year and takes 
place up to group III at a very slightly slower rate. It is not until class 
IV that development of the skull is inhibited, or takes place very slowly 
(Fig. 18).

Increase in the m ajority of measurements of the neurocranium is not 
very intensive in the second year of life, and growth rate is not more
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rapid until the third. Thus Sph—Br does not increase at all in the 
second year of life. There is little increase in the third, and most inten
sive increase as from group II which lasts until group IV. There is 
increase in the length of the frontal bones. This is undoubtedly connected 
with the growth of increasingly massive antlers by the males and in 
consequence considerable fornication of the frontal bones between the 
antlers. There is parallel increase in the measurement fs—fs. This change 
in the frontal bones, or rather their fornication is possible on the one 
hand owing to the rapid increase in the length of the frontal bones, 
Br—N, and on the other is connected with the slower but constant 
increase in the length Op—Br. These changes in the formation of the 
skull are accompanied by decrease in the height Op—O.

One of the few measurements which passes through a sort of stag
nation period during the development of the skull in males is St—B. 
Its growth is inhibited between group lc and II. In later age groups 
this length increases very intensively.

The value of the measurement zy—zy  increases up to age group TV, 
both in males and females. It would therefore be difficult to agree 
with the conclusion reached by S z u n y o g h y  (1963), who found on 
the basis of Hungarian material that increase in this breadth ends in 
females at the age of 22—26 months. As in the case of certain other 
measurements there is far mere rapid growth in the second year of life, 
but the process itself continues up to age group IV.

The length of the m axillary tooth-row, Pm—Pd, and mandibulary 
tooth-row, Pi—Ms, decreases with age in both males and females. Similar 
observations were made by I n g e b r i g t s e n  (1927) on Norwegian 
material, on Caucasian red deer by B i o m e (1957) and on Hungarian 
red deer by S z u n y o g h y  (1963). B i o m e  connects this phenomenon 
with the process of tooth wear. I find it difficult to agree with this view 
since I made measurements of the length of the tooth row in the middle 
of the hard palate (see description of measurements and Fig. 1) and 
therefore tooth wear could not have affected the result of the measure
ment. Possibly this is connected with the increase of the viscerocranium 
in breadth with age.

4.2. Dim orphic D ifferences in the Increases in Som e M easurem ents

When comparing skull growth in males and females it is remarkable 
how the measurements can be divided into there groups: (1) measure
ments, the value of which increases with age more in females than in 
males. Profile lenght of the skull, P—Op, and the m ajority of measure
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ments of the viscerocranium belong to this group. (2) The second group 
is formed by measurements which increase similarly in males and 
females, i.e. measurements of the medial part of the skull, and thus 
its breadth, (Ect—Ect, zy—zy  and Da—Da) and length (Zl—Op). This is 
probably due to the zygomatic breadth exerting a considerable influence 
on the size of this la tter measurement. Height of viscerocranium, which 
exhibits a similar growth rate in both sexes, belongs more or less to 
this group of measurements. (3) The third group is formed by measure
ments of the neurocranium which increase more slowly in males than 
in females during the first years of life. The more rapid growth rate 
in old males not only balances up the difference but leads to greater 
increase in these measurements. Breadth of the braincase (eu—eu), the 
increase in which is 6.5% higher in males than in females, breadth, 
Ot—Ot, 7.2% higher, and height Sp—Br, 4.0% higher, belong to this 
group.

Sex dimorphism does not therefore affect the growth of the medial 
part of the skull, which increases similarly in both sexes. This central 
intermediate zone forms, as it were, a band surrounding the skull in 
the region of ossa frontalia between the orbits, on arci zygomatici and 
ossa palatina. Distinct differences can, however, be observed in the 
growth of the viscerocranium and neurocranium between the two sexes.

5. Capacity of the Cranial Cavity

The capacity of cavum cranii in males greatly exceeds that in females. 
Increase in this measurement ends in males in age group III, while in 
group IV fairly considerable decrease occurs in this value. As breadth 
of the braincase increases up to group IV it might be assumed that bony 
tissue is deposited inside the cranial cavity which decreases its capacity. 
E m p e 1 (1962) observed a similar phenomenon in his examinations ol 
the skull of the European bison.

The process of increase in the capacity of the braincase in females 
is most intensive in the second year of life, which confirms S z u n y o- 
g h y ’s investigations (1963). In age groups II and III growth is 
slight, not becoming more rapid until age group IV. This inhibition 
in the growth rate of cranial capacity occurring in age groups II and III 
takes place during the period of most intensive reproduction, which 
ends in group IV. A certain degree of confirmation of the above 
hypothesis is provided by the similar inhibition in increase of body 
weight in females between age groups II and III.

When comparing Polish individuals with Hungarian material
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( S z u n y o g h y ,  1963) it is found that the capacity of the skulls of 
Hungarian hinds of an age corresponding to group I in our material 
the capacity value was, e.g. 373.5 cm3 and thus greatly exceeds the same 
values for Polish stags of the same age, and even the skull capacity of 
Polish hinds in age group III — 332 cm3.

The skull capacity of Hungarian hinds 9 or 10 years old is, according 
to this same author, 401 cm3. This value is even higher than the majority 
of the mean values for Polish stags in all age classes.

6. Body W eight

I found very few craniometrical data on red deer in the literature at 
my disposal, but there were many studies both on body weight and on 
structure and weight of antlers. These two characters are undoubtedly 
connected with each other and there is a certain relation between them 
as shown by B e n i n d e’s studies (1940). Despite the fact that the body 
weight is usually proportional to the weight of the antlers, a few 
cases do occur which appear to contradict this rule. Red deer distinguished 
by small body weight and fairly considerable antler mass, and vice versa, 
have been encountered in the same game areas in addition to red deer 
average for those areas.

During the last 300 years a sharp decrease in body weight of red deer 
in Poland has been noted. A similar phenomenon wras described by 
i n g e b r i g t s e n  (1927) and B e n i n d e  (1940) on Norwegian and 
German material. M i i l l e  r-U s i n g  (1953) reached similar conclusions 
when examining red deer antlers from excavations on Wolin Island.

Data relating to the Mazurian region (M a g e r, 1941) show that the 
mean body weight of 41 red deer killed in 1617 was 314 kg (i.e. weight 
of individuals before gralloching). 69 males hunted during the period 
from 1890 to 1898 had an everage body weight of 155 kg. From 1899— 
1906 the mean body weight of 135 red deer was 147.3 kg. Stags, 117 in 
number, hunted during the period from 1907 to 1912, had an average 
body weight of 143 kg. In the following period from 1918 to 1938 the 
best males killed in the area now forming the Olsztyn province weighed 
on an average 211 kg (mean of 6 inidividuals). Red deer shot in the 
Olsztyn province from 1960 to 1962 had body weights within limits 
of 67 to 192 kg, the average weight for adult stags (age group III) being
154.9 kg. It would appear from the above that body weight fall sharply 
up to 1912, and has risen again during recent years, i.e. since that time.

For purposes of comparison I have given in table 13 the values of 
body weights of adult Polish stags and the same data for red deer from 
Eastern, Western and Southern Europe, after different authors.
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Polish red deer exceed in body weight red deer from the west iof 
Europe: Norway, Scotland, England and Germany, but are inferior iin 
this respect to stags from the south and east Europe: Soviet Union —  
Białowieża Primaeval Forest, Hungary, Rumania and Yugoslavia. The 
above comparison confirms the generally held opinion ( I n g e b r i g t s e n ,  
1927; B e n i n d e, 1940) that differences exist in body dimensions and

Table 13.
Comparison of body w eight of red deer from  W estern, Eastern and Southeirrx 

Europe — after data given  by d ifferent authors ^in kg).

Country Place Min. Max. X Author

Norway Hitra Island 90 100* — Ingebrigtsen 1927)
Norway continent 130 160* — Ingebrigtsen 1927)
Scotland — — — 95 Taylor P age (1964)
England — — 189 — Taylor P age (1964)
Germ any Schw arzw ald — — 96.6 Ingebrigtsen 1927)
Germ any Potsdam — 100.0 B eninde (1940)
Germ any Taunus — 105.0 B eninde (1940)
Germ any Schorfheide 120 130 — B eninde (1940)
Poland low land populat. 78 194 138.0** M ystkow ska
USSR B eloveżkaja Puśća 143.5 208.0 180.1* Sablina (1955)
Hungary 178 285*** — B otezat (1922)
Hungary Szunyoghy (1963)
R um ciiia 241 — Szunyoghy (1959)
Y ugoslavia — 350 — Y alentinció 0958)

* These data apply to the period before rutting, w hereas the body w eigh t valuer  
given by m e m ain ly  refer to the rutting period and w inter, w hen the red deer 
decrease sharply in w eigh t (30—40 kg — H e p t n e r  & C a l k i n ,  1947).

**) The body w eigh t g iven  here applies to adult m ales in age group III.
***) The w eight of individuals before gralloching. For com parison w ith  other 

data it is necessary to deduct about 25% of w eight for en ira lis and about 5—9 kg 
for head w ithout antlers,

antler strength depending on the geographical habitat. Red deer inha
biting the west Europe are distinguished by smaller body weight and 
poorer antlers in comparison with the red deer from the east of Europe. 
This is probably due not to the western forms being primitive, but that 
they have gone back slightly as the result of habitat conditions. B e n i n -  
d e  (1940) states that red deer find their optimum conditions in 
a continental climate.

The Polish lowland red deer, as a component of the fauna of Central 
Europe, are intermediate forms and are distinguished by greater body
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weight and antler strength than those from Western Europe, but lesser 
than red deer from Eastern and Southern Europe.
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Ewa T. MYSTKOW SKA

MORFOLOGICZNA ZMIENNOŚĆ CZASZKI I CIĘŻARU CIAŁA  
JELENIA NIZINNEGO

Streszczenie

Celem  pracy było przedstaw ien ie zm ienności m orfologicznej czaszki je len ia  n i
zinnego, Cervus elaphus L i n n a e u s ,  1758, w  zależności od w ieku i p łci osobni
ków, jak rów nież zm ienności w  zakresie ciężaru ciała. Z agadnienia te n ie były  
dotychczas w yczerpująco opracow ane w  literaturze polskiej. W dostępnym  mi 
piśm iennictw ie obcym  nie spotkałam  się także z opisem  m orfologicznym  czaszki 
jelen ia  ani innych przedstaw icieli Cewidae. W iększość prac odnosi się  do budowy  
poroża i ciężaru ciała.

M ateriał do badań liczył 483 czaszki (w tym  260 sam ców  i 233 sam ice) i po
chodził z okresu trzech sezonów  łow ieck ich , z lata 1960— 1962 (Tabela 1). W iek  
osobników  oznaczony został na podstaw ie starcia zębów. Na czaszkach tych w y 
konano 34 pomiary, w zorując się na pracy D u e r s t a (1926).

W opisie m orfologicznym  czaszki starano się uw ypuklić cechy charakteryzujące  
dym orfizm  p łciow y jelen ia, w p ływ  w iek u  oraz cechy różniące jelen ia  od innych  
przeżuw aczy. Proces obliteracji szw ów  przebiega nierów nolegle u samców' i samic. 
U sam ców  wdększość szw ów  zaciera się szybciej co praw dopodobnie pozostaje
w  zw iązku z obciążeniem  czaszki przez poroże (Tabele 2 i 3).
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Drugą część pracy stanow i kraniom etria i w skaźn ik i zestaw ione w  tabele liczbo
w e  (Tabele 4, 5, 6). Cały m ateriał podzielono na cztery grupy w iekow e: I grupa — 
osobniki 1 do 3 lat, II — od 4—7 (młode); III grupa — od 8 do 12 (dojrzałe) i IV 
grupa — pow yżej 12 (osobniki stare).

Starano się zw rócić szczególną uw agę na te pom iary i w skaźniki, które cha
rakteryzują najlepiej dym orfizm  p łciow y jelen ia  nizinnego i te które można pot- 
lów n ać z pom iaram i i w skaźnikam i czaszek jelen i z innych terenów  jak Związek  
R adziecki, W ęgry, Norwegia.

Pom iaram i, które najlep iej obrazują różnice pom iędzy czaszkam i obu p łci są 
przede w szystk im  pom iary szerokościow e, tj. szerokość jarzm owa, szerokość na 
guzach policzkow ych, szerokość k łykci potylicznych a poza tym  dwa pomiary dłu
gościow e i dw a w ysokościow e: długość najw iększa czaszki, długość żuchw y, w y-  
skości częściej rostralnej i w ysokość m ćzgoczaszki. Istotność stw ierdzonych różnic 
sprawdzono m etodam i statystycznym i (Tabela 7).

W skaźnikiem najlepiej ilustrującym  dym orfizm  p łciow y jest: w ysokość części 
rostralnej X 100/długość szeregu zębów  szczęki. (Tabela 6, Ryc. 9).

Pojem ność jam y czaszkow ej jest w iększa u sam ców  niż u sam ic. N ajw yższa  
średnia w ielkość tej jam y u sam ic w  IV grupie w ieku, odpow iada średniej sarnców  
grupi II (Tabela 9).

P orów nyw ując opisany m ateriał badaw czy z danym i odnoszącym i się do czaszek  
je len i z terenu Związku R adzieckiego, W ęgier i N orw egii m ożna stw ierdzić, że 
polsk ie je len ie  nizinne przew yższają znacznie długością czaszki je len ie  norw eskie, 
ustępują natom iast jelen iom  w ęgierskim . D otyczy to zarówno sam ców  jak i sam ic. 
Spośród podgatunków  europejskich, najbardziej zbliżone do polskich jelen i n i
zinnych są je len ie  krym skie Cervus elaphus brawneri C h a r l e m a g n e ,  aczkol
w iek  te ostatnie przew yższają w ielkością  pom iarów czaszki polskich osobników  
(Tabela 12).

Przy opracow aniu tem pa w zrostu czaszki I grupę w ieku  podzielono na trzy 
m niejsze. Za grupę w yjściow ą — 100<Vo, do której odnoszono cyfry obrazujące 
w zrost w szystk ich  pozostałych grup, przyjęto k lasę I a, obejm ującą czaszki osobni
ków  w  w ieku  od 6 do 12 m iesięcy.

N ajbardziej in tensyw ny w zrost czaszki sam ic odbyw a się pom iędzy pierw szym  
a drugim rokiem  życia. W trzecim  roku zwraca uw agę zaham ow anie tem pa w zro
stu. W dalszych latach w zrost odbyw a się, ale tem po jest znacznie w olniejsze. 
W iększość w ym iarów  w zrasta aż do IV grupy w ieku. Trzew ioczaszka sam ic rośnie 
bardziej in tensyw nie niż m ózgoczaszka, która w  ciągu życia przyrasta n iew iele  
(Ryc. 17). Czaszka sam ców  rośnie naogół m niej in tensyw n ie, a przyrost m ózgo- 
czaszki i trzew ioczaszki jest podobny. N ajszybszy przyrost w ym iarów  czaszki sam 
ców  odbyw a się w  drugim i trzecim  roku. W dalszych latach w zrost jest w o ln ie j
szy i trw a do III lub IV grupy w ieku  (Ryc. 18).

W szystkie pom iary m ożna podzielić na trzy grupy: (1) takie, których w ielkość  
przyrasta z w iek iem  bardziej u sam ic niż u sam ców  (Ryc. 19 A i B): (2) przyrost 
pom iarów u obu p łci jest podobny (Ryc. 19 C i D); (3) przyrost u sam ców  jest 
w iększy niż u sam ic (Ryc. 19 e, 20 A i B).

Jedynym i pom iaram i, które z w iek iem  m aleją są: długość szeregu zębów  szczęki 
i żuchw y (Ryc. 20 D i E).

Ciężar ciała jelen i n izinnych w ynosi u sam ców  od 67 do 194 kg, a u sam ic od 25 
do 103 kg (dane dla I i IV grupy w ieku) (Tabela 10).
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W ciągu ostatn ich  300 lat notow any jest gw ałtow ny spadek ciężaru tuszy jelen i 
na teren ie Polski. Podobne zjaw isko opisyw ano było przez autorów  w ęgierskich , 
niem ieckich  i norw eskich.

P olsk ie je len ie  nizinne, w chodzące w  skład fauny Europy środkow ej, odznaczają 
się w iększym  ciężarem  ciała i rozm iaram i czaszki w  porów naniu do zachodnio- 
-europejsk ich , ale m niejszym  do w schodnio-europejskich .


