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SUMMARY: The study was conducted on the mouflon-derived horned sheep of the preserved Polish Heath Sheep breed. In this
study, basic skull measurements of 24 skulls of the rams of different age: 1 day, 90 days, 210 days, 270 days, 3 andré years, w
analyzed. The weight of each skull was determined, as well as 43 craniometric characteristics were measured, and cvahiaheavity
and viscerocranial and neurocranial indices were calculated. From birth to the age of 6 years, the greatest length ,oththe skull
condylobasal length and the length of the cheek-tooth row increased two-fold. To day 210 of age, the bony housing fodéeigeball a
organs grew intensively. To day 270 of ate,largest increase was characteristic of the elements of the angular length of the neurocranium
and its breadth. The structural elements characterizing both the breadth and the length of the viscerocranium devesgeedft6 the
years. A significant (80.05), decreasing with age, value of the cephalic index was observed, being mostly affected by development of
the squamous part of the frontal bone with its orbital part and the orbital margin.

KEY WORDS: Skull; Neurocranium and viscerocranium measurements; Polish Heath Sheep; Endangered breeds.

INTRODUCTION

In the world’s population of domestic species, ther@re characterised by specific performance parameters, i.e. —
are such animals which, due to the occurrence of negat®@@ong others — seasonality of sexual activity and high
phenomena related to development of intensive animi@cundity (Kiec, 2000; Niznikowsket al, 2002). An
husbandry, e.g. high performance or spread of bio techniqu@teresting craniometric characteristic of the anatomic
— artificial insemination, embryo transfer, introduction ofonformation of males of this sheep breed is huge horns,
transgenic animals to animal breeding, have beagry similar to those of the mouflon (Lincoln, 1998; Santia-
marginalised because of law performance (Scherf, 200@2-Morenocet al, 2005; Baranowslet al).

Barker, 2001). In Poland, one of these animal populations is

the heath sheep. Historically, the heath sheep is derived from ~ Sheep are one of the most numerous forms
primitive Scandinavian sheep (Ryder, 1981; Tagtial, domesticated farm animals making up a large family of
2005; Ekman, 2006) which spread over the Baltic Sea aR@vids (Bovidae), subfamily caprids (Caprinae). The
the North Sea coasts during the territorial expansion of tegstematics of this subfamily is complicated and is based on
Vikings. The name was formed under the influence of grazifgany criteria, including those for classification and
of this type of sheep on poor pastures — heaths. Among theégglanation of phylogenetic relationships between different
sheep, Polish Heath Sheep has a special place. It was belig@gfiesentatives of caprids, also within the genus Ovis. These
that it is derived from the “turbary” sheep. However, thériteria are, among others, horns with their horn-cores and
results of morphological studies (Czaja, 1937) anlorn sheath shape (Schramm, 1967; Flannery, 1969; Lasota-
comparative descriptions (Szczepkowski 1951; BaranowdMoskalewskat al, 1991), course of cranial sutures (Laprus-
et al, 2006) indicate that it belongs to a group of Northeriladej, 2000), or details of the structure of the petrous part
short tailed sheep (Ovis brachyura borealis) derived froffthe temporal bone (Mallet & Guadelli, 2013). Among wild
the European mouflon (Ovis musimon). Sheep of this bre&h€eep, the greatest number of forms is found in Central Asia
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and Siberia but the heath sheep examined are derived frtmthe median point of the line joining the most oral points
the form Ovis musimon (2n = 54), which means that thegf the praemaxillae A—P (Akrokranion — Prosthion).
are constitutively smaller animals (Kiec”) than the Asiatic
forms of wild sheep (Kapitanowt al, 2004). Therefore, (8) Length of the cranium (median frontal length) from the
the search for analogous anatomic characteristic being usedst aboral point on the vertex of the cranium in the me-
for comparing the breeds in the heath sheep type is dian plane to the median point of the naso-frontal suture A—
important research problem. Since no craniometric studibis(Akrokranion — Nasion).
on the European preserved local heath sheep breed have been
conducted so far, it has been undertaken in this study to ef@) Length of the cranium from the most aboral point on the
mine how the skull changes, especially as huge horns amstex of the cranium in the median plane to the median
formed on its neurocranium throughout the ram lif@oint of the parieto-frontal suture A—Br (Akrokranion —
(Binerowska & Baranowski, 2010). Skulls of the rams fronBregma).
birth to full somatic maturity were analysed and the findings
obtained will contribute to increase knowledge about th®a) Length of the cranium (cranial height) B—-Br (Basion —
anatomy of this part of skeleton and offer data foBregma) — invisible.
comparative studies. The present work is a continuation,
supplement and an enlargement of earlier resear¢t0) Length of the frontal bone in the sagittal plane (frontal
(Baranowski & Furkioti, 2007). length) from the median point of the parieto-frontal suture
to the median point of the naso-frontal suture Br—N (Bregma
— Nasion).
MATERIAL AND METHOD
(11) Length of the cranium (upper neurocranium length) from
the most aboral point on the vertex of the cranium in the
The skulls of twenty-four Polish Heath rams ofmedian plane to the median point of the line joining the aboral
different age, i.e. 1 day (n = 3), 90 days (n = 4), 210 days (rboerders of the supraorbital foramina A—Sp (Akrokranion —
4), 270 days (n = 4), 3 years (n = 5) and 6 years (n = 4), weapraorbitale).
measured. They were obtained from animals of pure-bred
commercial flock mated with pedigree ranmnfrpreservation (12) Length of the facial part of the cranium (facial length)
breeding. The heads of animals were selected from the abatthiom the median point of the line joining the aboral borders
slaughtered material based on apparent good health conditadrthe supraorbital foramina to the median point of the line
and no skeletal deformities. After slaughter, the heads wgmning the most oral points of the praemaxillae Sp—P
severed at the atlanto-occipital joint and subsequently proces¢8dpraorbitale — Prosthion).
by hot water maceration technique shortly after the heads were
cleaned by removing the eyes and separating most of the ski3) Length of the cranium from the most aboral point on
and attaching muscles. The skulls were cleaned by removitige vertex of the cranium in the median plane to the (dorso)
soft tissues, followed by their maceration at about 1000 C faboral point of the foramen infraorbitale A—If (Akrokranion
60 minutes. In the next stage, the skulls were bathed in a 30%nfraorbitale).
hydrogen peroxide solution (Perhydrol®) to make cranial
sutures and syndesmoses visible after cleaning of soft tissud$®) Length of the nasal bone (greatest length of the nasals)
Subsequently, they were measured. The weight of skull (in fypm the median point of the naso-frontal suture to the me-
was determined with an analytical balance, while craniometritan point of the line joining the most oral points of the nasals
measurements were taken with a slide calliper exact to 0.1 nNrRh (Nasion — Rhinion).
and a compass with scale. Measurement of the horn-core basal
circumference was made with a measuring-tape. (16) Lateral length of the facial part of the cranium (short
lateral facial length) from the naso-medial indentation of the
The measuring technique was adopted after vem dorbit that corresponds with the inner angle of the eye in the
Driesch (1976). The following measurements were taken usitiging animal to the median point of the line joining the most
the definitions of measuring points located on the cranium:oral points of the praemaxillae Ent—P (Entorbitale — Prosthion).

Cranium measurements on the dorsal side: (33) Greatest breadth of the neurocranium (greatest length

of brain-case) between the most lateral point of the brain-
(1) Length of the cranium (profile length) from the mostase on the left and the most lateral point of the brain-case
aboral point on the vertex of the cranium in the median plaoa the right Eu—Eu (Euryon — Euryon).
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(34) Greatest breadth across the orbits (greatest fron{ab) Greatest inner height of the orbit, measured in the same
breadth) between the most lateral point of the frontalay as the above measurement.

bone on the occipital side of the orbit on the left and the

most lateral point of the frontal bone on the occipitgR5a) Orbit area: using the formula 22/7 ab, where a and b
side of the orbit on the right Ect—Ect (Ectorbitale are the halves of orbital length (24) and width (25),
Ectorbitale). respectively.

(35) Least breadth between the orbits, i.e. between the nalgasurements on the basal side:
medial indentation of the orbit that corresponds with the inner
angle of the eye in the living animal on the left and the nas(2) Condylobasal length of the cranium from the aboral border
medial indentation of the orbit that corresponds with the innef occipital condyles (Cd) to the median point of the line
angle of the eye in the living animal on the right Ent—Enbining the most oral points of the praemaxillae (Prosthion).
(Entorbitale - Entorbitale).

(3) Length of the cranium base (basal length) from the orobasal
(36) Breadth of the facial part of the cranium (facial breadthhorder of the foramen magnum in the median plane to the
i.e. distance across the facial tuberosities Sm—Smedian point of the line joining the most oral points of the

(Supramorale — Supramorale). praemaxillae B—P (Basion — Prosthion).

(37) Greatest breadth across the nasals. (4) Length of the cranium from the orobasal border of the
foramen magnum in the median plane to the median point of

(38) Greatest breadth across the praemaxillae. the line joining the oral points of the alveoli of the foremost

cheek teeth (short skull length) B-Pm (Basion — Praemolare).
Measurements on the left-hand side:

(5) Length of the anterior toothless part of the upper tooth
(6) Angular height of the neurocranium (neurocraniumow from the median point of the line joining the oral points
length) from the median point of the naso-frontal suture w@f the alveoli of the foremost cheek teeth to the median point
the orobasal border of the foramen magnum in the mediahthe line joining the most oral points of the praemaxillae
plane N-B (Nasion — Basion). Pm—P (Praemolare — Prosthion).

(7) Angular height of the viscerocranium (viscerocraniuril8) Length of the maxilla (dental length) from the median

length) from the median point of the naso-frontal suture twint of the line joining the aboral points of the alveoli of the

the median point of the line joining the most oral points dfindmost cheek teeth to the median point of the line joining

the praemaxillae N—P (Nasion — Prosthion). the most oral points of the praemaxillae Pd—P (Postdentale —
Prosthion).

(14) Greatest length of the lacrimal bone from the most la-

teral point of the lacrimal to the most oral point of th¢19) Length of the palate (oral palatal length) from the me-

lacrimo-maxillary suture. dian point of the palatine-maxillary suture to the median point
of the line joining the most oral points of the praemaxillae

(17) Length from the aboral border of one occipital condylBo—P (Palatinoorale — Prosthion).

to the (dorso) aboral point of the foramen infraorbitale (Cd

—If). (21) Length of the praemolar and molar tooth row (length of
the cheek-tooth row).

(20) Length of the praemaxilla (lateral length of the

praemaxilla) from the most aboral point of the praemaxilli22) Length of the moral tooth row.

on the facial surface to the median point of the line joining

the most oral points of the praemaxillae Ni—R23) Length of the praemolar tooth row.

(Nasointermaxillare — Prosthion).
(39) Greatest palatal breadth.

(24) Greatest inner length of the orbit from the most lateral

point of the frontal bone on the occipital side of the orbit thMeasurements on the nuchal side:

the naso-medial indentation of the orbit that corresponds with

the inner angle of the eye in the living animal Ect—-En26) Greatest breadth of the occipital bone (greatest mastoid

(Ectorbitale — Entrobitale). breadth) from the most lateral point of the masteoid region
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on the left to the most lateral point of the masteoid region A1) Greatest (oro-aboral) diameter of the horn-core base.
the right Ot-0t (Otion — Otion).

(42) Least (latero-medial) diameter of the horn-core base.
(27) Greatest breadth of the occipital condyles. (43) The horn sheath length.

(28) Greatest breadth at the bases of the paraoccipi@dlected cranial indices were also calculated:
processes.

1) Ect-Ect x 100/A-P; 2) Ect-Ect x 100/A-N; 3) Ect-Ect x
(29) Greatest breadth of the foramen magnum. 100/N-P; 4) Ent-Ent x 100/Br-N;

(30) Height of the foramen magnum from the orobasal bordgf Eu-Eu x 100/A-N; 6) Eu-Eu x 100/A-P; 7) Eu-Eu x 100/N-
of the foramen magnum in the median plane to the nuchodorBal8) Eu-Eu x 100/B-P;

border of the foramen magnum in the median plane B-@) Eu-Eu x 100/A-Po; 10) N-B x 100/B-P; 11) N-P x 100/B-
(Basion — Opisthion). P; 12) Sm-Sm x 100/N-P;

(30a) Foramen magnum area: using the fornsuldn, where 13) Greatest palatal breadth x 100/B-P; 14) Pm-Pd x 100/Pd-
w = breadth (29) and h = height of the foramen magnum (3®; 15) P1-M3/B-P;

Measurements of ram horn-cores: 16) Orbital index; 17) Nasal index: greatest breadth across
the nasals x 100/N-Rh;

(32) Greatest breadth between the lateral borders of the horn-

core bases. 18) Foramen magnum index: greatest breadth of the f. m. x
100/B-0;

(40) Horn-core basal circumference.
19) Cephalic index: Eu-Eu x A-N x B-Br.

Table I. Weight of rams skull.

Age of rams

Trait 1day (m=3) 90days(n=4) 210days(n=4) 270days (mn=4) 3 years (n=5) 6 years (n=4)
X 27.80 72.75 364.71 437.61 1277.00 2073.00
sd 1.41 7.30 50.94 42.19 216.38 302.75
min. 26.60 64.60 288.35 396.95 1000.00 1720.00
max. 29.40 79.50 392.90 495.10 1550.00 2460.00
V% 5.19 10.04 13.97 9.64 16.94 14.59
Table Il. Measurements on the dorsal side.
Trait Age of rams
1 day (n=3) 90 days (n=4) 210 days (n=4) 270 days (n=4) 3 years (n=5) 6 years (n=4)

X SD X SD X SD X SD X SD X SD
1 101.30%4  3.00  133.50¢ 324 181.65° 442 181556 745  199.90° 935 231.00a% 18.41
8 61.73™" 3.93 8448  2.87 9848 214 96.60 424  12026° 272 12674 931
9 15.63a4° 3.32 2798  1.77  30.60a 331 28.60 3.74 91.05% 425 92.87v  12.88
9a 354544 4.79 548  1.08 5825  3.16 54.55 446  101.81° 259 108.29% 1.2
10 47172 212 6533 200 7415 171  76.80A  1.07 78.058 225 7795 181
11 45374 2.57 61.95 190 69.80a  6.68 64.95 479  100.67a 3.04 106.71v 12.24
12 55.20a° 2.80 7533 2,03 10723 3.13 10648  3.01 133.87° 484 159.45% 17.95
13 75.404 2.12 97.03  1.11 128.70° 292 12685 3.86  136.98° 465 145.00% 6.16
15 27.314% 0.81 3640  0.69 62.08a  6.15 61.05 1.48 7299 577  86.42% 11.96
16 51.934 1.44 70.74  4.89 108.50° 7.53  103.10  3.43 122.98°  1.12  141.40* 14.64
33 42 47anB 2.99 5348 175  56.83 487 64332 201 92264 129 93828 521
34 61434 3.06 81.54 130 100.85* 569  97.58 521 109.20° 257 119.01%  7.92
35 41.132% 2.31 5585 209 728la  7.83 70.88 297 80.99> 259  8573*  6.353
36 3521 0.47 4643 078 5875  5.64 58.85 3.30 71096  1.05  7328" 587
37 173148 0.40 2080  0.67 2448 340 31558 570 30.02° 124 33148 235
38 21.49 0.79 2471 034 3320 277 3388 237 3805 120  40.18 3.90
Explanation: means bearing the same large letter within each line differ significantly at P<0.01; means bearing the $eitee itfzith each line differ
significantly at P<0.05.
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The measurement results obtained were analysetaracterising both the breadth and the length of the
statistically using Statistica v.10.0 PL computer software. In thascerocranium: length of the nasal bone N-Rh (measurement
absence of normal distribution, differences between the groupsid), breadth of the facial part of the cranium across the facial
rams were evaluated with the Kruskal-Wallis non-parametric testiberosities Sm-Sm (measurement 36), greatest breadth across

the nasals (measurement 37) and greatest breadth across the
premaxillae (measurement 38), developed to the age of full
RESULTS somatic maturity of rams (Table II).

Measurement on the lateral side of the skulls (Table
The average weight of the skulls of Polish Heath Sheéjp) showed a significant @.05) increase in the angular height
rams being used in craniometric analysis is presented in Tabfehe neurocranium N-B (measurement 6) to day 270 of age.
I. The greatest differences in weight were characteristic of tléin the other hand, it was smaller and not significant
skulls of animals at the age of three years (V = 16.94 %). Thatistically in the next periods. To day 270 of age, the angular
weight of other specimens in the age groups were similar, aheight of the viscerocranium N-P (measurement 7) and the
the values of coefficients of variation ranged from V% = 5.1&ngth of the praemaxilla Ni-P (measurement 20) increased as
to V% = 14.59. The highest rate of increase in the weight wfell. Substantial broadening of the neurocranium and
ram skull occurred between day 90 and day 210 of age. Duridgvelopment of the bony housing for eyeball was accompanied
this period, the skull weight increased approximately 2.43 ¢ day 270 of age by a significant®05) increase in the
day. From birth to day 90 of age, an increase in the skull weideingth of the orbit (measurement 24) and its height
amounted to 0.50 g/day, whereas between day 210 and dmeasurement 25), almost doubling the orbit area
270 — 1.21 g/day. The weight of 3- and 6-year-old skulls wdmeasurement 25a). These characteristics further increased in
determined together with the horn sheath on their horn coreslult animals but not as fast as in the first year of age.
which has a significant effect on the obtained results. It should
be also noted that some of the horns had their tips corrected as  The measurement made on the skull base (Table V)
they were directed towards the facial part of the head, posisigowed a more than two-fold increase in the condylobasal
a threat to the rams’ health. length and the characteristics of the basal length from birth to
the sixth year of age. During this period, the length of the
Tables II-VI present the results of craniometriccheek-tooth row (measurement 21), including the length of
measurements. From birth to 6 years of age, the greatest lertgth premolar tooth row (measurement 23) and the length of
of the skull A-P (measurement 1) increased more than twitte molar tooth row (measurement 22), and the greatest palatal
fold, reaching on average 231.00 mrh8.41. During the first breadth (measurement 39) increased two-fold as well.
270 days of age,the largest increase was characteristic of the
elements of the angular length of the neurocranium: A-N Measurements of the craniometric characteristics of
(measurement 8), A-Br (measurement 9), Br-N (measuremeéhné nuchal plate (Table V) showed stabilization of the breadth
10), and its breadth Eu-Eu (measurement 33). To day 210addfthe occipital bone even before the first year of age. At full
age, the bony housing for eyeball and its organs grewaturity, this area did not increased. Only the paraoccipital
intensively: Ect-Ect (measurement 34) and Ent-Emgrocesses developed. The foramen magnum area
(measurement 35). These characteristics further increasedrimeasurement 30a), as well as its breadth (measurement 29)
adult animals but at a lower rate. The structural elemerasid height (measurement 30), stabilised rather early, too.

Table IIl. Measurements on the left-lateral view.

Age of rams
] 1 day (n=3) 90 days (n=4) 210 days (n=4) 270 days (n=4) 3 years (n=5) 6 years (n=4)
Trait X SD X SD X SD X SD X SD X SD

6 66.60:> 221 8638 282 101.53 137 104.40° 592 11820° 1.10 121.75ac 7.8
7 4650 124 56.70c 126 91.12 6.55 9455 6.64 116.78° 6.00 138.81ac 14.56
14 17.79**B 052 3023¢ 084 3958 1.73 39336 261 4020a 0.86 44.078° 432
17 73.89a4% 147 9431 271 12960 297 12372 431 136.60 2.61 153.85 15.69
20 2940 126 3813 081 59.95° 261 57900 160 6557 1.73  79.184  10.69
24 2573™¢ 091 2888 047 3523* 033 3563> 194 3959 120 41208 184
25 2237 140 2608 052 3254 031 3398 226 39.150 084 3936a 164
252 453" 045 592 018 9.00 026 9532 102 12.18 049 12.74A 089

Explanation: means bearing the same large letter within each line differ significantly at P<0.01; means bearing the $ettee sritfzith
each line differ significantly at P<0.05.
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The heath sheep are horned animals. As with horned Ultimately, development of the squamous part of the
goats and horned cattle, the pneumatised frontal bone (witbntal bone with its orbital part (pars orbitalis) and orbital
the frontal sinus) develops a process called a horn coremlargin (margo orbitalis), being the components of the
forms a bony framework for the proper horn, being adimension Ectorbitale-Ectorbitale, had the greatest effect on
epidermal derivative. In sheep, it starts just behind the orbitsdecreasing value of the cranial index 1, with an increasing
Measurement of this part (measurement 32) showed kEmgth of the viscerocranium.
increase in the cranium breadth during the whole life or rams,
being only significant (B0.05) in the first year of age.

Measurement at the neck of the cornual process (colluliSCUSSION

processus cornualis) (measurement 40) showed more than

two-fold development of this element as early as the first

year of age and in next periods. Nearly 19 % coefficient of The skulls of the analysed Polish Heath Sheep are

variation determined for these characteristics indicates a higtoader and shorter than those of polled Spanish Xisqueta

variability of this structure intended for future setting of thsheep (Parés-Casanataal., 2010), the skull index and the

horn sheath. Other measurements include the skin appenctianium index of which have lower values (44.69 % v. 51.58

itself, i.e. the horn sheath length (measurement 43), whiehand 48.33 % v. 40.69 %, respectively). The values of such

reached an average value of 556.25 iB8b.57 (without indices as the nasal index, basal index and facial index being

tips) in six-year-old animals. determined for the Polish Heath Sheep skulls are higher than
those calculated for the skulls of Tuj and Morkaraman sheep

Table VIl presents the average values of craniometrfcom the north-eastern Anatolia (Ozoainal, 2010). They
indices of the rams being analysed. From the first day aftere also shorter than the skulls of sheep from Trinidad
birth to the age of 6 years, the volume of the cranial cavity ¢flohamedet al, 2016). The values for palatal dimensions
the ram skulls (index 19) increased more than thirteen-foltmeasurement 18 — P-Pd, measurement 19 — P-Po and
The skulls, as the rams reached maturity, became longer andasurement 39 — greatest palatal breadth) in the Polish
narrower. The neurocranium was the broadest in the placeHtdgath Sheep are higher than those in each of the two sheep
orbit setting between day 210 and day 270 of age. As the hdmeeds from Anatolia. On the other hand, they are inferior to
core (being formed just behind the orbits) developed and ttieem in the values of such dimensions as, among others, the
horn built up on it, the neurocranium increased its dimensiorgreatest length of the skull and the condylobasal length. Also
This is illustrated by an increase in the values of the craniuine viscerocranium length, the length of the nasal bone and
index Eu-Eu/A-N (index 5), by more than 14 %, and the craningth of the cheek-tooth row, including the length of the
index Eu-Eu/A-P (index 6), by more than 30 %, in three-yeapraemolar tooth row and that of the molar tooth row, have
old animals. This process was accompanied by a decreas#iner values than those determined on the skulls of the sheep
the participation of the neurocranium length and an increaseentioned above but they certainly had an effect on the
in the participation of the viscerocranium length. An expressiomeight of the viscerocranium (Parés-Casanova, 2014).
of this phenomenon is the values of indices (10) and (11).

Changes in the proportion of the viscerocranium are showed  The values for the nuchal region dimensions, such
by the values of indices (12) to (15) and (17). as breadth and the height of the foramen magnum, are lower

Table IV. Measurements of basal side (Ventral view).

Age of rams

1 day (n=3) 90 days (n=4) 210 days (n=4) 270 days 3 years (n=5) 6 years (n=4)
Trait X SD X SD X SD x(n=4) SD X SD X SD
2 11037 2,04 13823 206 188.15a 467 18563 64 210.75° 171 23350 19.55
3 94.41*% 106 118.73° 393 168.80a 433 160.65 6.6 194.00a 337 2 13;.00 14.63
4 67.43°* 085 90.10 568 121.40a 3.65 12273 52 142.33° 270 152.68 10.51
5 2332 150 3253 099 4753 279 4600 3.6 53.526 238 60.77a  4.19
18 5232 074 6460 408 9348 642 8993 4.1 107.62° 044 1 2128  8.97
19 44714 069 5348 053 7408 345 7418 3.8 85.99° 0.54 96.31a 6.04
21 325048 0.71 3843  0.56 47.65~ 221 4493 15 6725 094 69.048 7.58
22 2021 053 2670 042 2838 096 2745 13 33936 0.54 35.01a 2.73
23 13374 176 1389 020 1888 142 1710 19 3627 172 3089 4.03
39 37.49°% 036 4485 049 57358 231 5475 14 65968 131 66.61* 5.3

Explanation: means bearing the same large letter within each line differ significantly at P<0.01; means bearing the &etiee sittatl each
line differ significantly at P<0.05.

138



BARANOWSKI, P. Craniometric characteristics and cranial indices of Polish Heath Sheep rams — extendedl datdorphol. 35(1)133-140, 2017.

Table V. Measurements on the nuchal side (Occipital view).

Age of rams

) 1 day (n=3) 90 days (n=4) 210 days (n=4) 270 days (n=4) 3 years (n=5) 6 years (n=4)
Trait X SD X SD X SD X SD X SD X SD
26 53.50" 0.66 65.23 0.75 87.35a 2.72 85.95 8.51 84.42 4.09 85.04b 5.22
27 2943 0.65 36.08° 1.42 42.18a 2.75 40.68 1.36 47.01b 1.85 49.30Ac¢ 3.21
28  36.07"*  0.15 44.83 0.39 56.25a 1.91 54.73 3.08 70.110 0.90 72.53A 6.98
29 14.31 0.67 15.69 1.28 17.80 1.35 16.68 0.95 16.59 0.72 17.37 1.91
30 12.50 0.52 15.59 0.89 15.53 0.99 14.60 0.42 13.42 0.62 14.30 1.33
30a 0.45a 0.04 0.71 0.10 0.69a 0.05 0.60 0.04 0.55 0.03 0.62 0.09

Explanation: means bearing the same large letter within each line differ significantly at P<0.01
significantly at P<0.05.

Table VI. Measurements of ram horns (The frontal part of the skull).

; means bearing the seftee witizith each line differ

Age of ams

Trait 1 day (n=3) 90 days (n=4) 210 days (n=4) 270 days (n=4) 3 years (n=5) 6 years (n=4)
X SD X SD X SD X SD X SD X SD
32 ) - 63.98%° 2.19 82.73 1.76 83.60a 5.04 93.68 6.08 94.74b 6.01
40 - - 13.33A 0.46 37.68 4.24 38.15 7.22 40.29 1.63 43.03% 2.36
41 - - 26.70% 0.89 45.20 4.83 47.72a 9.57 53.97 1.93 57.56b 6.73
42 - - 67.90aA 3.92 132.00 11.6 137.22a  29.71 171.40 12.92 197.554 12.03
43 - - 58.25aA 5.25 238.25 39.18 217.53 7417 484.00a 213.05 556.25" 85.57

Explanation: means bearing the same large letter within each line differ significantly at P<0.01; means bearing the $ettee witfaith each line differ
significantly at P<0.05.

Table VII. The value of cranial indices of Polish Heath Sheep rams.

Age of rams
Qg‘,n' a 1day (r=3) 90 days (r=4) 210 days (n=4) 270days (n=4) 3years (n=5) 6 years (n=4)
Indices X sd X sd X sd X sd X sd X sd

1 60.66% 252 61.106% 1.32 55.49 203 537/ 1.99 54.75 341 51.58% 191
2 99.61 3.29 96.61 3.20 102.39 4.83 101.17 421 90.8%6 331 93.94 0.77
3 132.06 331 143.85*2 1.98 110.92 737 103.85% 12.89 93.62 2.90 89.29* 4.82
4 87.18% 1.08 85.49°= 102 10245 289 93.90d 10.69  103.82* 441 109.99* 8.17
5 68.772 0.88 63.31 061 57.70*° 468 66.90 591 76.76" 2.82 74.11° 1.75
6 41.932 2.96 40.05° 0.36 31.26® 2.18 35.46 148 46.22° 1.92 40.69 1.81
7 63.80 4.72 61.93 1.68 5593 412 61.76 3.87 78.05% 0.51 77.07* 0.99
8 44,972 2.67 45.04° 049 3365 253 40.09 179 47.63° 0.68 44.09 1.39
9 7519" 678 66.83 041 52772 329 5094 195  7956° 513 69.92 459
10 70.55 2.38 72.762 1.32 60.16% 117 64.98 1.74 60.% 0.76 57.20 1.30
11 49. 25 0.83 47.777° 0.82 54.01 3.97 59.01* 5.76 59.8 1.20 62.70® 2.88
12 75.64 1.15 81.83%2 0.64 67.25 541 62.65" 8.01 61.04 3.94 55.03* 4.81
13 39.73* 057 37.80° 0.85 33.972 0.67 34.11v 111 34.24 1.07 31.33%¢ 248
14 55.43 2.28 49.57 1.81 49.11 150 48.87 2.86 50.27 2.18 49.87 1.16
15 34.43% 0.40 32.40 1.36 28.22% 083 27.98™ 0.37 34.704 1.15 32.37 2.02
16 11520 357 110.76 2.06 108.31 2.85 105.022 5.59 101.13° 342 104.77 5.46
17 63.39% 1.72 57.14 1.49 41.27° 551 46.13 8.07 41.40 452 38.80° 5.03
18 114.47 3.25 116.44 357 11519 1391 11290 7.05 123.98 9.88 121.89 13.3
19 94.28%¢ 2399 248.22¢ 20.60 327.05% 43.81 33037° 30.32 1120.39° 3193 1292.09 169.16

Explanation: means bearing the same large letter within each line differ significantly at P<0.01; means bearing the &ettee sittatl each
line differ significantly at P<0.05.

than those for Tuj and Morkaraman sheep skulls and Indiarurocranium and breadth of the occipital bone, in the Polish
Kagani goats (Sarma, 2006). Also the breadth of the occipitdéath Sheep skulls are considerably larger than those in
condyles in the Polish Heat Sheep is smaller than that in thleeep and goats mentioned above, which should be linked
Tuj and Morkaraman sheep skulls. The breadth of the the setting of huge horns.
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