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Abstract

The study aimed to analyze the aditus
orbitae of Kacang goats as object of
sexual dimorphism in different sexes.
The sample size was 20 Kacang goat
skulls, consists of 10 female and 10
male goats. Measurements were tak-
en on skull length (SL), width of the
zygomatic process of frontal bone
(WZF), width of the frontal process of
zygomatic bone (WF2Z), the length of
the caudal of the orbit rim (LCRO)
and the greatest distance (width) of
the aditus orbitae (OW). The Data
was analyzed using two ways, quanti-
tatively and qualitatively. The quanti-
tatively done to analyze the correla-
tion between variables and the possi-
ble differences among variables of
different sexes. The results showed
that WZF, WFZ and OW variables
were positively correlated with skull
length (SL) (p<0.05), except the
length of caudal rim of the orbit
(LCRO). ZF and Orbital width were
significant between sexes (p<0.05),
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furthermore both of WFZ and LCRO,
have similarly in size (p>0.05).
LCRO/SL and LCRO/OW ratio, how-
ever, also both of zygomatic process
(ZF) and orbital (OW) width, those
were could be used for estimating of
sexual dimorphism (p<0.05). The ad-
itus orbitae shape show significant
sexual dimorphism, wherein in female
are ellipsoid and larger while in male
rectangular and relatively smaller.
The present study concludes that by
quantitative combining with qualitative
techniques could be used for identify-
ing the sexes estimation of aditus or-
bitae of Kacang goat.

Keywords: Aditus orbitae. The Ka-
cang goat; scientific research; sexual
dimorphism

Introduction

The morphometrical and morpho-
logical techniques may be useful to
determine quantitatively and quali-
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tatively the bone structures to estab-
lish the differences between sex. The
pelvic and femur bones are the most
accurate skeletal elements to use for
assignment in determining sex in hu-
man, this is because the anatomy of
reproductive function affects the de-
velopment of pelvic bones (Miyakawa,
et al., 2016; Csanady, et al., 2019; Alj,
et al., 2020). Despite the congruence
between the function of the pelvic and
femur bone, the study preferred femur
bone as the choice for sexual dimor-
phism research (Belhaoues, et al.,
2016; Kanchan, et al., 2021). In hu-
man, sexual dimorphism can also be
identified through the bones of the
upper limbs (Tomczyk et al., 2017;
Atamtirk, et al., 2019; Hunter, et al.,
2019). Identification of sex deter-
mination using bones such as pelvis,
femur and upper limbs is called identi-
fication of sexual dimorphism by post-
cranial bones as objects

The skull is chosen as an object of
research, it is because of this semi
rigid, hard and massive structure to
make them to identify individuals, es-
pecially in archaeological context. In
the sexual dimorphism study, the skull
is still the main focus to identify
through the anatomy structure. This
bone is composed of two parts: the
cranial and facial bones in addition to
the mandible. The consideration of
the cranium as a research object be-
cause the morphologic patterns of
cranial variation, is more homo-
geneous than postcranial bone
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(Plavcan, 2012; Zichello, et al., 2018;
Kasimatis, et al., 2020). Research us-
ing dogs or sheep, has been reported
that there are differences in cranium
size and measurement between sex-
es (Elledge, et al.,, 2008; Casanova,
et al., 2020; Abbazabadi, et al., 2020).

The parameter measure of aditus or-
bitae, is a common study that are in-
terested to distinguish into sexual di-
morphism. Bones sharing in formation
the circumference of aditus orbitae, is
the lacrimal and zygomatic bones
forming the cranial border, the dorsal
border is formed by the frontal and
then downward to the caudal of orbit,
followed by zygomatic arch on ventral
part of the orbital bony rim
(Choudhary, et al.,, 2018). In goats,
frontal bone sutured with the zygo-
matic bone joining a slight prominent
of the processes forming a shape as
caudal part of orbit bony rim.

Aditus orbitae research generally us-
es more quantitative approaches.
Complex patterns of shape and form,
should be estimated in morphometric
using statistical relationship analysis.
The translation and reconstructed a
complexity shapes into measurement,
can be used as powerful tools to vis-
ualize the same size, measure-ment
and shape of individual or group dif-
ference in anatomy structure (Mit-
teroecker, et al., 2013). The aditus
orbitae shape and forms, should not
only be reached by qualitative de-
scribed but also by quantitative as
well. In general, a rounded orbit and a
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circular or quadrangular aditus orbitae
shape was common. The quantitative
approach that has been done to
measure the complexity object, com-
posed of element such as width,
length and height. It is worthy to men-
tion that if the orbital measurements
and size is neglected, the result ob-
tained will be biased to compare the
difference between individuals or
groups. The expectancy by combining
qualitative with quantitative analysis in
this study, demonstrated the more
effective information about sexual di-
morphism of aditus orbitae of Kacang
goat.

In Indonesia, Kacang Goat breed,
have the largest population compared
to other livestock according to statistic
data until 2021 (Dataku Application,
2021). As a local breed, Kacang
goats are very useful for diverse pur-
pose of meat and leather product.
The animals are characterized by
short hair with fleece is a single vari-
ant of coat color, white, black or
brown, hanging short ears, has horn,
and bearded on the male (Insan and
Isaac, 2020).

Materials and Methods
Material

The research specimen were the
skulls of adult Kacang goats aged 2-3
years, and were collected from
Division of Veterinary Anatomy, Fac-
ulty of Veterinary Medicine Universi-
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tas Airlangga Surabaya Indonesia.
The study was conducted on 20
skulls, (10 males and 10 females).
The measurements were taken to a
millimeter scale using a sliding caliper
with a precision of 0.01 mm.

Method Research

Research methods are carried out in
two ways, quantitatively and qualita-
tively. Quantitative variables taken in
the skull and orbit of kacang goat,
were described below and revealed in
fig (1). The skull length (SL), width of
zygomatic process of frontal bone
(WZF) and frontal process of the zy-
gomatic bone (WFZ), the length of
caudal part of rima orbitae (LCRO)
and the width of the aditus orbitae
(OW).

The skull length (SL) is measured
from maximum length of the skull
from protuberantia externa of occipital
bone to the the rostral tip of the inci-
sive bones. WZF, the maximum width
of the base of zygomatic process, be-
fore upward dorsally; WFZ, the maxi-
mum width of most height of frontal
process before downward to the cau-
dal of rima orbitae. LCRO was done
by measuring the height of inner cau-
dal of rima orbitae that is the distance
from the top point of zygomatic pro-
cess of the frontal bone (ZF) till the
base point of frontal process of the
zygomatic bone (FZ). The measure-
ment was also carried out at the
greatest distance (width) of the aditus
orbitae (OW); as measured from the
point of the zygomatico-frontal suture
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where ZF joining with the FZ, towards
the farthest point of the rostral margin
of the aditus orbitae.

Presentation and Analysis of Data

The various orbital measurement data
were recorded and subjected to sta-
tistical analysis. The quantitative re-
sult, are arranged in a table and ex-
pressed as mean and standard devia-

tions (X *+ sd mm), whereas the

qualitative shape and form are pre-
sented in a descriptive inter-pretation.

The relationship between variable
were analyzed by correlation Pearson
with a probability of less than five per-
cent (p <0.05) was considered signifi-
cant. If more than two variables corre-
lated to each other, further, the aditus
orbitae data were analyzed using by
unpaired-student’'s t test of WZF,
WFZ, LCRO and OW, and followed
by the General Linear Model Repeat-
ed Measure (GLMRM) of those ratio
data. The ratio of WZF, WFZ, LCRO
and OW against to skull length (SL)
and especially LCRO also against to
OW were examined between sexes
by GLMRM.

Ratio scale used SL to present as rel-
ative value, it is that skull length rep-
resents of elongated growth that defi-
nitely different between female and
male related by gender characteristic.
Similar assumption was also applied
to orbital wider (OW) as relative value
of LCRO. In addition, LCRO also
needs to be discussed in that contri-
bution as the vertical structure deter-
mines the shape and form of the cau-
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dal corner and the lowest point of the
ventral border of the margin aditus
orbitae. All collected data were statis-
tically tested. These analyses were
performed with the use of SPSS soft-
ware version 20.

Results

Quantitative Analysis

Skull length (SL) is positively correlat-
ed (p < 0.01) with the width of zygo-
matic process (WZF), frontal process
(WFZ) and with aditus orbitae width
(OW). Among the variables only WZF
and WFZ are correlated to each other
(p<0.05). This study showed that the
length of the caudal bony rim (LCRO),
does not correlate with SL and the
other variables of aditus orbitae
(p>0.05) (as indicated in the Table 1).

The results of statistical analysis re-
flected between sexes, found that the
measurement of SL, WZF and OW on
female were wider than on male goats
(p<0.05), furthermore both of WFZ
and LCRO measurement, have simi-
larly between both gender (p>0.05).

Even though, if the analysis occurs in
relative values, showed that WZF/SL
ratio was consistent in difference
(p<0.05) between female and male.
But it was important to note, if the
LCRO in female as compare in male
was determined as 23.67+ 1.75 vs
24.48+ 2.20 mm, was no significant
(p>0.05), otherwise the result in ratio
scale showed that there were statisti-
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cally significant in level of p<0.05. It is
known, both in LCRO/SL ratio of male
was 0.13+0.01 vs female at 0.11%
0.01 (as indicated in the Table 2) and
also of LCRO/OW ratio scale, wherein
male was 0.76 + 0.059 larger more
than female at 0.71 + 0.045.

In goat populations, one of the two
sexes may have a larger or smaller
orbital size than the other. Such vari-
ability means that animals cannot be
universally characterized by gender,
because shape is not only completely
influenced by the measurement, then
supposed the difference in shape will
not change the ratio scale value (Sal-
vagno and Albarella, 2017). In this
study, there were several differences
of orbital variables among female and
male. The morphometrical results
shown may not be consistent, as the
development of skull and orbital not
only affected by gender characteristic
or genetic factor but also influenced
by other factors that acting to impact
the individual condition.

Qualitative Analysis

In is known that, the orbital opening
was bounded completely by a bony
rim. The present study noted that the
anatomical appearances of aditus or-
bitae in female goats was found oval
or elliptical and almost circular in
shape, while in males it was trapezoi-
dal in shape. In addition, the zygomat-
ic arch formed the ventral border of
orbit as a curvature ridge and it lowest
point placed in the middle of the mar-
gin, in female. Whereas in male Ka-
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cang goat was found that the lowest
point was located more caudally, be-
low the sharp corner in horizontal
ridge along the ventral margin of the
orbit. (as illustrated in figure 2 left and
right).

Is the most important, that the caudal
part (LCRO) of the bony rim appears
as a bridge by joining of zygomatic
process of frontal bone (ZF) and
frontal process of zygomatic bone
(FZ). Note, however, the bridge of
caudal of bony rim itself in the female
more curved than to male which are
slightly straight. Whereas the ventral
border of orbit is formed by the zygo-
matic arch, that extended into both
directions firstly, it is incline to the tip
of zygomatic process as LCRO and
secondly it towards to the temporal
process joining in the zygomatic pro-
cess of temporal bone. It is known
that the ventral border and it adjoins
the caudal bridge of bony rim was
form the caudal corner in circumfer-
ence orbit.

Discussion

The morphometric and morphologic
approach not only has the advantage
of being used for identification the
measurement but also the shape of
anatomical structure. This approach
also enables carrying out to evaluated
both of the quantitative and qualitative
differentiated sexual dimorphism es-
pecially of the orbital structure. The
examined of bony rim component sur-
rounding the orbital opening of

Vol. 15, No. 2, (2022) 1 - 13



Analysis of sexual dimorphism in Kacang goat

goat, based on a sample observed in
skull specimen bone.

The quantitative result we report here,
that was the caudal bony rim structure
of zygomatic and frontal processes
width, also the orbital opening width
were positively correlated with skull
length (SL). In the other word, there is
an increase in the skull length concur-
rent with ZF, FZ and Orbital width, by
contrast however the measurement of
caudal bony rim orbit (CRO) length
was no correlated with skull length.
As well, the width of zygomatic with
frontal processes was correlated each
other.

The result obtained from both of zy-
gomatic process (ZF) and orbital
(OW) width was statistically significant
between sexes (p<0.05), but both of
frontal process (FZ) width also the
caudal bony rim orbit (CRO) length
between female and male were simi-
lar in measurement and size. Show
how, the ratio of WZF, WFZ, LCRO
and OW against skull length these
describe that only WZF/SL ratio clear-
ly visible different between male and
female, whose the female are more
larger than male. And it results most
useful characteristic for sex estima-
tion in aditus orbitae dimensions
measure. The LCRO however was
not significant different, but both of
the LCRO/SL and LCRO/OW ratios
was significantly larger in male than
male. The value and size between
LCRO ratio analysis, should empha-
sis to considering that is affect to form
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the structure of the caudal bony rim
bridge among both sexes.

Although the aditus orbitae have an
ambiguous and unique in measure-
ment, size and shape, the previous
researchers have showed that, in
general, the base of the orbital bony
rim were determined to be a curved or
rectangle shape. That is measured,
for instance, by the horizontal and
vertical zygomatic arch structures.
Both of that structure set of a curva-
ture or rectangles shape, also both of
length or width of one side, would af-
fect the morphometric of all of the ob-
jects shape. Morphometric is a meth-
od used as one way to explain
shapes through quantification meas-
urement (Mitteroecker, et al., 2013).

The result of the present study found
that the skull length and the aditus
orbitae variables of female goat were
larger than those of male goat, it is
suggested that the skull length and
the other variables measurements
and size, not only related to dimor-
phism aspect but also depends on the
material origin of the individual spec-
imen objects collected. The shape of
the eye orbit has been used in some
studies as a sex-distin-guishing char-
acteristic. Most of the previous stud-
ies reported there are some anatomi-
cal variation in measurement and
shape of the skull length also the
several variabilities of the orbital
structure. Some was recorded that
the orbital parameters larger in the
female than male, otherwise men-

Vol. 15, No. 2, (2022) 1 - 13



Analysis of sexual dimorphism in Kacang goat

tioned that the male showed more
length than female, or the length of
skull distances was similar in meas-
urement between sexes (Pasiaks, et
al., 2012; Olawumi, 2017).

This tendency above, similar on quali-
tative description by Patra, et al.
(2021) which described that orbit cir-
cumference shape can be divided into
four type that were: encircle, elliptical,
rectangular and quadr-angular orbit.
There are some sexual dimorphism
variation in size, mea-surement and
shape of orbit rim which located in the
lateral side of the skulls. This confirm
that morphometric and morphologic of
orbital opening in this study, not only
reflect by contributions of genetic
force, but also the environment was
acting to impact the variation. It is
known, that’s the skulls on this obser-
vation obtained (both for males and
females) were collected as an object
observation within twenty years peri-
od, from the various local farmers in
this country.

The facial typically features were as-
sociated with the different growth and
development pattern of individual,
male and female and the habitat in
which these goats are found. Animals
may be more influenced by impact of
remodeling of its skull, by environ-
mental pressures such as hot cli-
mates, and also these may relate to
the adaptability of masticatory strains.
During the life, animals, were closely
related to ecological and behavioral
adaptation from any management
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with different husbandry practices
where they were reared (Kataba,
2014). This result is supported by the
opinion that the characteristics of ka-
cang goat morphometry depend on
the management of the animal, nutri-
tional factors, behavior of grazing in
the field or keeping in cages mainte-
nance (Azmidaryanti et al., 2017,
Nafiu, et al., 2020).

In human, Xing, et al. (2012), reported
that the quantitative analyses of the
variations in orbital shape was effec-
tive for identify between individuals
and sex-distinguishing characteristic
of human race from different geo-
graphic areas. Moreover, the authors
demonstrated the geometric morpho-
logic measure used for to describing
of orbit shape. Lidstone (2011)
demonstrated, this will be achieved by
attempting to identify male and female
pattern of orbital shape using a series
of landmarks along the margin of the
orbits. In human, quantitative analysis
aperture of orbit utilizing as a tool to
identify sexes, had the greatest effect
between observation and the re-
vealed varying results (Sreekanth and
Hema, 2019; El-Farouny, et al.,
2021).

This present study provides several
quantitative descriptions of the zygo-
matic process of the frontal bones
(WZF) in female goats were larger
than in male ones and it consistent
larger in WZF/SL ratio scale value.
The wider of frontal process (WFZ) of
the zygomatic bone among female
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and male was not different between
each other, so do the WFZ/SL in ratio
scale, was consistent similar. The or-
bital width (OW) in female goats were
larger than in male ones, but is not
consistent in ratio scale, wherein
among sexes the OW/SL value was
not significant different.

The present study also described that
the length of the caudal rim of the or-
bit (LCRO), did not differ among sex-
es, but in ratio scale, the LCRO/SL as
also the ratio LCRO/OW was larger in
male than female.

The results indicated that actually the
orbital opening has more complex
shape, so that the object needs a
composite analysis such as ratio
scale. The ratio scale may be less
affected by individual growth and de-
velopment but it remains fixed alt-
hough the orbital opening was magni-
tude in size.

A review of the qualitative description
of the aditus orbitae of kacang goat,
as follow, firstly, on female mentioned
that the cranial, dorsal, caudal and
ventral of the orbital bony rim are
completely encircle and symmetrical.
Secondly, the caudal corner of cir-
cumference composed between ven-
tral curvature of the zygomatic arch
and the caudal bridge of bony rim, is
more rounded, and this lower point is
situated in the middle of ventral mar-
gin.

In male goat, the cranial and dorsal
margin was slightly circular but not
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symmetrical. The ventral of orbital
opening was rectangular, and almost
horizontal along the zygomatic arch.
The caudal corner of orbital opening
which was sharp angle, and the lower
point situated rostrally beneath the
caudal corner, whereas the vertical
caudal structure was straight.

Considering the of the caudal rim of
the orbit structure, the width of the
zygomatic processes observed in
males was narrower than in females,
however the frontal processes was
similar between the two sexes. In fe-
male, the caudal bony rim was verti-
cal and curved back in shape, but in
male is straight, incline from the zy-
gomatic arch base to the tip of zygo-
matic processes of frontal bone.
While despite, the caudal bony rim
was different in shape, but the length
showed similar in both sexes. The
description of orbital variables ensure
that the sexual dimorphism have vari-
ous result among individual. Skull
length and the other variables dimen-
sion in this study have been summa-
rized in table 1 and 2 which showed
these variations and recorded that
there was no consistently of sexual
dimorphism result.

Zichello et al., (2018); Kasimatis, et
al., (2020) which stated that the
shapes and measurements of human
cranium were controlled by genetic.
The morphologic characteristic result,
depends on two things, firstly the
base on measurement form of an ob-
ject through translation and scale.
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Secondly, morphological comparison
is based on shape, position and orien-
tation. Therefore, to minimize the ef-
fect of arbitrary location in complexity
shape along the orbit rim, a sliding
technique was used to explore the
measurement (Xing, et al, 2012; Cas-
anova, 2017). Moreover, the shape
and form of the object is established
and is unaffected by changes of posi-
tion, orientation, size and by rescaling
(Mitteroecker, et al., 2013).

Janarthanan and Asha (2017) pro-
posed that research related to mor-
phology will get more informative if
the anatomical structures analyzed
combined between size, measure-
ment and shape for identification of
sexual dimorphism and age detection
from human skull.

The result of the present study
showed that although the caudal bony
rim of the orbital length (CRO) was
not significantly different between the
sexes but the value of LCRO/SL and
LCRO/OW ratio were larger in male
than in female. Therefore, both of the
LCRO ratio were efficient in estimat-
ing of sexual dimorphism. The results
obtained from both of zygomatic pro-
cess (ZF) and orbital width (OW) was
statistically significant between sexes.
In addition, the aditus orbitae opening
showed difference in appearance.
The orbit in female was ellipsoid and
more larger while in male was rectan-
gular and relatively smaller.

We conclude that by utilizing both
quantitative and qualitative methods
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may increase the ability to assess
sexual dimorphism of aditus orbitae of
Kacang goat.
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Table (1). Correlation Between Aditus Orbitae Variables of Kacang Goat

——mmm

Pearson 0.64™ 0.65** 0.16 0.70%
Correlation
Sig.
(2-tailed) 0.00 0.00 0.51 0.00
Pearson. 0.64" 1 0.51* e 0.43
Correlation
Sig.
(2-tailed) 0.02 0.02 0.72 0.06
Pearson 0.65* 0.51* 1 0.06 0.40
Correlation
Sig.
(2-tailed) 02 0.02 0.81 0.08
PearSOn_ 0.18 -0.09 0.06 1 0.31
Correlation

LCRO
Sig. 0 0.72 081 os
(2-tailed) ’ : . .
Pearson. 0.70%* 0.43 0.40 0.31 .
Correlation
Sig.
(2-tailed) 0.01 0.06 0.08 0.18

*Correlation is significant at 0.05 level and **0.01 level (2- tailed).

Table (2). Morphometrical of the Aditus Orbitae Between Female and Male of Kacang Goat
Female Male Female Male
(mm) (mm)
211.92a + 1719 192.42b + 3.68

-

12.49a + 145 9.33b + 119 0.06a 0.01 0.05b + 0.01

I+

9.26 + 177 7.98 + 118 0.04 + 001 004 <+ 0.01
LCRO 23.67ab + 1.75 2448a + 220 0.11b + 0.01 0.13a =+ 0.01
33.59a + 162 32.07b + 1.38 0.16 + 001 017 + 0.01

*Test significant at p < 0.05*
X: variable WZF, WFZ, LCRO and OW
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Fig (1): Aditus orbitae variables measured: 1 (SL) skull length; 2 (WZF) width of zygomatic
process of frontal bone; 3 (WFZ) width of frontal process of the zygomatic bone; 4 (LCRO)
the length (height) of caudal rima orbitae; 5. (OW) the great distance (width) of the aditus
orbitae; * (Asterix) suturae of frontozygomatic bone. Z: zygomatic bone; L: lacrimal bone; F:
frontal bone

Fig (2): The lateral skull of Kacang goat. Left: Female goat. The circumference of aditus
orbitae opening, is oval or elliptical, the zygomatic arch formed the ventral border of orbit as
a curvature ridge and it lowest point placed in the middle of the margin (arrow), and (RO)
the caudal orbit rim is curve in shape; Right: Male goat. The circumference of aditus or-
bitae opening is trapezoidal or rectangular, the zygomatic arch formed the margin almost
horizontal along the ventral border, with the lowest point was located more caudally, below
the sharp corner. (RO) the caudal orbit rim is straight incline.
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Animals of this issue

Goat (Capra aegagrus hircus)

Kingdom: Animalia & Phylum: Chordata & Class: Mammalia & Order: Artiodactyla &
Family: Bovidae & Subfamily: Caprinae & Genus: Capra & Species: C. aegagrus & Sub-
species: C.a. hircus

Most goats naturally have two horns, of various shapes and sizes de-
pending on the breed. Goats have horns unless they are "polled" (mean-
ing, genetically hornless) or the horns have been removed, typically soon
after birth. There have been incidents of polycerate goats (having as
many as eight horns), although this is a genetic rarity thought to be inher-
ited. Their horns are made of living bone surrounded by keratin and other
proteins, and are used for defense, dominance, and territoriality.

Goats are ruminants. They have a four-chambered stomach consisting of
the rumen, the reticulum, the omasum, and the abomasum. As with other
mammal ruminants, they are even-toed ungulates. The females have an
udder consisting of two teats, in contrast to cattle, which have four teats

Goats have horizontal, slit-shaped pupils. Because goats' irises are usually
pale, their contrasting pupils are much more noticeable than in animals such as
cattle, deer, most horses and many sheep, whose similarly horizontal pupils
blend into a dark iris and sclera. This adaptation allows goats to see at least 320
degrees around their heads with no blind spot in front of them.

Source: Wikipedia, the free encyclopaedia



