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Abstract: This study, aimed to determine the shape features of the
New Zealand rabbit skull and to reveal the differences between
individuals and genders in terms of shape features. For this
purpose, the geometric morphometry method was used. A total of
10 female and 10 male New Zealand Rabbit craniums were used.
The skulls were photographed in a dorsal, ventral and lateral view,
and the mandible was photographed in a lateral view. Homologous
landmarks were marked on the photographs. Consensus graphs
were created by the TpsRelw (Version 1.70) program. Additionally,
principal component analysis and relative warp analysis were
performed. As a result of the study, principal components explained
34.813%, 57.225% and 42.427% of the total shape difference in the
dorsal, ventral and lateral views of the skull, respectively. In the first
principal component graph obtained as a result of principal
component analysis, no significant clustering was observed
between genders. According to the graphics obtained in the
MorpholJ program, inter-individual variation was detected mainly in
the viscerocranium, followed by the neurocranium. This study will
contribute to morphological and archaeological studies on rabbit
skulls.

Keywords: Gender, geometric morphometry, mandible, rabbit,
skull.

Yeni Zelanda Tavsani Cranium’unun Geometrik
Morfometrik Analizi

Ozet: Bu calismada Yeni Zelanda tavsani kafatasinin sekilsel
ozelliklerinin belirlenmesi ve bu 6zellikler bakimindan bireyler arasi
ve cinsiyetler arasi farkhhklarin ortaya konulmasi amaglandi. Bu
amagla geometrik morfometri yontemi kullanildi. Toplamda 10 adet
disi ve 10 adet erkek Yeni Zelanda Tavsani kafatasi kullanildi.
Kafataslari dorsal, ventral ve lateral goriinimde, mandibula lateral
gorinimde fotograflandi.  Fotograflar (izerinde homolog
londmarklar isaretlendi. Konsenslis grafikleri TpsRelw (Striim 1.70)
programi tarafindan olusturuldu. Ayrica temel bilesen analizi ve
relative warp analizi yapildi. Calisma sonucunda temel bilesenler,
kafatasinin dorsal, ventral ve lateral gériinimlerindeki toplam sekil
farkinin sirasiyla %34,813, %57,225 ve %42,427'sini agiklamaktadir.
Temel bilesenler analizi sonucunda elde edilen birinci temel
bilesenler grafiginde cinsiyetler arasinda anlamli bir kiimelenme
gozlenmedi. Morphol) programinda elde edilen grafiklere gore
bireyler arasi varyasyonun en ¢ok viscerocranium'da, ardindan da
neurocranium’da oldugu tespit edildi. Bu ¢alismanin tavsan
kafataslari Uzerinde yapilacak morfolojik ve arkeolojik galismalara
katki saglayacagina inaniyoruz.

Anahtar Kelimeler: Cinsiyet, geometrik morfometri,
mandibula, tavsan.
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Introduction

New Zealand White rabbit (Oryctolagus cuniculus L.) belongs
to the Craniata group of Chordata, Mammalian class,
Lagomorpho order, Laporidae family (Mclaughlin and
Chiasson, 1979). Rabbits are frequently used in scientific
studies because they have a short growth period and are
easy to follow before and after the experiment (Mapara et
al., 2012). In the rabbit, the skull consists of bones joined by
immobile joints. The rabbit's skull has a well-developed
posterior section (neurocranium) surrounding the brain and
a front section (viscerocranium) consisting of jaws. Orbits are
between the posterior section and anterior sections (Farag
etal., 2012).

The traditional morphometry method analyzes
structure distance and ratios, angle, area and volume
measurements statistically (Mitteroecker and Gunz, 2009).
The limitations of traditional morphometry analysis methods
have led to the emergence of a new method, geometric
morphometry, over time (Adams et al., 2004; Aytek, 2017).
Geometric morphometry is a method based on the analysis
of anatomical points obtained from two- or three-
dimensional Cartesian coordinates (Bookstein, 1997; Boz et
al., 2023).

There are many geometric morphometric studies on the
skullin the literature (Demiraslan et al., 2023; Demircioglu et
al.,, 2021; Erol and Aytek, 2016; Gilndemir et al., 2023;
Gurbiz et al., 2020, Gurbiz et al., 2022; Yalgin and Kaya,
2009; Yaprak et al., 2023). However, no study was found in
the literature in which the skull and mandible of male and
female New Zealand Rabbits were examined using the
geometric morphometric method. The aim of the study was
to examine New Zealand Rabbit’s cranium according to
gender using geometric morphometric methods.

Materials and methods

Ethical approval: Approval for the study was received
from Burdur Mehmet Akif Ersoy University Animal
Experiments Local Ethics Committee (Date: 13.10.2021,
Number: 820).

Materials: A total of 20 adult New Zealand rabbit
cranium, 10 female and 10 male, were used in the research.
There was no pathology in the craniums. The weights of the
male and female rabbits were determined as 1896.72 +
399.8 kg and 1910 + 485.9 kg, respectively. After the rabbit
cranium was macerated, the skull was photographed in the
ventral, dorsal and left lateral directions, and the left
mandible was photographed in the lateral direction. These
photographs were taken from a distance of 50 cm for all
materials.

Geometric morphometric analysis: Photos were saved
in JPEG format. Then, a file in Tps format was created with
the TpsUtil (Version 1.79) program to place landmarks (LM)
on the photographs (Rohlf, 2019). Homologous LMs were
ticked on the photographs with the TpsDig2 (Version 2.31)
program (Rohlf, 2018). 14 homologous LMs were ticked on
the dorsal images of the skulls (Figure 1), 15 on the ventral
images (Figure 2), 14 on the lateral images (Figure 3) and 10

on the mandible images (Figure 4). Thus, the Cartesian
coordinates of the LMs were determined. Homologous LM
validation testing was done with the TpsSmall (Version 1.34)
program (Rohlf, 2017). As a result of this analysis, uncentred
correlation and root mean square error were specified as
1.000000 and 0.000025 on dorsal images, 1.000000 and
0.000080 on ventral images, 1.000000 and 0.000025 on
lateral images, and 1.000000, 0.000033 on mandibles. All
these results demonstrated the accuracy of LMs.

Figure 1. Landmarks on dorsal images of the female skull. LM1.
Craniomedial of os incicivum, LM2. Craniolateral of os nasale, LM3. Medial
eye angle, LMA. Incisura supraorbitalis rostralis, LM5. Cranial of arcus
zygomaticus, LM6. Junction of processus temporalis and processus
zygomaticus, LM7. Caudal of arcus zygomaticus, LM8. Caudomedial of the
processus zygomaticus osis temporalis, LM9. Cranial external auditory
canal, LM10. Caudal external auditory canal, LM11. Caudal of os occipitale,
LM12. Caudamedial of the skull, LM13. Midpoint of os interparietale, LM14.
Medial of sutura nasofrontalis.

Figure 2. Landmarks on ventral images of a female skull. LM1.
Craniomedial of os incicivum, LM2. Lateral projection of facies facialis, LM3.
Cranial of tuber faciale, LM4. Midpoint of arcus zygomaticus, LM5. Caudal
of arcus zygomaticus, LM6. Caudomedial of the processus zygomaticus osis
temporalis, LM7. Lateral process of os temporale, LM8. Lateral process of
the external auditory canal, LM9. Caudomedial of os occipitale, LM10.
Dorsomedial line of foramen magnum, LM11. Ventromedial line of foramen
magnum, LM12. Canalis craniopharyngeus, LM13. Caudomedial of os
palatium, LM14. Craniomedial of the proceussus palatinus of maxilla, LM15.
Craniomedial of processus palatinus of os incisivum.

HARRAN UNIVERSITESI VETERINER FAKULTESI DERGISI, 2024; CILT 13, SAYI 1 15



Harran Univ Vet Fak Derg, 2024; 13 (1): 014-021

DOI:10.31196/huvfd.1388962

Research Article

Figure 3. Landmarks on lateral aspect of skull in male rabbit skull. LM1.
Craniomedial of os nasale, LM2. Proc of os incivum. caudal of nasalis, LM3.
Dorsal of the orbit, LM4. Intersection of os interparietale and os parietale,
LM5. Medial of crista nuchae, LM6. Caudoventral of os occipitale, LM7.
Caudal of arcus zygomaticus, LM8. Proc. of os temporale. zygomaticus, LM9.
Proc of os maxilla. zygomaticus and proc of os temporale. intersection of
zygomaticus (midpoint of Arcus zygomaticus), LM10. Medial eye angle,
LM11. Cranial end of arcus zygomaticus, LM12. Caudoventral angle of
corpus maxilla, LM13. Caudal of the roots of Dentes incisivi, LM4.
Craniomedial of os incisivum.

Figure 4. Landmarks identified on lateral views of the mandible in a female
New Zealand Rabbit. LM1. Craniomedial of os incicivum, LM2. Cranial end
of premolar tooth root, LM3. Caudal of the last molar tooth root, LM4.
Caudal of proceccus coronoideus, LM5. Cranial of processus condylaris,
LM6. Caudal of processus condylaris, LM7. Processus angularis, LM8. Cranial
end of angulus mandible, LM9. Incisura vasorum facialium, LM10. Caudal
border of incisive tooth root.

Figure 5. Graphical representation of the results obtained based on the first principal component on
skull images. a. Dorsal images of skull, b. Ventral images of skull, c. Lateral images of skull, d.

Mandible

¥ ¥ »

Figure 6. Consensus graph of images of New Zealand rabbit cranium a. Dorsal images of female’s
skull, b. Dorsal images of male’s skull, c. Ventral images of female’s skull, d. Ventral images of
male’s skull, e. Lateral images of female’s skull, f. Lateral images of male’s skull, g. Female’s

mandible, h. Male’a mandible.
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Figure 7. Lollipop graph of PC1 obtained in the MorpholJ program in New Zealand rabbit skull images (Scale factor: 0.05) a. Dorsal, b. Ventral,

c. Lateral, d. Mandible

In this study, superimposition were applied to the
images with Generalized Procrustes analysis (GPA) because
the photographs may differ in size, direction and position
(Slice, 2007). The PAST (Version 4.02) program was used to
perform this analysis (Hammer et al., 2001). After the
superimposition was performed, Principal Component (PC)
analysis was applied to the new coordinate values that were
obtained. Thus, the degree of differentiation of rabbit
craniums according to gender was determined. (Zelditch et
al., 2004). Additionally, the Morpho J program was used to
determine shape differences between individuals. In this
program, the differences in LM positions were examined
(Klingenberg, 2011). Relative Warp (RW) Analysis was
performed in TpsRelw (Version 1.70) program. Consensus
graphs of male and female rabbit skulls were created, and
the positions of LMs on the figure were determined (Rohlf,
2019). LM coordinate values were compared statistically
between genders with the ANOVA test in the PAST (Version
4.02) program.

Results

Table 1 and Table 2 show the results of principal
components analysis of the skulls. Accordingly, PC1
explained 34.813%, 57.225% and 42.427% of the total shape
differences on dorsal, ventral and lateral views of the skull,
respectively. This value was 31.147% on mandible. No
significant gender difference according to shape was
detected on the images of cranium in PC analysis (Figure 5).

Dorsal images of consensus graphs are shown in Figure
6. No evident difference was observed between groups in

consensus graphs. In Relative Warp Analysis, RW1, RW2, and
RW3 values in females were determined as %45.51, %19.31,
%11.76, respectively. For males, these values were
determined as %35.53, %30.45, %10.91, respectively.

Ventral images of consensus graphs were shown in
Figure 6 according to gender. The angle at the LM2 (lateral
protrusion of facies facialis) in female rabbits was more
comprehensive than in male rabbits on ventral images of
consensus graphs. In Relative Warp Analysis RW1, RW2, and
RW3 values in females were determined as 70.44%, 12.13%,
6.65%, respectively. For males, these values were
determined as 39.37%, 32.99%, 10.25%, respectively.

Lateral consensus graphs are shown in Figure 6.
According to the consensus graph, it was determined that
the distance between the caudal of the processus nasalis of
os incisivum (LM2) and the dorsal of the orbita (LM3) in
females was larger than in male rabbits. In the Relative Warp
analysis, RW1, RW2, and RW3 values were determined as
41.41%, 18.81%, and 12.00% in females, while it was 50.55%,
16.24%, and 13.97% in males, respectively.

The consensus graph of the mandible according to
gender is shown in Figure 6. According to Relative Warp
analysis, RW1, RW2, and RW3 values in females were
determined as 32.96%, 27.19%, and 13.34% while it was
calculated as 48.20%, 23.53%, and 17.17% in males,
respectively. Accordingly, the mandibles of male rabbits
showed more variation in shape.

The lollipop graph of the dorsal images of PC1 is shown
in Figure 7 in Morphol program. The most significant shape
differences on the skull were at the levels of LM14, LM13,
LM4, LM7, and LM5, and there was no change in other
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Table 1. Values obtained as a result of principal component analysis in dorsal and ventral images of skull.

Dorsal Ventral

PC Eigenvalue %Variation PC Eigenvalue %Variation
1 0.000756026 34.813 1 0.00198286 57.225
2 0.000400653 18.449 2 0.000477659 13.785
3 0.000400653 11.752 3 0.000330734 9.5449
4 0.000212493 9.7846 4 0.000255298 7.3678
5 0.000151737 6.987 5 0.000104652 3.0202
6 0.000125615 5.7842 6 7.84149E-05 2.263

7 6.13189E-05 2.8235 7 6.15645E-05 1.7767
8 4.85338E-05 2.2348 8 5.15237E-05 1.487

9 4.39307E-05 2.0229 9 3.59177E-05 1.0366
10 3.12824E-05 1.4405 10 2.79973E-05 0.80799
11 2.97296E-05 1.369 11 1.72693E-05 0.49839
12 1.48024E-05 0.68161 12 1.38285E-05 0.39909
13 1.14935E-05 0.52924 13 8.00428E-06 0.231
14 1.04518E-05 0.48127 14 6.42042E-06 0.18529
15 7.12679E-06 0.32817 15 4.69381E-06 0.13546
16 4.98594E-06 0.22959 16 4.14185E-06 0.11953

Table 2. Values obtained as a result of principal component analysis in lateral images of skull and mandible.

Lateral Mandible
PC Eigenvalue %Variation PC Eigenvalue %Variation
1 0.00116693 42.427 1 0.000737687 31.147
2 0.000535391 19.466 2 0.0005561 23.48
3 0.000237603 8.6388 3 0.000327111 13.812
4 0.000178557 6.492 4 0.000223374 9.4314
5 0.000149407 5.4322 5 0.000162846 6.8758
6 0.000111646 4.0592 6 0.000103333 4.363
7 0.000102641 3.7318 7 8.80964E-05 3.7197
8 7.62102E-05 2.7709 8 5.42671E-05 2.2913
9 5.12679E-05 1.864 9 4.13815E-05 1.7472
10 3.84636E-05 1.3985 10 2.93863E-05 1.2408
11 2.92237E-05 1.0625 11 1.90679E-05 0.8051
12 1.84826E-05 0.67199 12 9.23555E-06 0.38995
13 1.75771E-05 0.63907 13 7.01224E-06 0.29608
14 1.11656E-05 0.40596 14 4.97431E-06 0.21003
15 7.94422E-06 0.28884 15 2.52123E-06 0.10645
16 6.03891E-06 0.21956 16 1.98749E-06 0.083917
Table 3. “p values” in terms of coordinate values of landmarks on images.
Landmark Dorsal images Ventral images Lateral images Mandible images
X Yy X " X Yy X Yy
coordinate coordinate coordinate coordinate coordinate coordinate coordinate coordinate
Lm1 0.9946 0.5458 0.09037 0.2435 0.006952*  0.7329 0.7757 0.1145
Lm2 0.04355* 0.6738 0.0001838*  0.02729* 0.0801 0.01667* 0.1526 0.6855
Lm3 0.3778 0.9298 0.1774 0.7697 0.6545 0.8376 0.002772*  0.128
Lm4 0.02386* 7.907E-05 0.1673 0.348 0.4977 0.9956 0.0002159*  0.003718*
LM5 0.9743 0.9319 0.3624 0.5166 0.727 0.1354 0.8977 0.9296
LM6 0.5194 0.06281 0.9681 0.3081 0.963 0.5439 0.575 0.8135
Lm7 0.5529 0.8109 0.3422 0.3345 0.7748 0.9061 0.003816*  0.8783
LM8 0.339 0.7789 0.6815 0.1238 0.2197 0.9523 0.6027 0.4958
LM9 0.03639* 0.7803 0.3091 0.439 0.09262 0.02086* 0.1166 0.6723
LM10 0.3157 0.5699 0.7505 0.558 0.6758 0.9723 0.9297 0.5214
LmM11 0.004593*  0.4387 0.3192 0.2468 0.2884 0.8869
Lm12 0.435 0.9797 0.3919 0.8367 0.6352 0.4245
Lm13 0.4968 0.2872 0.03711* 0.3648 0.5978 0.2724
Lm14 0.1624 0.4372 0.3464 0.02249* 0.2344 0.02622*
LM15 0.3981 0.003332*
*:p<0.05
landmarks according to PC1. It was seen that LM4, LM13, and facialis) level on the ventral images in the Morphol program.
LM14 were in the craniodorsal direction, and LM5, LM7 were It was determined that LM2 was caudolaterally directed
in the cranioventral direction in the PC1 graph. (Figure 7).
The difference in the shape of the skull between On the lateral images, the greatest difference in shape
individuals was more at the LM2 (lateral protrusion of facies of the skull between individuals was observed at the LM2
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level and the LM1, LM3, LM4, LM6, LM7, LM10, LM11, LM12,
LM13, and LM14 levels. No shape differences were observed
at the LM5, LMS8, and LM9 levels in PC1 according to the
Morphol program (Figure 7).

The lollipop graph obtained according to PC1 on the
mandible in the MorphoJ program was shown in Figure 7. It
was observed that the shape differences between mandibles
were more at the LM5, LM7 levels, and less at the LM3, LM4,
LM8, LM9, LM6, LM2 and LM10 levels. In the PC1 graph, it
was determined that LM5 was in the craniodorsal direction,
LM7 was in the cranioventral direction, and LM8 and LM9
were in the cranial direction. No shape difference was
observed at the LM1 level.

Comparison of LMs between genders according to
coordinate value and p values are presented in Table 3. A
statistically significant difference was determined in some
landmarks (p < 0.05).

Discussion and Conclusion

In the study, the shape of the New Zealand rabbit skull
was determined according to gender using the geometric
morphometric method. It was observed that there was no
significant separation between male and female rabbits in PC
analysis. The highest variation among PCs belonged to the
PC1 (57.225%) value determined in ventral images. In the
analysis performed in the Morphol program, it was observed
that the shape difference on the skull mainly was on
viscerocranium in the lollipop graphics in PC1 between
individuals. In the mandible, the difference in shape was
most remarkable in the ramus mandible.

Bohmer and Bohmer, (2017) compared the shape of 12
European rabbit and domestic rabbit skulls and determined
high variance in the consensus graph at the level of the
craniomedial of the os nasale and the caudal of the os
occipitale. In the study, unlike the literature (B6hmer and
Bohmer, 2017), it was determined that the most variation
was at the LM2 (Lateral view, processus nasalis of incisive
bone) level.

Cranial shape is affected by genetic and environmental
factors as well as different feeding behaviors (Figueirido et
al,, 2012). In feeding, chewing muscles determine the
direction of movement of the jaw and the chewing force
(Gurbiiz et al., 2020). Bbhmer and Bohmer (2017) stated that
the shape difference is mainly in the area where the chewing
muscles attach. Chewing muscles that help form mandibular
movements and break down food have been examined as
masseter, temporal and pterygoideus muscles (Schmolke,
1994; Velasco, 1993). Kabak et al. (2007) reported that the
masseter muscles start from the medioventral edge of the
maxilla and zygomatic arc, and it connects to the mandibular
ramus in the rabbit. The lateral part of the temporal muscles
starts from the pars squamosa of the parietal and temporal
bone, and it connects to the dorsal end of the coronoid
process (Kabak ve ark., 2007). In the study, consistent with
the literature (Bohmer and Bohmer, 2017), formal
differences were observed in the zygomatic arc and parietal
bone, where the chewing muscles are attached. It is thought
that the reason for these shape differences between

individuals where the chewing muscles are located is due to
mandibular movements.

Casanova et al. (2019) used the geometric
morphometry method to determine the shape difference
between genders in the skulls of wild rabbits (n = 22) and toy
rabbits (n = 21). In this study, a difference in skull shape
between genders was observed in toy rabbits (p = 0.034) and
it was stated that this difference was on the
splanchnocranium (viscerocranium). Researchers (Casanova
et al.,, 2019) suggested that this difference is because genetic
structure affects the change between genders in the
developmental process. In this study, consistent with the
literature (Casanova et al., 2019), it was observed that the
shape differences on lateral images were mostly on
viscerocranium.

Casanova and Miquel (2021) examined cranial
asymmetry in toy rabbits according to gender. For this
purpose, 46 adult (9, male; 37, female) rabbit skulls were
photographed from the dorsal aspect and 13 LMs were
marked on them. Researchers (Casanova and Miquel, 2021)
reported that the shape differences were mostly on the
viscerocranium (LM3, LM4, LM13) on dorsal images of the
skull. These differences were mostly on the maxilla (cranial
of the zygomatic arc) and the lateral protrusions of the nasal
bone (Casanova and Miquel, 2021). This study, consistent
with the literature (Casanova and Miquel, 2021), it was
observed that the shape differences on dorsal images were
mostly on viscerocranium. However, unlike the literature, no
difference was observed in LM2 determined on the lateral
protrusion of the nasal bone on dorsal images. In particular,
the difference in the levels of LM14 (medial of the
nasofrontal suture) and LM5 (cranial of the zygomatic arc)
was evident. Researchers (Casanova and Miquel, 2021)
stated that this difference may be related to the growing
process.

Although sexual dimorphism varies greatly in
populations, the region on the skeleton that best provides
gender discrimination is the cranium and pelvis. According to
researchers, while gender determination through
morphological observations is estimated at 80% using the
skull alone, this rate increases to 90% using the skull and
mandible together (Giileg et al., 2003; Scheuer, 2002). In the
literature, there are some studies on determining sexual
dimorphism using geometric morphometric methods on
different animal species (Demircioglu et al., 2021; Duro et al.,
2021; Gindemir et al., 2020; Szara et al., 2022).

Gurbuz et al. (2015) examined the differences according
to gender in the New Zealand Rabbit skull with the
traditional morphometry method. Researchers (Glrbiz et
al.,, 2015) measured 19 different craniometric values in
dorsal and ventral aspects of 20 New Zealand Rabbits, 10
males and 10 females. Glrbiz et al. (2015) found the
difference between genders statistically insignificant in their
study. In the study, no significant gender difference was
detected on skull shape images, which is consistent with the
literature (Gurbuz et al., 2015).

In conclusion, the shape of the New Zealand rabbit
cranium was analyzed using geometric morphometric
procedures. According to principal component analysis, male
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and female craniums were not concentrated in a particular
region in the ventral, dorsal, and lateral images of skull and
mandible. Among the principal component analyzes
performed in the study, the highest variation belonged to the
PC1 (57.225%) determined in the ventral images. As a result
of the Relative Warp Analysis, the variation among females
(RWA1: 70.44%) was determined most on ventral images,
while the variation among males (RWA1: 50.55%) was
determined most on lateral images. According to the first
principal component on the ventral, dorsal and lateral
images, it was observed that the shape difference in the
lollipop graphics in the Morphol program was higher in the
viscerocranium than in the neurocranium. The shape
difference in the mandible was on the mandibular ramus. It
is thought that the reason for the shape changes in
viscerocranium may be due to the difference in chewing
function. As a result, we believe that the data obtained will
contribute to geometric morphometric studies on the skulls
of other rabbit species. It is also essential to provide formal
information on the craniums found in zooarchaeological
studies.
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