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ABSTRACT In this study, 40 European hares (20 male and 20 female) that were obtained from the provinces of Elaz1g and
Malatya in Turkey, were used. The samples were evaluated by placing 23 landmarks on the ventral of the
maxilla. After the landmarks were placed onto the pictures, which were developed by means of Thin Plate
Spline (TPS) program, the landmarks were standardized by using Morpheus program. Pairwise test, Principle
Component Analysis (PCA) and Discriminant Function Analysis (DFA) were applied to the data. The result of
the statistical analysis with geometric morphometric techniques showed no sexual dimorphism (SD) in

Europan hares (Lepus europaeus).
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0z Avrupa Tavsanlarinin Maxillalarinda Geometrik Morfometrik Yontemler
Kullanilarak Eseysel Dimorfizmin Arastirilmasi*

Bu ¢alismada, Tiirkiye'nin Elazig ve Malatya illerinden elde edilen 40 adet (20 disi, 20 erkek) Avrupa tavsani
kullanild1. Ornekler maxilla’larin ventral’ine 23’er adet landmark konularak degerlendirildi. Thin Plate Spline
(TPS) programui ile konulan landmarklar Morpheus programi ile standardize edildi. Verilere pairwise testi,
Principle Component Analizi (PCA) ve Discriminant Fonksiyon Analizleri DFA) uygulandi. Geometrik
morfometri teknikleri kullanilarak yapilan istatistiksel analiz sonuglar1 Avrupa tavsani (Lepus europaeus)

orneklerinde eseysel dimorfizm olmadigini gostermistir.

Anahtar Kelimeler: Lepus europaeus, Avrupa tavsani, Eseysel dimorfizm, Geometrik morfometri yéntemleri, Maxilla

INTRODUCTION

European hares (Lepus europaeus Pallas, 1778) are
widespread across the world from Central and South
Europe and China to Arctic Circle and desert areas
(Demirsoy 1995; Demirsoy 1996; Carleton and Musser
2005; Alves et al. 2008). There are a total of 32 European
hare species in the world (Chapman and Flux 2008). Only
Lepus europaeus of them live in Turkey and it is in
superabundant (Demirbas et al. 2010).

Sexual dimorphism (SD) is when the sexes of a species are
distinguishable from each other. Although SD is present in
all vertebrate taxa it is not noticeable at first sight. Sexual
differentiation starts in the embryonic period and may
develop in terms of anatomical and physiological
characteristics. SD can occur in terms of body size, body
composition, skeletal composition, the brain and nervous
systems, weaponry, behaviour, metabolism, pelage and
body markings, vocalisation and other organs. SD in the
skull can only be seen in animals when male ones go head
to head against each other. For example, the skull bones of

males are thicker because male animals such as sheep and
deer compete for females during mating seasons
(McPheron and Chenoweth 2012). The level of SD is
affected by environmental factors and therefore SD differs
in each population (Bigoni et al. 2010). SD is best
considered separately in comparative analyses (Sanger et
al. 2013). Sexual dimorphism is very important to
understand skeletal structures. Although morphologic
studies have some difficulties with quantification, SD
characteristics can be researched morphologically and
metrically. However, geometric morphometric techniques
are more suitable to describe subtle differences in SD
structures (Gonzales et al. 2011). Geometric morphometric
is a new method and allows for the better assessment of
morphologic characteristics (Pretorius et al. 2004).

There are no important differences between male and
female European hare except that the males have higher
shoulders and are more fearful than the females and that
tails of the males straighten up whereas tails of the females
are adjoint to the body (Hus 1963). The purpose of this
study was to apply geometric morphometric techniques to
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describe SD in the maxilla of European hare. This study
explored SD by means of 23 landmarks placed on the
ventral maxilla of European hares obtained from the
provinces of Elazig and Malatya in Turkey.

MATERIALS and METHODS

The samples were collected between 2007 and 2008 from
the provinces of Elazig and Malatya, which are located in
the east of Turkey. The samples were selected from
animals that had died from natural causes. The samples
which were 20 male and 20 female European hare were
examined in this study. The locations from which the
samples were collected can be seen in Figure 1.
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Figure 1. Geographical distribution map of the analysed
samples of Lepus europaeus

The samples were embalmed using the method described
by Mursaloglu (1965). The maxilla of the samples were
equipped to technique of maceration according to the
method described by Tasbas and Tecirlioglu (1965). After
the maceration the genders were marked on the maxilla.
The specimens were photographed with a FinePix s7000
digital camera. In total 23 morphological characters were
measured. Thin Plate Spline (TPS), Morpheus, Past and
SPSS programs were used for the geometric morphometric
techniques.
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The landmarks and TPS program were used according to
Bookstein (1989) and Rohlf (2002) and the landmarks
used are shown in Fig 2. The photographs were developed
into TPS files using Tps Util 1.44 to Rohlf (2005). The
landmarks defined are as follows:

1. Rostral tip of alveoli of incisive

Rostral tip of palatine fissura (incisive foramen)
Interface of palatine fissuras with recess in medial
Caudal tip of palatine fissura (incisive foramen)

The widest point of palatine fissura (incisive foramen)
Anterior extremity of the toothrow

No @k WwN

Vanishing point of rostrum and zygomatic arch in the
ventral

®

Most anterior point of the orbit

9. Caudal end of the hindmost molar tooth

10. Pterygoid process

11. Rostral tip of the orbit

12. Styloglosal process of the tympanic bullae

13. Occipito-caudale

14. Opistocranion

15. Caudal tip of the foramen magnum (Opisthion)

16. Caudal end of the medial edge of the occipital condyle
(top point of the foramen magnum)

17.Rostral end of the occipital foramen in the midline
(basion)

18. Foramen ovale
19. Widest top point of the sphenoid bone

20. The rostral interface point of the sphenoid bone on the
medial line

21. Basisphenoid foramen

22.Rostral end of the curvature of the palatine bone
(Lamina horizontalis ossispalatini)

23. Palatal fenestrae

Figure 2. Landmarks placed on the ventral side of the maxilla

The landmarks were placed on the ventral side of the
maxilla using TpsDig 2.14 to TPS files. The marking
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landmarks attended to Elbroch (2006). The landmarks
were tested for correctitude using TPS small 1.20. In these
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tests the correlation value was taken between tangent
space (y coordinate) and procrustes space (x coordinate).
The correlation value was 1 and the slope value close to 1.
Shapes can be defined in a configuration of landmark
points after the differences due to location, scale and
orientation are removed with landmark-based analyses
(Bookstein 1991; Bookstein 1996).

The effects of location, scaling and orientation were
typically removed wusing Generalized Procrustes
Superimposition (GPA) (Rohlf 1999; Slice 2001) with
respect to a common reference form. For correlation
between morphometric characters, Principle Component
Analyses were carried out using 2.0 version of the Past
program. The differences inside each gender were
minimised to be seen the differences between genders
were applied Discriminant Function Analyses (DFA) using
the SPSS 17.0. Consequently, SD tested between European
hare groups from the provinces of Elazig and Malatya in
Turkey.

RESULTS and DISCUSSION

Characteristics of the businesses

In the present study the Past program was used to test the
differences between the maxilla of male and female
European hares. Thus, the samples were grouped
according to their sex in the mdt file in Morpheus program
after TPS. Consequently, it was produced as an excel file.
The first group consisted of females and the second group
consisted of males and the number of samples in each
group was 20. Multivariate Principal Component Analyses
were applied to both groups.

As a result, the European hare male and female individuals
were compared using Multivariate Principal Component
Analyses in the past program. In these analyses, which
explored SD in the same species groups no difference was
seen in terms of maxilla namely SD(Fig 3-5).
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Figure 3. The graphics of Principal Component Analyses
for SD in Lepus europaeus (a)
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Figure 4. The graphics of Principal Component Analyses
for SD in Lepus europaeus (b)
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Figure 5. The result of the pairwise test in Morpheus
program for SD of Lepus europaeus

SD in head size and shape has been documented in many
animals (Herrel et al. 2018). However, this dimorphism
shows diversity. For example, for the Serbian red fox
(Vulpes vulpes), the male cranium is about 5% larger than
that of the females (Jojic et al. 2017). Plateau zokor
(Eospalax baileyi) has SD in body and skull measures. Su et
al. (2018), found positive results in favour of male
individuals. Lapoint et al. (2017) showed that the skull of
male stoats are longer than those of females.

Cardini and Tongiorgi (2003) investigated SD on the
premolar tooth wear and the size and shape of the
mandible of the yellow-bellied marmot. According to their
results, SD was moderate depending on sexual maturity
and social role of the adult male and females. Mandibular
shape modification was related to the different
behavioural ecology of immature and adult marmots. Corti
et al. (2001) researched SD between groups of the genus
Proechimys. However, they found no variation in the
ventral and dorsal of the maxilla. Vallejo et al. (2017)
examined the cranial morphology of Megadontomys
(Rodentia: Cricetidae). Researchers showed that for
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mandibles, neither size nor shape was significantly
different between sexes (p>0.05). For both skull and
mandible, the interaction between sex and species was not
significant (p > 0.05).

Given the scientific research conducted on the European
hare, Bo Frylestam (1980) confirmed that juvenile
European hares showed no clear tendency in SD in terms
of body weight. Sobocinska-Janeszek (1976) inquired SD in
the 34 different skeletal bones of the Lepus europaeus but
they only found sexual differences in pelvis and os sacrum
bones and couldn’t confirm any sexual discrimination in
the maxilla of the European hare. Segovia et al. (2006)
could not observe SD in the vomeronasal systems of
rabbits. Similarly, in this study SD wasn’'t found in
European hare samples collected from the provinces of
Elazig and Malatya in Turkey.

REFERENCES

Alves CA, Ferrand N, Hackléonder K (2008). Lagomorph Biology
(Evolotion, Ecology and Conservation). Springer-Verlag Berlin
Heidelberg, Austria.

Bigoni L, Veleminska J, Bruzek ] (2010). Three-dimensional geometric
morphometric analysis of cranio-facial sexual dimorphism in a Central
European sample of known sex. HOMO, 61(1), 16-32.

Bookstein FL (1989). Principal Warps: Thin-Plate Splines and the
decomposition of deformations, IEEE T Pattern Anal, 11(6), 567-585.

Bookstein FL (1991). Morphometric Tools for Landmark Data: Geometry
and Biology. First edition, Cambridge University Press, New York.

Bookstein FL (1996). Landmark methods for forms without landmarks:
Morphometrics of group differences in outline shape. Med Image Anal,
1(3), 225-243.

Cardini A, Tongiorgi P (2003). Yellow-bellied marmots (Marmota
flaviventris) 'in the shape space' (Rodentia, Sciuridae): sexual
dimorphism, growth and allometry of the mandible. Zoomorphology,
11-23.

Carleton MD, Musser GM (2005). Order Rodentia, Mammal species of the
world: A taxonomic and geographic reference, 3rd edition. The Johns
Hopkins University Press, Baltimore, 2, 745-752.

Chapman JA, Flux JEC (2008). Lagomorpha Biology: Evolution, Ecology,
and Conservation. Springer-Verlag Berlin Heidelberg.

Corti M, Aguilera M, Capanna E (2001). Size and shape changes in the
skull accompanying speciation of South American spiny rats (Rodentia:
Proechimys spp.). ] Zool, Land, 253, 537-547.

Demirbas Y, Asan N, Albayrak i (2010). Cytogenetic study on the
European brown hare (Lepus europaeus Pallas, 1778) (Mammalia:
Lagomorpha) in Turkey. Turk ] Bio. 34: 247-252.

Demirsoy A (1995). Yasamin Temel Kurallari, Omurgallar/ Amniyota
(Siiriingenler, Kuslar ve Memeliler). Cilt I/ Kisim II, ikinci Bask,
Meteksan A.S., Ankara.

44

Demirsoy A (1996). TirkiyeOmurgallar:: Memeliler, Tirkiye Omurgali
Faunasiin Sistematik ve Biyolojik Ozelliklerinin Arastirilmasi ve
Koruma Onlemlerinin Alinmasi. Meteksan A§, Ankara.

Elbroch M (2006). Animal Skulls, A Guide to North American Species. First
Edition, Stackpole Books, China.

Frylestam B (1980). Growth and body weight of European hares in
southern Sweden. Ecography, 3(2), 81-86.

Gonzalez PN, Bernal V, Perez SI (2011). Analysis of sexual dimorphism of
craniofacial traits using geometric morphometric techniques. Int J
Osteoarchaeol, 21(1), 82-91.

Herrel A, Petrochic S, Draud M (2018). Sexual dimorphism, bite force and
diet in the diamondback terrapin. ] Zool, 304(3), 217-224.

Hus S (1963). Av Hayvanlar1 Bilgisi. istanbul Universitesi Orman Fakiiltesi
Yayinlari, Yayin No:1036, Kurtulmus Matbaasi, istanbul.

Jojic V, Porobic ], Cirovic D (2017). Cranial variability of the Serbian red
fox. Zool Anz-A Journal of Comparative Zoology, 267, 41-48.

LaPoint S, Keicher L, Wikelski M, Zub K, Dechmann DK (2017). Growth
over shoot and seasonal size changes in the skulls of two weasel
species. Roy Soc Open Sci, 4(1), 160947.

McPherson FJ, Chenoweth PJ (2012). Mammalian sexual
dimorphism. Anim Reprod Sci, 131(3-4), 109-122.

Mursaloglu B (1965). Bilimsel Arastirmalar igin Omurgali Numunelerinin
Toplanmasi ve Hazirlanmasi. Ankara Universitesi Basimevi, Ankara.

Nomina Anatomica Veterinaria (2012) (Fifth Edition). World
Association of Veterinary Anatomists (W.A.V.A.) Knoxville, TN (U.S.A.)

Pretorius E, Steyn M, Scholtz Y (2004). Investigation into the usability of
geometric morphometric analysis in assessment of sexual dimorphism,
Physical Anthropol, 129 (1), 64-70.

Rohlf FJ (1999). Shape statistics: Procrustes superimpositions and tangent
spaces. J Classif, 16(2), 197-223.

Rohlf F] (2002). Geometric morphometrics and phylogeny. In Morphology,
Shape and Phylogeny, 175-193.

Rohlf FJ (2005). TpsRELW. Version 1.42, Department of Ecology and
Evolution, State University of New York, Stony Brook, New York.

Sanger TJ, Sherratt E, McGlothlin JW, Brodie III ED, Losos JB, Abzhanov
A (2013). Convergent evolution of sexual dimorphism in skull shape
using distinct developmental strategies. Evolution, 67(8), 2180-2193.

Segovia S, Garcia-Falgueras A, Carrillo B, Collado P, Pinos H, Perez-
Laso C, .. Guillamon A (2006). Sexual dimorphism in the
vomeronasal system of the rabbit. Brain Res, 1102: (1), 52-62.

Slice D (2001). Landmarks aligned by Procrustes analysis do not lie in
Kendall’s shape space. Syst Biol, 50: 141-149.

Sobocinska-Janeszek ] (1976). Sex dimorphism in certain bone elements
of the European hare. Acta Theriol, 21: (1), 3-17.

Su J, Hegap IM, Ji W, Nan Z (2018). Function-related drivers of skull
morphometric variation and sexual size dimorphism in a subterranean
rodent, Plateau Zokor (Eospalax baileyi). Ecol Evol, 8(9), 4631-4643.

Tasbas M, Tecirlioglu S (1965). Meserasyon Teknigin Uzerine
Aragtirmalar. Ankara Univ Vet Fak Derg, 12(4): 324-330.

Vallejo RM, Guerrero JA, Gonzalez-Cozatl FX (2017). Patterns of
differentiation and disparity in cranial morphology in rodent species of

the genus Megadontomys (Rodentia: Cricetidae). Zool Stud, 56: (14) 1-
15.


http://acta.zbs.bialowieza.pl/contents/?art=1976-021-001-0003#author1#author1

	2019_30_(1)_41-44 A.pdf
	2019_30_(1)_41-44 B.pdf



