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Abstract

In this study, 80 turkey skulls (40 females and 40 males) were used. Turkeys slaughtered at the age of 128 days. The females had an average 

weight of 11.5 kg and the males had 19 kg. We measured 14 features and determined 6 indices on the skulls of turkeys. Our study focused on 

morphometric differences and comparison of determined features of those skulls for males and female turkeys. Correlations between all fea-

tures and indices of the skulls were examined for each male and female group, separately. All morphometric measurements were significantly 

higher in male group. All indices except skull index and foramen magnum index were significantly higher in female group. These measure-

ments showed that males have bigger skulls. Cranial index, facial index, index 1 and index 2 showed that males have narrower and longer 

skulls while the females have smaller and wider. According to foramen magnum index, foramen magnum of turkeys is slightly vertical oval. 

Also, ratio of skull length and width is similar for both sexes. This study is the morphometric evaluation of the skull in turkeys. Therefore, this 

study will lead to further studies on turkeys and other bird species.
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Introduction

The skeleton is important to zoologists and paleontologists 
for phylogenetic and taxonomic reasons. It is also import-
ant to veterinarians for economic reasons, since skeletal 
disorders cause financial loss to the poultry and turkey 
industry (King and McLelland, 1975). Birds possess one 
of the most highly specialized skulls among the living ver-
tebrates (Bahadır, 2002; Feduccia, 1975). The avian skull 
is structurally and functionally composed of the rostrum, 
the orbits and the braincase (Morugán-Lobón and Buscali-
oni, 2006). The most distinctive feature of the avian skulls 
is that they have several shapes and variable dimensions 
(Zusi, 1993). 

Various studies have been carried out on the avian skull 
morphology. Some of these studies have been performed 
on different avian species, such as penguins (Acosta, 2009; 
Acosta and Tambussi, 2006) skuas (Acosta et al., 2009) and 
tinamidae (Degrange and Picasso, 2010) and some of them 
have been fulfilled using geometric morphometric meth-
ods (Acosta, 2009; Acosta and Tambussi, 2006; Degrange 
and Picasso, 2010;  Morugán-Lobón and Buscalioni, 2006). 
In another study, the characteristics of the neurocranial 
shape variations of birds have been examined by using the 
advanced graphical imaging method (Morugán-Lobón 
and Buscalioni, 2009).
 Neurocranium is relatively small, compact and round-ta-
pered in avian species. The length of neurocranium is 
about 26 mm in the medium-sized chickens, 41 mm in 
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1. Skull length (SL): Length between prominentia cerebel-
laris and apex of rostrum maxillae.
2. Cranial length (CL): Length between prominentia cere-
bellaris and middle point of frontonasal suture.
3. Viscerocranial length (VL): Length between middle
point of frontonasal suture and apex of rostrum maxillae.
4. Maximum width of neurocranium (MWN): Width be-
tween the bases of processus postorbitalis.
5. Beak width (BW): Width between caudal ends of proces-
sus maxillaris of premaxilla.
6. Zygomatic width (ZW): Width between projections of

lateral frontonasal suture on arcus jugalis.
7. Skull height (SH): Height between the most prominent
points of os frontale and lamina parasphenoidalis.
8. Basal length (BL): Length between caudal edge of condy-
lus occipitalis and apex of rostrum maxillae.
9. Maximum width of the base of processus paroccipitalis
(MWP): Width between lateral edges of processus paroc-
cipitalis.
10. Height of the occipital area (HO): Height between mid-
dle of crista nuchalis transversus and middle of the ventral
margin of foramen magnum.
11. Height of foramen magnum (HF): Height between
middle of dorsal and ventral margins of foramen magnum.
12. Width of foramen magnum (WF): Maximum width of
foramen magnum.
13. Height of condylus occipitalis (HC): Height between
middle of dorsal and ventral margins of condylus occipi-
talis.
14. Width of condylus occipitalis (WC): Maximum width
of condylus occipitalis.

Indices:

SKIND: Skull index= (Zygomatic width x 100) / Skull 
length 

CRIND: Cranial index= (Maximum width of 
neurocranium x 100 ) /Cranial length

 FACIND: Facial index= (Zygomatic width x 100) /  
Viscerocranial length

IND1: Index 1= (Maximum width of neurocranium x 100)
           /Skull length 

IND2: Index 2= (Maximum width of neurocranium x 100)
           /Basal length 

FORIND: (Foramen magnum index= Height of 
foramen magnum x 100) Width of foramen magnum

Statistical analysis
Statistical analyses were performed with statistical software 
SPSS (SPSS, Version 23.0; Chicago, IL). Data were tested 
for normality distribution and variance homogeneity as-
sumptions. Data were stated as mean±standard error of 
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goose; the width is 23 mm in chicken and 30 mm in goose 
(Schwarze and Schroder, 1979). 
 The morphometry of the skull have been examined in dogs 
(Onar and Gunes, 2003), cats (Kunzel et al., 2003), goats 
(Olopade and Onwuka, 2004; 2008; 2009a; 2009b), horses 
(Evans and McGreevy, 2006) and sheep (Parés et al., 2010). 
The geometric, morphometric analysis on avian anatomy is 
rare (Degrange and Picasso, 2010) and its use in morpho-
logical studies of birds is not common (Morugán-Lobón 
and Buscalioni, 2006). Therefore, the aim of the study is to 
evaluate the measurements of the skulls of turkeys.

Materials and Methods

In this study, 80 Hybrid Converter turkey skulls (40 fe-
males and 40 males) were used, which were fed with stan-
dard feed by a turkey breeding company and slaughtered 
for sale. These animals were slaughtered at the same day. 
The turkeys were 128 days old. The average weights of fe-
male and male turkeys were 11.5 kg and 19 kg, respectively. 
The maceration was made according to the technique de-
scribed by Tasbas and Tecirlioglu (1965) for the avian spe-
cies.
The measurement points were determined to identify the 
characteristics of the anatomical structure of turkey skulls 
according to Gusselkoo et al. (2001), Hall et al. (2009), 
Onar (1999), Onar et al. (1997) and Singh et al. (2015). 
Specified measurement points were named according to 
Nomina Anatomica Avium (NAA) (Baumell et al., 1993).
The measurement points defined on the skull are shown in 
Figure 1-4. Digital calliper was used to take the measure-
ments.

Descriptions of measurements:
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the mean (SEM). Independent samples t-test was applied 
to the all parameters to examine the difference between 
groups. Pearson correlation test were used on SPSS to de-
termine the interactions between each parameter for males 
and females, separately (Snedecor and Cochran, 1989).

Results

Correlation analysis of defined features were shown in Ta-
ble 1 and comparison of the results between males and fe-
males were presented in Table 2. 
All morphometric measurements were significantly higher 
in male group (P<0.05). All indices except SKIND and FO-
RIND were significantly higher in female group (P<0.05). 
There was no significant difference between males and fe-
males in terms of SKIND and FORIND (P>0.05). 
The positive correlation among SKIND, ZW and FACIND 
was high for both males and females. Although males had 
no interactions among SKIND, IND1, IND2, SL and BL, 
the positive correlation among SKIND, IND1 and IND2 
was medium and the negative correlation among SKIND, 
SL and BL was also medium in females. There was a high 
positive correlation among CRIND, MWN, IND1 and 
IND2 for both sexes. Also, medium positive correlation 
was observed between CRIND and VL in females.  In 

males, the negative correlations among CRIND, SL, CL 
and SH were high but with BL was medium. 
In females, CRIND and CL showed high negative cor-
relation but with BW was medium as well. The positive 
correlation between FACIND and ZW was high and the 
negative correlation between FACIND and VL was medi-
um for both sexes. But, females had medium to positive 
correlation between FACIND and CL. FORIND index 
showed high negative correlation with WF in both males 
and females. Although, positive correlation between FO-
RIND and HF was medium for males, but it was high for 
females.  Also, males had high positive correlation between 
FORIND and HO. While there was high positive correla-
tion between IND1 and IND2, IND1 and IND2 had high 
positive correlation with MWN and also IND1 and IND2 
showed high negative correlation with SL and BL in two 
sexes.  In males, IND1 and IND2 had high negative cor-
relations with VL and had medium negative correlation 
with CL, BW and SH.
In males, medium positive correlation was observed 
among HF, HO and WF; between WC and HC; SH and 
BL, CL, ZW and SL; BW and SL; respectively. Also, high 
positive correlation was determined between VL and BL; 
CL and BL; SL and BL, VL and CL; respectively. In females, 
positive correlations among VL, SH and MWP; SL and VL; 

Table 1. Correlation analysis of the defined features in turkey skulls. Lower left side shows males, upper right side shows females.
*. Correlation is significant at the 0.05 level.  **. Correlation is significant at the 0.01 level. Bold parameters indicate high correlations
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Figure 1. Reference points of cranium (dorsal view) ‡ 
‡1. Skull length (SL), 2. Cranial length (CL), 3. Viscerocranial length (VL), 4. Maximum width of neurocranium (MWN), 5. Beak width (BW), 6. Zygomatic width 
(ZW).

Figure 2. Reference points of cranium (lateral view) ‡ 
‡7. Skull height (SH).
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Figure 3. Reference points of cranium (ventral view) ‡
‡8. Basal length (BL).

Figure 4. Reference points of cranium (caudal view) ‡
‡9. Maximum width of the base of processus paroccipitalis (MWP), 10. Height of the occipital area (HO), 11. Height of foramen magnum (HF), 12. Width of fora-
men magnum (WF), 13. Height of condylus occipitalis (HC), 14. Width of condylus occipitalis (WC).
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CL and BW; CL and VL were medium. There was medium 
positive correlation between VL and BW in males. In con-
trast, the correlation between VL and BW was negative in 
females.

Discussion and Conclusion

In poultry species, neurocranium is relatively small, com-
pact and round-tapered as described by Schwarze and 
Schröder (1979). Therefore, it is more difficult to deter-
mine reference points on the skulls of poultry species than 
mammals. There is not much information in the literatures 
about the measurements of skulls of poultry species in gen-
eral. Therefore, we have not been able to compare the data 
obtained from the skull of turkeys.
Mc Lelland (1990) has reported that foramen magnum 
was in triangular shape in chickens. Nickel et al. (1977) 
also reported the position of foramen magnum was hor-
izontally in pigeons and nuchal but vertically in duck and 
goose. Cakir (2001) pointed that foramen magnum placed 
oblique-caudoventral in bald ibis. Also, Ilgun et al. (2016) 
reported that the position of foramen magnum was verti-
cal and nuchal in guinea fowl and turkeys. According to 
FORIND, the present study suggests foramen magnum 
of turkeys was also slightly vertical oval shaped. There is 
no significant difference in SKIND between males and fe-
males.  This shows that the growth rate in the transverse 
and longitudinal directions of the skull is equal in males 
and females, separately. Therefore, the ratio of skull length 
and width is similar for both sexes. 
Although all morphometric measurements were signifi-
cantly higher in males, all indices except SKIND and FO-

RIND show that female skulls are widened width-wise. 
Indices show that males have narrower and longer skulls 
while the females have smaller and wider. Also, higher val-
ues of MWN, CL and SH in males support that the males 
have larger skulls and this might be the result of the larger 
brain as suggested by Moller (2009) and Singh et al. (2015). 
Male turkeys have larger skulls and this provides more at-
taching surfaces for muscles. Therefore, males have greater 
bite force compared to females and this feature provides 
males better feed grasping ability (Vermaijen et al., 2002). 
Also, larger beak width in male turkeys allows comfort to 
repositioning of large feeds in beak and it provides large 
gape for catching feed and sending it to pharynx (Gus-
selkoo and Bout, 2005).
The reference points and indices which can be used in avi-
an morphometric studies are combined in this study. We 
expect that this study will help the researches who wish to 
study on morphometry of the skull of turkeys and other 
avian species. 
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