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ABSTRACT 

The present study was conducted on the 
sternum (N=06) of indigenous poultry of Poonch 
region. The sternum is the major supportive 
element within the ventral body wall. The body 
of the sternum was elongated, concave dorsally 
and convex ventrally for attachment to breast 
muscles. The cranio-lateral process was 
elongated and directed cranially. The caudo- 
lateral process started as a single process, which 
bifurcated into a smaller dorsal and a longer 
ventral process, both directed caudally. The 
caudo-dorsal process was much wider at its 
terminal end than the caudo-ventral process. 
Two lateral pneumatic foramina were located 
on either side of mid-line towards the cranial 
end of the body, whereas the median 
pneumatic foramen was absent. The cranial 
border of the sternum presented transversely 
elongated grooves separated by a rostrum to 
articulate with the distal extremity of the 
coracoid bone just below the cranial border. 
Anteriorly, the lateral border presented four 
facets for the sternal ribs. The rostrum was a 
quadrilateral plate-like in outline. The ventral 
surface presented triangular shaped keel 
(carina) in the midline. The cranial border was 
concave, and the apex was in level as the origin 
of the caudo-lateral process. Length of sternum 
was 13.36 ± 0.093 cm. The width of the sternum 
was maximum at the level of facets (3.27 ± 
0.051 cm). The cranio-lateral processes were 
the shortest, and the caudo-ventral processes 
were the longest. The height of the keel was 
maximum at its apex. 

Keywords: Biometry, Keel, Sternum, Pneumatic 
foramen, Poonch 

INTRODUCTION 

The Union Territory of Jammu and Kashmir 
belongs to the greater Himalayan mountain 
range, which exerts significant influence on its 
agro-climatic conditions. District Poonch has a 
humid, subtropical climate, which is much 
cooler than the rest of India due to its 
moderately high elevation and northerly 
position. Indigenous poultry rearing provides 
sustainability to the local people. The 
indigenous poultry of the Poonch region weighs 
about 2.1-2.5 kg (cock) and 1.6-1.8 kg (hen). 
Females are combless, whereas males present 
red coloured comb and can survive well in 0° C 
temperature. 

The avian skeleton is highly adapted for flight 
characterized by a prominent sternum, pelvis 
that is opened ventrally, forelimb modified to a 
wing and fusion of vertebrae (Dyce et al., 2010). 
The sternum is an extensive bone that forms the 
floor of the thoracic cavity and part of the 
abdominal cavity of fowl (Pathak et al., 2017). 
The sternum plays an important role in the flight 
mechanism as it provides an attachment area 
for the pectoralis and supra-coracoideus 
muscles having function in wing flapping 
(Altshuler et al., 2015). Sternal crest is most 
developed in sophisticated fliers like swifts and 
hummingbirds and least developed in the 
flightless ratites, which have a flat and raft-like 
sternum (Bezuidenhout, 1999). The 
morphological variation, depending upon the 
species, may exist in the development of keel, 
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processes, sternal spine and in the presence or 
absence of pneumatic foramen (John et al., 
2014a). 

Literature is available on the gross anatomy and 
biometry of sternum of avian species (Duzler et 
al., 2006), pigeon, crow and owl (John et al., 
2014b), emu, turkey and duck (Jayachitra et al., 
2015), peacock, turkey, duck and waterhen 
(Pathak et al., 2017), moorhen (Wani et al., 
2017), Japanese domestic fowls (Kudo et al., 
2017), owl (Choudhary et al., 2018), crow 
(Sunilkumar et al., 2019), crane (Girgiriet al., 
2022), domestic fowl (Jones et al., 2023). An 
anatomical study has been carried out on 
organs like the gizzard of the indigenous poultry 
(Sasan et al., 2023), but no information is 
available on the sternum. There is a positive 
correlation between flight capability and the 
height of the sternal crest to which flight 
muscles insert (Dursun et al., 2002). Keeping in 
view the functional aspect of the sternum, the 
present study was planned to focus on the gross 
morphology and biometry of the sternum in this 
indigenous poultry. 

MATERIALS AND METHODS 

The present study was conducted on the 
sternum of indigenous poultry of the Poonch 
region. Carcasses of six birds were obtained 
from the Division of Animal Genetics and 
Breeding, F.V.Sc. & A.H., SKUAST-Jammu. 
Immediately after collection, the bones were 
processed as per the standard techniques 
(Raghavan, 1964) and used for recording various 
morphological characteristics and biometrical 
parameters. 

RESULTS AND DISCUSSION 

Gross morphology 

The sternum forms a major supportive element 
along the ventral body wall, and its shape varies 
with species (Konig et al., 2016). It was located 
on the antero-ventral aspect of the body cavity 

and gave attachment to the coracoid and sternal 
ribs (Jayachitra et al., 2015). The dorsal aspect of 
the sternum was roughly pyramidal with base 
cranially and apex directed caudally, which was 
similar to the findings of Wani et al. (2017) in 
moorhen. Wani et al. (2018) in a crow divided 
the sternum into three parts, i.e. body, rostrum 
and keel and divided the body of the sternum of 
the moorhen into anterior and posterior parts 
with the origin of the caudo-lateral process as a 
demarcation point. 

The body was elongated, concave dorsally and 
convex ventrally, which gives attachment to 
breast muscles (Jayachitra et al., 2015). A 
roughly quadrilateral body was observed in 
peacock and turkey (Pathak et al., 2017) and 
crow (Wani et al., 2018). The cranio-lateral 
process was elongated and directed cranially 
(Fig. 1) and represented the limit of the cranial 
opening of the ribcage (Konig et al., 2016). This 
process extended up to the rostrum, unlike in 
the peacock, where this process did not extend 
up to the rostrum (Pathak et al., 2017). The 
process was highly developed in owl, 
moderately in crow and highly reduced in 
pigeon (John et al., 2014a). The caudo-lateral 
process started as a single process that 
bifurcated into a smaller dorsal and a longer 
ventral process, both directed caudally (Fig. 1). 
The caudo-dorsal process was much wider at its 
terminal end than the caudo-ventral process. 
The caudo-ventral process and lateral border of 
the body delineate the medial incisure, whereas 
the dorsal and ventral processes form the 
boundary of the lateral incisure. In a live bird, 
both these incisures were closed by connective 
tissue membranes (Konig et al., 2016). The 
caudo-lateral process was absent in the emu 
(Jagapathi et al., 2007). 

In the present study, the median pneumatic 
foramen was absent, but two lateral pneumatic 
foramina were located on either side of the 
midline towards the cranial end of the body (Fig. 
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2). This was similar to the findings of Pathak et 
al. (2017) in the white-breasted water hen. 
Sunilkumar et al. (2019) in the crow reported 
several pneumatic foramina arranged linearly in 
the midline for communication with air sacs. In 
ducks, there was only a single foramen located 
at the cranial border of the midline of the basal 
plate (Sumena and Lucy, 2015). Pneumatization 
is derived from diverticulae originating from the 
clavicular air sac (Konig et al., 2016). 

Cranial border was thick, convex and triangular 
in outline (Fig. 2), as reported by Tomar et al. 
(2011) in the pariah kite. It presented a 
transversely elongated groove to articulate with 
the distal extremity of the coracoid bone just 
below the cranial border (Fig. 3). This acts as a 
base for the shoulder (Yasuda, 2002). The 
groove was bordered by a dorsal and ventral lip 
as observed by Choudhary et al. (2018) in the 
owl. Grooves were separated by a plate-like 
rostrum in the middle (Fig. 3). The caudal border 
was in the form of a pointed projection. 
Anteriorly, the lateral border was thick and 
present fourfacets for sternal ribs (Fig. 2). These 
facets were located between the origin of 
cranio-lateral and caudo-lateral processes. The 
lateral border on either side presented four 
articular facets in black drongo (Sumena and 
Lucy, 2015), peacock and turkey (Pathak et al., 
2017), five facets in owl (Choudhary et al.,2018) 
and crow (Sunilkumar et al., 2019), six facets in 
duck (Sumena and Lucy, 2015), seven in Black- 
crowned crane (Girgiri et al., 2022). Posteriorly, 
the lateral border was concave, similar to the 
findings of Wani et al. (2018) in the crow. 

Rostrum was plate-like quadrilateralin outline 
(Fig. 4), similar to the findings of Pathak et al. 
(2017) in peacock and Sathyamoorthy et al. 
(2006) in Asian koel. However, the rostrum was 
typically Y-shaped in the crow (John et al., 2018) 
and hook-shaped in green winged macaw 
(Sreeranjini et al., 2015). The sternum of the 
pariah kite was devoid of a rostrum (Tomar et 

al., 2011). Choudhary et al. (2018) reported 
triangular shaped rostrum in an owl. 

The ventral surface was convex and presented 
triangular shaped keel (carina) in the midline 
(Fig. 4) as reported by Sunilkumar et al. (2019) 
in the crow. The sternum of the ostrich was 
devoid of a keel (Sathyamoorthy and Ramesh, 
2006). The height of the keel was maximum 
cranially, which decreased caudally. The cranial 
border was concave and the apex was in level as 
the origin of the caudo-lateral process. 
However, in the black drongo, the apex was in 
level as the manubrium (Sumena and Lucy, 
2015). The dorsal border fused with the ventral 
surface of the body of the sternum, whereas the 
ventral border was convex. In the crow, the 
ventral border of the keel bifurcated caudally, 
and each ridge joined the caudo-lateral angles 
of the body of the sternum. The height of the 
keel alone should not be considered as the 
index for flying abilities because in chickens, the 
keel is deep, but it is a poor flier (Dyce et al., 
2010). 

Biometry 

The length of sternum was 13.36 ± 0.093 cm 
which was longer than the sternum of moorhen 
(4.2 cm), pigeon (6.73 cm), crow (6.02 cm) and 
owl (4.69 cm) and Brown wood owl (5.6 cm). In 
domestic fowl, the length of the sternum was 15 
cm (Sumena and Lucy, 2015). The width of the 
sternum was maximum at the level of facets 
(3.27 ± 0.051 cm) followed by caudal extremity 
(1.42 ± 0.09 cm), and least in the middle (0.85 ± 
0.048 cm). In domestic fowl, the width of the 
sternum was 3 cm (Sumena and Lucy, 2015). 
Sunilkumar et al. (2019) also reported the 
maximum width of the sternum at the cranial 
part (2.65 ± 0.11 cm) in the crow. The width of 
the sternum ranged between 24 and 65 mm in 
flying birds (Duzler et al., 2006). A wide sternum 
would produce an attractive appearance for a 
fighting cock (Kudo et al., 2017). 
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The cranio-lateral processes (right 2.76 ± 0.037 
cm and left 2.64 ± 0.031 cm) were shortest, 
followed by caudo-dorsal processes (right 3.65 
± 0.06 cm and left 3.43 ± 0.078 cm). Caudo- 
ventral processes were the longest (right 7.55 ± 
0.032 cm and left 7.55 ± 0.132 cm). Caudo- 
lateral processes of the crow were 1.31 ± 0.06 
cm long (Sunilkumar et al., 2019). 

Length of keel at its attached border was 9.47 ± 
0.068 cm, whereas the curved length of keel 
was 11.41 ± 0.095 cm, which was greater than 
in pigeon (7.15 ± 0.04 cm), crow (5.54 ± 0.03 cm) 
and owl (4.81 ± 0.03 cm). The height of the keel 
was maximum at its apex (3.49 ± 0.033 cm). 

The distance between the rostrum and right and 
left cranio-lateral processes was 2.27 ± 0.058 cm 
and 2.13 ± 0.041 cm, respectively. Distance 
between right andleft cranio-lateral process (A) 
was 4.49 ± 0.048 cm. This distance was 3.7 ± 
0.04 cm in pigeon, 3.38 ± 0.04 cm in crow and 
3.57 ± 0.03 cm in owl (John et al., 2014b). The 
distance between the mid-point of the cranial 
border of the sternum and the apex of the keel 
(B) was 4.88 ± 0.015 cm. Average A/B value was 
0.92 ± 0.009. Duzler et al. (2006) recorded this 
value as 1.56 to 1.95 mm in the swimming 
group, 0.96 to 1.35 mm in the flying group and 
0.50 to 0.68 mm in the walking group. The 
distance between the lateral ends of two 
articular coracoid grooves (C) was 2.78 ± 0.08 
cm. The same was 1.83 ± 0.04 cm in pigeon, 1.22 
± 0.03 cm in crow and 1.4 ± 0.01 cm in owl (John 
et al., 2014b). The average C/B value was 0.57 ± 
0.015. They also recorded this value as 1.21 to 
1.43 mm in the swimming group, 0.63 to 1.04 
mm in the flying group and 0.41 to 0.50 mm in 
the walking group. 
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Fig. 1: Dorsal view of sternum 
showing cranio-lateral process (1), 
dorsal (2) and ventral (3) divisions of 
caudo-lateral process, medial incisure 
(M), lateral incisure (L) 

 

 

 
Fig. 2: Cranial aspect of sternum 
(dorsal view) showing lateral 
pneumatic foramen (arrowhead) and 
facets for sternal ribs (arrow) 

 

 

 
Fig. 3: Cranial view of sternum 
showing elongated grooves (E) for 
coracoid bone separated by rostrum 
(*) 

 

 
 

 
Fig. 4: Lateral view of sternum 
showing keel (K) and rostrum (R) 

 


