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Abstract 
The present study had been carried 
out on the thoracic vertebrae of 
blackbuck. There were thirteen tho-
racic vertebrae, which were charac-
terized by long spinous process, cy-
lindrical but shorter body and pres-
ence of cranial and caudal costal fac-
ets on their bodies. The supra spi-
nous processes of the thoracic verte-
brae increas-ed in length and breadth 
up to the fourth vertebra (T4) then 
gradually decreased. The maximum 
height of T4 was 9.84 ± 0.028 cm. The 
backward inclination in the spinous 
process of thoracic ver-tebrae in-
creased up to the ninth and then de-
creased. The greatest length of tho-
racic vertebrae (T1 to T13) was 30.56 ± 
0.115 cm in blackbuck. 
 
Keywords: Blackbuck, thoracic, ver-
tebrae, spinous process, transverse 
process. 

Introduction 
The blackbuck (Antilope cervicapra) is 
an ungulate species of antelope na-
tive to the Indian Subcontinent that 
has been classified as near threat-
ened by IUCN since 2003. The black-
buck is protected under Schedule I of 
the Indian Wildlife Protection Act, 
1972. The aim of this study is to in-
vestigate the thoracic vertebrae of 
blackbuck, thereby making a contribu-
tion in filling the gap of knowledge in 
this field. As per knowledge, in many 
vetero legal cases one fails to identify 
the bones of this animal and confuse 
them with those of some other small 
ruminants. This investigation will be 
helpful to the field veterinarians as 
well as zoo veterinarians. 
 
Material and Methods 
The present study was conducted on 
the thoracic vertebrae of six adult 
blackbuck of either sex. The permis-
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sion for the specimen collection was 
sought from the Deputy Inspector 
General (WL), Ministry of Environ-
ment and Forests (MoEF), New Delhi, 
India and Principal Chief Conservator 
of Forest (PCCF), Government of Ra-
jasthan. The skeletons were collected 
from the Jodhpur zoo after official ap-
provals from the Principal Chief Con-
servator of Forest (PCCF) vide letter 
no. F, 3(02) Tech-II/CCF/2010/714 
dated 07.05.2014. The skeletons 
were excavated out from the grave-
yards located in the premises of 
Jodhpur zoo and processed as per 
standard technique (Raghavan, 
1964). Subsequently, these osteolog-
ical specimens were studies to record 
their gross morphological features. 
Different parameters of the thoracic 
vertebrae were measured and sub-
jected to routine statistical analysis as 
described by Snedecor and Cochran, 
(1994). Nomina Anatomica Veterinar-
ia (2005) was used in describing the 
anatomical features in the study.   
 
Results and discussion 
In the present study there were thir-
teen thoracic vertebrae charac-terized 
by long spinous process (Fig. 1 & 2), 
cylindrical but shorter body and pres-
ence of cranial and caudal costal fac-
ets on the bodies. These findings 
were in corroboration to the observa-
tions made by Raghavan (1964) in ox, 
Miller et al. (1964) in dog, Maala et al. 
(1992) in cala-mian deer, Kumar et al. 
(2000) in red deer and Meena et al. 
(2013) in chital. In contrast, Getty 

(1975) reported eighteen thoracic ver-
tebrae in horse. According to Smuts 
and Bezuidenhout, (1987) there were 
twelve thoracic vertebrae in camel. 
Yilmaz (1998) reported that there are 
fifteen in porcupine and also, accord-
ing to Yilmaz et al.  (2000), fourteen 
thoracic vertebrae are present in ot-
ters. 
 
The spinous processes of thoracic 
vertebrae increased in length and 
breadth up to the fourth vertebra and 
then gradually decreased in black-
buck, which was in conformity with 
the observations of Getty (1975) in 
horse, Maala et al. (1992) in calamian 
deer and Meena et al. (2000) in chital. 
Kumar et al. (2000) and Meena et al. 
(2013) recorded the height of T4 in red 
deer and chital to be 10.39 ± 0.269 
and 14.28 ± 0.09 cm (maximum) re-
spectively, but in blackbuck it was 
9.84 ± 0.028 cm. In fourth thoracic 
vertebra as recorded in this study re-
vealing a shorter spine in blackbuck 
than in red deer and chital. Whereas, 
the second or third thoracic vertebra 
was the highest in ox (Raghavan, 
1964), fifth or sixth vertebra was the 
highest in camel (Smuts and Be-
zuidenhout, 1987) and the height de-
creased from third verte-bra in otters 
(Yilmaz et al., 2000). 
 
The backward inclination in the spi-
nous process (Fig.2) of the thora-cic 
vertebrae increased up to the ninth 
and then decreased as also reported 
in horse (Getty, 1975), in ox 

                                                    

 

(Raghavan, 1964), in dog (Miller et 
al., 1964) and in camel (Smuts and 
Bezuidenhout, 1987). In contrast, the 
first eleven were caudally sloped in 
porcupine (Yilmaz, 1998) and the first 
ten were caudally sloped in otters 
(Yilmaz et al., 2000). 
 
The spine, presented two sur-faces 
two borders and a summit. The lateral 
surfaces were convex and the bor-
ders were nearly straight while the 
summit was thick and tuberous. 
These findings were more or less sim-
ilar to that in horse (Getty, 1975), in 
camel (Smuts and Bezuidenhout, 
1987) and in Calamian deer (Maala et 
al., 1992). The summits of the sev-
enth to tenth vertebrae were distinctly 
bifid in ox (Raghavan, 1964)which 
was not observed in blackbuck of this 
study. 
The spine of the thirteenth thora-cic 
vertebra was vertical in blackbuck 
similar to that reportedin ox (Ragha-
van, 1964). The spine ofthe eleventh 
thoracic vertebra was vertical in dog 
(Miller et al., 1964) and in otters (Yil-
maz et al., 2000) and the eleventh 
and twelfth in camel (Smuts and Be-
zuidenhout, 1987). The spinous pro-
cess was in the form of two tubercles 
in the first two thoracic vertebrae and 
was formed of a thin median ridge in 
the remaining ver-tebrae. This finding 
was con-current to the findings in ox 
(Raghavan, 1964) but the same was 
more prominent in camel (Smuts and 
Bezuidenhout, 1987). 
 

The articular processes in the black-
buck thoracic vertebra were small. 
The cranial articular proc-esses were 
oval, slightly convex and were placed 
on the dorsal border of the arch and 
directed upwards. The caudal articu-
lar processes were placed at the base 
of the spinous process. They were 
slightly concave and faced down-
wards. The cranial articular facets 
were widely separated in the first tho-
racic vertebra and were associated 
with the transverse process (Fig.1) in 
blackbuck. The same findings were 
also observed by Getty (1964) in 
horse, Raghavan (1964) in ox and 
Smuts and Bezuidenhout (1987) in 
camel. 
 
The transverse processes were short, 
thick and single. Each transverse pro-
cess possessed a tubercular facet on 
its ventral aspect for articulation with 
the tubercle of the rib. This facet de-
creased in size and convexity from 
the first to the eleventh thoracic ver-
tebra and were absent in the twelfth 
and thirteenth thoracic ver-tebrae. 
They possessed thick round-ed ma-
millary processes on the dorsal as-
pect that were fused with the cranial 
articular processes in the twelfth and 
thirteenth thoracic vertebrae. This 
was in accordance with the findings of 
Raghavan (1964) in ox, Miller et al. 
(1964) in dog and Smuts and Be-
zuidenhout (1987) in camel. Accord-
ing to Kumar et al. (2000), the trans-
verse process lengths (TPL) were 
fairly uniform in the thoracic spine. 
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The minimum TPL was 1.10 ± 0.082 
cm at twelfth thoracic vertebra in red 
deer. Meena et al. (2013) also stated 
in chital that TPL min was 1.6 ± 0.06 
cm at eleventh and twelfth thoracic 
vertebra but transverse process 
lengths (TPL) were not uniform in the 
thoracic spine of the blackbuck and 
TPLmax was 1.96 ± 0.009 cm at T4 and 
T5 vertebraand TPLmin was 0.96 ± 
0.010 cm found at T11 and T12 verte-
bra. The greatest length of thoracic 
vertebrae (T1 to T13) was 30.56± 
0.115cm in blackbuck. 
 
Conclusion 
There were thirteen thoracic verte-
brae that were characterized by long 
spinous processes, cylindrical but 
shorter bodies and presence of crani-
al and caudal costal facets on their 
bodies. The spinous processes of the 
thoracic vertebrae increased in length 
and breadth up to the fourth vertebra 
(T4) then gradually decreased. 
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Fig (1): Caudal view of thoracic vertebra in blackbuck showing: spinous process (a), articu-
lar surface (b), transverse process (c), caudal articular area (d), articular facet (e), cranial 
articular area (f). 
 
 
 

 

Fig (2): Lateral view ofthoracic vertebrae (T1-T13) of blackbuck showing: spinous process 
(a), tubercular facet (b), greatest length (Lg). 
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Abstract 
Gross anatomical features of develop-
ing rumen was studied in 36 goat foeti 
of both sex. The primordia of the ru-
men was noticed on 38 day of gesta-
tion between 11th to 13th rib. Rumen 
was displaced from 8th rib to 1st lum-
bar vertebrae on 134 day onwards. It 
was roughly quadrilateral shaped 
through- out the gestation. The dorsal 
sac of rumen grew faster than the 
ventral sac. The cranial and caudal 
transverse grooves and right and left 
longitudinal grooves were observed at 
46 days and coronary grooves were 
observed at 50 days of gestation. 
Well distinguished cranial and caudal 
pillars were observed on 46 days of 
gestation. Well developed right and 
left longitudinal folds were demarcat-
ed on 55 and 100 days, respectively. 
Biometrical parameters viz. length, 
height, width and diameter increased 
as age advanced. 
 
Keywords: Goat, Rumen, Morpho-
genesis.  

Introduction  

Morphological analysis of goat diges-
tive tract has led to its being classed 

as an intermediate feeder, situated 
between concentrate selectors at one 
extreme and the grass roughage eat-
er at other. Goats have the ability to 
convert fibrous foods into products of 
great nutritive value. This ability de-
velops scientific interest on the struc-
ture and function of the digestive tract 
of these animals. The rumen is the 
most important compartment in the 
physiological term because it plays a 
key role in the breakdown and subse-
quent microbial digestion of cellulose, 
an essential nutrient for ruminants. 
Documentation of normal, embryonic 
and fetal development is necessary to 
understand the consequences of 
harmful influences at various stages 
of gestation (Evans and Sack 1973).  
Apparently, very little work has been 
reported on various stages of differen-
tiation and development of the rumen 
in particularly this species. The pre-
sent study aims to characterize the 
main morphological changes occur-
ring in the goat rumen during various 
stages of gestation. 
 
Material and Methods  
The morpho-metrical study was con-
ducted on the developing rumen of 36 
goat embryos/foeti. The material was 


