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Introduction
Birds [Aves] are group of endothermic vertebrates, 

characterized by high metabolic rate, feathers, toothless beaked 
jaws, hard-shelled eggs, a strong and lightweight skeleton Barnard 
et al. [1]. Birds serves as sources of income and protein, they live 
worldwide and range in sizes and colors, and they are world’s 
most numerically successful class of tetrapods with about ten 
thousand living species Stakebake [2]. Birds have wings and 
the species determines its level of development. The forelimbs 
forms wings which give birds the ability to fly Biewener [3]. The 
respiratory and digestive system of birds are also adapted for flight 
Eckmeier et al. [4]. The upstroke and downstroke movement of 
bird’s wings is controlled by the activity of bilaterally symmetrical 
muscle pairs [pectoralis and supracoracoideus] Baume [5]. The 
supracoracoideus is the second largest wing muscle in birds 
[Eckmeier et al., 2008]. It is the major antagonist to the pectoralis, 
which is the primary downstroke muscle for flight Baume [5].

Across the world, several studies have been conducted on 
the flight muscles in birds such albatrosses, sparrow and guinea 
fowl Meyers, Jennifer & Nassar et al., [2,6,7]. However, there is 
dearth of information regarding gross and histology of the flight 
muscles in Nigerian local chicken, broilers and pigeons found  

 
in Sokoto and Nigeria at large. This work is generally aimed to  
examine the gross and histological features of pectoralis and 
supracoracoideus muscles in domestic fowl [Broiler and local 
domestic chicken in Sokoto] and Pigeon in relation to flight. 
Providing information about pectoralis and supracoracoidieus 
muscles in various avian species will enrich the literature on 
their gross and histological features. This information helps the 
anatomist to know much about the reason behind the action of 
pectoralis and supracoracoideus muscles in some avian species. 
This information helps in knowing how deep a needle should go 
in administering drugs intramuscularly in some avian species. 
The result obtained will helps in diagnosing problems associated 
with bird’s flight by clinician, it will also provide the information 
about the effect of domestication on flight muscles in avian species 
and helps to determine the effect of genetic modification on flight 
muscles.

Materials and Methods
A total number of 15 healthy adult birds [5 Nigerian local 

chickens/Fulani ecotypes, 5 broilers and 5 pigeons] were 
purposively sampled and purchased from Sokoto meat market. 
The birds were transported in a ventilated cage to the Department 
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of Veterinary Anatomy Laboratory Usmanu Danfodiyo University 
Sokoto. Each of the birds were weighed [using a weighing scale], 
bled by severing their jugular veins and defeathered.

The birds were dissected on a dorsal recumbency, using a pair 
of scissors to incise the keel region so as to expose the pectoralis 
and supracoracoideus muscles, with the aid of a scalpel blade, the 
two muscles were detached from their point of origin [body of the 
sternum] and insertion [keel bone]. The two muscles were studied 
grossly to observe their color differences and their photographs 
were captured using a digital camera. Furthermore, with the aid 
of a ruler, measuring tape and weighing balance, the following 
morphometric parameters were measured:

a) Muscle length [ML]: was measured from the anterior 
to the posterior border of each of the pectoralis and 

supracoracoideus using a ruler

b) Muscle width [MWi]: was measured from the lateral to 
medial borders along the mid portions of each of the pectoralis 
and supracoracoideus using a tape rule.

c) Muscle weight [MWe]: was measured using a weighing 
scale. 

Tissue samples were taken from the middle parts of the 
pectoralis and supracoracoideus muscles and fixed in Bouin’s 
solution, sections were prepared using H and E routine histological 
techniques. Morphometry software package; ImageJ [1.50e 
version] was used to determine the number of muscle cell nucleus 
per 5.29 area (Table 1) and a descriptive statistical analytical tool 
were used to analyzed data generated from these studies.

Table 1: The mean ± SEM of bodyweight (BW), Muscle Length (ML), Muscle Width (MWT) and Muscle Weight (MW) of the pectoralis muscle in 
pigeon, local fowl and broiler.

Specie WBW (g) ML (cm) MWTH (cm) MW (g)

Pigeon 550±50a 9.15±0.15ab 5.00±0.20a 97.50±2.50ab

L/Chicken 2050±50a 16.65±0.35b 4.00±0.00b 95.00±5.00a

Broiler 1400±00a 15.25 ±0.25a 6.15±0.15b 95.00±15.00b

abcMeans with the same superscript differs significantly (P>0.05)

Result

Pectoralis muscles
In local and broiler chickens, pectoralis appeared pale in 

color, elongated and complex, while in pigeons it appeared dark 
red in color, broad and also complex (Plate 1). In the three birds, 
pectoralis covers the entire ventral surface of the chest region. It 

originates from the lateral and caudal surfaces of the sternal body, 
the lateral surfaces of the furcular and from adjacent membranes. 
The pectoralis inserts on the ventral surface of the pectoral crest 
of the humerus by an internal aponeurosis. In the domestic fowl 
[local and broiler chickens] the pectoralis was divided inti two 
distinct parts [sternobrachialis and thoracobrachialis] by an 
internal sheet of connective tissue.

Plate 1:  A photograph of pectoralis muscles of pigeon (a), broiler (b) and local fowl (c), internal sheet (white arrows).

Supracoracoideus muscles

This muscle appeared pale in local and broiler chickens and dark 
colored in pigeons. in all the birds, supracoracoideus appeared 

fusiform in shape (Plate 2) and deeply related to the pectoralis 
on the ventral surface of the body. The muscle originates from the 
sternal body and keel and inserted on the dorsal tubercle of the 
humorous by means of a tendon (Table 2 & 3). 
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Plate 2:  A photograph supracoracoideus muscles of pigeon (a), broiler (b) and local fowl (c).

Table 2: The mean ± SEM of Bodyweight (WBW), Muscle Length (ML), Muscle Width (MWT) and Muscle Weight (MW) of the supracoracoideus 
muscle in pigeon, local fowl and broiler.

Specie WBW (g) ML (cm) MWT (cm) WM (g)

Pigeon 550±50a 7.40 ± 0.40ab 1.40 ± 0.10a 19.00 ±1.00a

L/Chicken 2050±50a 13.95 ± 0.05a 2.90±0.10 50.00± 10.00a

Broiler 1400±00a 13.25 ±0.25a 4.25 ±0.25a 37.50± 5.50a

Table 3: The relative body weight of the pectoralis muscle, supracoracoideus muscle and total flight muscle mass in pigeon, local chicken and 
broilers. 

Muscles Pigeon Local chicken Broiler

Pectoralis (%) 18 6 6.75

Supracoracoideus (%) 4 3 2.66

Flight muscle mass (%) 21.2 11.6 9.41

abcMeans with the same superscript differs significantly (P>0.05).

Plate 3: A A photomicrograph of Pectoral muscle in broiler showing; muscle fascicle, muscle fiber (A), endomysium (black arrow), and 
muscle nucleus (yellow arrow). B: A photomicrograph of pectoral muscle in local chicken showing; msucle fascicle, muscle fiber (A), 
endomysium (black arrow), and muscle nucleus (yellow arrow). C: A photomicrograph of pectoral muscle in pigeon showing; msucle 
fascicle, muscle fiber (A), endomysium (black arrow), and muscle nucleus (yellow) and perimysial space (B) X680.

The relative weight of the pectoralis muscle of local chicken, 
broiler and pigeon were 6%, 6.75% and 18% respectively while 
the relative weight of the supracoracoideus muscle of the local 

chicken, broiler and pigeon were 3%, 2.66% and 4% respectively 
(Plate 3 & 4) (Graph 1).
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Plate 4: D: A photomicrograph of supracoracoideus muscle in broiler showing; muscle fascicle and muscle fibers, endomysium (black 
arrow), and muscle nucleus (yellow) and perimysial space (B). E: A photomicrograph of supracoracoideus muscle in local chicken showing; 
msucle fascicle, muscle fiber (A), endomysium (black arrow), and muscle nucleus (yellow) and perimysial space (B). F: A photomicrograph 
of supracoracoideus muscle in pigeon showing; msucle fascicle, muscle fiber (A), endomysium (black arrow), and muscle nucleus (yellow) 
and perimysial.

Graph 1: A chat showing the number of cells/5.29 area in pectoralis muscles (PM) and supracoracoideus muscles (SM) in broilers, local 
chickens and pigeon.

Discussion
The origin of the pectoralis muscle was generally observed 

to be similar in all the three studied birds. This findings is in line 
with the report of Biewener [8] in pigeon, who reported that the 
main portion of pectoralis [sternobrachialis] originates from 
an enlarged sternal keel with more anterior fibers arising from 
furcular, a much smaller portion [thoracobrachialis] originates 
dorsally from the ribs. The origin of the flight muscles in this 
study agrees with the findings of George [9], who reported that 
pectoralis in pigeons originates dorsally from an enlarged sternal 
keel with more anterior fibers arising from the furcular, and a 
much smaller portion originates dorsally from the ribs. The point 
of insertion of pectoralis muscle in this study also agrees with the 
findings of Wada & Dial [10,11] in pigeon and domestic fowl who 
reported that pectoralis muscle inserts on the ventral surface of 
the humerus. The origin and insertion of supracoracoideus muscle 
in this study is similar to the findings of Wada et al., [10]. The color 
and shape of pectoralis and supracoracoideus in this study were in 
agreement with the report of Kiessling [12], who reported that the 

flight muscles of pigeon were reddish in color while those of the 
domestic fowls were white in color.

The mean weight, length, and width of pectoralis and 
supracoracoideus muscles were observed to be significantly 
higher in local chicken, followed by broilers and then pigeon 
except for the width, where the broiler is significantly higher than 
in local chicken [P≤0.05]. The relative weight of the pectoralis in 
pigeon [18%], was contrary to the findings of Sokoloff et al, [13] 
who reported that pectoralis is a large muscle of approximately 
8-11% body weight. The difference might be due to the difference 
in breeds used in the study. George & Berger [14] reported as 
found in this study that, the size of the flight muscles in a bird is 
related to its flying ability. In the birds that are powerful fliers, over 
20% of the birds’ weight is flight muscle. In birds that do not fly, 
less than 10% of the birds’ weight comes from the flight muscles. 
In the present study, 21.20% of the pigeon weight is flight muscle, 
indicating that the pigeon is a powerful flier, while 9.41% of the 
broiler weight is a flight muscle, indicating that the broiler is not a 
powerful flier (Plate 3 & 4).
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The histological studies of both pectoral and Supracoracodeus 
muscles showed that the perimysial space in pigeon is wider 
than that of broiler and local chickens, similarly, the number of 
muscle nuclei in pigeon is more compared to that of broiler and 
local chicken and this is due to the larger numbers of muscle 
fibers present in pigeon. Each muscle fiber [muscle cells] contains 
all the organelles that are found in other types of cells including 
mitochondria, mitochondria produces energy that is required 
for muscle contraction to enable movement and flight Hood 
[15]. Hence, the dark red pectoral and supracoracoideus muscles 
observed in this study is due to the numerous numbers of muscle 
fibers observed from our histological findings and this further 
explains why pigeon could fly higher than broiler and local chicken 
Mishra et al. [16].   

Conclusion
Since 21.20% of the pigeon weight was flight muscle and its 

flight muscles also appeared darker in color with numerous nuclei 
and mitochondria, these indicated that the pigeon is a powerful 
flier than broiler and local fowl. Also, with 9.41% of the broiler 
weight was the flight muscle; it indicated that the broiler is not 
a powerful flier. Furthermore, this work probably was the first 
comparative study on the flight muscles of domestic fowl, broiler 
and pigeon, thus it has established a baseline data for the pectoralis 
and supracoracoideus muscles in domestic fowl, broiler and 
pigeon. It is expected that the result will guide further researches 
on the determination of flying ability in different species of birds.

Recommendation
More work should be conducted on other factors contributing 

to flight; pneumatization of bone and air sacs, on the same species 
used for this work; pigeon, local and broiler chicken.

References
1. Barnard EA, Lyles JM, Pizzey JA (1982) Fiber types in chicken skeletal 

muscles and their changes in musculer dystropy. J Physiol 331(6): 333-
354.

2. Meyers RA, Stakebake EF (2005) Immunohistochemistry of flight 
muscles and the “shoulder lock” in albatrosses. J Morpho 263: 12-29.

3. Biewener AA (2011) Muscle Function in avian flight: achieving power 
and control Phil Trans R Soc 366: 1496-1506.

4. Eckmeier D, Geurten BRH, Kress D, Mertes M, Kern R, et al. (2008) Gaze 
strategy in the free flying zebra finch (Taeniopygia guttata) PLoS ONE 
3(12): e3956. 

5. Baume J (1993) Handbook of Avian Anatomy: Nomina Anatomica 
Avium (2nd edn.), Cambridge, MA, Nuttall Ornithological Club, p. 23. 

6. Jennifer M, Karen L, Sweazea, Eldon J B (2005) Skeletal muscle fiber 
composition of the English Sparrow (Passer domesticus). Comp 
Biochem Physio 143: 126-131.

7. Nassar PN, Andrew CJ, David RC (2001) Entraining the natural 
frequencies of running and breathing in Guinea fowl (Numida 
maleagris) J Exp Bio 204: 1641-1651.

8. Biewener AA (2009) The role of intrinsic muscle mechanism in the 
neuromuscular control of stable running in pigeon J Physio 587: 2693-
2707.

9. George JC (1959) Studies of the structure and physiology of the 
flight muscles of birds. Observations on the fiber architecture of the 
pectoralis major muscles of the pigeon Biol 116: 239-247.

10. Wada N, Miyata H, Tomita R, Ozawa S, Tokuriki M (1999) Histological 
analysis of fiber composition of skeletal muscles in pigeons and 
chickens. Arch Ital Biol 137: 75-82.

11. Dial KP (1992) Avian forelimb muscles and nonsteady flight: can birds 
fly without using the muscles of their wings? Auk 109: 874-885.

12. Kiessling KH (1977) Muscle structure and function in the goose, quail, 
pheasant, guinea hen and chicken Comp. Biochem Physio 57: 287-292.

13. Sokoloff AJ, Ryan JM, Valerie E, Wilson DS, Goslow GEJ (1998) 
Neuromuscular organization of avian flight muscle: morphology and 
contractile properties of motor units in the pectoralis (Pars thoracicus) 
of the pigeon (Columba livia). J Morphol 236: 179-208.

14. George JC, Berger AJ (1996) Avian Myology: Academic Press Inc, New 
York, USA, p. 35.

15. Hood DA (2009) Mechanism of exercise-induced mitochondrial 
biogenesis in skeletal muscle. Appl Physiol Nutr Metab Physiol. 34: 
465-427.

16. Mishra P, Varuzhanyan G, Pham HA, Chan CD (2015) Mitochondrial 
dynamics is a distinguishing feature of skeletal muscle fiber types and 
regulates organellar compartmentalization. Cell Metab 22(6): 1033-
1044.

17. Komolafe MF, Adegbola AA, Are LA, Ashaya IT (1979) Agricultural 
Science for West Africa School, College University Press Limited, 
Ibadan, Nigeria, p. 23-37.

18. Michael C, Apply by, Barry O, Anold E (1992) Poultry Production 
Systems, Behavior, Management and Welfare Redwood Press, 
Melksham, England, p. 4-15.

19. Ojo SA (1990) Guide to the Study and Dissection of Domestic Fowl ABU 
Press Zaria, Nigeria, p. 35-37.

https://dx.doi.org/10.19080/AAPS.2020.01.555566
https://www.ncbi.nlm.nih.gov/pubmed/7153905
https://www.ncbi.nlm.nih.gov/pubmed/7153905
https://www.ncbi.nlm.nih.gov/pubmed/7153905
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3130450/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3130450/
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0003956
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0003956
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0003956
https://www.academia.edu/20947312/HANDBOOKOF_AVIAN_ANATOMY_NOMINA_ANATOMICA_AVIUM_Second_Edition
https://www.academia.edu/20947312/HANDBOOKOF_AVIAN_ANATOMY_NOMINA_ANATOMICA_AVIUM_Second_Edition
https://www.ncbi.nlm.nih.gov/pubmed/11398753
https://www.ncbi.nlm.nih.gov/pubmed/11398753
https://www.ncbi.nlm.nih.gov/pubmed/11398753
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2714031/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2714031/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2714031/
https://www.jstor.org/stable/1539000?seq=1
https://www.jstor.org/stable/1539000?seq=1
https://www.jstor.org/stable/1539000?seq=1
https://www.jstor.org/stable/4088162?seq=1
https://www.jstor.org/stable/4088162?seq=1
https://www.ncbi.nlm.nih.gov/pubmed/162577
https://www.ncbi.nlm.nih.gov/pubmed/162577
https://www.worldcat.org/title/avian-myology-by-jc-george-and-aj-berger/oclc/556151
https://www.worldcat.org/title/avian-myology-by-jc-george-and-aj-berger/oclc/556151
https://www.ncbi.nlm.nih.gov/pubmed/19448716
https://www.ncbi.nlm.nih.gov/pubmed/19448716
https://www.ncbi.nlm.nih.gov/pubmed/19448716
https://www.ncbi.nlm.nih.gov/pubmed/26603188
https://www.ncbi.nlm.nih.gov/pubmed/26603188
https://www.ncbi.nlm.nih.gov/pubmed/26603188
https://www.ncbi.nlm.nih.gov/pubmed/26603188


How to cite this article: Umar A, Jibril M, Atabo S, Danmaigoro A, Ekeolu O. Gross and Histological Studies of Muscles of Flight in Some Avian Species. 
Arch Anim Poult Sci. 2020; 1(4): 555566. DOI: 10.19080/AAPS.2020.01.5555660057

Archives of Animal & Poultry Sciences (AAPS)

Your next submission with Juniper Publishers    
      will reach you the below assets

• Quality Editorial service
• Swift Peer Review
• Reprints availability
• E-prints Service
• Manuscript Podcast for convenient understanding
• Global attainment for your research
• Manuscript accessibility in different formats 

         ( Pdf, E-pub, Full Text, Audio) 
• Unceasing customer service

                    Track the below URL for one-step submission 
  https://juniperpublishers.com/online-submission.php

This work is licensed under Creative
Commons Attribution 4.0 License
DOI: 10.19080/AAPS.2020.01.555566

https://dx.doi.org/10.19080/AAPS.2020.01.555566
https://juniperpublishers.com/online-submission.php
https://dx.doi.org/10.19080/AAPS.2020.01.555566

	Gross and Histological Studies of Muscles of  Flight in Some Avian Species
	Abstract
	Introduction
	Materials and Methods
	Result
	Pectoralis muscles
	Supracoracoideus muscles

	Discussion
	Conclusion
	Recommendation
	References

