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Abstract 
 

 The research was performed on 16 one-year-old domestic turkeys of Beltsville race and 16 domestic ducks of the Pekinese 

race, of both sexes. Standard histological technique was used and morphometric analysis was performed using histological samples. 

Ciliary ganglion morphometric analysis revealed the presence of two cell populations of ganglionic neurocytes: choroid and ciliary 

cells, clearly differing in diameter. Ciliary cells were predominant in turkeys, whereas choroid cells in ducks. The statistical analysis 

showed that the diameter and surface area of ganglionic neurocytes, the diameter and cross sectional area through the ciliary 

ganglion, as well as, the number of ganglionic cells on the cross-section through the ganglion were significantly larger (P<0.001) in 

turkeys than in ducks. The difference in the number of choroid and ciliary cells in domestic turkey and domestic duck is probably 

connected with eye accommodation, which seems to be greater in turkeys.  
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Cephalic parasympathetic ganglia in birds, as 

one of the main elements of the autonomic nervous 

system, constitute the subject of research for many 

scientists. The ciliary ganglion is the most frequently 

analysed parasympathetic ganglion in birds. Its anatomic 

structure has been described for over 60 species from 

over a dozen families (1, 6, 12, 16, 18-20, 22). So far, no 

morphometric analysis of this ganglion in any of the 

species has been done although it has been known for a 

long time that two cell populations: ciliary and choroids, 

can be distinguished in it. 

Therefore, an investigation has been taken in 

order to perform a comparative morphometric analysis 

of the ciliary ganglion of the domestic turkey (Meleagris 

gallopavo f. domestica) and domestic duck (Anas 

platyrhynchos f. domestica). This study is important for 

both cognitive and comparative anatomy reasons as 

turkey belongs to the order of Galliformes and the 

family of Phasianidae, whereas the duck represents the 

order Anseriformes and the family of Anatidae. These 

species differ in many morphological features and the 

lifestyle. The Galliformes, being ground-feeding birds, 

live on the ground, whereas the Anseriformes 

representatives are water birds, hence they are perfect 

swimmers and divers.  

The obtained results will be of cognitive and 

practical value, particularly in diagnostics of the organ 

of vision and the structures, which innervate this organ 

in the animals. They can be used by clinicists and other 

biological disciplines representatives in the future. 

Numerous researches presented histopathological 

changes in the ciliary ganglion caused by glaucoma, 

subarachnoid haemorrhage, and meningitis. These 

changes manifest through degeneration, loss, or absence 

of ganglionic neurocytes in the ganglion (2, 3, 23). 

 

 

Material and Methods 
 

The research was performed on 16 one-year-old 

domestic turkeys of the Beltsville race and 16 domestic 

ducks of the Pekinese race, of both sexes (half males and 

half females). The animals were subjected to the 

examinations within 3 h after slaughter. Standard 

histological technique (13, 17, 19) and morphometric 

analysis were used. For the morphometric analysis, the 

histological samples were used in computer image 

analysing programme Multiscan 4.1. The diameter and 

surface area of the ganglionic cells, the diameter and 

cross sectional areas through the ganglia, number of 

neurocytes in the following cross-section through the 

ganglia, and percentage ratio of the individual 

components of ganglia were measured. In the following 

sections, only cells containing nucleoli were measured.        
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In case of the cells and ganglia of elongated shape, the 

longest chord was measured. The obtained results of 

diameter measurements are presented in the form of the 

bar histograms, which were done in the Microsoft Office 

Excel 2007. In order to create the charts presented in 

Figs 2 and 4, 500 ganglionic neurocytes from all 

individuals were randomly selected and their diameter 

was measured (intervals every 5 µm). The morphometric 

parameters were analysed using Statistica 6.1 software. 

The data were expressed as mean ±standard error of the 

mean. Statistical differences between groups were 

evaluated by Student’s t-test. The significance level was 

set at P<0.001. 

 

 

Results 
 

The morphometric analysis of the domestic 

turkey ciliary ganglion. Histological (Fig. 1) and 

morphometric analyses of the ciliary ganglion in the 

domestic turkey showed the presence of two ganglionic 

cell populations of clearly different diameter. Small 

cells, which included neurocytes within the range of 

9.6–29.6 µm, were interpreted as choroid cells, whereas 

large cells with diameter of 29.7–85.1 µm as ciliary 

cells. By choosing randomly 500 neurocytes of ciliary 

ganglion and measuring their diameter, a bar histogram 

has been created (Fig. 2). This histogram shows that the 

cells have the diameter from 9.6 to 77.9 µm. The vast 

majority constitute the cells above 29.6 µm (336 out of 

500 diameter measurements of neurocytes). The mean 

value equaled 36.6 µm. Ciliary cells were predominant 

in the ciliary ganglion of turkeys (61.29%–90.41% of all 

ganglionic cells). 

The cross sectional area of ganglionic 

neurocytes (µm
2
) of the ciliary ganglion ranged from 

54.4 to 3054.4 µm
2
 of the surface area. The vast 

majority of cells had the surface area amounting from 

804.4 µm
2
 (293 out of 500). Mean value of the surface 

area equalled 1084.1 µm
2
. The diameter of this ganglion 

was 0.84–1.38 mm. The cross sectional area through the 

ganglion was enclosed in the interval from 0.64 to 1.15 

mm
2
, where the ganglion cells constituted from 9.5% to 

20% of the cross sectional area. The number of 

ganglionic neurocytes on the cross-sections through this 

ganglion ranged from 73 to 247. 

The morphometric analysis of the domestic 

duck ciliary ganglion. Histological analysis (Fig. 3) and 

morphometry of the duck ciliary ganglion, similarly as 

in turkeys, demonstrated the presence of two cell 

populations of different diameter (choroid from 9.6 to 

29.6 µm; ciliary- up to 67.8 µm). The histogram 

presented in Fig. 4, shows the number of cells in 

particular diameter intervals (µm) of the investigated 

duck ganglion. The obtained results demonstrated the 

dominance of cells of diameter from 9.6 to 29.6 µm (411 

out of 500); and the mean value was 21.5 µm. In this 

bird species, choroid cells were predominant, ranging 

from 69.23 to 87.18% of all ganglionic cells in a given 

cross-section. 

The surface area of ganglionic neurocytes in 

duck ciliary ganglion ranged from 49.7 to 1,924.1 µm
2
. 

The majority of cells had the surface area up to 649.7 

µm
2
 (445 out of 500). Mean value of the surface area 

was 337.7 µm
2
. In this ganglion the diameter was 0.54–

0.81 mm. The cross sectional area through this ganglion 

ranged from 0.18 to 0.30 mm
2
. In this ganglion the 

ganglionic neurocytes were present in 8.5%-15% of the 

cross sectional area. On the cross-sections through the 

ciliary ganglion, the presence of 78 to 97 ganglionic 

neurocytes was observed.  

 Statistical analysis. The diameter and surface 

area of ganglionic neurocytes, the diameter and cross 

sectional area through the ciliary ganglion, and the 

number of ganglionic cells on the cross-section through 

the ganglion were significantly (P<0.001) larger in the 

domestic turkeys than the domestic ducks (Table 1).  

 

 

Fig. 1. The cross-section through the ciliary ganglion in 

the domestic turkey. H.E. Approx. 320x.  

cc - ciliary cells (cellulae ciliares) 

chc  - choroid cells (cellulae choroidales) 

 

 

 

Fig. 3. The cross-section through the ciliary ganglion in 

the domestic duck. H.E. Approx. 240x. 

Symbols as in Fig. 1 
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Fig. 2. The number of cells in particular diameter intervals (μm) of the ciliary ganglion in the domestic turkey, n=500. 

 

 

 

 

 

 
Fig. 4. The number of cells in particular diameter intervals (μm) of the ciliary ganglion in the domestic duck, n=500. 
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Table 1 
Comparison of mean morphometric parameters of the ciliary ganglion in the domestic turkey and domestic duck 

(Student’s –t-test, P<0.001); - domestic turkey,  - domestic duck, d.f. – degrees of freedom, t – t empirical 

Morphometric paramater ±SE ±SE d.f. t P 

Diameter of ganglionic cells 

(μm) 

36.6±0.59 21.5±0.4 998 21.1211 <0.001 

 Surface area of ganglionic 

cells (μm
2
) 

1084.1±29.64 337.7±13.85 998 22.8178 <0.001 

Diameter of the ciliary 

ganglion (mm) 

1.09±0.04 0.64±0.02 30 9.4653 <0.001 

Cross sectional area through 

the ciliary ganglion (mm
2
) 

0.87±0.06 0.25±0.01 18 1.7749 <0.001 

Number of ganglionic cells 151.1±14.5 87.1±1.66 30 4.3590 <0.001 

 

 

Discussion 
 

First data on the ciliary ganglion in birds 

concerned domestic birds (Gallus gallus domesticus, 

Columba livia). This information was, however, 

insufficient and the ciliary ganglion was described in 

regard to sympathetic structures. In these birds, a strict 

relation of the ganglion with the oculomotor nerve trunk 

was demonstrated, as well as, the presence of multiple 

fibre bundles leaving the ganglion, which were 

interpreted as short ciliary nerves, was stated (5). Later 

investigations, performed with the use of the most 

modern techniques, confirmed the topographic and 

functional relationship of the ciliary ganglion with nerve 

III, actually with its lower branch, since the ganglion is 

supplied by the preganglionic parasympathetic fibres of 

the oculomotor nerve from Edinger-Westphal nucleus in 

the mesencephalon. Several studies have presented that 

there is always a single ciliary ganglion of compact 

histological structure and great polymorphology in 

individual species within the same vertebrate class (1, 6, 

16, 19, 20). The ganglion with spindle or oval shape 

(Gallus gallus domesticus, Columba livia, Coturnix 

coturnix v. Japonica, Halcyon smyrnensis, Pterocles 

alchata) is the most common. In the wild and domestic 

ducks, this ganglion has an elongated shape and has the 

form of one of the branches of the nerve III, whereas in 

wild and domestic turkeys, the ciliary ganglion has the 

barrel shape and strictly adheres to the inferior branch of 

the oculomotor nerve (1, 19, 20).  

Numerous investigations confirmed the 

presence of two kinds of cells in the investigated 

ganglion in birds: large called ciliary and small - choroid 

cells (1, 4, 6, 7, 15, 16, 18-20, 22). In pigeons and hens, 

the diameter of large cells amounts to about 45 µm, and 

the diameter of small cells is about 25 µm (15). Ciliary 

cell axons form long ciliary nerves that reach iris smooth 

muscles and ciliary body, whereas the axons of the 

choroid cells form short ciliary nerves, reaching the 

sclera and choroidea. Some authors perceived the 

morphological criterion as insufficient to distinguish 

ciliary and choroid cells. Marwitt et al. (15) used the 

speed of impulse transmission in nervous fibres as the 

main criteria of the classification. Their investigation 

has shown that presympathetic fibres reach the ciliary 

cells in 6.9–3.04 m/s, and in case of choroid cell fibers - 

3.4–0.7 m/s, at 22–24
0
C. De Stefano et al. (7) applied 

immunocytochemical criterion for the identification of 

both cell populations, stating the presence of 

neuropeptide - somatostatin in the hen and Japanese 

quail. In their opinion, biologically active somatostatin 

allows better distinguishing of ciliary neurocytes from 

choroid neurocytes because it is localised only in 

choroid neurocytes.  

The morphometric analysis performed on 

domestic turkeys and ducks demonstrated the presence 

of two ganglionic cell populations in the ciliary 

ganglion: choroid and ciliary cells, which clearly 

differed in size. In domestic turkeys, the vast majority 

were the ciliary neurocytes, which constituted from 61% 

to 90% of all cells. In domestic ducks, the choroid cells 

were predominant and ranged from 69% to 87% of all 

cells in the analysed cross-section. According to 

Terzuolo (22), the choroid cells are less numerous than 

ciliary cells in wild turkeys. This was confirmed in the 

research conducted on domesticated turkeys. In pigeon, 

however, the choroid cells constitute half of all 

neurocytes population (15). In the examined birds, clear 

differences were noted in the number of ganglionic 

neurocytes, diameter and surface area of ganglionic 

cells, and diameter and cross sectional area through the 

ciliary ganglion. These parameters were significantly 

larger in domestic turkeys than in domestic ducks. 

In the majority of mammals, such as birds, the 

ciliary ganglion is topographically and functionally 

connected with the oculomotor nerve (10-14, 17, 24); 

however, in comparison with birds it reveals significant 

differences. According to the previously published data, 

the ciliary ganglion size in mammals depends on the 

development of the sight organ and the degree of its 

usage (9, 12, 24). It seems that similar correlation also 

refers to birds in which the ciliary ganglia are bigger 

than in mammals. The mammalian ciliary ganglion is 

usually represented by single, compact neurocyte 

cluster. However, in many species, e.g. cat, horse, sheep, 

goat, boar, pig, fox, Egiptian spiny mouse, and even 

human, accessory ganglia were found aside from the 

main ciliary ganglia (8, 10, 17, 21). In mammals, the 

ciliary ganglion cells reveal great differentiation of the 

diameter among species, e.g. in humans 25-36 µm, in 
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mice - 11-15 µm, in dogs - 34-40 µm, and in macaques - 

30-43 µm (12, 24). However, choroid and ciliary cells of 

different size, like in birds, have not been found. 

Moreover, postganglionic fibre bundles form only short 

ciliary nerves innervating all of the pupil muscles. Thus, 

the difference in percentage share of the choroid cells to 

the ciliary cells in domestic turkeys (dominance of 

ciliary cells) and in domestic ducks (dominance of 

choroid cells) probably is an effect of species-specific 

eye accommodation ability. It seems that the 

accommodation is greater in turkeys because the ciliary 

muscle and ciliary body are strongly innervated by long 

ciliary nerves. The choroid neurocyte domination in 

ducks can be explained by the necessity of better fibrous 

membrane and eye ball choroidea supply in this bird 

species, as it lives on the ground and in water.  

 

 

References 
 

1. Abraham A., Stammer A.: Über die Struktur und die 

Innervierung der Augenmuskeln der Vögel unter 

Berücksichtingung des Ganglion Ciliare. Acta Biol 1966, 

12, 87-191. 

2. Aydin M. D., Akyol-Salman I., Sahin O.: 

Histopathological changes in ciliary ganglion of rabbits 

with subarachnoid hemorrhage. Int J Neurosci 2005, 115, 

1595-1602. 

3. Aydin M.D., Onder S., Ulvi H., Onder A., Baykal O.: 

Histopathological alterations in ciliary ganglions in 

meningitis: an experimental study. Minim Invasive 

Neurosurg 2005, 48, 297-301. 

4. Bernstein B.W.: Dissection and culturing of chick ciliary 

ganglion neurons: a system well suited to synaptic study. 

Methods Cell Biol 2003, 71, 37-50. 

5. Carpenter F.W.: The development of the oculomotor 

nerve, the ciliary ganglion, and the abducent nerve in the 

chick. Bull Mus Comp Zool Harvard Coll 1906, 48, 140-

234. 

6. Dakrory A.I., Abdel-Kader T.G.: Comparative 

anatomical study on the ciliary ganglion in birds. Aust J 

Basic Appl Sci 2011, 5, 37-48. 

7. De Stefano M.E., Ciofi Luzzatto A., Mugnaini E.: 

Neuronal ultrastructure and somatostatin 

immunolocalization in the ciliary ganglion of chicken 

and quail. J Neurocytol 1993, 22, 868-892. 

8. Godinho H.P.: A comparative anatomical study of the 

cranial nerves in goat, sheep and bovine (Capra hircus, 

Ovis arive and Bos taurus) their distribution and related 

autonomic components. Iowa State University, Ames-

Iowa, 1968. 

9. Johnson D.A., Purves D.: Postnatal deduction of neutral 

unit size in the rabbit ciliary ganglion. J Physiol 1981, 

318, 143-159. 

10. Kuchiiwa S., Kuchiiwa T., Suzuki T.: Comparative 

anatomy of the accessory ciliary ganglion in mammals. 

Anat Embryol 1989, 180, 199-205. 

11. Kuder T.: The ciliary ganglion in mouse. Folia Morphol 

1986, 45, 80-85. 

12. Kuder T.: Autonomic nervous system. Edited by AS, 

Kielce, Poland, 2002 (in Polish). 

13. Kuder T., Kuchinka J., Nowak E., Szczurkowski A., 

Radzimirska M.: A comparative study on the 

morphology and topography of the ciliary ganglion in 

midday gerbil (Meriones meridianus) and turtle 

(Agrionemys horsfieldii). Ann Anat 2003, 185, 351-357. 

14. Kuder T., Szczurkowski A.: Morphology, topography 

and cytoarchitectonics of the ciliary ganglion of Syrian 

hamster (Mesocricetus auratus W. 1839). Zool Pol 1987, 

34, 23-30. 

15. Marwitt R., Pilar G., Weakly J.N.: Characterization of 

two ganglion cell populations in avian ciliary ganglia. 

Brain Res 1971, 25, 317-334. 

16. Nowak E.: Morphology, topography and 

cytoarchitectonics of the ciliary ganglion in the Japanese 

quail (Coturnix coturnix v. Japonica). Ann Anat 1998, 

180 (suppl), 323. 

17. Nowak E., Kuder T., Szczurkowski A., Kuchinka J.: 

Anatomical and histological data on the ciliary ganglion 

in the Egyptian spiny mouse (Acomys cahirinus 

Desmarest). Folia Morphol 2004, 63, 267-272. 

18. Oehme H.: Das Ganglion ciliare der Rabenvögel 

(Corvidae). Anat Anz 1968, 123, 271-277. 

19. Radzimirska M.: The morphology, topography and 

cytoarchitectonics of the ciliary ganglion in the domestic 

turkey (Meleagris gallopavo domesticus). Folia Morphol 

2003, 62, 289-291. 

20. Radzimirska M.: Morphology, topography and 

cytoarchitectonics of the ciliary ganglion in the duck 

(Anas domesticus). Ann Anat 2004, 186 (suppl), 152. 

21. Sinnreich Z., Natan H.: The ciliary ganglion in man 

(anatomical observations). Anat Anz 1981, 150, 287-297. 

22. Terzuolo C.: Richerche sul ganglio ciliari degli Ucelli. 

Connessioni mutamenti in relazione all’eta e dopo 

recisione delle fibre pregangliari. Z Zellforch 1951, 36, 

255-267. 

23. Tschernjawsky G.J., Pletschkowa E.K.: Morphological 

changes in ciliary ganglions of healthy subjects and 

glaucoma patients. Albrecht Von Graefes Arch Klin Exp 

Ophthalmol 1979, 211, 235-41. 

24. Zhang Y.L., Tan C.K., Wong W.C.: The ciliary ganglion 

of the monkey: a light and electron microscope study. J 

Anat 1994, 184, 251-260. 

 

http://www.ncbi.nlm.nih.gov/pubmed?term=Aydin%20MD%5BAuthor%5D&cauthor=true&cauthor_uid=16223704
http://www.ncbi.nlm.nih.gov/pubmed?term=Akyol-Salman%20I%5BAuthor%5D&cauthor=true&cauthor_uid=16223704
http://www.ncbi.nlm.nih.gov/pubmed?term=Sahin%20O%5BAuthor%5D&cauthor=true&cauthor_uid=16223704
http://www.ncbi.nlm.nih.gov/pubmed?term=Aydin%20MD%5BAuthor%5D&cauthor=true&cauthor_uid=16320193
http://www.ncbi.nlm.nih.gov/pubmed?term=Onder%20S%5BAuthor%5D&cauthor=true&cauthor_uid=16320193
http://www.ncbi.nlm.nih.gov/pubmed?term=Ulvi%20H%5BAuthor%5D&cauthor=true&cauthor_uid=16320193
http://www.ncbi.nlm.nih.gov/pubmed?term=Onder%20A%5BAuthor%5D&cauthor=true&cauthor_uid=16320193
http://www.ncbi.nlm.nih.gov/pubmed?term=Baykal%20O%5BAuthor%5D&cauthor=true&cauthor_uid=16320193
http://www.ncbi.nlm.nih.gov/pubmed?term=Nowak%20E%5BAuthor%5D&cauthor=true&cauthor_uid=15478100
http://www.ncbi.nlm.nih.gov/pubmed?term=Kuder%20T%5BAuthor%5D&cauthor=true&cauthor_uid=15478100
http://www.ncbi.nlm.nih.gov/pubmed?term=Szczurkowski%20A%5BAuthor%5D&cauthor=true&cauthor_uid=15478100
http://www.ncbi.nlm.nih.gov/pubmed?term=Kuchinka%20J%5BAuthor%5D&cauthor=true&cauthor_uid=15478100
http://www.ncbi.nlm.nih.gov/pubmed?term=Tschernjawsky%20GJ%5BAuthor%5D&cauthor=true&cauthor_uid=316291
http://www.ncbi.nlm.nih.gov/pubmed?term=Pletschkowa%20EK%5BAuthor%5D&cauthor=true&cauthor_uid=316291

