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Abstract 
 

 This study attested the anatomical and morphometrical descriptions of the nasal cavity in 

duck, goose as the aquatic birds and quail, dove as the non-aquatic birds. This study elucidated in 

the aquatic birds that the nasal cavity remarkable increased in width caudally and had relatively 

larger nasal conchae and greater of the middle nasal concha than the non-aquatic birds. The 

nostrils without operculum in the aquatic birds and with horny operculum in the non-aquatic 

birds, it located at the base of the upper beak by variable distances but in quail, it located 

punctually at the base of the beak. In all examined birds, the nasal cavity consisted of three nasal 

conchae except dove consisted of two conchae. The middle nasal concha length constituted the 

highest percentage to that of the nasal cavity which was recorded 63.91%, 55.18%, and 58.88% 

in duck, goose and quail respectively except in dove the caudal one recorded the highest 

percentage 42.16%. In transverse sections, the rostral nasal concha projected from the lateral wall 

of the nasal cavity as a shelf-like in duck, T-shape in goose and appeared as very small bulla in 

dove as well as it was C shape enclosed vertical lamella of the nostril in quail. The middle one 

scroll one and one-half turns in duck, two turns in goose, one-half turn in quail and absent in 

dove. The caudal nasal concha in duck, goose, and quail was bulla-like and hollow pear-shaped 

in dove. The infra-orbit sinus was well developed in the aquatic birds than that of the non-aquatic 

birds. 

 

Keywords: Aquatic birds, Concha, Nasal cavity, Non-aquatic birds. 

https://maktoob.images.search.yahoo.com/images/view;_ylt=AwrJ7B3IxylcQ.0As2PVlQx.;_ylu=X3oDMTIzZ3J0dTUwBHNlYwNzcgRzbGsDaW1nBG9pZAMwOTQ2YmYxOTU4YjE4NTFlY2MyNGIxN2UzNWRmNDJhZARncG9zAzIwBGl0A2Jpbmc-?.origin=&back=https://maktoob.images.search.yahoo.com/search/images?p%3DCROSSMARK%2BLOGO%26fr%3Dyfp-t%26fr2%3Dpiv-web%26tab%3Dorganic%26ri%3D20&w=800&h=450&imgurl=epi-rsc.rsc-cdn.org/globalassets/05-journals-books-databases/journal-authors-reviewers/our-processes-policies/0927-crossmark-logo_f2b-1600.jpg?version%3D277fdd73%26width%3D800%26format%3Djpg%26quality%3D80&rurl=http://www.rsc.org/journals-books-databases/journal-authors-reviewers/processes-policies/&size=24.8KB&name=Our+processes&p=CROSSMARK+LOGO&oid=0946bf1958b1851ecc24b17e35df42ad&fr2=piv-web&fr=yfp-t&tt=Our+processes&b=0&ni=21&no=20&ts=&tab=organic&sigr=12pckrne7&sigb=13d0uvlm2&sigi=15v0bolr4&sigt=10ds69it2&sign=10ds69it2&.crumb=MQhCqntO4Rn&fr=yfp-t&fr2=piv-web


Madkour, 2019                                                                                                SVU-IJVS, 2 (2): 101-110 

102 

 

Introduction  
 

The nasal cavity of the different types 

of avian species like domestic fowl 

(McLelland,1990), Denizli cock (Taşbaş et 

al.,1994) and domestic ducks (Das,1965) 

has been well illustrated. The general 

shape of the nasal cavity is conical with a 

range of deviation according to the 

modifications of the beak (King,1975). In 

the domestic fowl and pigeon, the nasal 

cavity is bounded dorsally by the frontal 

process of the premaxilla bone, the inter-

maxillary process of the nasal bone and the 

lacrimal bone. The ventral aspect of the 

nasal cavity is formed by the maxillary 

process of the premaxilla bone (rostrally) 

and the palatine bone (caudally) while 

laterally bordered by the maxillary process 

of the nasal bone (Casteleyn et al., 2018). 

The nasal cavity extends from external 

nares to the choanal slit, containing 

conchae and meatuses implying homology 

to those of the mammals and other 

vertebrates (Bang and Wenzel,1985). The 

nostrils of some birds are covered by an 

operculum (Harte,1989), which may be a 

membranous, horny or 

cartilaginous  (Whitney and Smith,1913). 

 There are three turbinate bones 

(conchae), the middle turbinate, called a 

true turbinate (Nemours,1930) and rostral 

as well as caudal turbinate 

(pseudoturbinate type) as reported by 

Hodges (1974). Most birds have rostral (or 

anterior / ventral) and middle (or 

maxillary) conchae, with additional caudal 

(or posterior) concha in some species 

(Bang and Wenzel,1985, King,1993, 

Yokosuka et al.,2009). The nasal septum 

and conchae within the nasal cavity direct 

the influx of air towards the choanal slit 

(ventrally) and caudally to enter the 

maxillary sinus (Dabvp, 2015).  

The function of avian nasal cavity is 

olfaction which aids in recognition of the 

individual's own nest and its occupants,  

 

 

humidification of the inspired air 

(King,1975), air filtration, water 

preservation and thermoregulation 

(Dabvp,2015). The identification of food 

material with olfactory sense is also 

reported in some birds (Harriman and 

Berger, 1986). The rostral and maxillary 

conchae help in heat exchange and air 

conditioning whereas the caudal and 

maxillary conchae perform olfactory 

function in several species (Murrish, 

1973). To our knowledge, there was a 

shortage of information concerning the 

nasal cavity in some birds as laughing 

doves and Egyptian geese. So, this work 

interested to describe the morphometrical 

and anatomical features of the nasal cavity 

of the aquatic and non-aquatic birds. 

Materials and Methods 

The present investigation was carried 

out on two species of aquatic birds 

(Muscovy ducks and Egyptian geese) and 

two species of non-aquatic bids (laughing 

doves and Japanese quails). The total 

number of the birds was 16 healthy adult 

birds, divided into four groups for each 

species (both sexes). Muscovy ducks were 

collected from local farms in Assiut 

Governorate, Egyptian geese were 

obtained from local Market in the Egyptian 

villages of Qena Governorate, and 

Laughing doves were trapped from bird 

hunters in Qena Governorate while 

Japanese quails were obtained from 

researcher's farm in South Valley 

University.  

All birds were slaughtered and 

completely bled then the heads were 

dissected from the bodies and washed with 

distilled water and saline. The heads were 

sectioned in a sagittal manner and also 

sectioned transversally at the level of the 

rostral, middle, caudal nasal regions. The 

examined features of the nasal cavity were 

photographed using phone camera (Oppo 

https://en.wikipedia.org/wiki/Cartilage
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F7). The different measurements of the 

nasal cavity and its ingredients of each bird 

were measured separately by a digital 

caliper in millimeters. The mean value ± 

standard error (SE) was used. 

Results 

The present study revealed that the 

nasal cavity was opened externally by 

nostrils which were located at the base of 

the upper beak at variable distances viz. 

15.06±0.58, 26.86±0.97, 3.93±0.02 mm in 

duck, goose and dove respectively but in 

quail, it was located punctually at the base 

of the beak (Fig.1A-1D).  

The nostrils were without operculum 

and elliptical with thickened rim in duck 

and oval in goose so the rostral end of the 

ventral concha could be seen through it 

(Fig.1A, and 1B). While the nostrils were 

elongated slit-like and covered with horny 

structure, the operculum in dove and quail. 

The operculum was wider rostrally and 

directed obliquely from culmen to the 

lateral edges of the upper beak in dove and 

vertically oriented in quail (Fig.1C, and 

1D). 

The length of the nostril in the aquatic 

birds was 6.93±0.03 mm in duck and 

8.72±0.57 mm in goose. The averages of 

the nostril lengths in aquatic birds were 

more than those of the non-aquatic birds 

which measured 3.11±0.10 mm in dove 

and 4.07±0.12 mm in quail. Similarly, the 

diameter of the nostril was wider in the 

aquatic birds (2.75±0.06 mm in duck and 

3.79±0.41 mm in goose) than in the non-

aquatic birds (0.88±0.08 mm in dove and 

0.99±0.08 mm in quail). The nasal cavity 

in all the examined species was mainly 

conical in shape and it measured 

35.22±0.63, 44.63±3.02, 13.02±0.67, and 

11.53±0.22 mm long in duck, goose, dove, 

and quail, respectively. The width of the 

nasal cavity showed a gradual increase 

caudally.  

 

Fig. 1. Photographs of the upper beak of 

duck (A), goose (B), dove (C) and quail 

(D) showing nostril (arrow head), infra-

orbital sinus (arrow).
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The measurements at the rostral 

vestibule, middle respiratory and caudal 

olfactory regions were 5.99±0.98, 

12.14±1.42, 17.90±1.27 mm in duck, 

5.69±0.28, 17.52±1.16, 21.04±1.67 mm in 

goose, 2.48±0.29, 3.41±0.02, 5.97±0.10 

mm in dove and 3.77±0.17, 5.41±0.25, 

7.17±0.32 mm in quail, respectively (Fig. 

2A-2D). The increase of the width of the 

nasal cavity caudally was obvious in goose 

than duck and in quail than dove. The 

nasal septum divided the nasal cavity 

(longitudinally) into right and left halves, 

which was composed by cartilaginous 

plate in the non-aquatic birds but rostral 

cartilaginous and caudal bony plate in the 

aquatic birds. Moreover, in the aquatic 

birds, both the halves were communicated 

rostrally (opposite to the nostril) with each 

other by an elongated and elliptical 

perforation in the nasal septum (Fig. 2A, 

and 2B). The length of the opening was 

8.59±0.96, 10.04±0.23 mm while the width 

was 2.38±0.13, 2.96±0.30 mm in duck and 

goose, respectively. The nasal cavity was 

consisted of three nasal conchae viz. 

rostral, middle and caudal nasal conchae in 

all examined birds, except dove, which had 

two conchae as ill developed rostral and 

well-developed caudal nasal conchae (Fig. 

2A-2D). The length of the rostral, middle, 

caudal conchae was 12.41±1.17, 

22.51±1.25, 10.47±0.44 mm in duck; 

17.15±0.34, 24.63±1.74, 8.17±0.77 mm in 

goose; and 4.35±0.21, 6.79, 2.88±0.14 mm 

in quail, while in dove, the length of the 

rostral concha was 3.80±0.19 mm and of 

the caudal one was 5.49±0.19 mm. The 

rostral concha in the aquatic birds was 

elongated, its rostral end more curved in 

duck so it has seen clearly through the 

nostril in duck than goose, while the caudal 

end of the concha attached to the floor of 

the nasal cavity by a fold (Fig. 2A, and 

2B). The length of the rostral concha was 

12.41±1.17 mm in duck and 17.15±0.34 

mm in goose. 

 Fig. 2. Photographs of the sagittal 

sections of the nasal cavity of duck (A), 

goose (B), dove (C) and quail (D) 

showing nostril (arrow), nasal septum 

(star) perforating by opening (barbed 

arrow), rostral (RC), middle (MC), caudal 

(CC) nasal conchae, choanal slit (ChS). 

In transverse sections, the rostral concha 

appeared as a shelf-like in duck and as T-

shape in goose projected from the lateral 

wall of the nasal cavity related dorsally by 

cranial end of the middle nasal concha in 

duck (Fig. 3A, and 3B). In dove, the rostral 

concha was a tiny structure extended 

caudally and ventral to the caudal concha 

whereas in quail, it was pyramidal in shape 

and its base was directed craniodorsally, 

towards the roof of the nasal cavity and its 

apex was directed caudo-ventrally, towards 

the floor of the nasal cavity (Fig. 2C, and 

2D). Its length was measured 3.80±0.19 

mm in dove and 4.35±0.21 mm in quail. In 

transverse sections, the rostral concha was 

C shape enclosed vertical lamella of the 



Madkour, 2019                                                                                                SVU-IJVS, 2 (2): 101-110 

105 

 

nostril in quail but not well distinct in dove 

and which was appeared as very small 

bulla beneath the caudal one (Fig. 3C, and 

3D).   

The middle concha was the largest in 

duck, goose and quail but absent in dove. 

In duck, it was largely elongated with its 

narrower cranial end attached to the dorsal 

wall of the nasal cavity and the wider 

caudal end directed toward the choanal slit 

and it was measured 22.51±1.25 mm in 

length and represented 63.91% of the nasal 

cavity. While in goose, the middle concha 

was large pear shaped with its apex 

directed cranially and base directed caudo-

ventrally towards the choanal slit and it 

was measured 24.63±1.74 mm long 

representing 58.88% of the nasal cavity 

(Fig. 2A, and 2B). In quail, the middle 

concha resembled that of duck (Fig. 2D) 

and it measured 6.79 mm long, constituting 

58.88% of the nasal cavity. 

 

 

 

 

 

 

 

 

Fig. 3. Photographs of the transverse sections 

of the nasal cavity at level of rostral vestibular 

region of duck (A), goose (B), dove (C) and 

quail (D) showing rostral (RC), middle (MC) 

nasal conchae, nasal septum (star). 

In transverse sections, the middle 

concha was scrolled ventrolaterally with 

one and one-half turns in duck, two turns 

in goose and one-half turn in quail (Fig. 

4A-4C). The caudal concha was the 

smallest one among all examined birds 

except dove, which was the largest one. It 

was narrow elongated triangle shaped in 

duck, compressed triangle closely related 

to the middle one in goose and 

hemispherical and located caudodorsally to 

the middle one in quail (Fig. 2A, 2B, and 

2D). The caudal concha was measured 

10.47±0.44, 8.17±0.77, 2.88±0.14 mm 

long in duck, goose, and quail, 

respectively. In dove, the caudal concha 

occupied the most olfactory region and 

extended to respiratory region; it was sugar 

scoop-like with pointed cranial end 

directed towards the nostril and roof of the 

nasal cavity and the wide caudal end 

located in front of the orbit (Fig. 2C). Its 

length was 5.59±0.19 mm, representing 

42.16% of the nasal cavity. In transverse 

sections, in all birds except dove, it was 

bulla-like and not connected with the nasal 

cavity but connected with infraorbital 

sinus. However, in dove, the caudal concha 

was a hollow pear-shaped with ventral 

narrow and dorsal wide parts (Fig. 5A-5D). 

The infraorbital sinus was well developed 

in the aquatic birds in comparison with that 

of the non-aquatic birds. The sinus was 

located rostro-ventral to the eyeball by 

variable distances i.e. 4.92±0.65, 

9.17±0.84, 2.73±0.14, and 1.5±0.07 mm in 

duck, goose, dove and quail, respectively. 

The infraorbital sinus was a triangle 

shaped in all examined birds; with large 

rostral end in duck and with a large caudal 

end in goose, boundary dorsally by a 

groove of the nasolacrimal duct which 

located on the lateral aspect of lacrimal 

bone (Fig. 1A-1D). The cranio-caudal 

diameter of the sinus was 13.58±0.60 mm 

in duck, 17.01±0.97mm in goose, 

2.37±0.43 mm in dove and 2.39±0.24 mm 

in quail. 
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Discussion 

As in most bird species, the external 

nares (nostrils) were located at the base of 

the upper beak but by variable distances in 

examined birds 15.06±0.58, 26.86±0.97, 

3.93±0.02 mm in duck, goose, and dove 

respectively while in quail, it was situated 

exactly at the base of the beak. In contrast 

they were located at the tip of their upper 

beak in Kiwis, (Stettenheim,2000). Some 

water birds e.g. Cormorants, boobies and 

darters do not have nostrils, so they breathe  

 

 

 

 

 

 

 

 

through their mouths (Wilson and 

Burnie,2001). Moreover, tube-nosed birds  

 (order Procellariformes) have nostrils 

enclosed in double tubes located along the 

sides of the upper jaw or fused at the top of 

the beak (Chester,2010). Corresponding to 

the shape, the nostrils were oval without 

operculum in goose as mentioned in turkey 

by Sayed et al. (2014) and in ostrich by Ali 

(2015), elliptical without operculum in 

duck and elongated slit-like reduced in size 

due to the horny operculum in dove and 

quail. However, the nostrils of hooded 

crow were circular in shape and were 

covered by a tuft of feathers (Hassan, 

2012), which warms the inhaled air 

(Gellhorn, 2007). On the other hand, in 

falcon, the covering of the nostrils was 

osseous tubercula, which slows down the 

passage of the air into the nostrils 

Fig. 4. Photographs of the 

transverse sections of the nasal 

cavity at level of the middle 

respiratory region of duck (A), 

goose (B), and quail (C) showing 

middle (MC) nasal concha, nasal 

septum (star), choanal slit (ChS), 

infraorbital sinus (arrow). 

 

Fig. 5.  Photographs of the transverse 

sections of the nasal cavity at level of the 

caudal olfactory region of duck (A), 

goose (B), dove(C) and quail (D) 

showing rostral (RC), caudal (CC) nasal 

conchae, infraorbital sinus (arrow). 

https://en.wikipedia.org/wiki/Kiwi
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(Stettenheim, 2000). Tudge (2009) added 

that the opercula of two species 

of Attagis seedsnipe prevent entrance of 

dust into the respiratory passages. In the 

chicken, two cartilaginous plates (dorsal 

and ventral) enclose the nostrils (Casteleyn 

et al., 2018). The current study clarified 

that the nasal septum was cartilaginous in 

the non-aquatic birds but cartilaginous 

(rostrally) and bony (caudally) in the 

aquatic birds. The results of the non-

aquatic birds agreed with reports in 

chicken and pigeon (Casteleyn et al., 2018) 

while of the aquatic birds with reports by 

Altman et al. (1960) but in contrast with 

earlier reports in duck by Kang et al. 

(2014) where the septum was 

cartilaginous. In addition, the nasal septum 

was membrano-cartilaginous (rostrally) 

and bony (caudally) in ostrich (Ali, 2015). 

Our study added that the nasal septum was 

perforated by an elongated elliptical 

opening to allow the passage of water 

outside the nasal cavity during diving. On 

the contrary, with reference to the 

previously studied birds the nasal septum 

was absent in new world vulture (Allaby, 

1991). In regards to the nasal conchae, 

there were three nasal conchae; rostral, 

middle, caudal in duck, goose, quail which 

were similar to the observations in ostrich 

(Jin et al., 2008, Ali, 2015), in quail 

(Fitzgerald,1969, Cevik-Demirkan et al., 

2007) and the domestic chicken (Bang and 

Wenzel, 1985). The present findings in 

dove as only two conchae viz.  rostral and 

caudal conchae with the ill-developed 

rostral concha was agreed with the 

observations of Hassan (2012) in hooded 

crow and Kang et al. (2014) in duck. 

Furthermore, Casteleyn et al. (2018) 

mentioned in chicken, pigeon, and 

McLelland (1990) in quail that the rostral 

concha is absent. However, the caudal 

nasal concha was indistinct in Japanese 

jungle crow (Yokosuka et al., 2009) and 

absent in some Falconiformes and swifts 

(King and McLelland,1984), in Song 

Sparrow (Danner et al., 2017), in some 

species as Collocolia (Bang, 1971) and 

Psittacus (Pohlmeyer and Kummerfeld, 

1989). 

The examined aquatic birds had 

relatively larger nasal conchae and greater 

of the middle nasal concha than the non-

aquatic birds which was corroborative with 

Van Valkenburgh et al. (2011) who 

hypothesized that the aquatic and semi 

earthy mammals have relatively larger 

respiratory conchae than their earthy 

mammals. The larger surface area of the 

conchae allows greater water condensation 

during expiration to ameliorate water 

efficiency and improves water 

conservation (Danner et al., 2017).  So the 

current statistical data clarified that the 

middle nasal conchae length constituted 

the highest percentage to that of the nasal 

cavity which recorded 63.91%, 55.18%, 

and 58.88% in duck, goose, and quail, 

respectively was in accordance with 

reports of King and McLelland (1984) in 

domestic birds, Kang et al. (2014) in duck 

and Yokosuka et al. (2009) in Japanese 

jungle crow. While the caudal concha in 

the dove had recorded the highest 

percentage (42.16%) of the nasal cavity, 

which was contrary with Fitzgerald (1969) 

in quail, Doğuer and Erençin (1964) and 

Nickle et al. (1977) in pigeon who 

illustrated that the caudal concha is the 

smallest however they coincided with the 

findings in the other birds examined in 

present study. 

In the current study, the rostral 

conchae was shelf-like in duck, T-shape in 

goose projecting from the lateral wall of 

the nasal cavity were in agreement with 

Ali (2015) in ostrich and King and 

McLelland (1984) in domestic fowl. In 

addition, it was appeared as C shape 

enclosed vertical lamella of nostril in quail, 

which was similar to the reports of Cevik-

Demirkan et al. (2007) in quail and Hassan 

https://en.wikipedia.org/wiki/Attagis
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(2012) in hooded crow. Analogous to the 

descriptions reported for of the other 

species, the middle concha had the ideal 

scroll-like form which completed one and 

one-half turns in duck, 2 turns in goose and 

one-half turn in quail. The middle concha 

scroll takes two turns in domestic birds 

(Bittner,1925), one-half in quail (Cevik-

Demirkan et al., 2007), coiled bulla-like in 

ostrich (Ali, 2015) and as whelk shell in 

duck (Kang et al., 2014). Corresponding to 

the caudal concha was bulla shaped in all 

examined birds except dove which was 

hollow pear-shaped with ventral narrow 

and dorsal wide part. In contrast, it turns 

one and half in hooded crow (Hassan, 

2012) and scroll-like closely attached with 

the middle one in ostrich (Ali,2015). This 

study documented that the infraorbital 

sinus was well developed and triangle 

shaped in the aquatic birds in comparison 

with the non-aquatic birds. The sinus was 

broad in duck and goose but narrow in 

fowl (Casteleyn et al., 2018). Moreover, 

the infraorbital sinus is a single in birds 

situated on each side of the head, 

communicates caudo-dorsally with the 

nasal cavity (Dabvp, 2015). 

Conclusion 

In conclusion, this work clarified that 

the nostrils were without operculum in the 

aquatic and with operculum in the aquatic 

birds. The aquatic birds had relatively 

larger nasal conchae and infraorbital sinus 

than the aquatic birds as well as the 

scrolling of the conchae was more in the 

aquatic birds and compared with other 

different habit birds.   
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