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Summary 

 

This project aims to provide valuable insights into the anatomy of aquatic birds, 

focusing particularly on the respiratory system through a detailed description of the grey 

heron’s (Ardea cinerea) beak and nasal system. Using anatomical cross-sections and 

computed tomography (CT) imaging, a comprehensive image catalogue has been 

created to understand the complex structures involved within the nasal cavity. This work 

is intended to assist biologists, veterinarians, and researchers by enhancing their 

knowledge of avian biology and nasal cavity physiology. 

 

The grey heron (Ardea cinerea), belonging to the Ardeidae family, is characterized by 

its large size, graceful flight, and specialized diet, which includes fish and small aquatic 

invertebrates. Structures like the nasal cavity are highly valuable as a key process for 

diagnosing and treating various conditions that impact the respiratory system. In this 

context, imaging techniques, such as computed tomography (CT), along with studies on 

biology and anatomy, are essential for understanding and preserving aquatic 

biodiversity.   

 

Additionally, monitoring potential diseases is all-important, as these can affect domestic 

birds and pose a risk to public health. This approach is particularly relevant as attention 

to these birds increases in their natural habitat, rehabilitation centers, and zoos.  

 

Keywords: anatomy; seabirds; grey heron; computed tomography; anatomical 

cross-sections; head; nasal cavity. 

 

 

 

 

 

 

 

 

 

 



                                                                                                                                 

 

1.​ Introduction 

Avian anatomy presents a suite of specialized adaptations that distinguish birds 

markedly from mammals, particularly in skeletal and muscular structures. These 

differences are the result of evolutionary pressures favoring flight, thermoregulation, 

and refined sensory capabilities. Among the most significant osteological divergences 

are elements such as the jugal and quadrate bones, which contribute to the craniofacial 

kinesis that permits a wide range of beak mobility (Zusi, 1993). Unlike in mammals, the 

angular bone persists as a distinct entity in the lower jaw of birds, playing a critical role 

in mandibular articulation (Starck, 1995). The epibranchial element, a vestige of 

ancestral branchial arches, is retained in some avian groups and contributes to the 

structure of the hyoid apparatus, facilitating complex tongue movements (Baumel & 

Witmer, 1993). 

 

Moreover, avian skeletal structures like the coracoid and furcula (wishbone) form 

integral parts of the flight apparatus, serving as brace-like supports that mitigate 

torsional forces during wingbeats (Dial, 1992). The pygostyle, a fusion of terminal 

caudal vertebrae, provides anchorage for tail feathers essential in flight maneuverability 

and communication (Gatesy & Dial, 1996). The vomer, although reduced in birds, 

continues to participate in the separation of nasal and oral cavities, contributing to the 

complex architecture of the avian skull (König et al., 2014). The presence of a sclerotic 

ring, or scleral ossicle, encircling the eye, underscores the visual specialization of birds, 

providing structural support to the globe and enhancing visual acuity (Franz-Odendaal, 

2006). 

 

Another salient osteological feature of birds is the extensive pneumatization of the 

skeleton—an adaptation wherein air sacs invade bones, rendering them hollow and 

significantly lighter without compromising mechanical strength. This trait is particularly 

pronounced in major flight-related bones such as the humerus, sternum, and vertebrae, 

and is absent or rudimentary in mammals (Duncker, 1971). Pneumatization not only 

reduces body mass, facilitating flight, but also integrates with the avian respiratory  
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system, enhancing oxygen efficiency and thermoregulation during sustained aerobic 

activity. 

 

In addition to these skeletal innovations, birds exhibit profound modifications in their 

muscular system that are fundamentally different from those of mammals. Most notably, 

the pectoral musculature is highly specialized for powered flight. The pectoralis major, 

which drives the powerful downstroke of the wing, and the supracoracoideus, which 

facilitates the upstroke via a unique tendon-pulley system passing through the triosseal 

canal, represent a functional innovation unparalleled in mammals (George & Berger, 

1966). In mammals, the analogous muscles are not adapted for such cyclical, 

high-frequency movements and lack the specialized skeletal architecture necessary to 

achieve lift and thrust. Furthermore, birds show a marked reduction in epaxial 

musculature due to the rigid and fused nature of their vertebral column, in contrast to 

the more flexible axial musculature in mammals that facilitates a broader range of spinal 

movements (Baumel & Witmer, 1993). Avian limb musculature is similarly reduced and 

redistributed, allowing for lighter distal limbs and centralized body mass—a feature 

critical for aerial locomotion. 

 

A particularly salient aspect of avian diversity lies in the morphology of the beak, a 

structure whose shape and size are finely tuned to ecological niche and dietary 

preference. Beaks adapted for granivory tend to be short and conical, while 

nectarivorous species exhibit elongated, decurved bills facilitating access to floral 

nectar. Carnivorous raptors possess hooked beaks for tearing flesh, whereas 

filter-feeding birds such as flamingos display specialized lamellae for sieving small 

organisms from water (Beletsky, 2007). Thus, the beak serves not only as a feeding 

implement but also as a functional interface with the environment, encompassing roles 

in grooming, manipulation, and vocalization. 

 

Closely associated with the beak is the nasal cavity, an often-overlooked yet critical 

anatomical domain. In birds, the nasal cavity varies considerably in structure, ranging 

from simple tubular passages to complex labyrinths, depending on ecological 

requirements and olfactory reliance. It houses the olfactory epithelium and connects to  
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the respiratory system, contributing to thermoregulation, olfaction, and vocal resonance 

(Bang & Wenzel, 1985). The relative size and configuration of the nasal cavity can thus 

offer profound insights into the behavioral ecology of different avian taxa. 

 

Given these considerations, the present study seeks to elucidate the anatomical and 

functional diversity of the avian nasal cavity across taxa exhibiting varied feeding 

ecologies. By correlating beak morphology with nasal architecture, this research aims to 

uncover evolutionary patterns linking cranial anatomy to ecological specialization in 

birds 

1.1 The grey heron 
The grey heron (Ardea cinerea), distinguishes itself as an iconic species in the world of 

aquatic birds. It can reach great sizes, up to 90 centimeters in height and a wingspan of 

1,70 meters (Morales-Espino et al., 2024; SEO BirdLife, 2025). It can be found 

throughout Europe, Asia, and Africa, frequenting several environments, such as 

woodland, urban and suburban, marine and intertidal, farmland, wetland, and grassland 

(Cardarelli et al., 2017; Morales-Espino et al., 2024;  Morr, 2025; SEO BirdLife, 2025). 

The distribution of the grey heron in Spain extends across the entire territory. Thanks to 

the census conducted by the Ministry of the Environment, we know that it is possible to 

place up to 5000 individuals during winter in just one autonomous community 

(Quesada-Canales et al., 2013).  

  

During the breeding season, it presents a black stripe in its head, continued by two 

unmistakable long feathers of this same colour (Morales-Espino et al., 2024; SEO 

BirdLife, 2025). There are no remarkable differences between the female and male 

individuals other than the male being somewhat larger (Garrido et al., 2011; Morr, 

2025). They present a long beak, with a colour that varies from yellow to reddish 

(Boisteau & Marion, 2007; Morales-Espino et al., 2024; SEO BirdLife, 2025) and a 

long, broad, pointed shape, which they find useful when hunting other small animals 

like fish, amphibians, birds or crustaceans that live in and around water (Robinson, 

2005; Boisteau & Marion, 2007; Bavdek et al., 2017; Morale-Espino et al., 2024; 

IUCN-SCC, 2025). The nasal cavity is located in the beak and has multiple  
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functions, including thermoregulation and humidification of the air, depending on the 

environmental conditions; filtration of particles inhaled and olfactory activity to 

recognise their nest and its occupants (Geist, 2000; Castelyn et al., 2018; Mahmoud et 

al., 2018).  

  

Ardea cinerea is categorized as Least Concern (LC) by the IUCN Red List of 

Threatened Species, although in places like Thailand, Malaysia, Mauritania or Sumatra, 

populations have shown to be decreasing or already small enough to be concerning 

(Garrido et al., 2011; Veladiano et al., 2016). This species faces several risks, such as 

the loss of habitat, the persecution from fishermen and rice farmers, droughts, hunting 

and water pollution (SEO BirdLife, 2025). Thus, it is important for veterinarians, 

biologists and conservationists to understand the anatomy, physiology and behavior of 

these animals.  

  

Furthermore, the grey heron, like many wild birds, can perform as vectors or reservoirs 

for viruses such as the avian influenza virus, generally asymptomatic (Faillace et al., 

2020) or bacteria like Mycobacterium avium, sometimes related to signs like nasal 

discharge or firm white-yellowish nodules of various sizes, resembling granulomas in 

paranasal sinuses (Guo et al., 2021; Animal´s Health, 2023). Hence it is essential to 

distinguish the normal anatomy of this animal's nasal cavity in order to diagnose and 

treat possible affectations (Yokosuka et al., 2009).  

  

Since its inception, radiology has been the primary technique for investigating the nasal 

cavity in animals (Gibbs et al., 1979; Schwarz et al., 2000; Wilson et al., 2014; 

Kvarnemo et al., 2025). However, its utility is often restricted by overlapping structures, 

which hinder clear visualization. On the other hand, modern imaging techniques such as 

computed tomography (CT) have become a more precise and reliable alternative for 

examining animals' anatomy and associated conditions (Arencibia et al., 2001; De 

Rycke et al., 2003; Getty, 2004; Orosz & Lichtenberger, 2011 Bavdek et al., 2017; 

Jones et al., 2019). The CT technique offers greater sensitivity and accuracy compared 

to traditional radiology, allowing for a more in-depth analysis of the nasal cavity. So far, 

the application of computed tomography (CT) to study the nasal cavity anatomy in birds  
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has been minimally explored in veterinary literature. While some studies have used CT 

to examine avian nasal anatomy, research in this area is still scarce  (Burk, 1992; 

Veladiano et al., 2016; Bavdek et al., 2017; Aref et al., 2024; Kazemi et al., 2025; 

König et al., 2014). Thus, this research intends to describe the nasal cavity of the grey 

heron using both anatomical sections and CT scans. 

2.​ Materials and Methods  

2.1. Animals  
To carry out this study, 3 grey herons (Ardea cinerea) carcasses were employed. The 

animals were already deceased when measured at an average weight of 1 kg (with a 

range of 0,8 to 1,3 kg) and an average size of 90 cm (from 85 to 92 cm) from beak to 

tail base. Additionally, in the skull we made measurements from the vertex of the beak 

to the occipital, with a length of 16 cm.  

2.2. CT Technique  

For CT scan evaluation, our avian subjects were thawed at ambient temperature for 12 

h. Sequential transverse CT images were acquired using a 16-slice helical CT scanner 

(Aquilion™ Lightning, Canon Medical System®, Tokyo, Japan). The birds were placed 

symmetrically in dorsal recumbency on the scanner table with a craniocaudal 

orientation. A standard protocol was followed, applying the following parameters: 100 

kVp, 90 mA, a 512 × 512 acquisition matrix, 2550 × 550 fields of view, a pitch of 0.94, 

and a gantry rotation time of 1.5. The obtained images had a slice thickness of 0.6 mm. 

To enhance the visualization of various anatomical structures in the CT images, 

different CT window settings were used by adjusting the window widths (WWs) and 

window levels (WLs): a bone window setting (WW = 1500; WL = 300), a soft tissue 

window setting (WW = 248; WL = 123), and a lung window setting (WW = 1400; WL 

= −500). No significant differences in CT density or anatomical structures were 

observed in the heads of the avian specimens included in this study.  
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2.3. Macroscopic Anatomical Sections  

For a better visualization of the structures identified in the computed tomography (CT) 

scans, we made anatomical cross-sections. Following the CT study, the bird specimens 

were placed in a freezer at −80 ºC until completely frozen. Afterwards, we used an 

electric band saw so three carcasses were cross sectioned to obtain anatomical 

sequential transverse slices. Then, 1 cm cross-sections were made, starting from the 

beak and extending to the ocular orbit. These sections were thoroughly washed with 

water to eliminate any artifacts, like feathers, which were gently removed using Adson 

forceps. Afterward, the sections were photographed from both sides to help with the 

precise identification of anatomical cross-sections corresponding to the CT images.    

Figure 1. Student performing the transverse cross sections. 

2.4. Anatomic Evaluation  

To complement and verify our identifications, we used specific anatomical literature, 

including textbooks, skull preparations and notable references previously described in 

birds, both aquatic and non-aquatic species (Codner et al., 1993; Boisteau & Marion, 

2007; Lauridsen et al., 2011; Orosz & Lichtenberger, 2011; König et al., 2014; Bavdek 

et al., 2017; Castelyn et al., 2018; Madkour, 2019; Kvarnemo et al., 2025). The 

anatomical cross-sections assist us in visualizing the structures observed in the CT 

scans. These additional resources greatly enhanced our comprehension and ability to 

interpret the anatomy of the grey heron`s nasal cavity. 
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3.​ Results 

Here we provide a lateral image of a grey heron´s head, where each numbered line 

corresponds to the approximate levels of the anatomical and CT cross-sections shown in 

the following figures. These figures include three types of images: (A) an anatomical 

cross-section, (B) a CT scan using the bone window setting, and (C) a CT scan using 

the lung window setting. The sequence of images progresses in a rostrocaudal direction, 

starting at the beak and continuing to the orbital fossa.   

 

 
Figure 2. Anatomical (labelled with red lines) CT image corresponding to the 

approximate levels of the transverse slices of the grey heron´s (Ardea cinerea) nasal 

cavity.​ 

 

 

Figure 3. Transverse cross-section (A), bone window  (B), and pulmonary window (C) 

CT images of the grey heron’s nasal cavity at the level of the beak, corresponding to 

line I in Figure 2.​ M: maxillary bone; Mb: mandible; Oc: oral cavity; P: premaxillary 

bone; Rd: rostral diverticulum of the infraorbital sinus 
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Figure 4. Transverse cross-section (A), bone window  (B), and pulmonary window (C) 

CT images of the grey heron’s nasal cavity at the level of the beak, corresponding to 

line II in Figure 2.​ Iso: infraorbital sinus´opening; M: maxillary bone; Mb: mandible; 

Miv: ventral intermandibular muscle; Oc: oral cavity; P: premaxillary bone; Rd: rostral 

diverticulum of the infraorbital sinus 

 

 

Figure 5. Transverse cross-section (A), bone window  (B), and pulmonary window (C) 

CT images of the grey heron’s nasal cavity at the level of the beak, corresponding to 

line III in Figure 2.​ Iso: infraorbital sinus´opening; M: maxillary bone; Mb: mandible; 

Miv: ventral intermandibular muscle; Oc: oral cavity; P: premaxillary bone; Rd: rostral 

diverticulum of the infraorbital sinus; Rnc: rostral nasal concha; T: tongue; vMe: ventral 

nasal meatus 
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Figure 6. Transverse cross-section (A), bone window  (B), and pulmonary window (C) 

CT images of the grey heron’s nasal cavity at the level of the beak, corresponding to 

line IV in Figure 2.​ Is: infraorbital sinus; Isp: infraorbital sinus pneumatization; M: 

maxillary bone; Mb: mandible; Miv: ventral intermandibular muscle; Mnc: middle nasal 

concha; N: nasal bone; No: nostrils; Npn: nasal bone pneumatization; Ns: nasal septum; 

Oc: oral cavity; T: tongue; vMe: ventral nasal meatus​ 

 

 

Figure 7. Transverse cross-section (A), bone window  (B), and pulmonary window (C) 

CT images of the grey heron’s nasal cavity at the level of the beak, corresponding to 

line V in Figure 2.​ Is: infraorbital sinus; Isp: infraorbital sinus pneumatization; M: 

maxillary bone; Mb: mandible; Miv: ventral intermandibular muscle; Mnc: middle nasal 

concha; N: nasal bone; Ns: nasal septum; Oc: oral cavity; T: tongue; vMe: ventral nasal 

meatus 
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Figure 8. Transverse cross-section (A), bone window  (B), and pulmonary window (C) 

CT images of the grey heron’s nasal cavity at the level of the beak, corresponding to 

line VI in Figure 2. ​Ch: choanal cleft; Cho: choanal opening; Cnc: caudal nasal concha; 

Is: infraorbital sinus; J: jugal bone; Mb: mandible; Miv: ventral intermandibular muscle; 

N: nasal bone; Ng: nasal gland; Np: nasal process; Npn: nasal bone pneumatization; Ns: 

nasal septum; Oc: oral cavity; Pl: palatine bone; V: vomer 

 

 

Figure 9. Transverse cross-section (A), bone window  (B), and pulmonary window (C) 

CT images of the grey heron’s nasal cavity at the level of the beak, corresponding to 

line VII in Figure 2. Ch: choanal cleft; Cho: choanal opening; Cnc: caudal nasal concha; 

F: frontal bone; Fs: frontal sinus; Fse: frontal septum; Hy: hyoid apparatus; J: jugal 

bone; Lc; lacrimal bone; Mb: Mandible; Ng: Nasal gland; Ns: Nasal septum; Oc: Oral 

cavity; Pl: palatine bone; V: vomer 
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Figure 10. Transverse cross-section (A), bone window  (B), and pulmonary window (C) 

CT images of the grey heron’s nasal cavity at the level of the beak, corresponding to 

line VIII in Figure 2. C: cornea; Ch: choanal cleft; Cho: choanal opening; Em: 

extraocular muscle (superior oblique muscle); F: frontal bone; Hy: hyoid apparatus; Ise: 

interorbital septum; J: jugal bone; L: lens; Ma: mandibular adductor externus ventralis 

muscle; Mb: Mandible; Me: ethmomandibular muscle; Nmg: nictitating membrane 

gland; Or: Oropharynx; Pf: periorbital fat; Pl: palatine bone; Ptb: pterygoid bone; Ptm: 

pterygoid muscle; R: retina; Sc: sclera; Vc: vitreous chamber 

 

 

Figure 11. Dorsal view of a pulmonary and soft-tissue algorithm CT images of the grey 

heron’s head at different levels. Cb: cerebelar body; Cnc: caudal nasal concha; E: 

eyeball; En: encephalon; Is: infraorbital sinus; Mnc: medial nasal concha; Ns: nasal 

septum; Rd: rostral diverticulum of the infraorbital sinus 
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Figure 12. Sagittal view using OsiriX MIP reconstructed CT image (A) bone window  

(B), and pulmonary window (C) CT images of the grey heron’s head. E: eyeball; En: 

encephalon; Ep: epibranchial bone; F: frontal bone; Mb: mandible; N: nasal bone; Oc: 

oral cavity; Occ: occipital bone; Or: oropharynx; P: premaxillary bone; Pa: parietal 

bone  

 

 

Figure 13. Lateral view (A) and dorsal view (B) using OsiriX MIP reconstructed and 

volume rendering (VR) CT images of the grey heron’s head. E: eyeball; Ep: 

epibranchial bone; F: frontal bone; Mb: mandible; N: nasal bone; Oc: oral cavity; Occ: 

occipital bone; Or: oropharynx; P: premaxillary bone; Pa: parietal bone​; Scr: scleral 

ring; Sq: squamosal bone 
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3.1. Anatomical Sections  

We identified clinically relevant structures of the nasal cavity using anatomical 

cross-sections. Therefore, the selected slices displayed key anatomical landmarks of this 

cavity, which extends from the nostrils to the choanal slit. As in other birds, the nostrils 

(subfigure A in Figure 6 and Figure 7) were located at the base of the beak. Transversal 

images allowed for the visualization of the nasal septum (subfigure A in Figures 6, 

Figure 7, Figure 8 and Figure 9), which separates the left and right nasal cavities. 

 

The floor of the nasal cavity was supported rostrally by the palatine processes of the 

maxilla, while caudally it was comprised of the thin palatine bone (subfigure A in 

Figure 9 and Figure 10) and vomer (subfigure A in Figure 8 and Figure 9). The nasal 

cavity roof was formed rostrally by the premaxillary (subfigure A in Figure 3, Figure 4 

and Figure 5), nasal (subfigure A in Figure 6, Figure 7 and Figure 8) and maxillary 

bones (subfigure A in Figure 3, Figure 4, Figure 5, Figure 6 and Figure 7), and more 

caudally by the frontal (subfigure A in Figure 9 and Figure 10) and lacrimal bone 

(subfigure A in Figure 9). The nasal bone also exhibited a nasal process (subfigure A in 

Figure 8) and visible nasal pneumatization in some slices (subfigure A in Figure 6, 

Figure 7 and Figure 8). Other bones were distinguishable throughout the cross-sections, 

including the mandible (subfigure A in Figure 3, Figure 4, Figure 5, Figure 6, Figure 7, 

Figure 8, Figure 9 and Figure 10) jugal (subfigure A in Figure 8, Figure 9 and Figure 

10) and the pterygoid bone (subfigure A in Figure 10). 

 

Cross-sections showed the cone-shaped nasal cavity, whose apex pointed rostrally and 

was caudally composed of three nasal conchae: rostral (subfigure A in Figure 5), middle 

(subfigure A in Figure 6 and Figure 7), and caudal (subfigure A in Figure 8 and Figure 

9). The rostral nasal concha had a smooth, flat medial surface. The middle nasal concha, 

the largest in size, appeared caudal to the rostral one. The caudal nasal concha, located 

rostrally to the eye, connected to the infraorbital sinus (subfigure A in Figure 6, Figure 

7, Figure 8 and Figure 9) rather than the nasal cavity. This sinus occupied a triangular 

space within the maxillary bone, where the opening (subfigure A in Figure 4 and Figure 

5) and the rostral diverticulum of the sinus can be distinguished (subfigure A in Figure 

3, Figure 4 and Figure 5), and extended rostroventrally to the eye, exhibiting  

 

13 

https://www.mdpi.com/2076-2615/14/20/3015#fig_body_display_animals-14-03015-f002
https://www.mdpi.com/2076-2615/14/20/3015#fig_body_display_animals-14-03015-f002
https://www.mdpi.com/2076-2615/14/20/3015#fig_body_display_animals-14-03015-f002
https://www.mdpi.com/2076-2615/14/20/3015#fig_body_display_animals-14-03015-f002
https://www.mdpi.com/2076-2615/14/20/3015#fig_body_display_animals-14-03015-f002
https://www.mdpi.com/2076-2615/14/20/3015#fig_body_display_animals-14-03015-f002
https://www.mdpi.com/2076-2615/14/20/3015#fig_body_display_animals-14-03015-f002
https://www.mdpi.com/2076-2615/14/20/3015#fig_body_display_animals-14-03015-f002
https://www.mdpi.com/2076-2615/14/20/3015#fig_body_display_animals-14-03015-f002
https://www.mdpi.com/2076-2615/14/20/3015#fig_body_display_animals-14-03015-f002
https://www.mdpi.com/2076-2615/14/20/3015#fig_body_display_animals-14-03015-f002
https://www.mdpi.com/2076-2615/14/20/3015#fig_body_display_animals-14-03015-f002
https://www.mdpi.com/2076-2615/14/20/3015#fig_body_display_animals-14-03015-f002
https://www.mdpi.com/2076-2615/14/20/3015#fig_body_display_animals-14-03015-f002
https://www.mdpi.com/2076-2615/14/20/3015#fig_body_display_animals-14-03015-f002
https://www.mdpi.com/2076-2615/14/20/3015#fig_body_display_animals-14-03015-f002
https://www.mdpi.com/2076-2615/14/20/3015#fig_body_display_animals-14-03015-f002
https://www.mdpi.com/2076-2615/14/20/3015#fig_body_display_animals-14-03015-f002
https://www.mdpi.com/2076-2615/14/20/3015#fig_body_display_animals-14-03015-f002
https://www.mdpi.com/2076-2615/14/20/3015#fig_body_display_animals-14-03015-f002
https://www.mdpi.com/2076-2615/14/20/3015#fig_body_display_animals-14-03015-f002
https://www.mdpi.com/2076-2615/14/20/3015#fig_body_display_animals-14-03015-f002
https://www.mdpi.com/2076-2615/14/20/3015#fig_body_display_animals-14-03015-f002
https://www.mdpi.com/2076-2615/14/20/3015#fig_body_display_animals-14-03015-f002
https://www.mdpi.com/2076-2615/14/20/3015#fig_body_display_animals-14-03015-f002
https://www.mdpi.com/2076-2615/14/20/3015#fig_body_display_animals-14-03015-f002


                                                                                                                                 

 
pneumatization with a trabeculated pattern across multiple segments of its extent 

(subfigure A in Figure 6 and Figure 7). The interorbital sinus (subfigure A in Figure 

10) was also visible in the medial region between the orbits. Between the nasal conchae 

and the nasal cavity walls were the nasal meatuses (subfigure A in Figure 5, Figure 6 

and Figure 7). The nasolacrimal duct was supposed to be between the middle nasal 

conchae and curved over the dorsal aspect of the infraorbital sinus, but clear observation 

was hindered by the minute size of the structures.  

 

These anatomical views also highlighted formations of the oral cavity (subfigure A in 

Figure 3, Figure 4, Figure 5, Figure 6, Figure 7, Figure 8 and Figure 9), including the 

tongue (subfigure A in Figure 6 and Figure 7) and oropharynx (subfigure A in Figure 

10). The choanal cleft (subfigure A in Figure 8, Figure 9 and Figure 10) , connecting 

the nasal cavity to the oral cavity, displayed a slit-like shape rostrally and a triangular 

configuration caudally. It lay between the palatine bones and was dorsally bordered by 

the vomer and nasal septum. Soft tissue structures were easily discernible, such as the 

nasal gland (subfigure A in Figure 8), located medially to the lacrimal bone and 

rostrally adjacent to the nasal and frontal bones. This gland releases secretions into the 

nasal vestibule. Other elements included the hyoid apparatus, that was only visualized 

on the CT images, and the gland of the nictitating membrane (subfigure A in Figure 10). 

 

Muscular structures were also well defined, including the ventral intermandibular 

muscle (subfigure A in Figure 4, Figure 5, Figure 6, Figure 7, and Figure 8), pterygoid 

muscle (subfigure A in Figure 10), ethmomandibular muscle (subfigure A in Figure 

10), and the mandibular adductor externus ventralis muscle (subfigure A in Figure 10). 

The extraocular muscles surrounding the eyeball were clearly visible, along with the 

surrounding periorbital fat (subfigure A in Figure 10). Additionally, cross-sections 

facilitated the observation of various orbital components, such as the vitreous chamber, 

the retina, the sclera, or the cornea. 
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3.2. Computed Tomography (CT)  

No relevant differences were detected with the CT technique between the three grey 

herons. CT images were useful to identify some important structures and differentiate 

them, with a clear hyperattenuation on bones and hypoattenuation on other structures in 

both pulmonary and bone CT windows. For instance, the rostral diverticulum of the 

infraorbital sinus is a hypoattenuated structure that steers through the premaxillary bone 

until the nasal septum (subfigures B, C in Figure 3, Figure 4 and Figure 5 and 

subfigures A, B, C in Figure 11).  Another structure with this attenuation is shown along 

the nasal cavity is the infraorbital sinus, which grows in size caudally (subfigures B, C 

in Figure 4, Figure 5, Figure 6, Figure 7, Figure 8 and Figure 9 and subfigures A, B, C 

in Figure 11). Similar attenuation characteristics were observed in the nostrils 

(subfigures B, C in Figure 6) 

 

Furthermore, with a slightly more hyperattenuation, the tongue could be appreciated in 

the oral cavity (subfigures B, C in Figure 5, Figure 6, and subfigure C in Figure 7). 

Ventrally, we can see the ventral intermandibular muscle (subfigures B, C in Figure 4, 

Figure 8 and subfigure C in Figure 5, Figure 6 and Figure 7). Between all these 

structures we appreciated with a hypoattenuation the ventral nasal meatus (subfigures B, 

C in Figure 6 and Figure 7 and subfigure C in Figure 5). Additionally, we could see the 

rostral nasal concha (subfigure C in Figure 5), the medium nasal concha (subfigures B, 

C in Figure 7 and subfigure A in Figure 11) and the caudal nasal concha (subfigures B, 

C in Figure 8 and Figure 9 and subfigure B in Figure 11) although the pulmonary CT 

window was more distinctive. Likewise, the choanal cleft and opening were clearly 

visible (subfigures B, C in Figure 8, Figure 9 and Figure 10). 

 

In addition, muscles such as the mandibular adductor externus ventralis and the 

pterygoid muscle were identified (subfigures B, C in Figure 10). In addition, structures 

of the eye were recognizable as the vitreous chamber, the cornea, the nictitating 

membrane gland and the periorbital fat (subfigures B, C in Figure 10). Finally, the CT 

technique was useful in the identification of different skull bones, such as the 

premaxillary (subfigures B, C, in Figure 3, Figure 4 and Figure 5), maxillary 

(subfigures B, C, in Figure 3, Figure 4, Figure 5, Figure 6 and Figure 7), mandible 
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(subfigures B, C, in Figure 3, Figure 4, Figure 5, Figure 6, Figure 7, Figure 8, Figure 9 

and Figure 10), nasal (subfigures B, C in Figure 6, Figure 7 and Figure 8), jugal 

(subfigures B, C  in Figure 8, Figure 9 and Figure 10), palatine (subfigures B, C  in 

Figure 8, Figure 9 and Figure 10), vomer (subfigures B, C in Figure 8 and Figure 9), 

pterygoid (subfigures B, C in Figure 10) and frontal bones (subfigures B, C in Figure 9 

and Figure 10), which appeared with hyperattenuation in both pulmonary and bone CT 

windows. 

 

Three-dimensional reconstructions were also carried out using the OsiriX software, 

which enabled the generation of 3D images and different views (dorsal and lateral) that 

provided valuable insights into the identification of anatomical structures. These 

reconstructions, along with the various CT window settings, offered an alternative 

perspective, allowing for a more comprehensive assessment and deeper understanding 

of the identifications made throughout the study. Among the structures identified were 

various cranial bones, including the squamosal bone (subfigure A in Figure 13), the 

premaxillary, maxillary, nasal, frontal, parietal and occipital bones, comprised of its 

basioccipital, exoccipital, and supraoccipital portions, as well as the mandible and the 

epibranchial bone, a component of the hyobranchial apparatus (subfigures A, B, C in 

Figure 12 and subfigure A in Figure 13). In addition, other structures such as the 

encephalon (subfigures A, B, C in Figure 11 and subfigures B, C in Figure 12), 

cerebellum (subfigures B, C in Figure 11), eye (subfigures A, B, C in Figure 11 and 

Figure 12 and subfigure A in Figure 13), the scleral ring (subfigure A in Figure 13), 

oral cavity, and oropharynx (subfigures A, B, C in Figure 12 and subfigure A in Figure 

13) were clearly distinguishable. 

4.​ Discussion 

Herons are widely distributed wading birds that inhabit diverse aquatic and semi-aquatic 

ecosystems across the globe. Despite their adaptability, these birds face various natural 

and anthropogenic threats. Therefore, climatic events such as the El Niño phenomenon 

have been associated with increased flooding, often resulting in the destruc-tion of nests 

and reduced breeding success (Fasola et al., 2009). In addition, Clostridium botulinum 

proliferates easily in warm and stagnant waters, common habitats for grey herons.  
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Other relevant anthropogenic factors include collisions with electrical wires and 

secondary poisoning from rodenticides ingested by small prey within their diet 

(Sandoval, 2000; Ogórek et al., 2022; Martínez et al., 2024). Interestingly, a recent 

study has demonstrated signs of recovery among grey heron populations probably due 

to their ecological plasticity and wide distribution (Diario de Gran Canaria, 2025). 

Nonetheless, long migratory journeys undertaken during breeding and nesting seasons 

can lead to considerable muscular fatigue and physiological stress, further affecting 

their survival and reproductive performance. Given the wide range of environmental 

pres-sures and physiological demands grey herons are exposed to, particu-larly those 

related to their aquatic lifestyle and migratory behaviour, understanding their cranial 

anatomy becomes essential. Specific ana-tomical adaptations may play a crucial role in 

their ability to regulate temperature, pressure, and respiration in fluctuating and often 

chal-lenging habitats. 

 

This study presents anatomically relevant findings, as the nasal cavity of this species 

has not been previously described. Our observations reveal distinct morphological 

differences compared to both aquatic and terrestrial bird species. These results 

contribute valuable insights into the comparative anatomy of avian respiratory systems 

and underscore the need for further investigation into species-specific adaptations.  

 

To begin with, the infraorbital sinus is characterized by a complex network of 

interconnected cavities, a structure that differs markedly from its mammalian 

counterparts. The different CT windows and planes used in this study were quite helpful 

in identifying this sinus, and its extension from the rostral nasal concha to the ventral 

side of the eyeball. Although the precise function of the infraorbital sinus remains 

unclear, some studies conducted in Cory’s Shearwater (Morales-Espino, 2024) and 

ostrich (Aref et al., 2024)suggest that certain bird species may be capable of directing 

airflow through parts of this sinus. Interestingly enough, investigations performed in 

aquatic birds pointed out that the infraorbital sinus could play a role in regulating 

pressure during diving and thermoregulation (Burk, 1992; Yokosuka et al., 2009; Porter 

& Witmer, 2016 Bavdek et al., 2017).   
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Although the Grey Heron is an aquatic species commonly found in wetlands, rivers, 

lagoons, marshes and estuaries, in both freshwater and brackish environments, it does 

not forage in open marine waters. As consequence, it lacks the specialized anatomical 

adaptations observed in true seabirds, such as highly developed nasal glands for salt 

excretion, as demonstrated using anatomical sections and CT imaging (Dunson et al., 

1971; Shuttleworth et al., 1987; Franklin & Grigg, 1993; Babonis & Evans, 2011; 

Grossel et al., 2020). For the aforementioned reasons, it was hard to clearly identify the 

gland due to the underdevelopment of it and the lack of sensitivity regarding soft tissue 

of the CT scan. Only the caudal portion of the gland was visualized at the transition 

between the nasal bone and the frontal bone. Its rostral extent and relationship with 

adjacent structures were not well defined in our images. These findings may vary 

slightly in morphology, size, and arrangement depending on the species.  

 

Concerning the nasal septum, it serves to divide the nasal cavity into two distinct 

passages, showing a general structural pattern comparable to that of other avian and 

mammalian species (Basha et al., 2022). Our observations revealed a caudal extension 

of the septum. This feature became evident through the combined use of transverse 

anatomical cross-sections and CT imaging, which also allowed for clear identification 

of the septal sinus. Unlike in some species where this sinus appears as a single bony 

cavity, in the Grey Heron it appeared as a more defined and distinguishable space. An 

ob-servation that, while not universal across all birds, has been reported in other species 

according to previous studies (Burk, 1992; Aref et al., 2024; Kazemi et al., 2025).    

 

Within the nasal cavity, the nasal conchae (or turbinates) were arranged in a 

rostro-caudal orientation, spanning from the anterior to the posterior regions. Due to this  

linear configuration, the commonly used mammalian terms for nasal meatuses (dorsal, 

middle, and ventral) do not accurately apply. The rostral nasal concha was reduced in 

size compared to other species. Consistent with findings in both aquatic and terrestrial 

bird species such as the chicken, turkey, ostrich, amazon parrot, pigeon, duck, goose, 

and puffin, the middle nasal concha was the most developed (Burk, 1992; Stańczyk et 

al., 2018; Aref et al., 2024; Kazemi et al., 2025).  
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The juxtaposition of CT and anatomical images validated the interpretation of nasal 

anatomy. Structures that appeared ambiguous in one modality were clarified using the 

complementary technique. For instance, the medial nasal concha, difficult to isolate in 

CT due to similar densities, was clearly identifiable in the anatomical sections. This 

comparative method enhanced accuracy in labelling anatomical features and 

understanding their clinical relevance. 

 

The olfactory epithelium in birds, including species like the grey heron, is a specialized 

tissue located in the nasal cavity, primarily lining the caudal nasal conchae. The 

olfactory system in birds, though generally less developed than in mammals, varies 

among species and plays roles in behaviors such as foraging, navigation, and social 

interactions (Hadden et al., 2022). CT scans have been effective in highlighting the 

anatomical relationship between the caudal nasal concha and the infra-orbital sinus, 

aiding in the understanding of the olfactory system's structure and function in this 

species  (Arienzo et al., 2023). 

 

The choana is a key anatomical feature within the nasal cavity. In birds and reptiles, it is 

associated with the incomplete development of the secondary palate. Birds do not have 

a distinct nasopharynx, instead, the nasal cavity communicates directly with the 

oropharynx through the choana, without a clear anatomical separation. Its closure 

occurs during swallowing, and it allows the connection between the nasal and oral 

cavities (Sandoval, 2000). In aquatic bird species, the morphology of the choana 

displays slight variations. Instead of the commonly reported oval shape described in 

terrestrial species, the choana appeared more elongated, resembling that observed in 

other seabirds like Cory’s Shearwater (Morales-Espino, 2024). This was clearly seen in 

both anatomical cross-sections and CT scans. Clinically, the choanal cleft offers a 

significant advantage by providing direct endoscopic access to the nasal cavity, enabling 

accurate internal examination (Sandoval, 2000). It also facilitates efficient sampling, 

which is essential for diagnosing and monitoring respiratory infections and other 

diseases in birds (Porter & Witmer, 2016; Hadden et al., 2022).  
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The vomeronasal organ is a key chemosensory structure in many vertebrates, involved 

in detecting pheromones and predator odors. In reptiles, it triggers defensive behaviors 

and assists in prey tracking, while in mammals, it mediates responses to predator scents, 

although the specific sensory neurons involved remain unfortunately unidentified to 

date. Although a rudimentary form appears during embryonic development in birds, it 

regresses before maturity, rendering it vestigial rather than functional (Papes et al., 

2010). This differs from some aquatic and terrestrial vertebrates, where the organ is 

retained and plays important ecological roles (Castelyn et al., 2018) The persistence of 

the vomer alongside the loss of a functional sensory organ reflects birds’ evolutionary 

history, whereas the retention of the organ in other species illustrates adaptations to 

diverse environmental demands.. In our study, we observed the presence of the vomer 

bone, which provides structural support within the nasal cavity despite the absence of a 

functional vomeronasal organ in birds.  

In contrast to many terrestrial bird species that possess a nasal operculum, a 

cartilaginous or keratinized structure that can partially cover the nostrils, aquatic birds 

have evolved alternative anatomical adaptations suited to their aquatic environments. 

These modifications enhance respiratory efficiency and protect the nasal passages 

during prolonged submersion. Instead, these birds exhibit elongated and flattened 

nostrils, which facilitate diving and help prevent water ingress.  

One key limitation of this study lies in the fact that all the specimens analyzed were 

juveniles. Age can significantly influence anatomical development, and studies in 

mammals have shown that nasal structures can undergo considerable growth in both 

length and width during maturation (Kazemi et al., 2025). Additionally, the presence of 

down feathers in some of the specimens, which aid in thermoregulation, emphasizes 

their early developmental stage. Since the nasal cavity also plays important roles in air 

humidification, filtration, water conservation, and temperature regulation (Papes et al., 

2010; Garrido et al., 2011; Quesada-Canales et al., 2013; Animal´s Health, 2023; 

IUCN-SCC, 2025). This suggests that the findings presented here may not fully 

represent the anatomy of adult individuals. To improve anatomical accuracy and obtain 

comprehensive morphometric data, it would be necessary to carry out comparative 

studies using both juvenile and adult birds. 
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In this study, we selected the CT images that best corresponded to the anatomical 

cross-sections. Sequential transverse images revealed the internal structure of the nasal 

cavity, and the anatomical integrity of the bony nasal passage was preserved in all three 

specimens. As reported in previous investigations (Burk, 1992), the quality of nasal 

cavity imaging tends to improve with the physical size of the beak, as seen in the grey 

heron, whose larger beak volume allowed for better image resolution when compared to 

other species studied (König et al., 2014; Bavdek et al., 2017; Sovrano et al., 2019; 

Fumero-Hernández et al., 2023; Aref et al., 2024; Kazemi et al., 2025). This 

relationship between specimen size and image quality is particularly relevant when 

considering the technical limits of the imaging equipment. However, in our case, the CT 

images still presented limitations in resolution, likely due to the relatively low tissue 

volume and the small dimensions of the nasal cavity (measuring around 15 cm from the 

beak to the rostral orbit, but only 1 to 3 cm in height along the rhamphotheca) which 

made image acquisition especially challenging, being almost impossible to identify 

structures such as the ophthalmic division of the trigeminal nerve, which is observed in 

other studies with bigger specimens or higher resolution (Wild & Zeigler, 1996; 

Williams & Wild, 2001; Papes et al., 2010). It is important to note that in the CT 

evaluation, the lung window setting provided better delineation of certain anatomical 

structures, enhancing the overall visualization within the nasal cavity.  

 

The use of OsiriX software was instrumental in enhancing the anatomical visualization 

of the nasal cavity. By enabling post-processing of DICOM images through 

maximum-intensity projection (MIP) and volume-rendering techniques, OsiriX 

provided three-dimensional reconstructions that allowed for a more accurate and 

realistic identification of internal and external structures. This three-dimensional 

visualization proved particularly valuable given the anatomical complexity and small 

size of the nasal cavity, which posed challenges for interpretation using conventional 

two-dimensional CT slices. The enhanced spatial perception offered by OsiriX not only 

improved anatomical understanding but also contributed significantly to the potential 

for future applications in diagnostic imaging and surgical planning.  
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These difficulties could potentially be mitigated using micro-computed tomography 

(micro-CT), which has demonstrated superior resolution in studies involving other 

exotic species. Despite its advantages, micro-CT remains largely inaccessible in routine 

veterinary practice due to its cost and technical demands, limiting its use to research 

centers or institutions with advanced imaging capabilities (Hadden et al., 2022; Kazemi 

et al., 2025). The combination of CT scans and anatomical cross-sections nonetheless 

allowed for the observation of the structural boundaries and configuration, which is 

essential for diagnostic purposes and may be applicable to other avian species.   

 

5.​ Conclusions  

This investigation provides the first detailed anatomical description of the nasal cavity 

of the grey heron (Ardea cinerea) using computed tomography (CT) images in 

transverse, sagittal, and dorsal planes, in conjunction with anatomical cross-sections. 

The images obtained in this study proved to be highly valuable in identifying precise 

anatomical landmarks and spatial relationships within the nasal cavity. As a result, the 

information gathered can assist veterinary clinicians in recognizing and diagnosing 

various pathological conditions affecting this region in herons. Furthermore, the 

integration of advanced imaging techniques into anatomical research offers significant 

educational potential for veterinary students and residents by enabling the visualization 

of complex structures without superimposition. This facilitates a clearer understanding 

of the intricate organization of the rostral head in avian species. Ultimately, a 

comprehensive understanding of the species-specific anatomy of the nasal cavity 

enhances our ability to detect, evaluate, and manage diseases that may compromise this 

area. Such an approach is instrumental in improving diagnostic accuracy and advancing 

therapeutic strategies tailored to the unique anatomical features of the grey heron. 
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