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ABSTRACT

Background: The grey heron (Ardea cinerea) is a large wading bird whose cranial anatomy reflects its piscivorous habits and
aquatic lifestyle. The nasal cavity plays a key role in respiratory function and represents an important structure in the diagnosis and
management of upper respiratory diseases. However, detailed anatomical descriptions integrating gross anatomy and advanced
imaging remain limited for this species.

Methods: Three juvenile grey heron cadavers underwent transverse computed tomography (CT) scanning, followed by
corresponding anatomical cross-sectioning. This combined approach enabled precise correlation of bony structures, soft tissues,
and sinus components.

Results: CT imaging allowed clear identification of the rostral, middle, and caudal nasal conchae; the infraorbital sinus and its
rostral diverticulum; the nasal septum and septal sinus; and the elongated choanal cleft, which differed from patterns described
in terrestrial birds. Anatomical sections provided additional detail regarding the spatial relationships between conchae, meatuses,
and surrounding bones, and confirmed the presence of a small, poorly developed nasal gland. Three-dimensional reconstructions
further enhanced spatial understanding of the nasal cavity and associated cranial structures.

Conclusions: This study establishes the first integrated anatomical and CT-based reference for the nasal cavity in the grey heron.
The findings improve the interpretation of diagnostic imaging and provide a valuable framework for the evaluation of sinonasal
and orbital disorders in aquatic avian species.

1 | Introduction farmland, wetland and grassland (Boisteau and Marion 2007,

Garrido et al. 2011; Cardarelli et al. 2017). There are no remarkable
The grey heron (Ardea cinerea), distinguishes itself as an iconic differences between female and male individuals, other than the
species in the world of aquatic birds. It can be found throughout =~ male being somewhat larger (Garrido et al. 2011). This widespread
Europe, Asia, and Africa, frequenting several environments, wading bird is frequently admitted to rehabilitation centres
such as woodland, urban and suburban, marine and intertidal, with traumatic, metabolic, infectious or environmentally related

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any medium, provided the original work
is properly cited, the use is non-commercial and no modifications or adaptations are made.

© 2026 The Author(s). Veterinary Medicine and Science published by John Wiley & Sons Ltd.

Veterinary Medicine and Science, 2026; 12:670953 1of12
https://doi.org/10.1002/vms3.70953


https://doi.org/10.1002/vms3.70953
https://orcid.org/0000-0001-6413-3230
mailto:joseraduan.jaber@ulpgc.es
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1002/vms3.70953
http://crossmark.crossref.org/dialog/?doi=10.1002%2Fvms3.70953&domain=pdf&date_stamp=2026-05-28

conditions (Montesdeoca et al. 2017). Although the species has
been well described from a biological and behavioural standpoint
(Boisteau and Marion 2007; Garrido et al. 2011; Cardarelli et al.
2017), its cranial and upper respiratory anatomy remains poorly
documented. This limitation is relevant because the nasal cavity
plays essential roles in thermoregulation, filtration, olfaction, and
conditioning of inhaled air (Geist 2000; Casteleyn et al. 2018;
Mahmoud et al. 2018), and disorders of this region are frequently
encountered in aquatic birds.

Despite the clinical relevance of the avian upper respiratory
tract, detailed anatomical descriptions of the nasal cavity remain
scarce for most aquatic and wading species. Existing knowledge
derives mainly from domestic birds such as chickens and pigeons
(King and McLelland 1984; Casteleyn et al. 2018), whereas
the sinonasal anatomy of long-beaked, piscivorous birds has
received comparatively little attention (Madkour 2019; Morales-
Espino, Déniz, et al. 2024; Jaber et al. 2025). This gap limits
the interpretation of diagnostic imaging in Ardeidae, where
morphological adaptations—including an elongated beak and
an extensive infraorbital sinus system—Ilikely influence nasal
architecture and disease presentation.

Radiography has historically been used to examine the avian
nasal cavity (Gibbs et al. 1979; Schwarz et al. 2000; Wilson et al.
2014), but its utility is limited by superimposition of structures.
By contrast, computed tomography (CT) provides superior sen-
sitivity, accuracy, and three-dimensional characterization of the
skull (Burk 1992; Arencibia et al. 2000; De Rycke et al. 2003;
Orosz and Lichtenberger 2011; Bavdek et al. 2017). Although CT
has been used to describe cranial anatomy in macaws, parrots,
parakeets, ostriches, cockatiels and shearwaters (Veladiano et al.
2016; Bavdek et al. 2017; Aref et al. 2024; Morales-Espino, Déniz,
etal. 2024; Kazemi et al. 2025), only a few studies have specifically
examined the avian nasal cavity. Accurate interpretation requires
species-specific anatomical references because the configuration
of the nasal conchae, meatuses and infraorbital sinus varies
widely across avian taxa.

Given these gaps, there is a clear need for a combined anatomical
and CT-based description of the grey heron’s nasal cavity. Such
a reference would support diagnostic imaging and clinical man-
agement of sinonasal and orbital disease in aquatic avian species.
This study provides the first integrated anatomical and computed
tomographic characterization of the nasal cavity and associated
structures in juvenile grey herons, establishing a foundational
reference for clinicians, radiologists and researchers working
with wading birds.

2 | Materials and Methods
2.1 | Animals

The present study was conducted on three juvenile grey heron
(A. cinerea) carcasses to evaluate the main formations of their
nasal cavity. The animals had an average weight of 1.05 kg
(ranging from 0.8 to 1.3 kg) and an average size of 88.5 cm
(ranging from 85 to 92 cm) from beak to tail base. These
specimens were obtained from the Wildlife Rehabilitation Centre
after natural death or euthanasia for reasons unrelated to the

head or respiratory system. Only cadavers in good preservation
condition, without evidence of craniofacial trauma or advanced
post-mortem decomposition, were included. The number of
specimens analyzed reflects the limited availability of suitable
grey heron carcasses meeting the inclusion criteria obtained
from wildlife rehabilitation centres. This type of sample size is
consistent with previous anatomical and CT-based studies in wild
avian species, where access to well-preserved specimens is often
limited (Morales-Espino, Fumero-Hernandez, et al. 2024; Jaber
et al. 2025).

Although the exact post-mortem interval was not documented
in hours, all specimens were promptly refrigerated after death
and handled under appropriate conditions to preserve tissue
integrity and ensure optimal image quality. Approximately
1 week after death, the carcasses were removed from the
freezer and allowed to thaw under controlled conditions for
24 h prior to imaging, ensuring adequate thermal equilibra-
tion and minimizing temperature-related artefacts during CT
acquisition.

2.2 | CT Technique

For CT evaluation, sequential transverse, dorsal and sagittal
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, 512 X 512 acquisition matrix, 2550 X 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), 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.
All images were analyzed using the DICOM viewer OsiriX
MD 13.0.2 (Pixmeo, Bernex, Switzerland). Subsequently, the
DICOM files were postprocessed to generate three-dimensional
reconstructions, including maximum intensity projection
(MIP) and volume-rendered (VR) reconstructed images of the
heads.

2.3 | Anatomical Sections

After the CT study, the bird specimens were embedded in
a foam and stored at —80°C until completely frozen. Subse-
quently, the three carcasses were transversely sectioned from
the beak to the eyeballs with an electric band saw, obtaining
sequential 1 cm thick slices. Transverse anatomical slices were
performed at consistent intervals using the CT images as a spatial
reference. Each section was thoroughly rinsed with water to
remove debris, eliminating any artefacts using Adson forceps.
Finally, both sides of each slice were photographed to accurately
correlate the anatomical structures with the corresponding CT
images.
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FIGURE 1 | Anatomical (labelled with red lines) image corresponding to the approximate levels of the transverse slices of the grey heron’s (Ardea

cinerea) nasal cavity.

2.4 | Anatomic Evaluation

To accurately identify and label the cross-sectional anatomy in
correlation with the corresponding CT images, key anatomical
landmarks—such as the nasal septum, conchae, infraorbital
sinus recesses and surrounding cranial bones—were used to
match each anatomical section with its corresponding CT image.
The matching process was further validated by comparing the
shape, orientation and relative position of these structures in both
modalities.

In addition, we consulted a range of anatomical sources, includ-
ing textbooks, skull preparations and key references describing
avian anatomy in both aquatic and non-aquatic species (Codner
et al. 1993; Boisteau and Marion 2007; Lauridsen et al. 2011;
Orosz and Lichtenberger 2011; Bavdek et al. 2017; Casteleyn et al.
2018; Madkour 2019; Kvarnemo et al. 2025). These resources
greatly enriched our comprehension and ability to interpret the
anatomy of the grey heron’s nasal cavity. Anatomical termi-
nology follows the Nomina Anatomica Avium (Baumel et al.
1993).

3 | Results

A set of figures depicting the anatomical structures of the
grey heron’s nasal cavity and related formations is presented
(Figures 1-12). Figure 1 is a lateral image of a grey heron’s
head, where each numbered line corresponds to the approximate
levels of the anatomical and transverse CT sections shown in
the following figures (Figures 2-9). 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 10 depicts a dorsal CT image at different
levels, displaying pivotal formations comprising the nasal cavity
and related structures. Finally, Figures 11 and 12 show some CT
reconstructions using pulmonary and soft-tissue algorithm and
OsiriX software to aid in the identification of structures and to
compare different perspectives.

3.1 | Anatomical Sections

Cross-sectional anatomical analysis allowed precise identifica-
tion of the clinically relevant structures of the nasal cavity, from
the nostrils to the choanal cleft. As in other avian species, the
nostrils were located at the base of the beak (Figure 5A). The
nasal septum, clearly visualized along multiple transverse levels
(Figures 5A and 8A), divided the left and right nasal passages and
contributed to maintaining the structural rigidity of the elongated
beak.

The floor of the nasal cavity was supported rostrally by the
palatine processes of the maxilla, and more caudally by the thin
palatine bone (Figures 8A and 9A) and the vomer (Figures 7A
and 8A). The roof was formed by the premaxillary (Figures 2A-
4A), nasal (Figures 5A-7A) and maxillary bones (Figures 2A-6A),
and more caudally by the frontal (Figure 8A and Figure 9A)
and lacrimal bones (Figure 8A). The nasal bone also exhibited
a distinct nasal process and clear pneumatization (Figures 5A-
7A), which likely contributes to cranial lightening, an adaptation
commonly observed in long-beaked wading birds. Other bones
were distinguishable throughout the cross-sections, including the
mandible (Figures 2A-9A), jugal (Figures 7A-9A) and pterygoid
bones (Figure 9A).

The nasal cavity displayed a cone-shaped configuration, with
three conchae forming its caudal portion: the rostral (Figure 4A),
middle (Figures 5A and 6A) and caudal nasal conchae (Figures 7A
and 8A). The rostral concha had a smooth medial surface and
likely participated in initial airflow direction. The middle nasal
concha, the largest in size, appeared immediately caudal to the
rostral one. It offered an extensive mucosal surface, supporting
its expected roles in air humidification, thermoregulation and
possibly in optimizing laminar airflow. The caudal nasal concha,
located rostrally to the eye, connected to the infraorbital sinus
(Figures 5A-8A) rather than to the nasal lumen, suggesting
a functional relationship between sinus aeration and pressure
modulation.

This sinus occupied a triangular space within the maxilla, with its
opening identifiable in Figures 3A and 4A. Its rostral diverticulum
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FIGURE 2 | Transverse cross-section (A), bone window (B), and pulmonary window (C) CT images at the level of line I in Figure 1. M: maxillary
bone; Mb: mandible; Oc: oral cavity; P: premaxillary bone; Rd: rostral diverticulum of the infraorbital sinus.

FIGURE 3 | Transverse cross-section (A), bone window (B), and pulmonary window (C) CT images at the level of line IT in Figure 1. 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 4 | Transverse cross-section (A), bone window (B), and pulmonary window (C) CT images at the level of line 11T in Figure 1. 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 5 | Transverse cross-section (A), bone window (B), and pulmonary window (C) CT images at the level of line IV in Figure 1. 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 6 | Transverse cross-section (A), bone window (B), and pulmonary window (C) CT images at the level of line V in Figure 1. 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; Npn: nasal bone pneumatization; Oc: oral cavity; T: tongue; vMe: ventral nasal meatus.

FIGURE 7 | Transverse cross-section (A), bone window (B), and pulmonary window (C) CT images at the level of line VI in Figure 1. 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.
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FIGURE 8 | Transverse cross-section (A), bone window (B), and pulmonary window (C) CT images at the level of line VII in Figure 1. Ch: choanal
cleft; Cho: choanal opening; Cnc: caudal nasal concha; F: frontal bone; Fs: frontal sinus; Fse: frontal septum; Is: infraorbital sinus; J: jugal bone; Lc:
lacrimal bone; Mb: Mandible; Ns: Nasal septum; Oc: Oral cavity; Pg: paraglossum; Pl: palatine bone; V: vomer.

FIGURE 9 | Transverse cross-section (A), bone window (B), and pulmonary window (C) CT images at the level of line VIII in Figure 1. C: cornea;
Ceb: ceratobranchiale; Ch: choanal cleft; Cho: choanal opening; Eom: extraocular muscle (superior oblique muscle); F: frontal bone; Ise: interorbital
septum; J: jugal bone; 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 10 | Dorsal view of a pulmonary and soft-tissue algorithm CT images of the grey heron’s head at different levels. Cb: cerebellum; Cnc:
caudal nasal concha; E: eyeball; En: cerebrum; Is: infraorbital sinus; Mnc: medial nasal concha; Ns: nasal septum; Rd: rostral diverticulum of the
infraorbital sinus.
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FIGURE 11 | Sagittal view using OsiriX MIP reconstructed CT image (A), bone window (B), and pulmonary window (C) CT images of the grey

heron’s head isolating bones and air spaces. E: eye (orbit); En: cerebrum; F: frontal bone; Ha: hyobranchial apparatus; Mb: mandible; N: nasal bone; Oc:

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

FIGURE 12 | Lateral view (A)and dorsal view (B) using OsiriX MIP reconstructed and volume rendering (VR) CT images of the grey heron’s head,

isolating bones and air spaces. E: eye (orbit); F: frontal bone; Ha: hyobranchial apparatus; 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.

(Figures 2A-4A) extended rostroventrally toward the eye. This
sinus exhibited pneumatization characterized by a trabeculated
pattern across multiple segments (Figures 5A and 6A), con-
tributing to cranial weight reduction and potentially influencing
airflow dynamics around the orbit. The interorbital septum
was also visible at the midline between the orbits (Figure 9A).
The nasal meatuses (Figures 4A-6A) were clearly delineated,
although the nasolacrimal duct could not be fully visualized due
to its minute size; its expected course between the middle nasal
concha and the dorsal aspect of the sinus was inferred from
adjacent structures.

Cross-sections also revealed key formations of the oral cavity
(Figures 2A-8A), including the tongue (Figures 5A and 6A)

and oropharynx (Figure 9A). The choanal cleft (Figures 7A-
9A), connected the nasal cavity to the oral cavity, and dis-
played a slit-like shape rostrally and a triangular configura-
tion caudally. Its elongated morphology may facilitate rapid
clearance of water or debris during feeding, particularly in
aquatic foraging contexts. It was positioned between the pala-
tine bones and bounded dorsally by the vomer and nasal
septum.

Soft tissue structures resembling the nasal gland were discernible
(Figure 7A), located medially to the lacrimal bone and ros-
trally adjacent to the nasal and frontal bones. Although small
and poorly developed, this gland may contribute to humidity
regulation and minor secretion into the nasal vestibule. Other

Veterinary Medicine and Science, 2026

7of 12

85U8017 SUOLUIOD SAIIR.1D) 9|qedt|dde ay) Aq peusenob afe safoie YO ‘8sh J0 S| 10y AReiqiaul|uo A8]1M UO (SUONIPUOD-pUe-SLUSYW0D A8 | Afelq 1jput|uo//:SdNY) SUONIPUOD Pue SWIe | 8U) 88S *[9202/90/2T] Uo Aeiqiauliuo A8|IM elieue) Uels aq seuwlled Se 9 PepSIBAILN AQ £G60. ESWIAZO0T OT/10p/Wwod A8 |im Aelq1pul|uoy/sdny woiy papeoumod ‘v ‘9202 ‘S60TES0C



notable elements included the gland of the nictitating membrane
(Figure 9A).

Muscular structures, including the ventral intermandibular mus-
cle (Figures 3A-7A), as well as the pterygoid, ethmomandibular
and mandibular adductor externus ventralis muscles (Figure 9A),
were distinctly defined, reflecting their role in jaw support and
fine motor control during prey capture. Extraocular muscles
surrounding the eyeball, along with the surrounding periorbital
fat, were distinctly visualized (Figure 9A). Additionally, cross-
sections facilitated the observation of various orbital compo-
nents, such as the vitreous chamber, retina, sclera and cornea
(Figure 9A).

3.2 | Computed Tomography

No significant differences were observed among the three herons.
CT imaging consistently allowed identification of the major
sinonasal and cranial structures, with bones displaying marked
hyperattenuation and soft tissues and air-filled cavities showing
hypoattenuation across both pulmonary and bone windows.

The rostral diverticulum of the infraorbital sinus appeared
as a hypoattenuating cavity extending within the premaxil-
lary bone toward the nasal septum (Figures 2B,C, 3B,C, 4B,C
and 10A-C). The infraorbital sinus itself was also hypoattenuating
and increased progressively in size in the caudal direction
(Figures 3B,C-8B,C and 10 A-C). Comparable attenuation was
observed in the nostrils (Figure 5 B,C).

Within the oral cavity, the tongue was moderately hyperat-
tenuating (Figures 4B,C, 5B,C and 6C), and the ventral inter-
mandibular musculature was visible ventral to the oral structures
(Figures 3B,C, 4C, 5C, 6C and 7B,C). The ventral nasal meatus
appeared as a hypoattenuated space between these structures
(Figures 4C, 5B,C and 6B,C). The rostral, middle and caudal nasal
conchae could be distinguished, most clearly in the pulmonary
window (Figures 4C, 6B,C, 7B,C, 8B,C and 10A,B). In addition, the
elongated choanal cleft and its opening were also clearly visible
(Figures 7B,C-9B,C).

Cranial musculature, including the mandibular adductor exter-
nus ventralis and pterygoid muscle, was identified (Figure 9B,C).
Ocular structures were well defined, including the vitreous
chamber, cornea, nictitating membrane gland and surrounding
periorbital fat (Figure 9B,C). CT imaging also provided clear
identification of major skull bones, such as the premaxillary
(Figures 2B,C-4B,C), maxillary (Figures 2B,C-6B,C), mandible
(Figures 2B,C-9B,C), nasal (Figures 5B,C-7B,C), jugal and pala-
tine (Figures 7B,C-9B,C), vomer (Figures 7B,C and 8B,C), ptery-
goid (Figure 9B,C) and frontal bone (Figures 8B,C and 9B,C),
which appeared hyperattenuated in both pulmonary and bone
window settings.

Three-dimensional reconstructions generated using OsiriX soft-
ware, together with sagittal and dorsal reformatted CT images,
offered enhanced spatial context (Figures 10-12). Among the
cranial bones identified, we included the squamosal bone
(Figure 12A), as well as the premaxillary, nasal, frontal, pari-
etal and occipital bones—including its basioccipital, exoccipital

and supraoccipital portions—along with the mandible and the
epibranchial bone of the hyobranchial apparatus (Figures 11A-
C and 12A). In addition, other structures such as the cerebrum
(Figures 10A-C and 11B,C), cerebellum (Figure 10B,C), eye
(Figures 10A-C,11A-C and 12A), the sclerotic ring (Figure 12A),
oral cavity and oropharynx (Figures 11A-C and 12A) were clearly
delineated.

4 | Discussion

Herons are widely distributed wading birds that inhabit a broad
range of aquatic and semi-aquatic ecosystems worldwide. Despite
their adaptability, they remain vulnerable to various natural and
anthropogenic threats. Climatic phenomena such as El Nifio have
been associated with increased flooding events, resulting in the
destruction of nests and reduced breeding success (Fasola et al.
2009; Sovrano et al. 2019). Additionally, stagnant, warm waters
where grey herons commonly reside can promote the prolifer-
ation of Clostridium botulinum (Diario de Gran Canaria 2020).
Other anthropogenic hazards include collisions with electrical
wires and secondary poisoning from rodenticides accumulated
through the food chain (Ogoérek et al. 2022).

Recent findings suggest a modest recovery in grey heron popula-
tions, likely owing to their ecological plasticity and widespread
distribution (Boisteau and Marion 2007; Fasola et al. 2009).
Nevertheless, the environmental pressure and energetic demands
associated with an aquatic lifestyle highlight the importance of
understanding their cranial anatomy, since specific anatomical
adaptations may play a crucial role in their ability to regulate
temperature, pressure, and respiration in fluctuating and often
challenging habitats. In this context, the present anatomical-
CT atlas provides clinically relevant information that may assist
veterinarians working with free-ranging or rehabilitated herons.
Specifically, species-specific anatomical references are essential
for interpreting complex structures such as the conchal sys-
tem, infraorbital sinus, septal sinus and choanal cleft, which
commonly present with inflammatory, infectious or traumatic
lesions in clinical practice. The combined use of CT imaging
and anatomical sections in this study offers a practical diag-
nostic framework that may help distinguish normal anatomical
pneumatization from soft-tissue opacification, foreign bodies,
or sinus fluid accumulation in affected birds. Such references
are especially valuable given the lack of standardized imaging
descriptions for long-beaked wading species.

One such feature is the infraorbital sinus, a structure that differs
markedly from its mammalian counterparts. The different CT
windows and planes used in this study were quite helpful in
identifying the complex arrangement of interconnected cavities
extending from the rostral nasal concha to the ventral aspect of
the eyeball. Although its function remains partially understood,
previous studies on species such as Cory’s shearwater, yellow-
legged gull and ostrich suggest potential roles in airflow direction
and pressure regulation (Yokosuka et al. 2009; Porter and Witmer
2016; Bavdek et al. 2017; Aref et al. 2024; Morales-Espino, Fumero-
Hernandez, et al. 2024; Jaber et al.,2025). Given the clinical
frequency of sinusitis and orbital involvement in aquatic birds
admitted to rehabilitation centres, this atlas may help clinicians
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better identify pathological alterations affecting this sinus system
(Montesdeoca et al. 2017).

Although the grey heron inhabits freshwater and brackish envi-
ronments, it does not forage in fully marine waters. Consequently,
it lacks the specialized nasal glands for salt excretion, as demon-
strated using anatomical sections and CT imaging (Dunson et al.
1971; Shuttleworth et al. 1987; Franklin and Grigg 1993; Babonis
and Evans 2011; Grosell et al. 2020; Morales-Espino, Fumero-
Hernandez, et al. 2024; Jaber et al. 2025). In our study, we
identified only a small, underdeveloped glandular structure sim-
ilar to the nasal gland, consistent with its limited osmoregulatory
needs. Further histological work will be required to determine
whether this gland shows any functional secretory activity.

Regarding the nasal septum, it exhibited a general structural
layout similar to other avian and mammalian species (Basha
et al. 2022), although in the grey heron, a distinct caudal
extension was observed. The integration of anatomical slices with
CT imaging enabled accurate identification of the septal sinus,
which appeared as a clearly delineated cavity—a feature not
uniformly present across avian taxa (Burk 1992; Aref et al. 2024;
Martinez et al. 2024a, 2024b; Kazemi et al. 2025). From a clinical
standpoint, understanding the limits of the septum is essential for
interpreting unilateral versus bilateral nasal lesions in diagnostic
imaging.

Within the nasal cavity, the nasal conchae followed a rostro-
caudal arrangement, rendering traditional mammalian descrip-
tors (dorsal, middle and ventral) less applicable. The largest and
most complex structure was the middle nasal concha, which
likely plays a role in humidification, airflow control and olfaction,
aligning with observations in various aquatic and land bird
species such as the cockatiel, ostrich, parrots, pigeon and puffin
(Stanczyk et al. 2018; Jones et al. 2019; Fumero-Hernandez
et al. 2023; Aref et al. 2024; Kazemi et al. 2025). The com-
bined anatomical-CT approach greatly improved visualization
of regions that were poorly defined in CT alone, reinforcing the
atlas’s diagnostic utility.

Olfactory epithelium in birds, including the grey heron, is
primarily located in the caudal nasal conchae. Although less
developed than in mammals, avian olfaction supports behaviours
like foraging, navigation and social interaction, with interspecies
variability (Hadden et al. 2022). Our imaging revealed the rela-
tionship between the caudal nasal concha and the infraorbital
sinus, offering insights into the structural organization of this
sensory system (Basha et al. 2022).

The choana displayed an elongated configuration, more similar
to that described in certain seabirds (Morales-Espino, Fumero-
Hernéandez, et al. 2024) than to terrestrial species. This feature
may facilitate efficient conduction between the nasal cavity and
the oropharynx, and it also provides a practical endoscopic access
site for clinical diagnostics (Sandoval 2000; Mahmoud et al. 2018).

The vomeronasal organ is a fundamental chemosensory struc-
ture, involved in detecting pheromones and predator odours.
In reptiles, it triggers defensive behaviours and assists in prey
tracking, while in mammals, it mediates responses to predator
scents. 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 (Casteleyn
et al. 2018). The presence of the vomer bone, observed in our
specimens, reflects the evolutionary legacy of this system, offering
structural support within the nasal cavity despite the absence of
a functional vomeronasal organ.

A major limitation of this study is that all specimens were
juveniles. Ontogenetic changes may influence several cranial
structures. In birds and mammals, sinus pneumatization, conchal
definition and degree of ossification typically increase with
age, potentially altering the relative size and thickness of some
structures (Lauridsen et al. 2011). The presence of down feathers,
which aid in thermoregulation, emphasizes their early devel-
opmental stage. Since the avian nasal cavity contributes to air
humidification, filtration, water conservation and temperature
regulation (Geist 2000; Casteleyn et al. 2018; Mahmoud et al.
2018), these findings may not fully represent the adult mor-
phology. Additionally, the relatively small sample size reflects
the limited availability of well-preserved grey heron specimens
suitable for anatomical and CT-based analysis. Although such
sample sizes are common in anatomical studies of wild avian
species, studies including a larger number of specimens would be
valuable to further confirm and expand the anatomical observa-
tions described here. Comparative analyses between juvenile and
adult specimens would also help establish age-related anatomical
baselines.

In this study, CT slices were carefully selected to match anatomi-
cal cross-sections. Sequential transverse images allowed detailed
visualization of the nasal cavity while preserving spatial con-
sistency with the bony structures. We did not perform sagittal
or dorsal anatomical sections due to the limited sample size
and to prioritize accurate correspondence with transverse CT
sections. As reported in previous work (Burk 1992), CT image
quality improves with specimen size. This was evident in the grey
heron, whose larger beak volume allowed for better CT definition
compared to smaller avian species (Fumero-Herndndez et al.
2023; Aref et al. 2024; Morales-Espino, Fumero-Hernandez, et al.
2024; Kazemi et al. 2025). Nonetheless, image clarity was still
constrained by the small overall volume and narrow height of
the nasal region—measuring approximately 16 cm in length from
the beak to the orbit, but only 1-3 cm in height along the
rhamphotheca. As a result, structures like the ophthalmic branch
of the trigeminal nerve—visualized in larger species or higher-
resolution imaging (Wild and Zeigler 1996; Williams and Wild
2001)—were not identifiable. Notably, applying the lung window
setting enhanced the visibility of soft tissues within the nasal
cavity, proving valuable in delineating finer anatomical details.
These difficulties could potentially be mitigated using micro-CT,
which offers superior resolution in studies involving other exotic
species. Despite its advantages, this remains largely inaccessible
in routine veterinary practice due to its cost and technical
demands, limiting its use to research centres or institutions with
advanced imaging capabilities (Hadden et al. 2022). Nevertheless,
the combination of CT scans and anatomical cross-sections
allowed for the observation of the structural boundaries and
configuration, which is essential for diagnostic purposes and may
be applicable to other avian species.
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Three-dimensional reconstruction software enhanced the
anatomical assessment by providing a clearer visualization of the
spatial relationships among the nasal cavity, infraorbital sinus
and surrounding cranial bones, which may be difficult to fully
appreciate using only sequential transverse CT slices. From a
clinical perspective, this approach may improve the detection and
interpretation of pathological alterations, including sinus fluid
accumulation, soft-tissue thickening or structural displacement
associated with trauma or inflammatory disease. Moreover,
the ability to manipulate the reconstructed models allowed a
better understanding of the extent and anatomical boundaries
of the sinus system in relation to adjacent structures, which
may assist veterinarians in planning diagnostic procedures
or interpreting CT examinations in grey herons and other
long-beaked avian species. Therefore, three-dimensional
reconstructions complement conventional CT interpretation
and represent a valuable tool for both clinical and educational
applications (Mohamad et al. 2023; Martinez et al. 2024a).

5 | Conclusions

This investigation presents the first detailed anatomical descrip-
tion of the nasal cavity of the grey heron (A. cinerea), using
CT images in transverse, sagittal and dorsal planes combined
with anatomical cross-sections. The resulting images proved
highly effective in identifying precise anatomical landmarks and
spatial relationships within the nasal cavity. This information
can assist veterinary clinicians in recognizing and diagnosing
various pathological conditions affecting this region in herons.
Additionally, the use of advanced imaging in anatomical research
enhances education by allowing veterinary students and trainees
to visualize complex structures without superimposition, thereby
deepening their understanding of the avian rostral head. Ulti-
mately, this species-specific anatomical knowledge strengthens
diagnostic precision and supports the development of therapeutic
strategies adapted to the unique features of the grey heron.
Future studies, including a larger number of specimens and
incorporating morphometric analyses, would be valuable to com-
plement the descriptive findings presented here and to establish
quantitative anatomical references for this species.
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