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Abstract: Anatomical descriptions of partridges’ air sacs of the species Rhynchotus rufescensare scarce.
This study aimed to evaluate the air sacs of this species. Ten cadaveric specimens of adult partridges,
approximately 1 year old, were collected, and latex perfusion was used to solidify the material. The
cervical air sac of ared-winged tinamou is smaller and has a more irregular conformation than other air
sacs. The thoracic air sacs are symmetrical, and the cranial thoracic air sacs are smaller than the caudal
ones. The abdominal air sacs are asymmetrical, and the largest ones extend themselves to the cloaca.
Only one clavicular air sac was found, with three subdivisions: right, left, and medial. Additionally, right
and left extrathoracic portions were found, passing under the clavicle. In one of the animals, the latex-
filled humeri were found, and in three other ribs, vertebral diverticula were present. There is no clear
relationship between taxonomy and biology versus the quantity and conformation of air sacs, because
different animals with taxonomic proximity present differences. This study enhances species-specific
anatomical knowledge of this species of partridge.
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Resumo: Descri¢bes anatémicas dos sacos aéreos de perdizes da espécie Rhynchotus rufescens sao
escassos. Este estudo teve como objetivo avaliar os sacos aéreos desta espécie. Foram coletados
dez espécimes cadavéricos de perdizes adultas, com aproximadamente 1 ano de idade, e utilizada
perfusdo de latex para solidificagdo do material. O saco aéreo cervical na perdiz de asa vermelha é
menor e tem uma conformagdo mais irregular do que outros sacos aéreos. Os sacos aéreos toracicos
sdo simétricos e 0s sacos aéreos toracicos craniais sdo menores que os caudais. Os sacos aéreos
abdominais sdao assimétricos e os maiores estendem-se até a cloaca. Foi encontrado apenas um saco
aéreo clavicular, com trés subdivisdes: direito, esquerdo e medial. Além disso, foram encontradas
porcdes extratoracicas direita e esquerda, passando sob a clavicula. Em um dos animais foram
encontrados Umeros preenchidos com latex e em outras trés costelas estavam presentes diverticulos
vertebrais. Nao ha uma relagdo clara entre taxonomia e biologia versus quantidade e conformacdo
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dos sacos aéreos, pois diferentes animais com proximidade taxonémica apresentam diferencas. Este
estudo aumenta o conhecimento anatdémico especifico desta espécie de perdiz.

Palavras-chave: anatomia animal; sistema respiratério; animais selvagens; passaros; perdiz.

1. Introduction

The red-winged tinamou (Rhynchotus rusfencens Temminck, 1815), also known as
partridge, is a native bird of the Brazilian fauna, belonging to the order Tinaniforme, family
Tinamidae™. It is present in South America, and despite its declining population?, the red-
winged tinamou is classified as LC (Least concern) on the BirdLife International red list®. Air
sacs are thin-walled structures that are found throughout a bird's body and play a crucial
role in the respiratory process. They maintain a unidirectional flow of air through the lungs,
which allows efficient gas exchange. Air sacs are also involved in thermoregulation, sound
production, and buoyancy control in some aquatic species of birds®4.

The anatomical structure of air sacs in birds is unique and has evolved to meet flight
demands. Birds have a total of nine air sacs, which are connected to their lungs and trachea.
The air sacs are divided into four groups: cervical, cranial thoracic, caudal thoracic, and
abdominal. Each group of air sacs has a specific function in the respiratory process, and they
work together to allow birds to efficiently extract oxygen from the air®. Birds do not possess
a diaphragm, so they do not present any differentiation between thoracic and abdominal
cavities. The respiratory system of birds is divided into lower and upper respiratory tract.
The upper respiratory system is formed by the nasal cavity, larynx and trachea, whereas the
lower respiratory tract is formed by the lungs and air sacs (8 or 9 depending on the species)®.

Air sacs have already been described in the following birds: the domestic fowl (Gallus
gallus)>®), domestic goose (Anser anser domesticus)”, duck (Anas spp.)&-'9, turkey (Meleagris sp.)
(113 ostrich (Struthio camelus)'®, quail (Coturnix coturnix)'®, Japanese quail (Coturnix coturnix
japonica)®, European red-winged tinamou, order Galliformes, (Alectoris graeca)®, long-legged
buzzard (Buteo rufinus)”, European pidgeon (Columbia livia)®>'8'9, loon (Gavia immer)?®, White
Cheeked Bulbul (Pycnonotus leucogenys)?" and hooded crow (Corvus cornix)@?.

The clinical care of birds in wild animal medicine is considered common®@324, but it must
be remembered that such birds are an extremely diversified class, comprising 32 orders
and more than 10,000 distinct species®>). Considering the scarcity of anatomical studies in
partridges, the present study aimed to evaluate the anatomy of the air sacs in R. rufescens.

2. Materials and methods

Ten adults partridges (Rhynchotus rusfencens), approximately 1 year old, were used in this
study and were obtained from the Department of Animal Improvement and Nutrition in the
Animal Science course at UNESP - Botucatu Campus. The cadaveric material was collected
after the slaughter of animals from projects in the production area, then injected with pre-
vulcanized latex stained with blue dye (Suvinil®) and dissected for macroscopic evaluation.
The process involved opening the skin in the cervical region, exposing the trachea, and
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making a vertical cut of approximately 1 cm to introduce a cannula for latex perfusion. The
pectoral muscles and the sternum were removed by separating the costochondral joints and
the shoulder girdle. The viscera were removed, and the latex mold was removed from the
carcass.

The methodology adopted in this study was approved by the Committee on Ethics in the
Use of Animals - CEUA of the School of Veterinary Medicine and Animal Science at the Sao
Paulo State University (UNESP), filed under number 0030/2021. The project also obtained
authorization from the Biodiversity Authorization and Information System- SISBIO, a division
of the Brazilian Institute for the Environment and Renewable Natural Resources - IBAMA, for
the temporary maintenance of wild vertebrates in captivity, under number 77786-1.

3. Results

R. rufescens air sacs are found very close to the viscera - liver, ventriculus and intestine
- in the coelomic cavity. After removing the viscera, it is possible to visualize an anatomically
organized set of abdominal, clavicular, cranial thoracic and caudal thoracic air sacs (Figure 1).

Figure 1. (a) Relationship of air sacs and viscera in a partridge’s coelomic cavity where the Liver,
Ventriculus and Gut can be visualized (marked off by yellow lines). (b) Visualization of air sacs in a
partridge’s coelomic cavity after visceral removal. Ab.: Abdominal air sac; Clav.: Clavicular air sac;
Cr.T: Cranial thoracic air sac; Ca.T: Caudal thoracic air sac; Cerv.: Cervical air sac.

Partridges, commonly, do not present cervical air sacs. However, in the red-winged
tinamou, we identified a total of seven air sacs, including one cervical air sac which is a
smaller and more irregularly shaped cervical air sac compared to other birds. Furthermore,
we observed one pair of cranial thoracic air sacs, one pair of caudal thoracic air sacs, and one
pair of abdominal air sacs (Figure 2). Additionally, a clavicular air sac with three subdivisions
was observed: right, left and median; there are right and left extrathoracic portions found
under the clavicle (Figure 2).
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Figure 2. (a) Visualization of a partridge’s air sacs after skin removal and ventral musculature.

(b) Note the extrathoracic portion of the clavicular air sac (arrows). Ab.: Abdominal air sac; Clav.:
Clavicular air sac; Cr.T: Cranial thoracic air sac; Ca.T: Caudal thoracic air sac; Cerv.: Cervical air sac.

The thoracic air sacs are symmetrical, and the cranial thoracic air sacs are smaller
(approximately 2.6 cm) than the caudal ones (between 4.5 to 4.9 cm). The cranial thoracic
air sacs are in close anatomical relationship with the lungs. The abdominal air sacs are
asymmetrical and larger, extending to the cloaca region (Figures 3 and 4).

Figures 3 and 4 show latex casts of the lower respiratory system of a partridge in
dorsal and ventral views, identifying the lungs and clavicular, abdominal, cranial thoracic
and caudal thoracic air sacs. This view allows the understanding of the three-dimensional
arrangement of these respiratory structures, providing insights into the distribution of the
air sacs in relation to the vertebral column and ribs. Figure 4 shows the positioning and
continuity of airways along the lateral aspect of the bird’s body. These images provide
detailed representations of the avian respiratory anatomy, offering valuable insights into
the study of the respiratory system adapted for flight.

Figure 3. Latex cast of a partridge’s lower respiratory system, dorsal (a) and ventral (b) view. Ab.:
Abdominal air sac; Clav.: Clavicular air sac; Cr.T: Cranial thoracic air sac; Ca.T: Caudal thoracic air
sac; Cerv.: Cervical air sac; Pulm.: Lung. R=right; L=Left.
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Figure 4. Latex cast of a partridge’s lower respiratory system, right side (above) and left side
(below) view. Ab.: Abdominal air sac; Clav.: Clavicular air sac; Cr.T: Cranial thoracic air sac; Ca.T:
Caudal thoracic air sac; Cerv.: Cervical air sac; Pulm.: Lung.; R=right; L=Left.

Moreover, in one of the animals, both humeri and vertebral diverticula were filled with
latex (Figures 5 and 6). The filling of the pneumatic cavities of a partridge’s humerus highlights
the pneumatization of this bone.

Figure 5. A partridge’'s humerus filled with latex in the pneumatic cavities, showing pneumatization
of this bone.

The ontogeny of the birds’ pneumatic bones determines the age the bones begin to
pneumatize, and the points they begin. The humerus and cervical vertebrae begin at 35 days
after hatching, while the sternum only begins at 126 days after hatching.
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Vertebral Diverticula

Figure 6. Lateral view of a partridge’s air sacs, with visualization of latex insertion into vertebral
diverticula.

The intervertebral diverticulum in birds is an anatomical structure located between the
spinal column vertebrae, especially in the thoracic and lumbar regions. It is an extension of
the air sacs, which are part of the respiratory system of birds. These projections allow air to
circulate not only in the lungs, but also in some areas of the bones, such as the vertebrae,
helping reduce birds’ body weight, a crucial adaptation for flight.

4. Discussion

Studies about the respiratory system of birds have been done for many years, with
several manuscripts published on the topic. One study by Maina®2” examined the anatomy
of the avian respiratory system and found that air sacs play a vital role in the respiratory
process. The researchers concluded that the unique respiratory system in birds allows a more
efficient extraction of oxygen from the air. Those authors obtained computational modeling
to simulate the air flow in bird lungs and found that air sacs played a crucial role in the flight
process®), showing that the functional efficiency of the avian respiratory system is correlated
to its structural complexity.

Birds’ ratio size of air sacs follows what has already been described in the literature for
other species: the cervical air sac has a more irregular conformation and a smaller size®910.29),
But, in Rhynchotus rufescens, we observed that the thoracic air sacs are symmetrical and the
cranialthoracicairsacs are smaller thanthe caudal ones. The abdominal air sacs are the largest
and, despite being asymmetrical, both antimeres extend to the cloaca. A single individual
presented the right antimere smaller than the left. The left abdominal air sac was described
as smaller than the right one in ducks - Anas spp®°'©. But this species is not phylogenetically
related to R. rufescens. However, similarity between the morphological characteristics of the
abdominal air sacs was observed in quails(>2939),

The extrathoracic portion of the clavicular air sac pneumatizes the humerus and sternum
and extends to the syrinx where it plays an essential role in vocalization®. In one of the
dissected animals, the latex filling evidenced the humerus pneumatization, and in three other
ribs, it revealed the presence of vertebral diverticula. Paradoxically, a study with the same
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technique performed on Japanese quails, which are phylogenetically close to partridges,
showed that the humerus was a non-aerated bone®.

This connection between air sacs and bone pneumatization, such as that of the humerus,
one of the main bones of the wings, is an example of the functional coadaptation for flight
in birds because it makes the bones lighter, reducing the total weight without compromising
structural resistance. However, partridges are terrestrial birds that can fly very short
distances and at low altitudes, so the permanence of this pneumatization needs to be further
investigated in R. rufescens.

Latex viscosity means that pneumatized bones are not necessarily filled, and bone
pneumatization is studied via a thorough osteological examination to locate diverticula
and visualization of trabeculae through sectioning of the bones. Due to the fact that the
present study did not focus on the description of pneumatic bones, it was limited to reporting
describable bones by latex filling; therefore, it is not possible to affirm whether other bones
are pneumatized in the species and whether there is an intraspecific variation.

There are no studies that corroborate or refute the correlation between the number of
air sacs and phylogeny in birds, since species with taxonomic proximity present differences,
as exemplified by quails, which do not have a cervical sac and have a single clavicular sac,
totaling seven air sacs®?. Other species are phylogenetically distant from these and have
two cervical sacs and one clavicular sac®? ,such as ostriches (Struthio camelus), or two pairs
of cervical sacs®? such as hooded crows (Corvus cornix), totaling nine in both species when
added to the other air sacs.

The morphology of the respiratory system found in the red-winged tinamou (R. rufescens)
is scarcely described in the literature and is only similar to the morphology reported in loons
(Gavia immer), a water bird belonging to the Gaviiformes order®®33, The other birds with
seven air sacs are geese (Anser anser domesticus)” and turkeys (genus Meleagris) with a single
cervicoclavicular air sac and the other paired ones"'2),

5. Conclusion

Red-winged tinamou (Rhynchotus rusfencens Temminck, 1815) presents a total of seven
air sacs, differentiated into a single clavicular air sac, a pair of cranial thoracic air sacs, a
pair of caudal air sacs, and a pair of abdominal air sacs. The ongoing research in this area
is helping increase our understanding about the respiratory system of birds and its unique
adaptations. These results will be important as a basis for future phylogenetic studies and for
comparisons of this species with other birds.
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