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Abstract
The aortic arrangement is an important structure associated with the maintenance of
homeostasis. Based on this information, this study was conducted to describe the col‐
lateral arteries of the aortic arch of Antillean manatee and define the standard model
for the species. Three specimens, an adult male, adult female and a male neonate, all
strandings on the coast of the state of Rio Grande do Norte, Brazil, were used. The
study was performed in the Laboratory of Morphophysiology of Vertebrates of the
Federal University of Rio Grande do Norte, where in situ photographs were taken to
demonstrate their topography. Subsequently, their hearts were removed and fixed
in 10% formaldehyde and after 72 hr were dissected and analysed, obtaining sche‐
matic drawings and photographs of the vascular arrangement. The aortic arch was
represented by three collateral arteries identified as the brachiocephalic trunk, left
common carotid artery and left subclavian artery. This arrangement was similar to
that found for other sirenians, and yet, for other mammals like hooded seal, murine,
margarita island capuchin, black‐handed tamarin, Mongolian gerbil and human. The
morphological similarity presented in this study with different species of mammals,
including humans, may contribute valuable information from an evolutionary point
of view.
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1 | I NTRO D U C TI O N

Steller's sea cow (Hydrodamalis gigas) was extinct in the mid‐18th
century (Anderson, 1995; Forsten & Youngman, 1982).

Sirenians are the only existing herbivorous aquatic mammals, which

The distribution of the manatee is limited to a portion of the

make them evolutionarily different from other mammals. This taxo‐

west coast of the Atlantic Ocean, with records of two subspecies,

nomic group is represented by only four living species, the Manatee

the Florida manatee (Trichechus manatus latirostris) in North America

(Trichechus manatus), Amazonian manatee (Trichechus inunguis),

and the Antillean manatee (Trichechus manatus manatus) existing

African manatee (Trichechus senegalensis) and Dugong (Dugong

throughout Central and South America (Domning & Hayek, 1986).

dugon) (Hartman, 1979). A fifth representative of the group, the

The manatee is classified as a threatened species (Iucn, 2008) and is
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in danger of extinction according to the list of endangered species

studies also provide information regarding the diagnosis and clini‐

of Brazil (Luna, Balensiefer, Fragoso, Stephano, & Attademo, 2018).

cal treatment of diseases by means of complementary tests such as

The current conservation scenario, together with their biologi‐
cal characteristics, raises concern with the future of this species in

Doppler echocardiography and contrast radiography (Bortolini et al.,
2013; Cabral, Ciasca, Oliveira, Vaz‐Curado, & Larsson, 2010).

Brazil (Balensiefer et al., 2017). The knowledge of the biology and

Thus, considering the importance that the cardiovascular system

ecology of Sirenians is growing, but information on the morphology

represents for physiological adaptation to diving for manatees, in ad‐

of the cardiovascular system is still scarce. Pioneering studies have

dition to the scarcity of data on the morphology of the aortic arch,

been published describing the heart morphology of the Dugong and

and knowing that the manatee is one of the most threatened marine

Florida manatee (Rowlatt & Marsh, 1985). However, information

mammals in terms of extinction, the aim of this study was to describe

on the morphology of the cardiovascular system of the subspecies

the collateral arteries of the aortic arch of the species Trichechus ma‐

Trichechus manatus manatus is still lacking, which is important re‐

natus manatus and define the standard model for the species.

garding the point of view of conservation and the knowledge of their
morphology.
The cardiovascular system of aquatic mammals is quite differ‐

2 | M ATE R I A L S A N D M E TH O DS

entiated due to the physiological adaptation to diving developed by
these animals (Drabek, 1975; Howard, 1983, p. 12). Therefore, a solid

Three specimens of free‐living Antillean manatee found dead

understanding of the circulatory system is an important prerequisite

on the beach were used in the study: an adult male (total length:

for the correct interpretation of cardiovascular diseases in these

313.5 cm), an adult female (total length: 290.0 cm) and a male neo‐

species. According to Gerlach et al. (2013), the ante‐mortem diagno‐

nate (total length: 123.0 cm). The experiment was developed with

sis of some cardiovascular diseases in manatees is possible through

authorisation from the Ethics Committee on Animal Use (License No.

an echocardiographic evaluation. Thus, detailed anatomical descrip‐

020/2009, Protocol 23083.006846/2009), and the animals were

tions of the aortic arch of the Antillean manatee are indispensable.

stranded on the coast of the state of Rio Grande do Norte, Brazil, be‐

Moreover, such descriptions may also be useful in toxicological stud‐

tween Sagi (06°29′10.2″S, 34°58′07.6″W) and Tibau (4°49′56.3″S,

ies, since numerous chemicals, including some drugs, may produce

37°15′09.8″W), bordering the States of Paraíba (PB) and Ceará (CE;

aortic arch malformations (Monnereau et al., 2005). Anatomical

Figure 1).

FIGURE 1
the study

Map of the monitoring area of beaches of the Project Cetáceos da Costa Branca and the stranding locations of the animals of
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F I G U R E 2 Aortic arch of the Antillean manatee neonate and its collateral arteries, ventral view. (a) The aortic arch in situ, forming a bulb
before the collateral arteries (1), the brachiocephalic trunk (2), the left common carotid artery (3), left subclavian artery (4), right common
carotid artery (5), right common carotid artery (6), pulmonary trunk (7), ductus arteriosus (arrow), right atrium (RA), left atrium (LA), right
ventricle (RV), left ventricle (LV) and trachea (T). In (b), the same formalised anatomical piece, showing the aortic arch (1), the brachiocephalic
trunk (2), left common carotid artery (3), left subclavian artery (4), right common carotid artery (5), right subclavian artery (6), pulmonary
trunk (7), descending aorta (8), ductus arteriosus (*), right atrium (RA), left atrium (LA) and left ventricle (LV). (Bar: 1 cm)
The animals were registered by the team of the Project for

neonate, originating from the pulmonary trunk, communicating with

Monitoring the Beach of the Cetáceos da Costa Branca Project—

the aortic arch soon after the origin of the left subclavian artery

University of the State of Rio Grande do Norte (PCCB‐UERN). The

(Figure 2).

necroscopic examinations were carried out in the Laboratory of
Morphophysiology of Vertebrates of the Federal University of Rio
Grande do Norte, where photographs were taken in situ to demon‐

4 | D I S CU S S I O N

strate the topography of the aortic arch. The heart was then re‐
moved and fixed in 10% formaldehyde. After 72 hr, the samples were

The collateral branches of the aortic arch of aquatic mammalian spe‐

dissected and analysed, obtaining schematic drawings and photo‐

cies, terrestrial mammals (domestic and wild) and humans have been

graphs of the angioarchitecture of the aortic arch.

described in studies that characterise the main arteries that emerge

The study was based on the nomenclature adopted by

directly from the arch, their branches and thus, classify the different

the International Committee on Veterinary Gross Anatomical

types of vascular arrangements of the aortic arch for each species

Nomenclature (2017) for the names of the structures identified

(Oliveira et al., 2018).

and the results compared with published studies with other ma‐

Three different types of arrangements have been described

rine mammals, other domestic and wild mammals, as well as with

more often (Figure 3). The first type corresponds only to the bra‐

humans.

chiocephalic trunk arising from the aortic arch and from the right
and left common carotid arteries and the right and left subclavian

3 | R E S U LT S

arteries arise. This type has already been described in the labo‐
ratory rat (Rattus norvegicus; Hebel & Stromberg, 1986), buffalo
(Bubalus bubalis; Cortellini, Machado, Oliveira, Miglino, & Artoni,

The vascular arrangement of aortic arch of the Antillean manatee

2000), capybara (Hydrochoerus hydrochaeris; Culau, Reckziegel,

was common to all the specimens studied, without any variation be‐

Lindemann, Araújo, & Balzaretti, 2007), grey brocket (Mazama

tween them. From the aortic arch, the brachiocephalic trunk, left

gouazoubira; Schimming, Matteis, Silva, & Guazzelli Filho, 2012),

common carotid artery and the left subclavian artery emerge as

domestic cow (Bos taurus) and horse (Equus ferus caballus; Dyce,

collateral arteries. The brachiocephalic trunk, in all animals studied,

Sack, & Wensing, 2010, p. 1585).

forked in two branches, the right common carotid artery and the
right subclavian artery.

The second type is characterised by the emergence of two ar‐
teries. The first is constituted by the brachiocephalic trunk and

In all specimens, the ascending aorta presented a dilatation that

the second is formed by the left subclavian artery. The right com‐

extended up to the origin of the brachiocephalic trunk, called the

mon carotid artery and left and right subclavian arteries emerge

aortic bulb, which has a visibly larger diameter in relation to the

from the brachiocephalic trunk. This arrangement was reported in

descending aorta. In the adult male, this difference between the

the southern‐fur‐seal (Arctocephalus australis; Guimarães, Mari, Le

outer diameter of the aortic bulb and the descending aorta was

Bas, & Watanabe, 2014), while in the majority of terrestrial species

122.22%, being 83.33% in the female and 106.66% in the neo‐

studied, it predominated in rodents such as the paca (Agouti paca;

nate. Furthermore, an open ductus arteriosus was observed in the

Oliveira, Machado, Miglino, & Nogueira, 2001), long‐tailed chinchilla

4
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C, the left common carotid artery arises from the brachiocephalic
trunk, as well as the right subclavian artery and right common ca‐
rotid artery. Finally, type D presents an expressive alteration due to
the absence of the brachiocephalic trunk, therefore, the two carotid
arteries and the two subclavian (right and left) arises directly from
the aortic arch.
Regarding the aortic bulb observed in the specimens of this
study, there could be a correlation between the size of the bulb and
the diving habits of aquatic mammals with this peculiarity, as animals
of more superficial waters have a smaller aortic bulb than deepwater
animals (King, 1983, p. 178). Blood pressure is maintained by increas‐
ing the amount of elastic tissue present in the aortic bulb, thereby
maintaining adequate pressure in the coronary system ensures ox‐
ygenation of the heart tissue. These characteristics are anatomical
and physiological adaptations to depth, frequency and length of
time of dives. Accordingly, the dilation of the aortic bulb supposedly
F I G U R E 3 Illustration is representative of the three types
of arrangements of collateral arteries of the aortic arch more
frequently found in marine mammals, terrestrial mammals
(domestic and wild), and humans: aortic arch (AA), brachiocephalic
trunk (BT), right common carotid artery (RCCA), left common
carotid artery (LCCA), right subclavian artery (RSA) and left
subclavian artery (LSA)

maintains the arterial blood pressure, the perfusion of the brain and
the cardiac tissue during bradycardia (Drabek, 1975).
In some species of terrestrial mammals such as the European
brown hare (Lepus europaeus; Brudnicki, Macherzyńska, & Nowicki,
2007), the rock cavy (Magalhães et al., 2007), pig (Sus scrofa domes‐
ticus; Konig & Liebich, 2016, p. 788) and the southern tamandua
(Tamandua tetradactyla; Pinheiro, Lima, Pereira, Gomes, & Branco,
2012), a common trunk is observed which creates the right and left

(Chinchilla lanigera; Araújo, Oliveira, & Campos, 2004; Özdemir,

common carotid arteries, called a bicarotid trunk. This arrangement

Çevik‐Demirkan, & Türkmenoğlu, 2008), guinea‐pig (Cavia porcellus;

is a standard structure in these species, but it can be observed in

Kabak & Haziroglu, 2003), rock cavy (Kerodon rupestris; Magalhães,

other species of animals as a variation, for example in 10% of spix's

Albuquerque, Oliveira, Papa, & Moura, 2007), coypu (Myocastor

yellow‐toothed cavy (Oliveira et al., 2015). This structure was not

coypus; Campos, Araújo, & Azambuja, 2010) and the spix's yellow‐

observed in manatees, since in these animals, the left common ca‐

toothed cavy (Galea spixii; Oliveira et al., 2015).

rotid artery arises directly from the aortic arch, making it impossible

The Antillean manatee falls within the third type, where three
collateral arteries of the aortic arch emerge, the brachiocephalic

to approach the right common carotid artery in the brachiocephalic
trunk.

trunk, left common carotid artery and the left subclavian artery, and

A second trunk called the brachiocarotid was reported in capy‐

the right common carotid artery and right subclavian artery emerge

baras by Culau et al. (2007), which gives rise to the right common

from the brachiocephalic trunk. This vascular model was also de‐

carotid and right subclavian arteries. This trunk originates from the

scribed in the hooded seal (Cystophora cristata; Drabek & Burns,

brachiocephalic trunk, and this structure was also observed in some

2002), humans (Demertzis et al., 2010; Silva, Pereira, Albuquerque,

species, such as the paca (Leal et al., 2017; Oliveira et al., 2001), oce‐

Teixeira, & Oda, 2012), mice (Mus musculus; Casteleyn et al., 2010),

lot (Leopardus pardalis; Martins et al., 2010) and the New Zealand

black‐handed tamarin (Saguinus niger; Balensiefer et al., 2017), mar‐

rabbit (Oryctolagus cuniculus; Souza, Bavaresco, & Campos, 2013),

garita island capuchin (Sapajus apella; Furtado, Vasconcelos, Branco,

but the authors do not call it a brachiocarotid trunk but rather the

& Lima, 2017) and the Mongolian gerbil (Meriones unguiculatus;

common trunk for the right common carotid artery and right subcla‐

Oliveira et al., 2018). The figures and illustrations of Rowlatt and

vian artery. This angioarchitecture was not observed in the animals

Marsh, (1985) show that the dugong and Florida manatee also fit

studied herein.

into this vascular architecture, however the authors did not describe
the brachiocephalic trunk.

An experimental study conducted by Hara et al. (2010), with
adult rhesus monkeys (Macaca mulatta), showed the degree of im‐

According to the descriptions published by Silva et al. (2012)

pairment of the nervous tissue, specifically the loss of hippocampal

there are variations in the arrangement of the aortic arch in humans,

cells in relation to the blood supply by the collateral arteries to the

with at least four types already described (A, B, C and D). Type A is

aortic arch. Through histological analyses using the Nissl staining,

the most frequently found, composed by the brachiocephalic trunk,

they verified that animals with two of the three connected arterial

followed by the left common carotid artery and the left subclavian

branches that were clamped had a partial loss of cells and minimal al‐

artery, with the same arrangement observed in the Antillean mana‐

teration in the number of cell layers in the hippocampal region when

tee. Type B is characterised by the appearance of the left common

compared to clamping of the three branches, resulting in cell death

carotid artery near the origin of the brachiocephalic trunk. In type

of the hippocampus. This study shows the physiological importance

|
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of the three vascular collateral arteries of the aortic arch in animals,
such as the hooded seal (Drabek & Burns, 2002), humans (Demertzis
et al., 2010; Silva et al., 2012), mice (Casteleyn et al., 2010), black‐
handed tamarin (Branco et al., 2017), margarita island capuchin
(Furtado et al., 2017), the Mongolian gerbil (Oliveira et al., 2018) and
the animals studied herein. This feature reduces the consequences
of neurological function in cases of natural obstruction of some of
these vessels.

5 | CO N C LU S I O N
Three collateral branches of the aortic arch of Antillean manatee
were observed, represented by the brachiocephalic trunk, left com‐
mon carotid artery, and left subclavian artery. This arrangement was
similar to that found for other sirenians, and yet, for other mammals
like hooded seal, murine, margarita island capuchin, black‐handed
tamarin, Mongolian gerbil and human. The morphological similarity
presented in this study with different species of mammals, including
humans, may contribute valuable information from an evolutionary
point of view.

AC K N OW L E D G E M E N T S
We would like to thank the Petrobras; staff of the Potiguar Basin
Beach Monitoring Program (PMP‐BP); Cetáceos da Costa Branca
Project, University of the State of Rio Grande do Norte (PCCB‐
UERN); and Center for Environmental Studies and Monitoring
(CEMAM).

C O N FL I C T O F I N T E R E S T
The authors declared no potential conflicts of interest concerning
the research, authorship and publication of this article.

ORCID
Radan Elvis Matias Oliveira

https://orcid.

org/0000-0002-0370-4447

REFERENCES
Anderson, P. K. (1995). Competition, predation, and the evolution and
extinction of Steller's sea cow. Hydrodamalis Gigas. Marine Mammal
Science, 11(3), 391–394. https://doi.org/10.1111/j.1748-7692.1995.
tb00294.x
Araújo, A. C. P., Oliveira, J. C. D., & Campos, R. (2004). Ramos colaterais
do arco aórtico e suas principais ramificações em chinchila (Chinchilla
lanigera). Revista Portuguesa De Ciências Veterinárias, 99(549), 53–58.
Balensiefer, D. C., Attademo, F. L. N., Souza, G. P., Freire, A. C. B., Cunha,
F. A. G. C., Alencar, A. E. B., … Luna, F. O. (2017). Three decades of
Antillean manatee (Trichechus manatus manatus) stranding along the
Brazilian coast. Tropical Conservation Science, 10(1), 1–9. https://doi.
org/10.1177/1940082917728375

5

Bortolini, Z., Matayoshi, P. M., Santos, R. V., Doiche, D. P., Machado, V.
M. V., Teixeira, C. R., & Vulcano, L. C. (2013). Casuística dos exames
de diagnóstico por imagem na medicina de animais selvagens –
2009 a 2010. Arquivo Brasileiro De Medicina Veterinária E Zootecnia,
65(4), 1247–1252. https://doi.org/10.1590/S0102-0935201300
0400042
Branco, E., Aragão, M. B. C., Martins, D. M., Carmo, D. C., Santos, J. T.,
& Lima, A. T. (2017). O arco aórtico do sauim (Saguinus niger) e sua
importância no processo de urbanização. Biotemas, 30(4), 95–100.
https://doi.org/10.5007/2175-7925.2017v3 0n4p95
Brudnicki, W., Macherzyńska, A., & Nowicki, W. (2007). Variation in the
arte‐ries of the aortic arch in european brown hare (Lepus europaeus).
Electronic Journal of Polish Agricultural Universities, 10(1), 1–5.
Cabral, R. R., Ciasca, B. D., Oliveira, V. M. C., Vaz‐Curado, A. P., & Larsson,
M. H. M. A. (2010). Valores da pressão arterial em cães pelos méto‐
dos oscilométrico e Doppler vascular. Arquivo Brasileiro De Medicina
Veterinária E Zootecia, 62(1), 64–71. https://doi.org/10.1590/S010209352010000100009
Campos, R., Araújo, A. C. P., & Azambuja, R. C. (2010). Ramos colaterais
do arco aórtico e suas principais ramificações em nutria (Myocastor
coypus). Acta Scientiae Veterinariae, 38(2), 139–146. https
://doi.
org/10.22456/1679-9216.16612
Casteleyn, C., Trachet, B., Loo, D. V., Devos, D. G. H., Broeck, W.
V., Simoens, P., & Cornillie, P. (2010). Validation of the mu‐
rine aortic arch as a model to study human vascular dis‐
eases. Journal of Anatomy, 216(1), 563–571. https
://doi.
org/10.1111/j.1469-7580.2010.01220.x
Cortellini, L. M. F., Machado, M. R. F., Oliveira, F. S., Miglino, M. A., &
Artoni, S. M. B. (2000). Ramos do arco aórtico de bubalinos. Ciência
Rural, 30(3), 445–448. https://doi.org/10.1590/S0103-847820 0000
0300012
Culau, P. O. V., Reckziegel, S. H., Lindemann, T., Araújo, A. C. P.,
& Balzaretti, F. (2007). Colaterais do arco aórtico da capivara
(Hydrochoerus hydrochaeris). Acta Scientiae Veterinariae, 35(1), 89–92.
https://doi.org/10.22456/1679-9216.15926
Demertzis, S., Hurni, S., Stalder, M., Gahl, B., Herrmann, G., &
Van Den Berg, J. (2010). Aortic arch morphometry in liv‐
ing humans. Journal of Anatomy, 217(5), 588–596. https
://doi.
org/10.1111/j.1469-7580.2010.01297.x
Domning, D. P., & Hayek, L. A. C. (1986). Interspecific and intraspecific mor‐
phological variation in manatees (Sirenia: Trichechus). Marine Mammal
Science, 2(2), 87–144. https
://doi.org/10.1111/j.1748-7692.1986.
tb0003 4.x
Drabek, C. M. (1975). Some anatomical aspect of the cardiovascular sys‐
tem of Antarctic seals and their possible functional significance in
diving. Journal of Anatomy, 145, 85–105. https
://doi.org/10.1002/
jmor.1051450106
Drabek, C. M., & Burns, J. M. (2002). Heart and aorta morphology of
the deep‐diving hooded seal (Cystophora cristata). Canadian Journal of
Zoology, 80, 2030–2036. https://doi.org/10.1139/z02-181
Dyce, K. M., Sack, W. O., & Wensing, C. J. (2010). Tratado de Anatomia
Veterinária (4nd ed.) Rio de Janeiro, Brazil: Elsevier.
Forsten, A., & Youngman, P. M. (1982). Mammalian species: Hydrodamalis
gigas. American Society of Mammalogists, 165, 1–3. https
://doi.
org/10.2307/3503855
Furtado, D. F. S., Vasconcelos, L. D. P., Branco, E., & Lima, A. R. (2017).
Anatomia cardíaca e ramificações da aorta em macaco‐prego (Sapajus
apella). Biotemas, 30(4), 83–93. https
://doi.org/10.5007/21757925.2017v3 0n4p83
Gerlach, T. J., Estrada, A. H., Sosa, I. S., Powell, M., Maisenbacher, H.
W., Wit, M., … Walsh, M. T. (2013). Echocardiographic evaluation of
clinically healthy Florida manatees (Trichechus manatus latirostris).
Journal of Zoo and Wildlife Medicine, 44(2), 295–301. https
://doi.
org/10.1638/2012-0109R.1

6

|

Guimarães, J. P., Mari, R. B., Le Bas, A., & Watanabe, L. S. (2014). Adaptive
morphology of the heart of Southern‐Fur‐Seal (Arctocephalus austra‐
lis – Zimmermamm, 1783). Acta Zoologica (Stockholm), 95, 239–247.
https://doi.org/10.1111/azo.12027
Hara, K., Yasuhara, T., Maki, M., Matsukawa, N., Yu, G., Xu, L., … Borlongan,
C. V. (2010). Anomaly in aortic arch alters pathological outcome of
transient global ischemia in Rhesus macaques. Brain Research, 1286(1),
185–191. https://doi.org/10.1016/j.brainres.2009.06.015
Hartman, D. S. (1979). Ecology and behavior of the manatee (Trichechus
manatus) in Florida. Mammalian Special Publication, 5, 1–153. https://
doi.org/10.5962/bhl.title.39474
Hebel, R., & Stromberg, M. V. (1986). Anatomy and embryology of the lab‐
oratory rat (p. 271). Wörthersee, AT: BioMed Verlag.
Howard, E. B. (1983). Pathobiology of marine mammal diseases (Vol. I).
Boca Raton, Florida: CRC Press.
International Committee on Veterinary Gross Anatomical Nomenclature.
(2017). Nomina anatômica veterinária (6th ed.) Knoxville, TN: World
Association on Veterinary Anatomist. Retrieved from http://www.
wava-amav.org/wava-documents.html
Iucn. (2008). Iucn Red list of Threatened species. In C. J. Deutsch, C. Self‐
Sullivan, & A. Mignucci‐Giannoni (Eds.), Trichechus manatus. Retrieved
from https://www.iucnredlist.org/species/22103/9356917
Kabak, M., & Haziroglu, R. M. (2003). Subgross investigation of ves‐
sels originating from Arcus aortae in Guinea‐pig (Cavia Porcellus).
Anatomia, Histologia, Embryologia, 32(1), 362–366. https
://doi.
org/10.1111/j.1439-0264.2003.00497.x
King, J. E. (1983). Vascular system. Seals of the world. Oxford, UK:
University Press.
Konig, H. E., & Liebich, H. G. (2016). Anatomia dos Animais Domésticos:
Texto e atlas colorido (6th ed.). Porto Alegre, RS: Artmed.
Leal, L. M., Samidi, S., Oliveira, F. S. D., Sasahara, T. H., Minto, B. W.,
& Machado, M. R. (2017). Origin and distribution of the main arter‐
ies of the thoracic limb of Cuniculus paca (Linnaeus, 1766). Pesquisa
Veterinária Brasileira., 37(1), 79–82. https://doi.org/10.1590/s0100736x2017000100013
Luna, F. O., Balensiefer, D. C., Fragoso, A. B., Stephano, A., & Attademo,
F. L. N. (2018). Trichechus manatus Linnaeus, 1758. In Instituto Chico
Mendes de Conservação da Biodiversidade (Org.). Livro Vermelho
da Fauna Brasileira Ameaçada de Extinção: Volume II ‐ Mamíferos (pp.
103–109). Brasília, Brazil: ICMBio.
Magalhães, M., Albuquerque, J. F. G., Oliveira, M. F., Papa, P. C., & Moura,
C. E. B. (2007). Ramos do arco aórtico no mocó (Kerodon rupestris).
Revista Portuguesa De Ciências Veterinárias, 102(562), 49–52.
Martins, D. M., Lima, A. R., Pinheiro, L. P., Brígida, S. S. S., Araújo,
E. B., Melul, R., … Branco, E. (2010). Descrição morfológica dos
ramos colaterais do arco aórtico e suas principais ramificações em
Leopardus pardalis. Acta Veterinaria Brasilica, 4(2), 74–77. https://doi.
org/10.21708/avb.2010.4.2.1736
Monnereau, L., Carretero, A., Berges, S., Navarro, M., Leonard, M.,
Lyazrhi, F., … Ruberte, J. (2005). Morphometric study of the aor‐
tic arch and its major branches in rat fetuses on the 21st day of

View publication stats

OLIVEIRA et al.

gestation. Anatomy and Embryology, 209(1), 357–369. https
://doi.
org/10.1007/s00429-004-0449-3
Oliveira, F. S., Machado, M. R. F., Miglino, M. A., & Nogueira, T. M. (2001).
Gross anatomical study of the aortic ARC branches of the paca
(Agouti paca Linnaeus, 1766). Brazilian Journal of Veterinary Research
and Animal Science, 38(3), 103–105. https://doi.org/10.1590/S1413959620 01000300001
Oliveira, R. E. M., Araújo Júnior, H. N., Costa, H. S., Oliveira, G. B., Moura,
C. E. B., Menezes, D. J. A., & Oliveira, M. F. (2018). Artérias colat‐
erais do arco aórtico do gerbil (Meriones unguiculatus). Acta Scientiae
Veterinariae, 46(1609), 1–8.
Oliveira, R. E. M., Oliveira, G. B., Barbosa, P. M. L., Bezerra, F. V. F.,
Albuquerque, J. F. G., Ambrósio, C. E., … Oliveira, M. F. (2015).
Ramos colaterais do Arco aórtico do preá (Galea spixii Wagler, 1831).
Pesquisa Veterinária Brasileira (Online), 35(1), 762–766. https
://doi.
org/10.1590/S0100-736X2015000 800008
Özdemir, V., Çevik‐Demirkan, A., & Türkmenoğlu, I. (2008). Subgross and
macroscopic investigation of blood vessels originating from aortic arch
in the chinchilla (Chinchilla lanigera). Anatomia, Histologia, Embryologia,
37(2), 131–133. https://doi.org/10.1111/j.1439-0264.2007.00808.x
Pinheiro, V. L. C., Lima, A. R., Pereira, L. C., Gomes, B. D., & Branco, E.
(2012). Descrição anatômica dos ramos colaterais do arco aórtico do
tamanduá‐mirim (Tamandua tetradactyla). Biotemas, 25(2), 133–137.
https://doi.org/10.5007/2175-7925.2012v25n2p133
Rowlatt, L., & Marsh, H. (1985). The heart of the Dugong (Dugong dugon)
and the West Indian Manatee (Trichechus manatus) (Sirenia). Journal
of Morphology, 186(1), 95–105. https://doi.org/10.1002/jmor.10518
60109
Schimming, B. C., Matteis, R., Silva, J. R. C. P., & Guazzelli Filho, J. (2012).
Ramos do arco aórtico no veado‐catingueiro. Revista Científica
Eletrônica De Medicina Veterinária, 10(19), 1–9.
Silva, K. F., Pereira, K. F., Albuquerque, K. P., Teixeira, C. S., & Oda, J.
Y. (2012). Estudo descritivo das variações anatômicas dos ramos do
arco aórtico. Arquivos De Ciências Da Saúde Da UNIPAR, 16(3), 101–
103. https://doi.org/10.25110/arqsaude.v16i3.2012.4963
Souza, F., Bavaresco, A. Z., & Campos, R. (2013). Ramos colaterais do
arco aórtico e suas principais ramificações em coelho da raça Nova
Zelândia (Oryctolagus cuniculus). Ciência Rural, 43(12), 2261–2267.
https://doi.org/10.1590/S0103-84782013005000135

How to cite this article: Oliveira REM, Santoro GA, Freire
ACDB, et al. Angioarchitecture of collateral arteries of the
aortic arch of Antillean manatee (Trichechus manatus manatus
Linnaeus, 1758). Anat Histol Embryol. 2019;00:1–6. https://
doi.org/10.1111/ahe.12477

