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1. Introduction

Research on wild animals has increased because of 
the need for knowledge on species’ biology, anatomy, and 
physiology (Alves et al., 2007). The Amazonian manatee 
(Trichechus inunguis), currently classified as endangered, 
is the only freshwater siren on the IUCN Red List and 

is considered vulnerable (Marmontel et al., 2016); as a 
result, extensive studies on these animal’s life histories 
have become more common owing to the need for captive 
breeding of these animals to attempt their reintroduction 
into the wild. Thus, studies related to reproductive biology 
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Resumo
Pesquisas morfofisiológicas em espécies selvagens são fundamentais, e o diagnóstico por imagem é uma excelente 
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amazônico. Entretanto, outras estruturas não foram identificadas principalmente pelo tempo reduzido, muita 
gordura e gases nos intestinos dos animais
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3. Results and Discussion

3.1. Ultrasound exam

The abdominal ultrasound study provided 
high-resolution images of the liver, gallbladder, stomach, 
urinary bladder, and subcutaneous tissue of a healthy 
Trichechus inunguis. Other structures were not primarily 
identified owing to the lack of time and the large amounts 
of fat and gases in the animals’ intestines (Dierauf and 
Gulland, 2001).

We chose to limit the exam time to a maximum of 
15 minutes owing to the observation of respiratory effects 
in animals contained during this period. Thus, no animal 
had respiratory problems on the day of the test. However, 
the scan of the entire abdominal region was limited owing 
to the need to capture images of various organs in a short 
period of time.

3.1.1. Liver and Gallbladder

For liver evaluation, the transducer was positioned in 
the subcostal region acoustic subxiphoid window, moving 
it laterally to the right antimere to identify the gallbladder 
and then along the costal margin to evaluate hepatic lobes. 
Thereby, the entire parenchymal liver was evaluated using 
the technique described by Ribeiro (2012). We tried to 
obtain images of the hepatic vascular architecture, but 
this was only possible in one animal.

In the images, boundaries and anatomical references 
were identified during the liver evaluation. In particular, 
the hyperechoic line of the diaphragm boundary was 
determined as the cranial to the liver. The parenchyma 
and liver surface and the gallbladder and hepatic veins 
were evaluated by scanning the middle region and 
lateral abdomen in the transverse and sagittal planes for 
a complete evaluation of the liver surface.

The liver occupies the entire cranial abdomen in contact 
with the diaphragm. The gallbladder is between the right 
and square medial lobes, consistent with studies in dogs, 
cats (Kealy et al., 2005), and primates (Alves et al., 2007).

In the Amazonian manatee, the liver is hypoechoic and 
has a homogeneous echotexture throughout its length, 
dotted with medium intensity, regular contours, and edges. 
Its limits are defined anteriorly by the diaphragmatic 
surface, both right and left lobes, and caudal to the left 
lobe by the stomach (Figure 1). These results are similar 
to those reported by Carvalho (2004) regarding dogs 
and cats, who found that normal liver parenchyma has 
a homogeneous echotexture that is slightly coarser than 
the spleen echogenicity that is relative to the spleen and 
renal cortex. Contrarily, the liver echogenicity of coatis 
(Nasua nasua) (Ribeiro, 2012), and capuchin monkeys 
(Cebus spp.) was found to be average, even though in some 
primates this organ has been shown to be hyperechoic 
(Alves et al., 2007).

In manatees, the hepatic vascular architecture has visible 
vascular walls, with a hyperechoic appearance, turning to 
a coarse echotexture, with a visible delimitation of hepatic 
vessels (hepatic veins). The literature describes the portal 
vein of dogs and cats as a hyperechoic wall composed of 
fibrous and fat tissue, which is easily distinguishable in the 

(Best, 1982; Marmontel et al., 1992; Amaral et al., 2009; 
Amaral et al., 2010b), morphometric parameters in 
length-weight relation (Amaral et al., 2010a), and urinary 
parameters (Pantoja et al., 2010) have been carried out.

Anatomical studies (Moura et al., 2007; Previatto and 
Posso, 2015) support that morphological information 
allows us to understand how animals interact with their 
natural environment or in captivity, thereby being able to 
use it in favor of the preservation of the species. However, 
anatomical studies on T. inunguis are scarce (Colares, 1994), 
and the morphological characterization of vascular organs 
and structures mainly refers to T. manatus (Snipes, 1984, 
Reynolds and Rommel, 1996, Rommel et al., 2001, Rommel 
and Caplan, 2003), a marine species.

Diagnostic imaging has wide usage and is a rising 
technique in the context of veterinary medicine because it is 
a method of prevention, diagnosis, and control of diseases; 
in particular, ultrasonography is a non-invasive method 
of assessing the internal organs, thereby diminishing the 
consequences of stress (Alves et al., 2007).

Therefore, it is essential to know the ultrasound anatomy 
to identify the standard pattern or to diagnose diseases, as 
this method allows us to observe the morphophysiological 
evaluation of structures and internal organs. As a result, this 
study aimed to standardize the examination technique and 
describe the ultrasound findings of the liver, gallbladder, 
stomach, urinary bladder, and the subcutaneous tissue 
of the abdominal region in the Amazonian manatee 
(Trichechus inunguis), providing study tools to aid future 
research on this species.

2. Material and Methods

This study was conducted under the authorization 
for scientific purposes by the Ministry of Environment 
(MMA) and the Chico Mendes Institute for Biodiversity 
Conservation (ICMBio). It was approved by the Ethics 
Committee on Animal Use of the Federal Rural University of 
Amazonia (UFRA) with protocol 010/2014, 23084.007136-
2014-77.

Eighteen animals were used, nine males and nine 
females, acquired by either seizure and rescue by the 
Brazilian Institute of Environment and Renewable Natural 
Resources (IBAMA). To select the animals included in 
this study, routine tests were performed to select the 
healthiest manatees.

Ultrasound examination was performed by abdominal 
scan to visualize and characterize the abdominal organs 
using a portable ultrasound device (Chison 8100) with a 
convex transducer (3.5 and 5.0 MHz).

Each animal’s examination lasted a maximum of 15 min. 
To avoid or prevent handling stress, the animals’ breathing 
intervals were closely monitored. When breathing did not 
happen voluntarily or breathing difficulties were observed, 
the animal was tilted, and water was poured over its snout, 
stimulating the breathing reflex.

Each organ received its own evaluation method to better 
adapt the examination and evaluation criteria described: 
measuring size, wall thickness, contour, edges, echogenicity, 
echotexture, and characterization of the content.
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anechoic hepatic veins (Carvalho, 2004), which are next to 
the caudal cava vein and in close view of the diaphragm 
that receives the hepatic veins as described in capuchin 
monkeys (Alves et al., 2007).

Regarding the gallbladder of manatees, we can 
conclude that when filled, it shows an anechoic content 
with no sediment and regular thin walls, similar to that 
observed in dogs and coatis (Carvalho, 2004; Ribeiro, 
2012). The gallbladder in cetaceans are large and easily 
observed through ultrasonography (Dierauf and Gulland, 
2001). The manatee’s gallbladder is similar; it has an 
average thickness of 0.36 cm, with a minimum thickness 
of 0.2 cm, and maximum thickness of 0.47 cm, which is 
similar to dogs whose wall is between 0.1 to 0.5 cm in 
thickness (Carvalho, 2004).

3.1.2. Stomach

The Amazonian manatee stomach was studied by 
ultrasound examination in the cranial abdomen to the 
left of the midline, limited cranially by the liver (Froes, 
2004). The stomach was mostly filled with gas, creating 
reverberation and posterior acoustic shadowing, with a fine 
hypoechoic wall and poor delimitation of the stomach villi.

Proper evaluation of the gastrointestinal tract of 
non-human primates demonstrated more limitations 
compared to dogs and cats (Newell et al., 1999). 
These animals have a higher amount of gas content, 
predominantly in the stomach, making the assessment a 
difficult task, which may be explained by its potentially 
fermentative diet (Souza et al., 2014). Similar manatees, a 
monogastric species, have a diet based on aquatic plants.

3.1.3. Urinary bladder

In Manatees, the urinary bladder is in the ventrocaudal 
abdominal cavity, just above the genital opening of females 
(the study did not use males) (Dierauf and Gulland, 2001). 
In wild animals, it is common to capture or restrain, and 
animals urinate owing to stress handling. As the manatees 
were manipulated before the ultrasound examination to 
perform the biometrics, it was common for these animals 

to urinate, making it difficult to observe the bladder owing 
to it being deflated, paired with the presence of adjacent 
fat blocking the image.

The sonographic appearance of the urinary bladder in 
manatee resembles other domestic and wild animals. Using 
ultrasound shows regular fillings with content ranging 
from anechoic and hypoechoic, regular contour, and a 
wall with three layers, composed of a serous layer, more 
external and hyperechoic, muscle layer characterized as 
hypoechoic, and the innermost layer of the bladder wall, 
which is the hyperechoic submucosa. In this animal, the 
entire wall was 0.2 cm in thickness (Figure 2). Similar to 
that observed in dogs and cats (Carvalho, 2004), quatis 
(Ribeiro, 2012), and capuchin (Alves et al., 2007).

3.1.4. Subcutaneous

In this study, we identified four distinct layers in the study 
of the ventral abdomen of manatee through ultrasound, 
corresponding from the innermost to the outermost 
layer, respectively: skin, characterized as hyperechoic and 
extremely thin; fat - too hyperechoic corresponding to the 
subcutaneous tissue; muscle – hypoechoic; peritoneum – 
hyperechoic, corresponding to thinner and internal layer, 
in contact with the abdominal organs. In some images, 
more than four layers, between five and up to a total of 
twelve, suggesting significant subdivisions of the layers 
described (Figure 3), but histological studies are necessary 
to support the subcutaneous differentiation. These data 
were initially described as ultrasonographic findings for 
later analysis and description of these layers.

The manatees are capable of fasting for extended 
periods of time, using their fat reserves as a source of 
energy (Pazin, 2010). As such, ultrasound evaluation of 
the body fat layer in Trichechus inunguis could provide 
an interesting method to assess the physical conditions 
of each individual. This was also observed in this study, 
especially in larger animals, where the fat deposit is 
proportional to the size when healthy, thereby hindering 
the formation of the image.

Ultrasound is an indirect method that is sensitive, 
non-invasive, and easy to use for assessing body condition. 
It can be used to monitor areas with fat deposits and 
changes in the normal composition during dietary 
intervention (Mooroka et al., 2001). Stien et al. (2003) 
concluded that measuring the fat layer via ultrasound 
is extremely sensitive and suitable for studying large 
vertebrates, thereby identifying underfed or overfed 
animals (Rodrigues et al., 2011).

Wilkinson and McEwan (1991) measured various tissue 
interfaces according to depth, measuring the fat layer that 
lies between the dermis and the cutaneous muscle, which 
is generally thicker than the lumbar region. Although the 
results showed significant variations between individuals, 
this difference was not as pronounced among different 
parts of the animal body.

We agree with the description of Carvalho et al. (2015), 
mentioning that ultrasound is an effective method to 
measure the subcutaneous fat layer in mammals, especially 
manatees, knowing that they are animals that depend on 

Figure 1. Sonographic aspects of normal liver in Amazonian manatee, 
there is hyperechoic line corresponding to the diaphragm, liver 
hypoechoic, homogeneous, speckled with medium intensity with 
regular contours and edges.
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their fat reserves during the low water season of Amazonian 
rivers, thereby causing a scarcity of food .

According to the results, the methodology used was 
adequate for the abdominal ultrasound of the liver, gall 
bladder, stomach, urinary bladder, and subcutaneous tissue 
of the Amazonian manatee. It is a non-invasive technique 
that provides real-time images. For a more detailed 
assessment, we suggest analyzing a smaller number of 
organs in the appropriate amount of time to obtain a more 
precise and detailed anatomical description, assisting in 
the pathological diagnosis.
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