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Abstract. Rahma A, Hanadhita D, Prawira AY, Kasmono S, Maheshwari H, Satyaningtijas AS, Agungpriyono S. 2020. Morphological 
study of the heart of the Indonesian short-nosed fruit bat (Cynopterus titthaecheilus Temminck, 1825). Biodiversitas 21: 5094-5101. The 
energy demand of an animal becomes an important factor that affects the adaptation of cardiac or heart anatomy. As the larges t 
Cynopterus bat in Indonesia, Cynopterus titthaecheilus (Temminck, 1825) is one of the flying mammals that need a lot of energy to 
accommodate its flying activity. This study aims to acknowledge the anatomical adaptation of the heart in C.titthaecheilus, which 

includes the weight ratio of the heart, heart structure, and primary blood vessel branches. This study conducted of 10 juvenile C. 

titthaecheilus (56.15±13.43 g), 13 females (74.38±10.34 g), and 18 males (73.27±13.54 g). Bats ware killed by ketamine overdoses, 

then the thoracic cavity was opened and the heart was removed from the thoracic cavity for observation. The results of this 

study revealed that the ratio of heart mass to body mass of adult female C. titthaecheilus was 0.014, male adult C. titthaecheilus was 
0.015 and juvenile C. titthaecheilus was 0.015. The heart-shaped was an oval, located in the thoracic cavity, tilted to the left. On the 
other hand, the heart structure of C. titthaecheilus consisted of a thicker left ventricle compared to the right ventricle, but the musculi 
pectinati, musculus papillaris, and trabecula septomarginalis were well developed on the right side of the heart compared to the left 
side. Subsequently, the branches of the primary blood vessels in the heart consisted of an aortae ascendens, three arteria pulmonalis 
dextra and one arteria pulmonalis sinistra, a vena pulmonalis, the vena cava anterior dextra et sinistra, and a single vena cava 
posterior. In addition, the conus arteriosus, which is an enlarged space of the pulmonary artery, was observed in a large size. Based on 
this study, it was concluded that the heart structure of C. titthaecheilus was very important in supporting their ability to fly. 

Keywords: Heart anatomy, heart mass ratio, trabecula septomarginalis, vena cava anterior sinistra 

INTRODUCTION 

The heart is the main organ of the cardiovascular 

system that acts as a pump to drain blood throughout the 

body (Reece et al. 2014). Generally, the heart of a mammal 

has four chambers consisting of two atria and two 

ventricles, as well as large arteries and veins. Although in 

general, the structure of the heart is similar, but the 

anatomical details of the heart can be different between 

each family or ordo (Jensen et al. 2012; Mavrodi and 

Paraskevas 2014). Morphological and anatomical 

adaptations of the heart are influenced by the process of 

evolution and energy demands of an animal (Jensen et al. 
2012).  

The heart performance must be consistent with the 

body's oxygen consumption, resulting in size of the heart 

varies between species, which can be shown as the ratio of 

heart weight to body (Verhoeff and Mitchell 2017). 

According to empirical studies of cardiovascular variables, 

it is known that cardiac mass is an appropriate indicator for 

the level of adaptive specialization of prolonged locomotor 

activity, both in birds and mammals (Bishop 1997). Bats 

represent the only mammal that is able to fly. As an athletic 

animal that relies on flying to survive, bats rely on the 

cardiovascular system to be able to distribute oxygen 

quickly. This is because bats do not have other blood 
distribution support systems such as the spleen which do 

not have extensive muscularization as do other athletic 

animals namely horses and race dogs (Hanadhita et al. 

2019; Hanadhita et al. 2020). Adaptation of the bat's 

cardiovascular system aims to meet requires oxygen 

consumption during flight. Bats have a respiratory and 

cardiovascular system that has been designed to meet their 

oxygen needs when flying or resting, including a large 

heart; high percentage of hematocrit, high concentration of 

hemoglobin, high amount of erythrocytes, and efficient 

blood supply to the flying muscles (Schinnerl et al. 2011; 
Rahma et al. 2017). 

The studies of the heart anatomy of bat have been 

reported, such as in Eidolon helvum (Rowlatt 1967), 

Nyctophillus sp. (Bullen et al. 2010), and Rousettus 

aegyptiacus (Alijani and Ghassemi 2016) which revealed a 

variation between species in Chiroptera ordo. Cynopterus 

titthaecheilus (Temminck, 1825) is one of the fruit-eater 

bats in Pteropodidae ordo and the largest Cynopterus bat in 

Indonesia (Suyanto 2001). As an endemic bat in Indonesia, 

the data about C. titthaecheilus are very few, especially in 

the cardiovascular system. The data of the anatomical 

structure of the heart of C. titthaecheilus can enrich 
scientific data on Indonesian animals and support 
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conservation activities or other research.  

MATERIALS AND METHODS 

Bat capture and identification 

Bats were captured in the area of IPB University 

campus with a mist net under permission from the Ministry 

of Environment and Forestry, Department of Natural 

Resource and Ecosystem Conservation, Indonesia, with 

license numbers SK.197/KSDAE/SET/KSA.2/5/2017. All 

the captured bats were then acclimatized for 24 hours in a 

1x1x1 m3cage and fed with fruit and ad libitum water. The 
bats were anesthetized using a combination of ketamine 

HCl (10 mg/BW) and xylazine HCl (2 mg/BW) (Sohayati 

et al. 2008). The anesthetized bat then proceeded to 

physical examination and measurement of body weight and 

morphometry for species identification that conducted 

according to Suyanto (2001). Adult female bats and 

juvenile bats could be differentiated by observing the 

vaginal opening, while the adult male could be recognized 

from a descending testicle. In this study, the C. 

titthaecheilus that used consisted of 10 juvenile bats 

(56.15±13.43 g), 13 females (74.38±10.34 g), and 18 males 
(73.27±13.54 g). All the procedures were done according 

to the ethical clearance of the University (no 75-2017 IPB). 

Anatomical observation 

Anesthetized bats were killed by ketamine overdoses. 

Furthermore, the tapping is performed in the thorax to 

observe the position of the heart inside the situs viscerum, 

which includes the heart and blood vessels’ branches. The 

heart was removed and measurements were done on the 

weight, height, and length. Then the heart was fixed in 

Bouin's solution to further observations of the internal part 

of the heart. Arteries and veins can be distinguished 
macroscopically by looking at the wall thickness and lumen 

shape. Venous lumen looks irregular while arterial lumen is 

circular. The anatomical data were documented using 

photographs and presented descriptively.  

RESULTS AND DISCUSSION 

Results 

The heart was located in the thoracic cavity along with 

lungs. The heart was covered by a thin, strong, and clear 

pouch, the pericardium, which bordered with diaphragm in 

caudal part, adventisia, and fascia of trachea in cranial part. 

Moreover, the middle part of the pericardium is attached to 

the os sternum by lig. sternopericardiacum. Cynopterus 
titthaecheilus heart was an oval-shaped with dark red color, 

located ventrally in the thoracic space between intercostal 

spaces IV to intercostal spaces IX. The apex was narrow 

and tilted to the left, resulting in almost part of the heart 

laying in the left side. Subsequently, the heart formed a 45o 

angle to the left side with esophagus and trachea as the axis 

(Figure 1). 

Generally, the heart of C. titthaecheilus was observed to 

be bigger in adult males compared to the adult female and 

juvenile bat. This was correlated to the higher heart mass in 

male adult bat compared to the adult female and juvenile 

bat. Moreover, these data result in a higher ratio of heart 

mass to body mass in the adult male compared to the adult 

female (Table 1). 

The branches of the blood vessels that enter and exit of 

the heart are presented in Figure 2. The aortae ascendens 

came out from the left ventricle and form a curvature, 

namely arcus aortae, which is directed to the caudal of the 

body namely aortae descendens, which branched into 
arteries in the lower body. In addition, the arcus aortae 

branched into several arteries to the upper body, namely the 

arteria brachiocephalica, arteria subclavia sinistra, and 

arteria carotis communis sinistra. Moreover, the arteria 

brachiocephalica branched into the arteria subclavia 

dextra and the arteria carotis communis dextra. 

The heart of C. titthaecheilus possessed two vena cava 

anterior, namely vena cava anterior sinistra et dextra. The 

vena cava anterior sinistra traveled around the dorsal part 

of the heart before entered the right atrium. On the other 

hand, the vena cava anterior dextra directly entered the 
right atrium by forming a vertical 90o angle. The vein that 

drains the blood from lower body, the vena cava posterior, 

traveled straight from the caudal part then entered the right 

atrium. The vena cava anterio dextra and vena cava 

posterior share the same opening into a single ostium, 

while the vena cava anterior sinistra entered into right 

atrium in the separate ostium. 

 

 

 

 
 
Figure 1. Position of Cynopterus titthaecheilus heart in the 
thoracic cavity. right/dextra (R), left/sinistra (L), arteria 
pulmonalis (1), lungs (2), left ventricle (3), diaphragm (4), liver 
(5), small intestine (6), vena cava anterior dextra (7), right 
ventricle (8), right atrium (9). 
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Tabel 1. Morphometric of Cynopterus titthaecheilus heart 
 

Parameter Juvenile 
Adult 

Male Female 

Length (cm) 1.607 ± 0.17 1.797 ± 0.21 1.719 ± 0.13 
Widht (cm) 0.691 ± 0.13 0.722±0.28 0.741 ± 0.16 

Heart mass (g) 0.860 ± 0.19 1.078 ±0.23 1.031±0.24 
Body mass (g) 56.15 ± 13.43 73.27±13.54 74.38±10.34 
Ratio of HM/BM (g/g) 0.015 0.015 0.014 
Left ventricle, LV(mm) 2.46±0.2 2.48±0.41 2.34±0.17 
Right ventricle, RV (mm) 1.2±0.13 1.27±0.18 1.21±0.13 
Ratio LV : RV 1.92 2.00 1.94 

 

 

 
Figure 2. Dorsal view of Cynopterus titthaecheilus heart shows blood vessels branches (a) and its schematic drawing (b). arcus aortae 
(A), arteria brachiocephalica (B), vena cava anterior sinistra (C), arteria pulmonalis sinistra (D), vena pulmonalis sinistra (E), vena 

cava anterior dextra (F), arteria pulmonalis dextra (G), vena pulmonalis dextra (H), right atrium (I), left ventricle (J), Aortae (K), vena 
cava posterior (L), right ventricle (M), arteria subclavia sinistra (N), arteria carotis communis sinistra (O) 

 

 

 
The sulcus interventricularis subsinosus were observed 

in the caudoventral side of the left ventricle, traveling from 

the base of the heart and ended in the dorsal part of the 

apex (Figure 3). Moreover, in the base of the ventral part of 

the right ventricle, a protrusion was observed, namely 

conus arteriosus, which branched out arteria pulmonalis. 

The arteria pulmonalis branched into the arteria 

pulmonalis sinistra et dextra, which was observed to be 

larger in the arteria pulmonalis dextra compared to the 

arteria pulmonalis sinistra. On the other hand, 

interestingly, a single vena pulmonalis sinistra and three 
vena pulmonalis dextra merged in one ostium before 

entering the left atrium (Figure 2). The right and left 

ventricle were separated by sulcus interventricularis 

paraconalis (Figure 4), which run from the caudal part of 

conus arteriosus to the apex cordis. The size of the conus 

arteriosus was quite large and dominant, thus retained 

almost half of the right atrium. The left atrium had a 

smaller size and thinner wall compared to the right atrium. 

The general structure of the C. titthaecheilus heart is shown 

in Figure 5. 

The wall of the left ventricle was nearly twice as thick 

as the wall in the right ventricle (Table 1). Generally, the 

thickness of the ventricle wall in the adult male is higher 

compared to that of the adult female, but smaller for the 

right ventricle if compared to the juvenile bats. 

Bicuspidalis valves were observed to border the chambers 

between the left atrium and left ventricle, while the 

tricuspidalis valves were found between the right atrium 

and right ventricle (Figure 6). The valves that were 

observed constitute a thin and transparent membrane. This 

structure was connected to the thin fiber, namely the 

chordae tendineae, which is attached to the Musculus 

papillaris in the heart wall. M. papillaris in the left 
ventricle was smaller compared to in right ventricle. In 

addition, the right ventricle was connected to the 

interventricular septum through trabecula septomarginalis 

(Figure 6). 

The right atrium was located above the right ventricle 

and became a place for the vena cava posterior and vena 

cava anterior sinister et dexter. The inner part of the right 

atrium had the crest of the musculi pectinati (Figure 7). On 

the other hand, the left atrium had a thin wall and became a 

place for vena pulmonalis. The left atrium was much 

smaller than the right atrium, thus, the latter was unable to 

be dissected for observation. 
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Figure 3. Ventrolateral view of Cynopterus titthaecheilus heart shows the location of sulcus interventricularis subsinosus (a) and its 
schematic drawing (b). vena cava posterior (A), vena cava anterior dextra (B), arteria brachiocephalica (C), right atrium (D), aortae 
(E), sulcus interventricularis subsinosus (F), right ventricle (G), right ventricle (H), conus arteriosus (I), arteria carotis communis 
sinistra (J), vena cava anterior sinistra (K), arteria subclavia sinistra (L). 

 

 

 
Figure 4. Ventral view of Cynopterus titthaecheilus heart shows the location of sulcus interventricularis paraconalis (a) and its 
schematic drawing (b). arcus aortae (A), arteria brachiocephalica (B), vena cava anterior sinistra(C), left ventricle (D), conus 
arteriosus (E), vena cava anterior dextra (F), right atrium (G), sulcus interventricularis paraconalis (H), right ventricle (L), arteria 

carotis communis sinistra (K), arteria subclavia sinistra (L) 
 
 
 

Discussion 

The anatomical structure of the heart can reflect 

adaptation of the cardiovascular system in an animal to the 

activity and oxygen demand. Generally, the position of the 

C. titthaecheilus heart in the thoracic cavity is similar to 

that of some other mammals it is, in the middle, tilted to the 
left such as mice, rat, rabbit, and human (Stephenson et al. 

2017). Differences in body posture of bats with four-legged 

terrestrial mammals also cause differences in the location 

of the heart in the thorax cavity. Generally, the position of 

the heart apex in four-legged terrestrial mammals tend to 

lead to the ventral part, because of the gravitational force 

(Stephenson et al. 2017), whereas in bats, that position 

tends situated in the middle of thorax cavity with anterio-

posterior orientation. This may be related to the normal 

body position of a bat that hangs upside down when resting 

(Riskin et al. 2009; Ashaolu and Ajao 2014), as an 

adjustment to the connective tissue that supports the 

position of the heart in the proper orientation. The 

pericardium and the connective tissue that connects the 

heart to the surrounding organs are a major part of this 

adaptation. Pericardium is known to have several functions, 
such as preventing heart from dilating, protecting it from 

infection, fixing the heart with surrounding tissues, and 

also keeping it in a fixed position in the thorax cavity. 

Another function is to regulate the associated of stroke 

volume between two ventricles (Volpe and Makaryus 

2019). The position of C. titthaecheilus heart is same as the 

heart position of Rousettus aegypticus bats, which have 

smaller body weights than C. titthaecheilus (Alijani and 

Ghassemi 2016). 

 

a b 
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Figure 5. Schematic drawing of the heart structure and blood vesells branches of Cynopterus titthaecheilus. The veins were shown in 
blue color, and arteries were showed in red color. Grey arrow indicated poor-oxygenated blood while black arrow indicated rich-
oxygenated blood. right/dextra (R), left/sinistra (R), arteria carotis communis sinistra (1), arteria carotis communis dextra (2), arteria 
subclavia sinistra (3), arteria subclavia dextra (4), arteria brachiocephalica (5), Arcus aortae (6), vena cava anterior dextra (7), vena 
cava anterior sinistra (8), left atrium (9), right atrium (10), arteria pulmonalis dextra(11), arteria pulmonalis sinistra (12), Aortae 
ascendens (13), vena pulmonalis sinistra(14), conus arteriosus (15), vena pulmonalis dextra (16), Aorta descendens (17), vena cava 
posterior (18), M. papillaris left ventricle (19), M. papillaris right ventricle (20), right ventricle (21), left ventricle (22).  

 

 

 

 

 
 

Figure 6. The internal structure of Cynopterus titthaecheilus heart. The right ventricle (a), and trabecula septomarginalis was indicated 
by black arrow (b) 
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Figure 7. The internal structure of the Cynopterus titthaecheilus heart. The right atrium of the heart was shown in red rectangle (a), 
while mm. pectinati in the atrium were shown in black arrows (b) 
 
 

 
 

One of the basic parameter that determines the 
functional efficiency of the heart is the heart mass. Most 

researchers found a correlation between the heart and body 

weight. There are two main factors responsible for this 

adaptation, which are increased energy requirements to 

stabilize body temperature in homeotherms, and energy 

requirements for resist gravity (such as in birds and bats) 

(Busse et al. 2013; Shave et al. 2017). Generally, active 

animals have a greater heart mass compared to less active 

animals. Flying activity in birds and bats causes the flight 

muscles to require a large amount of energy against gravity 

so that it has an impact on the large heart mass. If there is a 

change in the ratio of heart mass to body mass, it may be 
related to an increase in the heart mass caused by a 

combination of heart hypertrophy and hyperplasis or a 

decrease in the body mass (Ostadal and Dhalla 2013). This 

was observed in juvenile C. titthaecheilus, which tended to 

have a higher heart mass ratio rather than adult female C. 

titthaecheilus due to the body mass of juvenile bats was 

lower than the adult bats.  

Research conducted by Bullen et al. (2010), showed a 

correlation between heart mass with their habitat and bat 

foraging niches. Bats that are active on the surface and 

hoover actively in foraging, such as Nyctophillus sp. will 
have a higher heart mass ratio than bats that live in caves 

such as Vespadelus finlaysoni (Bullen et al. 2010). C. 

titthaecheilus have a greater heart mass ratio (0.015) than 

Nyctophillus sp. (0.005) reported by Bullen et al. (2010) 

thus indicating that the role of the heart at C. titthaecheilus 

is greater and influences its ability to hoover for foraging. 

The blood vessels that come out of the heart play a role 

as a tunnel that drains the blood from and throughout the 

body. Generally, the aortae and arteria pulmonalis play the 

role in carrying blood from outside the heart while the vena 

cava and vena pulmonalis act to drain the blood to the 

heart. This study showed that the arcus aortae of C. 
titthaecheilus had similarities with the arcus aortae in 

mole-rat (Aydin et al. 2013) which have 3 branches, 

namely arteria brachiochepalica, arteria subclavia 

sinistra, and arteria carotis communis sinistra. In addition, 
one of the uniqueness of C. titthaecheilus is the presence of 

the vena cava anterior sinistra, which is also found in bats 

Eidolon helvum (Rowlatt 1967) and R. aegyptiacus (Alijani 

and Ghassemi 2016). The presence of the vena cava 

anterior sinistra, has been considered as one of the special 

features of the rodent circulatory system, such as mice, rat, 

and rabbit (Kresakova et al. 2015). This is probably one of 

the uniqueness in variations of the cardiovascular system in 

bats. Although C. titthaecheilus has similarity in vena cava 

branches with E. helvum and R. aegyptiacus, but the 

number of ostium is different. Eidolon helvum has three 

ostium from three vena cava (Rowlatt 1967), whereas R. 
aegyptiacus has two ostium (Alijani and Ghassemi 2016). 

The presence of two ostium in R. aegyptiacus is the same 

as those found in C. titthaecheilus. The vena cava anterior 

sinistra et dextra of R. aegyptiacus entered the right atrium 

by one ostium and vena cava posterior with the different 

ostium, but the vena cava anterior sinistra et dextra in C. 

titthaecheilus entered the right atrium with a different 

ostium. The vena cava anterior dextra merged with the 

vena cava posterior before entered the right atrium. This is 

can be the unique variation in vena cava of the C. 

titthaecheilus. 
The number of vena pulmonalis that carry oxygenated 

blood from the lungs to the left atrium varies between 

species, such as humans have two pairs on the left and 

right, pigs have 7 veins, while bats have three veins, two 

vena pulmonalis dextra, and one vena pulmonalis sinistra 

(Rowlatt 1967; Vandecasteele et al. 2013; Klimek-

Piotrowska et al. 2016). Variations in the number of vena 

pulmonalis may be related to the amount of blood flow 

carried by blood vessels from one part of the body. In the 

heart of C. titthaecheilus, the vena pulmonalis dextra are 

more numerous than the vena pulmonalis sinistra. It is 

possible that the blood supply from the right lung is more 
than the left lung. This happens because the size of the left 

lung is much smaller than the right lung. The small size of 

the left-right due to most of the left thoracic space is 

a b 
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occupied by the heart. Furthermore, the vena pulmonalisof 

C. titthaecheilus joins to form a single vein before entering 

the left atrium. In R. aegyptiacus, the vena pulmonalis 

sinistra et dextra entered the left atrium via two separate 

openings. The presence of variation in the ostium of vena 

pulmonalis may be characteristics of each species.
 

In general, the arteria brachiochepalica, arteria carotis 

communis, and arteria subclavia diameter will decrease 

compared to the diameter of aortae because of branching 

that has to adjust the blood pressure passing through the 
blood vessels, so that the diameter of aortae descendens 

becomes smaller than the aortae ascendens (Reece et al. 

2014). Distinct things are found in the vena cava, where the 

diameter of the vena cava anterior is greater than the vena 

cava posterior. Generally, in humans, the diameter of the 

vena cava anterior is smaller than that of the vena cava 

posterior, which is related to the amount of blood carried 

by both blood vessels (Kutty et al. 2014). The immense 

size of the vena cava anterior is relative to the vena cava 

posterior, which reflects the larger size of the upper limbs. 

Here, a primitive vascular arrangement has been retained to 
serve a specialized function as part of the overall 

modification of the upper limbs for flight (Rowlatt 1967). 

This correlates with the bat’s upper part of body shape 

which is highly developed into the wings and muscles that 

support the movement of the wings compared to the 

smaller lower body, where the hip and leg muscles do not 

well develop (Suyanto 2001). Large vena cava anterior 

diameters in bats, especially in C. titthaecheilus, indicate 

that the distribution of blood from the front or upper body 

is more than that of the back or lower body. 

The heart of bats, including C. titthaecheilus is known 
to have a specific characteristic, which is the large structure 

of conus arteriosus (Rowlatt 1967). Conus arteriosus is a 

cone-like enlargement that has a smooth surface. Conus 

arteriosus functions to minimize pressure fluctuations and 

regulates the flow of blood out of the ventricles (Lorenzale 

et al. 2018). 

Generally, the blood pressure in systemic blood flow is 

higher than the pulmonary blood flow, so that the workload 

on the left ventricular is greater than that of the right 

ventricle (Reece et al. 2014). The left ventricle plays a role 

in pumping blood from the heart to the entire body while 

the right ventricle pumps blood into the lungs. Therefore, 
the muscles wall of left ventricle becomes thicker than the 

right ventricle as it develops. The closing of the ductus 

arteriosus after birth results in only smaller circulation 

being pumped by the right ventricle, so the systemic load 

moves to the left ventricle. This process is seen by 

increasing the wall thickness of the left ventricle faster than 

the right ventricle (Latimer 1965). The left being thicker, is 

more powerful to pump the blood with more force and 

more rapidly. 

Adaptation of the conduction system to the heart plays a 

role in generating electrical impulses, which is very 
important in producing heartbeats. Macroscopically, the 

presence of trabecula septomarginalis can be observed 

which is a part of the heart's conduction system that 

transmits impulses from the septum interventricularis to 

the ventricle. The transmission of these impulses causes the 

ventricular muscles to contract, so that blood is pumped out 

of the heart (Abouezzeddine et al. 2010; Ates et al. 2017; 

Goli et al. 2014). In addition, trabecula septomarginalis 

also has a role in preventing excessive ventricular 

expansion during the systole stage. C. titthaecheilus has a 

branched type of trabecula septomarginalis, which 

connects the septum interventricularis and right ventricle 

that differs from that found in other animals such as cattle 

(Nascimento 2019), pigs (Ates et al. 2017; Gulyaeva 2012), 

dogs (Bombonato 2012; Cope 2015 ), camels (Ghonimi 
2014) and buffalo (Ghonimi 2015); most of them have a 

single trabecula septomarginalis, but ostrich has variation 

number trabecula septomarginalis (Tadjalli et al. 2009). 

According to its role in transmitting electrical impulses and 

preventing excessive expansion of the ventricular wall, the 

branches trabecula septomarginalis owned by bats, are 

assumed as an effort to adapt the bat's heart to be able to 

work harder in meeting the needs of blood flow when 

flying. 

Cardiac activity involving rhythmic contractions 

(systole) and relaxation (diastole) requires adaptation to 
prevent excessive distention when receiving blood from the 

body's circulation. M. papillaris, mm. pectinati, and 

trabecula septomarginalis are the structures that play a role 

in maintaining the structure of the heart, thus preventing 

excessive distension. The high distention burden on the 

right heart due to receiving blood from the whole body, 

except the lungs, makes those three compartments develop 

better in the right atrium and ventricle than the left (Perez 

et al. 2017). 

In conclusion, flying activity causes the heart mass ratio 

of C. titthaecheilus to be greater than that of other 
terrestrial mammals. In addition, C. titthaecheilus has a 

larger aortae ascendens than the aortae descendens 

members size, two vena cava anterior, and one vena cava 

posterior, with a larger diameter than the vena cava 

posterior. Conus arteriosus of C. titthaecheilus is quite 

large and a branching arteria pulmonalis. The size of the 

arteria pulmonalis dextra is greater than the arteria 

pulmonalis sinistra. There are three vena pulmonalis dextra 

and one vena pulmonalis sinistra. The wall thickness of the 

left ventricle is nearly twice that of the right ventricle wall. 

A well-developed mm. pectinati, M. papillaris, and 

trabecula septomarginalis were all found in the right side 
of the heart compared to the left side, both in the atrium 

and ventricle. The overall structure of the bat's heart gives 

the bat's heart the ability to work more optimally in 

meeting the energy needs of a large bat for flying activities. 
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