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INTODUCTION 

Bats have the second largest diversity in 
mammalian classes after rodentia (Nurfitrianto et 
al., 2013). Bat population reaches approximately 
1100 species (Teeling et.al 2005). In Indonesia 
there are 205 or 21% of known world bat species 
(Suyanto 2001). Bats are the only flying mammals. 
The ability bat to fly is supported by the shape of 
the extremities and also the adaptation of the 
cardiovascular organs. Based on empirical studies 
of cardiovascular was known that cardiac muscle 
mass is a good indicator for the degree of adaptive 
specialization of prolonged locomotor activity, in 
both birds and mammals. Data on cardiovascular 
muscle morphology and muscles that support 
flying ability will provide an overview of the 
behavior, ecology and physiology of certain 
animals (Bishop 1997). 

Several studies have been conducted to 
study the cardiovascular system of bats. Research 
on bat hematology profile has been done (Heard 
and Whittier 1997, Mclaughlin et.al 2007, 
Wawrocka and Bartonicka 2014, McMichael et al. 
2015, Ratnasooriya 2016, Rashid et al, 2016, 
Rahma et al., 2018). Joseph (1908) says that every 
animal has a different size and heart shape to each 
other. This heart size difference is influenced by the 
size of the body and the high energy required by 
the animal (Joseph 1908).  

Bat's heart rate is known to increase 
during flight (Thomas and Suthers 1972). This is 
causes an increase in the rate of metabolism. 
Writing this paper will discuss about the 
uniqueness of the bat's heart so that it can support 
its ability to fly. 
 
RESULT AND DISCUSSION 
Metabolism and flight ability 

Birds and bats are the only vetebrate that 
has the ability to fly. Phylogenetic differences make 
them perform elastic mode of motion with several 
methods. Integration of functional and structural 
parameters, used to overcome problems that are 
overcome during flight. Unique morphological, 
physiological and biochemical properties are 

enhanced to enhance oxygen uptake, transfer, and 
utilization for high aerobic activity (Maina 2000). 
Birds are known to have higher metabolic rates 
than terrestrial mammals that have the same body 
size to perform an exercise (Thomas and Suthers 
1972). Based on this growing research to 
determine the energy needed by bats during flying 
and try to see the adaptations possessed by these 
mammals to be able to maintain a high metabolism 
as well as in birds. Genetic comparisons of different 
mammalian species show that bats have highly 
modified gene versions, especially those 
responsible for converting food into energy (Shen 
et al., 2010). 

The high rate of metabolism in bats is also 
related to the frequency of the heart. Rapid 
contractions will require an increase in ATP and 
cause increased metabolism, therefore bats 
require 3 to 5 times the energy required by 
terrestrial mammals (Thomas and Suthers 1972, 
Maina 2000). 
 
Bats cardiovacular  

The bat's heart (R. aegyptiacus) is known 
oval and the color is dark red (Alijani and Ghassemi 
2016). The size of the bat's heart (Tadarida 
brasiliensis, Mormopterus kalinowski, Myotis 
chiloensis, Histiotus macrotus, H monatnus, Lasiurus 
borealis, and L.linereus) were found to be larger 
than those of other mammals or of bats having 
larger body sizes than bats (Canals et al 2005). The 
relative mass of the bat's heart is known to 
decrease in proportion to the increase in body 
mass, which is Mb-0.21 (Canals et al 2005). This is 
related to the high energy required when flying. 

Bat's heart is also known to have a heart-
weight ratio: greater weight than the other 
terrestrial mammal mammals, but smaller when 
compared to birds (Joseph 1908). This proves that 
the activity performed by an individual can affect 
the size of the heart. 

 
Bats respiration 

The aerobic capacity of a bat at the time of 
flight is essentially the same as that of a bird at the 
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time of flapping but compared with a non-flying 
mammal its velocity increases 2.5-3 times (Thomas 
and Suthers 1972). According to Thomas and 
Suthers 1972 bats increase its VO 20-30 times than 
before flying. Speed of oxygen consumption during 
flight of 4-8.6m / s (Carpenter 1985). Based on 
research conducted by Maina and King (1983), it is 
known that bats have a very high lung volume 
when compared with birds or other terrestrial 
animals. While the capillary volume in the lung bats 
is similar to that of birds, it is larger than other 
mammals (Maina and King 1983). 

 
CONCLUSION 
 The bat's respiration increases during 
flight, so the bat can meet its oxygen consumption. 
This causes the bats to have a higher metabolic rate 
compared to other terrestrial mammals. The high 
rate of metabolism is supported by the heart's 
ability to pump blood more rapidly, so bats have a 
heart-to-weight ratio greater than that of non-
flying mammals. 
 
REFERENCES 

[1] Alijani B, Ghassemi F. 2016. Anatomy and 
histology of the heart in Egyptian fruit bat 
(Rossetus aegyptiacus). J. Entomol. Zool. Stud. 
4(5): 50-56. 

[2] Bishop CM. 1997. Heart mass and the 
maximum cardiac output of birds and 
mammals: implications for estimating the 
maximum aerobic power input of flying 
animals.Phil. Trans. 352:447-456. 

[3] Canals M, Alata C, Grossi B, Diaz JI. Relative 
size of hearts and lungs of small bats. Acta 
Chiropterologica (1)7: 65-72. 

[4] Carpenter RE. 1985. Flight physiology og 
flying foxes, Pteropus poliocephalus.Jurnal of 
Eksperimental Biology 114: 619-647. 

[5] Hagopian M, Anversa P, Nunez EA. 1974.  
Specialized intercellular junctions in the 
intercalated disc of the bat heart. Anat. Rec. 
178: 599-615. 

[6] Heard DJ, Whittier DA.1997. Hematologic and 
plasma biochemical reference values for three 
Fying Fox species (Pteropus sp). J Zoo Wildl 
Med. 28(4): 464-470.  

[7] Joseph DR. 1908. The Ratio Between The 
Heart-Weight and Body-Weight in Various 
Animals. J.Exp.Med. 10(4):521-528. 

[8] Maina JN dan King AS. 1983. Correlations 
between strukture and function in the design 
of the bat lung: a morphometric study. Journal 
Experimental Biology 111: 43-61 

[9] Maina JN. 2000. What it takes to fly: the 
structural and functional respiratory 
refinements in birds and bats. Jurnal of  
Experimental Biology 203: 3045-3064.  

[10] McLaughlin AB, epstein JH, Prakash V, Smith 
CS, Daszak P, Field HE, Cunningham AA. 2007. 

Plasma biochemistry and hematologic values 
for wild-caught flying foxes (Pteropus 
giganticus) in India. J Zoo Wildl Med. 38 (3): 
446-452. 

[11] McMichael L, Edson D, McLaughlin A, Mayer D, 
Kopp S, Meers J, Field H. 2015. Haematology 
and plasma biochemistry of Wild Black 
Flying-Foxes, (Pteropus alecto) in Queensland, 
Australia. PLos One. 10 : 1-13. 

[12] Nurfitrianto H, Budijastuti W, Faizah U. 2013. 
Kekayaan jenis kelelawar (Chiroptera) di 
kawasan gua Lawa Karst Dander Kabupaten 
Bojonegoro. J Lentera Bio. 2(2): 143-148. 

[13] Rahma A, Hanadhita D, Prawira AY, Cahyadi 
DD, Supratikno, Maheshwari H, Satyaningtijas 
AS, Agungpriyono S. 2018. Haematological 
Study of Fruit Bat, Cynopterus titthaecheilus. 
AHSR. 5164-168 

[14] Rashid N, Irfan M, Nadeem MS, Shabbir A. 
2016. Comparative seasonal haematology of 
two bat species, Scotophilus heathii and 
Pipistrellus pipistrellus, in a Subtropical Area 
of Pakistan. Pak J Zool. 48(5) : 1503-1510. 

[15] Ratnasooriya WD, Udagama-Randeniya PV, 
Yapa WB, Digana PMCB, Dharmasiri MG.2005. 
Hematological parameters of three species 
species of wild caught microchiropteran bats, 
Miniopterus schreibershii, Taphozous 
melanopogon and Hipposideros lankadiva in 
Sri Lanka. J Sci Univ Kelaniya. 2: 27-40. 

[16] Rowlatt U. 1967. Functional anatomy of the 
heart of fruit-eating bat, Eidolon helvum, Kerr. 
J. Morphol. 123 :213-230. 

[17] Shen YY, Liang L, Zhu ZH, Zhou WP, Irwin DM, 
Zhang YP. 2010. Adaptive evolution of energy 
metabolism genes and the origin of flight in 
bats. PNAS. 107 (19) : 8666-8671. 

[18] Sohayati AR, Zaini CM, Hassan L, Eptein J, Suri 
AS, Daszak P, Sharifah H. 2008. Ketamin and 
xylazine combinations for short-term 
immobilization of wild variable flying foxes 
(Pteropus hypomelanus). J Zoo Wildl Med  39 
(4): 674-676. 

[19] Suyanto A. 2001. Kelelawar di Indonesia. 
Bogor  (ID): Puslitbang Biologi LIPI . 

[20] Teeling EC, Springer MS, Madsen O, Bates P, 
O’Brien SJ, Murphy WJ. 2015. A molecular 
phylogeny for bats illuminates biogeography 
and the fossil record. Science. 307. 580-584. 

[21] Thomas SP, Suthers RA. 1972. The Physiology 
and energetics of  bat flight. J. Exp. Biol. 57 : 
317-335. 

[22] Wawrocka K, Bartonicka T. 2014. Erythrocyte 
size as one of potential causes of host 
preferences in cimicids (Heteroptera: 
Cimicidae: Cimex). Vespertilio 17: 215-220. 

 


