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Abstract: The anatomical adaptations of the urinary tract in the adult males and females of the three species
of Indian bats possessing different dietary habits, very in body mass, inhabit different ecological habitats and
belonging to different families has been examined. A frugivore Rousettus leschenaulti belongs to family
Pteropodidae of Suborder Megachiroptera, a carnivore Megaderma lyra lyra and an insectivore Hipposideros
speoris  belong  to  family  Megadermatidae  and  Rhinolophidae  of  Suborder  Microchiroptera  respectively.
In R. leschenaulti and H. speoris the right ureter is longer than the left. No significant difference is observed
in the length of right and left ureter in M. lyra lyra. The females of R. leschenaulti and H. speoris possess
longer ureters than that of males. No such difference is observed in M. lyra lyra. In the three species the ureters
open dorsolateral at the neck of the urinary bladder. The urinary bladder is oval in shape in contracted state.
The ureters of M. lyra lyra and H. speoris are broader at the hilus and in the region where they open into the
urinary bladder. H. speoris possesses longest and thinnest urethra as compared to that of M. lyra lyra, while
in R. leschenaulti the urethra is very short and wide.
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INTRODUCTION habitat in bats, Nycteris thebiaca brockmani, Nycteris

In all the  megachiropterans,  most  phyllostomids mastivus, Pteropus tonganus giddiei, Vampyrum
and few vespertilionids (eg. Miniopterus) the ureter spectrum spectrum, Artibeus jamaicensis jamaicensis and
leaves the hilus, maintaining a more or less constant Glossophaga soricina soricina. In the above species a
diameter throughout [1]. The papilla protrudes beyond the thin layer of epithelium surrounded the calyx as well as
renal body in Rhinolophus, Megaderma, Vespertilio, papillary protuberance and no papillary muscle was
Carollia, Hipposideros, Lasiurus, Tadarida and observed at the fornix. The kidneys of N. thebiaca from
Desmodus. In Taphozous, Noctilio, Cheiromeles and arid regions of Somalia and that of N. arge from a rain
Nycteris, the renal pelvis is considerably enlarged and forest in Central Africa show identical papilla. In M.
protrudes from the renal body in a nipple-like fashion. The megalotis (an insectivore), V. spectrum (a carnivore), A.
ureters cross the vas deferens and enter the bladder, at jamaicensis (a frugivore) and G. soricina (a nectarivore)
the level of the neck in Carollia brevicauda, Vespertilio all from the same family but with different feeding habits,
murinus and Rhinolophus ferrum equinum while in the no marked structural differences were seen in the papillary
female of Noctilio leporinus, Nycteris thebiaca and region.
Rousettus [=Cynonycteris] amplexicaudata the ureters The ecology of an animal is correlated with the
open in the upper portion of the bladder. The dimensions structure  and physiological function of the urinary
of ureter, bladder and observed that the left ureter is system in several mammals. Patil and others [4- 9]
shorter than the right [2]. The urinary bladder was oval in examined the kidney of Civet Paradoxurus
shape in contracted state. Rosenbaum [3] studied the hermaphroditus hermaphrodites, chiropteran
relationship of renal papilla with feeding habits and Megaderma    lyra       lyra,       Rousettus    leschenaulti,

arge, Micronycteris megalotis, Noctilio leporinus
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Cynopterus Sphinx, Hipposideros speoris and noticed transverse sections of the different  regions  of  the
that the urinary system of chiropterans also exhibits the urinary tract were stained with Hematoxylin-eosin. The
structural adaptations influenced by the habitats and measurements of microstructures were calculated with the
feeding habits. help of an ocular micrometer scale.

The part of urinary system other than kidneys is
equally important as far as its excretory function is RESULTS
concerned. This study embodies structural observations
on the anatomy and histology of urinary tract in the three In R. leschenaulti the general length of the two
species of Indian bats; Rousettus leschenaulti, ureters is longer in the female than male and the right
Megaderma lyra lyra and Hipposideros speoris, belongs ureter is longer than the left in both the sexes. The
to different family, have varied dietary habits and possess diameter of the ureter is uniform throughout its length.
different body mass. The ureters in both the sexes open dorsolateral at the

MATERIALS AND METHODS shape in a contracted state and opens to the exterior

The tissue of preserved specimens of adult males and female it is very short. The ureter runs outside the kidney
females of Rousettus leschenaulti, Megaderma lyra lyra through a narrow hilus. In M. lyra lyra and H. speoris the
and Hipposideros speoris were used for this study. The ureters in both male and female are wider at the hilus and
urinary system males and females were dissected out, the at the point where it opens into the urinary bladder. In M.
measurements of different parts of urinary tract were taken lyra lyra the length of the ureters is almost similar both in
and then the tissues fixed in 10% formalin; washed male as well as in female In both male and female the
overnight in running tap water and dehydrated by ureters open dorsolaterally at the neck of the urinary
passing through different grades of ethyl alcohol, cleared bladder. In H. speoris the right ureter is longer than the
in xylene and embedded in paraffin (58-60°C). The left in both the sexes. The ureters open dorsolaterally at
sections were cut at 5-7 µm with the help of rotary the base of the urinary bladder. The urinary bladder opens
microtome. For   routine   histological   observations  the to the exterior through a long urethra (Table 1 and 2). 

base of the urinary bladder. The urinary bladder is oval in

through the urethra. The urethra is long in male while in

Table 1: Measurements of Ureter, Urinary Bladder and Urethra of Rousettus leschenaulti, Megaderma lyra lyra and Hipposideros speoris. (in mm).
Length of Ureter Outer diameter of Ureter

Sr. Body wt. -------------------- ---------------------------------------------------------------- Urinary Urethra-
No. Species Sex In g. Right Left Right Left Bladder  Diameter
1 R. leschenaulti Male 117 22 19 ± 0.3 ± 0.3 4.5 x 5.5 ± 4
2 R. leschenaulti Female (lactating) 98 29 23 ± 0.3 ± 0.3 6 x 7 ± 4
3 M. lyra lyra Male 36 10 8 ± 1.8 (at the hilus and ± 1.8 (at the hilus and

the urinary bladder end). the urinary bladder end).
± 0.5 at the centre. ± 0.5 at the centre. 3.5 x 3.5 ± 1.5

4 M. lyra lyra Female (Pregnant) 42 14 11 ± 1.8 (at the hilus and ± 1.8 (at the hilus and
the urinary bladder end). the urinary bladder end).
± 0.5 at the centre. ± 0.5 at the centre. 3.5 x 3.5 ± 1.5

5 H. speoris Male 13 11 7 ± 1.2 (at the hilus and ± 1.2 (at the hilus and
the urinary bladder end). the urinary bladder end).
± 0.1 at the centre. ± 0.1 at the centre. 5 x 5 ± 1

6 H. speoris Female (lactating) 18 11 9 ± 1.2 (at the hilus and ± 1.2 (at the hilus and
the urinary bladder end). the urinary bladder end).
± 0.1 at the centre. ± 0.1 at the centre. 2 x 2 ± 0.5

Table 2: Diameter of Ureter, Urinary Bladder and Urethra of R.leschenaulti, M. lyra lyra and H. speoris. (in µm).
Ureter Urinary Bladder (in Contracted State) Urethra
------------------------------------- ---------------------------------------------- ----------------------------------
External Luminal External Luminal External Luminal

Sr. No. Species Diameter Diameter Diameter Diameter Diameter Diameter
1 R. leschenaulti 350.98 64.42 6317.64 491.37 4679.34 405.54
2 M. lyra lyra 228.57 32.143 5714.25 317.46 685.71 42.86
3 H. speoris 253.57 19.29 5071.42 338.13 507.15 40.57
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Fig. 1, 2, 3:  Transverse sections of the ureter of adult R. leschenaulti (Fig. 1), M. lyra lyra  (Fig.  2)  and  H.  speoris
(Fig. 3)  showing the  folds  of  the  transitional  epithelium  (te)  project  towards  the   central  lumen ( ).
The epithelium is surrounded by sub epithelial connective tissue (thin arrow) and smooth muscle layer (thick
arrow) followed by fibrous adventitia (arrowhead) forming the outer boundary. (H&E X250)

Fig. 4, 5, 6: Transverse  sections  of  urinary  bladder  of  adult  of  R.  leshchenaulti (Fig. 4), M. lyra lyra (Fig. 5) and
H. spoeris (Fig. 6) in the contracted state showing folds of the transitional epithelium (te) towards the lumen
( ) surrounded by a fibrocollagenous sub-mucosal layer (arrowhead), which is surrounded by a thick
muscularis (thick arrows) composed of three layers of smooth muscles, i) inner longitudinal, ii) middle circular
and iii) outer longitudinal. The adventita (thin arrows) covers the muscularis and is composed of loose
connective tissue. (H&E X180)

The histology of the ureter, urinary bladder and the The epithelium is surrounded by the sub-epithelial
urethra in the adult of three species of bats is almost connective tissue followed by the layer of smooth
similar.  In  the  ureters  from  the  adult of three species muscles which is covered by the fibrous adventitia
the transitional epithelium is folded with the folds forming  the  outer  covering.  The  urinary  bladder in
protruding towards the lumen. But the lumen of ureter is adult of the three species was observed in a contracted
much wider in R. leschenaulti and very narrower in H. state (Figures 4, 5 and 6). The lumen is lined by
speoris as compare to M. lyra lyra (Figures 1, 2 and 3). transitional    epithelium     showing     numerous     folds.
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Fig. 7, 8, 9: Transverse  sections  of  urethra  of  an  adult  female  of R. leschenaulti (Fig. 7), M. lyra lyra (Fig. 8) and
H. spoeris (Fig. 9) showing the lumen ( ) lined by the transitional epithelium (te) surrounded by a loose
connective tissue (thick arrows) showing numerous capillaries and mucous glands (thin arrows). The entire
urethra is enveloped by the erectile tissue (thick arrows). (H&E X180)

The epithelium is surrounded by fibrocollagenous sub- ureters are broader at the hilus due to the protrusion of
mucosal layer followed by a thick muscularis composed of renal papilla. This phenomenon needs further
three layers of smooth muscles: i) Inner longitudinal, ii) investigation to establish functional correlation with this
Middle circular and iii) Outer longitudinal. The muscularis physical feature. No variation is noticed in all these three
is surrounded by the adventitia composed of loose species in respect with dorso-lateral opening of the
connective tissue. The urethra of the adult of three ureters at the neck of urinary bladder and also oval
species is lined by the transitional epithelium surrounded shaped bladder in contracted state. Similar observations
by a loose connective tissue with mucous glands and rich have been reported in Pipistrellus jaranicus [2]. The
vasculature (Figures 7, 8 and 9). The entire urethra is short and thick urethra is observed in R. leschenaulti
enveloped by the erectile tissue. The urethra in R. while H. speoris possesses long and thin urethra. The
leschenaulti is much thicker and very narrower in H. histology of the ureter, urinary bladder and urethra of the
speoris as compare to M. lyra lyra. three species is typically mammalian. Disselhorst [16]

DISCUSSION lacking in the ureter of an unidentified species of bat,

The urinary system in chiropterans like other here. In the urinary bladder of the three species the
mammals is composed of the two metanephric kidneys, muscularis wall covering the transitional epithelium is
two ureters; a urinary bladder and a urethra. In R. composed of three layers of well developed smooth
leschenaulti and H. speoris the right ureter is longer than muscles: inner longitudinal, middle circular and outer
the left as observed in other bats [1, 2, 10- 14]. However, longitudinal; which is contradictory to the statement of
in M. lyra lyra both the ureters are almost similar in Rosenbaum [3] that such muscle layers are poorly
length, a condition not reported in any other bat so far. developed in bats. The papillary muscle sphincters at the

In R. leschenaulti the ureter maintained almost fornix are observed in the kidney of M. lyra lyra which
uniform diameter throughout its length, as observed in according to Fuchs [17] presumably control the flow of
some megachiropteran bats [1, 3], in contrast with urine into the ureter. The papillary sphincters are related
carnivorous M. lyra lyra and insectivorous H. speoris as with water retention in kangaroo rat, Dipodomys
well as some other neotropical bats [1, 15] where the spectabilis [18].

observed that the outer longitudinal muscle layer is

whereas this layer is present in the three species studied
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The lumen of ureter, urinary bladder and urethra is 7. Patil, K.G., 2013. Renal Adaptation in Fruit Bat
much wider in R. leschenaulti and very narrower in H. Rousettus leschenaulti (Desmarest): Pteropodidae,
speoris as compare to M. lyra lyra. The urethra in R. Chiroptera. Asian Journal of Biology and
leschenaulti is much thicker and shorter; very narrower Biotechnology, 2(2) e207: 1-10. 
and longer in H. speoris as compare to M. lyra lyra. 8. Patil, K.G., K.S. Janbandhu and V.A. Shende, 2014.

The observations suggest that these structural Renal Anatomy of Cynopterus Sphinx (Cuvier):
adaptations can be correlated with the feeding habits, Pteropodidae, Chiroptera. Int. J. Biotech. and
water content in food, availability of water and habitat of Biosciences, 4(2): 103-105. 
the bats. The smaller animalivorous neotropical bats with 9. Patil, K.G., 2014. Functional Adaptations in the
narrower and longer urinary tract conserve more water Kidney of Chiropteran Hipposideros speoris
than the larger old world megachiropterans. The (Schnider):  Mammal.  World  Journal  of  Zoology,
insectivorous bat H. speoris possess the urinary system 9(1): 38-45.
adapted for highest water conservation phenomena while 10. Inouye, C., 1931. Über den Lappenbau der Niere. Ëine
the large frugivorous bats exhibit least ability to conserve Phylogenetische Studie. Anat. Anz., 72: 89-105.
water. The carnivorous M. lyra lyra show almost similar 11. Sperber, I., 1944. Studies on the mammalian kidney.
observations as in H. speoris [4-9]. Zool. Bidr. Uppsala, 22: 249-431.
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