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Abstract: The structural adaptations and water conservation ability of the kidneys are examined in the three
species of Indian bats; a frugivore Rousettus leschenaulti, a carnivore Megaderma lyra lyra and an insectivore
Hipposideros speoris. R. leschenaulti belongs to family Pteropodidae of Suborder- Megachiroptera whereas
M. lyra lyra and H. speoris belong to family Megadermatidae and Rhinolophidae of Suborder Microchiroptera
respectively. The three species inhabit different ecological habitats, have different dietary habits and possess
variable body mass. The renal indices representing the relative medullary thickness were calculated as: Percent
medullary thickness (PMT); Ratio of medulla: cortex (M/C); Ratio of outer medulla: cortex (OM/C), Ratio of inner
medullary zone: Cortex (IM/C); Percent outer medullary thickness (POMT) and the Ratio of combined kidney
weight: body weight (KW/BW). On the basis of renal indices it is noticed that the kidneys of large
Megachiropteran frugivore bat R. leschenaulti possesses the least urine concentrating ability as compare to
the carnivore bat, M. lyra lyra and the insectivore bat, H. speoris. According to the renal indices no significant
difference is observed in the urine concentrating ability of M. lyra lyra and H. speoris. But the presence of large
renal papilla and the minimum ratio of combined kidney weight to the body mass of H. speoris  suggest  that
the  small insectivorous bat has the highest urine concentrating ability followed by M. lyra lyra and least in
R. leschenaulti.
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INTRODUCTION diet [4, 5, 15]. Rosenbaum [16] correlated the length of

The correlation between an animal’s ecological Nycteris thebiaca brockmani, Nycteris arge,
distribution  and  dietary  habits  with  the  morphology Micronycteri smegalotis, Noctilio leporinus mastivus,
and  urine  concentrating  ability  of  the  kidneys  has Pteropus tonganus giddiei, Vampyrum spectrum
been  established  in  several  mammalian  species [1-3]. spectrum, Artibeus jamaicensis jamaicensis and
As reported in other mammals, the kidneys of Glossophaga soricina soricina. According to Geluso [6]
chiropterans also exhibit the structural adaptations the medullary thickness is highly correlated with urine
influenced by the habitats and feeding habits [4-11]. concentrating ability. Bats living in more arid habitat
Almost all bats drink sweet water except Pizony xvivesi possessed better renal adaptation for water conservation.
which consumes sea water [12, 13]. Wimsatt and Guerriere Under normal conditions arid adapted species drink water
[14] examined the urine concentrating ability of vampire which was made available, but indirect evidences
bat, Desmodus rotundus in captive conditions and suggested that some bats may be able to survive for long
observed that the kidneys have highest ability to duration without water. The species with larger medullary
concentrate urea among all mammals. The kidneys of zone have higher urine concentrating ability; however, the
Desmodus rotundus and Pizonyx vivesi exhibit the long relative number of nephrons is similar within a group of
renal papilla especially an adaptation for water bat species. The longer the loop of Henle, more effective
conservation which is associated with their protein rich they  are    at    concentrating   urine.   The   differences  in

renal papilla with feeding habits and habitat in bats,



( )Percent medullary thickness (PMT) = 100 [23].medullary thickness outer inner zones x
cortical medullary thicknesses

+
+

( )Ratio of medulla: cortex (M/C) =  [6].medullary thickness outer inner zones
cortical thickness

+

World J. Zool., 8 (2): 198-205, 2013

199

medullary thickness and urine concentrating ability of The present study embodies observations on the
bats reflect renal specialization due to environmental anatomical modifications in the kidneys of three species
factors and habitat rather than the body weight. The renal of Indian bats; Rousettus leschenaulti, Megaderma lyra
morphology in bats is primarily a function of diet and is lyra and Hipposideros speoris, belongs to different
secondarily related to environmental dehydration family, inhabit different ecological habitats, having
pressure. Frugivorous or nectarivorous bats possessed different dietary habits and possess variable body mass.
kidneys  with relatively thin and undivided medullae, The renal indices were calculated to study the urine
while bats   with  other  feeding  habits  possessed concentrating ability.
kidneys with relatively thick medullae which are
subdivided into outer and inner zones. They further MATERIALS AND METHODS
observed that renal indices are similar in insectivorous
bats inhabiting mesic  and  wet  habitats  and  lower in The present report is based on the study of kidneys
bats  inhabiting  arid  regions.  Relationship  between collected from 49 bats belonging to three different
renal  index  and   body   weights   according  to  them species, Rousettus leschenaultia (7), Megaderma lyra
differ  in   bats   with  different  feeding   habits  [9]. lyra (24) and Hipposideros speoris (18) of both the sexes.
Rivera-Marchand and Rodriguez-Duran  [17]  reported R. leschenaulti and M. lyra lyra were collected from
bats with kidney having large medulla showed greater underground dilapidated mines at Ramtek, District
capacity to reabsorb water which is correlated with higher Nagpur, Maharashtra. The colony of R. leschenaulti
medulla/cortex ratios and better urine concentrating comprises of  thousands  of  bats  while  the  colony  of
ability. The renal indices of bats from hot caves was M.  lyra  lyra  was  made  up of hundreds of individuals.
higher than those from other habitats, which an H. speoris was collected from underground dilapidated
adaptation by bats to deal with potential dehydration dark rooms of an old fort at Ballarshah, District
while foraging outside their hot, humid roosts. Animals Chandrapur, Maharashtra, India. The colony of H. speoris
could thrive in the hot temperatures because of their also comprised of hundreds of bats.
ability to conserve water and because of reduced The bats were collected with the help of a butterfly
metabolic rate. net; the animals were anaesthetised with mild chloroform.

More than hundred species of bats from both The kidneys devoid of fat from males and females were
suborders Megachiroptera and Microchiroptera are removed and fixed in Alcoholic Bouin’s, Aqueous
represented in India [18-21]. The ecological distribution of Bouin’s and 10% formalin; washed overnight in running
Indian bats is diverse ranging from Himalayas to the tap water and dehydrated by passing through different
deserts of the North-West, to the tropical forests to the grades of ethyl alcohol, cleared in xylene and embedded
East and South [21]. The roosting sites of the bats are in paraffin (58-60°C). The mid-sagittal sections were cut at
diverse as; large dense trees, caves, tunnels, hollows in 5-7 µm with the help of rotary microtome.
walls of wells, old dilapidated houses and mines, under The renal indices were calculated to study the urine
tiles of roof of houses, under bridges, hollows of coconut concentrating ability. The thickness of the cortex and the
tree trunks, cleft and crevices of mountains, walls, etc. medulla from the midsagittal sections of the kidney
[22]. The bats have different dietary habits being stained with Haematoxylin-eosin were measured with the
frugivorous, nectarivorous, insectivorous, carnivorous, help of an ocular micrometer. The sections with the
piscivorous, omnivorous and sanguinivorous [6, 9]. greatest medullary thickness were measured to calculate
Almost all bats drink sweet water except one desert urine concentrating ability from the indices. The renal
species from California viz., Pizony xvivesi which indices representing the relative medullary thickness were
consumes sea water [12, 13]. calculated as:



Ratio of outer medulla: cortex (OM/C) =  [7].thickness of outer medulla
cortical thickness

Ratio of inner medulla: Cortex (IM/C) =  [6].thicknessof inner medulla
cortical thickness

% outer medullary thickness (POMT) = 100 [7]
( )

thickness of outer medulla x
medullary thickness outer inner zones+

( )Ratio of combined kidney weight: body weight (KW/BW) =  100Weight of kidneys right left x
Body weight

+

World J. Zool., 8 (2): 198-205, 2013

200

The ratio of combined kidney weight: body weight of the three species of bat was also calculated.

RESULTS state. The ureters of M. lyra lyra and H. speoris are

In the three species of bats, R. leschenaulti, M. lyra into the urinary bladder.
lyra and H. speoris the kidneys are typical bean shaped The mid-sagittal section the kidney of R. leschenaulti
(except in H. speoris where the right kidney is broader at shows that the kidney is divided into a cortex and a
the anterior pole), located on the posterior wall of the medulla. A short papilla which does not protrude outside
abdominal cavity beneath the peritoneum. R. leschenaulti the kidney opens into the ureter through the calyx in the
has the highest body mass and possesses the largest kidney proper. The ureter runs outside the kidney through
kidney (an adult male of R. leshchenaulti having a body a narrow hilus. In M. lyra lyra and H. speoris the kidneys
mass 121g possessed the right kidney with a dimension of are distinctly divisible into a thin cortex, a thick medulla,
11.5mm x 8mm x 8.4mm, while an adult female weighing which is subdivided further into outer and inner zones.
97g, possessed the kidney of 11mm x 9.5mm x 6mm size). The papilla is long, thick and conical and protrudes
The  body  mass  and  size   of  the  kidney  is  lowest  in outside the kidney proper into the ureter through the wide
H. speoris (an adult male of H. speoris with a body mass hilus. The papilla is separated by a wide calyx from other
14g showed the left kidney 6.55mm x 3.9mm x 3.6mm in cortico-medullary tissue. The adult kidneys of the three
size, while in an adult female with the body mass 14g species of bats possess distinct differentiation of different
possessed the left kidney with a dimension 5.85mm x parts of the uriniferous tubules in the cortex, medulla and
3.5mm x 3.2mm). In M. lyra lyra the body mass and kidney papilla.
dimension is in  between   that  of   R.  leschenaulti  and The cortex of the kidney of R. leschenaulti is thickest
H. speoris (an adult male of M. lyra lyra having the body of the three species and show very few Bowman’s
mass 35g possessed the left kidney 10.8mm x 7.4mm x capsules toward the outer border which increases in
5.4mmin size, while in adult female weighing 46g the left number in  the  middle  and  cortico-medullary  region.
kidney had a dimension of 10.8mm x 6.35mm x 6.65mm The adult kidney of M. lyra lyra shows thinnest cortex,
dimension for left kidney). followed by H. speoris. The  medulla  of  the  kidney  of

The left and right kidneys of both male and female of M. lyra lyra and H. speoris is further differentiated
the three species are similar in size and are  more  convex histologically into outer and inner zones. The kidney of
at  the  external  border  and    concave     at     the   hilus. R. leschenaulti shows no such division  but  large
In R. leschenaulti and H. speoris the right kidney is medullary rays invading the cortical tissue which is the
placed higher in the abdominal cavity than the left kidney, characteristic feature of the kidney of  R.  leschenaulti.
while  in  M.  lyra  lyra  the  kidneys  are  located  almost The adult kidney of H. speoris and M. lyra lyra possess
at  similar  levels.  The  females  of  R.  leschenaulti  and large conical papilla protruding outside through the wide
H. speoris possess longer  ureters  than  that  of  males. hilus. H. speoris possesses the longest papilla, while in R.
No such difference is observed in M. lyra lyra. In the leschenaulti the papilla is very small. Large papillary
three species the ureters open dorsolaterally at the neck sphincter muscles are observed at the fornix in the kidney
of the urinary bladder which is oval in shape in contracted of M. lyra lyra.

broader at the hilus and in the region where they open
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Table 1: Renal Indices of Prenatal, Postnatal and Adult Kidney of R. leschenaulti, M. lyra lyra and H. speoris
OM/C IM/C POMT

Species PMT M/C Outer Inner Total KW / BW
R. leschenaulti 61.50 1.6 0.586 1.01 36.69 0.59
M. lyra lyra 85.21 5.76 1.77 3.99 30.70 0.64
H. speoris 85.87 5.484 1.71 3.67 31.25 0.37
Percent medullary thickness (PMT).
Ratio of medulla: cortex (M/C).
Ratio of outer medulla: cortex (OM/C).
Ratio of inner medulla : Cortex (IM/C).
Percent outer medullary thickness (POMT).
Ratio of combined kidney weight : body weight (KW/BW).
NOTE: Measurements given in the table are the average of ten to fifteen readings.

Fig. 1: The diagrams of the mid-sagittal sections of the kidney of R. leschenaulti (A), M. lyra lyra (B) and H. speoris
(right: C and left: D). The kidney of R. leschenaulti is simple and divided into outer thick cortex (c); inner medulla
(m) and a very short papilla (p). In M. lyra lyra and H. speoris the cortex is thin, medulla is differentiated into
outer (om) and inner (im) zones; a large papilla protrudes outside the kidney. Note the difference in the shape of
right: C and left: D kidneys of H. speoris.

According to the renal indices (Table- 1) the urine Hipposideros speoris considerably enlarged thoracic
concentrating ability is related to dietary habit and body cavity appears to be responsible for the location of
mass and habitat. From the table it is evident that; the kidneys lower in the peritoneal cavity. Both the kidneys
urine concentrating  ability  is  higher  in  insectivorous in each of these three species are of approximately same
(H. speoris) and carnivorous (M. lyra lyra) bats while it is size and weight. In R. leschenaulti and H. speoris the
low in frugivorous bat (R. leschenaulti). The urine right kidney is placed higher that the left as observed in
concentrating ability is higher in small bat, H. speoris than other bats, Rousettus [=Cynonycteris], Pteropus
the larger M. lyra lyra and R. leschenaulti. The results pselaphon [24]; Pipistrellus jaranicus [=tralatitius] [25];
obtained show that there is no significant difference in the Artibeus, Nycteris and Rhinolophus [26]; Tadarida
renal indices of the carnivorous bat, M. lyra lyra and the brasiliensis, Macrotus auritus, Chilonycteris nivalis [27];
insectivorous bat, H. speoris. But the renal indices of the Pizonyx vivesi [28] and Desmodus rotundus [29 and 30].
frugivorous bat, R. leschenaulti are significantly low However, interestingly in M. lyra lyra both the kidneys
showing least urine concentrating ability as compared to are placed almost at the same level a condition not
M. lyra lyra and H. speoris. The lowest ratio of the reported in any other bat so far [31]. In the three species
combined kidney weight: body weight in H. speoris the kidneys are typically bean shaped, except the right
indicate  that  the  kidneys  of  this  small insectivorous kidney of H. speoris which is broader at its anterior pole
bat  are   more  capable   to  concentrate  the  urine  than [32]. Such a variation in the structure of the two kidneys
R. leschenaulti and M. lyra lyra. has also been reported in Pipstrellus jaranicus [25] where

DISCUSSION because of its close association with the liver.

In the three species of Indian bats discussed here uniform diameter throughout its length, a condition
viz., Rousettus leschenaulti, Megaderma lyra lyra and reported     in   some   megachiropteran   bats   [16,   26]  in

the right kidney is shorter and thicker than the left

In R. leschenaulti the ureter maintained almost
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contrast with  carnivorous M. lyra lyra  and kidney, while the small papilla indicates a very short loop
insectivorous H. speoris as well as some other neotropical of Henle. The thin cortex of the kidney of M. lyra lyra and
bats [15, 26] where the ureters are broader at the hilus due H. speoris indicate that the proximal convoluted tubules
to the protrusion of renal papilla. This phenomenon needs are comparatively shorter than the length of long loop of
further investigation to establish functional correlation Henle in the thick medulla and a large protruding papilla
with this physical feature. No variation is found in all in both the species. The length of the loop of Henle is
these three species in respect with dorso-lateral opening directly proportional to the medullary thickness [35-39].
of the ureters at the neck of urinary bladder and also oval The urine becomes more concentrated as it passes along
shaped bladder in contracted state. Similar observations the loop of Henle [40-46]. Thus the relative medullary and
have  been  reported    in  Pipistrellus  jaranicus  [25]. papillary thickness is directly correlated with the urine
The short and thick urethra is observed in R. leschenaulti concentrating ability [36-49]. As the loop of Henle is short
while H.   speoris   possesses  long  and  thin  urethra. in R. leschenaulti, its urine concentrating ability is also
The histology of the ureter, urinary bladder and urethra of less, which appears to be related with its frugivorous
the three species is typically mammalian. In the urinary habit as well as habitat. However the diet of H. speoris
bladder of the three species the muscularis wall covering and M. lyra lyra includes animal protein; they exhibit
the transitional epithelium is composed of three layers of better urine concentrating ability than the former.
well developed smooth muscles: inner longitudinal, middle Hypertonic urine is excreted in those animals, which need
circular and outer longitudinal; which is contradictory to to prevent loss of water- a physiological adaptation to
the statement of Rosenbaum [16] that such muscle layers survive in xeric conditions. However, the species studied
are poorly developed in bats. here need not show such adaptation as they inhabit the

Anatomically the chiropteran kidney is simple and is areas with plenty of water in the surroundings. Inspite of
divided into an outer cortex, a single medullary pyramid this water  conservation  phenomenon  appears  to be
converging in straight lines to the pelvis forming the less  in  R. leschenaulti as compared to M. lyra lyra and
terminal papilla [33]. In R. leschenaulti the kidney is H. speoris because the renal indices suggest that former
divided into an outer thick cortex and an inner medulla exhibits less urine concentrating ability  than  the latter
which is not further divided into zones [34], which two  species  of  bats.  Thus  it can be presumed that
according to Studier et al. [9] is the characteristic feature water  conservation  may  not  be the sole motto of
of the frugivorous bats, Micronycteris hirsuta, Tonatia animals living in arid areas but the dietary habits might be
bidens, Uroderma bilobatum, Vampyro descaraccioli, playing more significant role in deciding the urine
Artibeus phaeotis, Artibeus jamaicensis. A very short concentrating ability. The renal indices of H. speoris
papilla ends into the calyx in the region of the renal pelvis. resemble with the renal indices of other neotropical
The cortico–medullary boundary is indistinct as a great insectivorous  bats so far studied, viz, Vespertilio
number of medullary rays invade into the cortical region murinus  [1];   Rhinopoma  hardwickie  [50];
which is the characteristic feature of the old world Rhinolophus  ferrum  equinum   [51];  Eptesicus
megachiropteran fruit eating bats viz., Pteropus edulis zuluensis, Rhinopoma kinneari, Pipistrellus hesperus,
and Pteropus medius [1]. Antrozous pallidus, Tadarida brasiliensis, Euderma

The kidneys of M. lyra lyra and H. speoris show the maculatum, Myotis californicus, Lasiurus cinereus,
thick medulla divided into an outer and an inner zone and Lasionycteris noctivagans, Myotis leibii, Eptesicus
a long conical papilla protruding outside the kidney which fuscus, Tadarida macrotis, Myotis lucifugus, Pipistrellus
is associated with the feeding habit and the urine subflavus, Myotis evotis, Myotis auriculus, Idionycteris
concentrating ability of these bats. Such a condition of phyllotis, Myotis thysanodes, Myotis volans, Lasiurus
medulla and renal papilla is observed in the neotropical borealis, Plecotus townsendii, Myotis yomanensis,
insectivorous, piscivorous, carnivorous and Myotis velifer [2, 6]; Macrotus waterhousii, Macrotus
sanguinivorous   microchiropteran  bats  [9,  15,  16,  26]. californicus [7]; Cormura brevirostris, Saccopteryx
A thinnest cortex is observed in the kidney of M. lyra bilineata, Molossus aztecus, Pteronotus parnellii,
lyra, while the kidney of H. speoris possesses the longest Rhogeessa tumida, Myotis nigricans, Thyroptera
papilla. tricolor, Furipterus horrens, Natalus stramineus,

The convolutions of the proximal tubules in the thick Noctilio albventris [9]; Molossus molossus, Noctilio
cortex of the kidney of R. leschenaulti are an indication leporinus, Pteronotus quadridens, Pteronotus parnellii,
that the uriniferous tubule is longest in this part of the Mormoops blainvellii [17].
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The renal indices of M. lyra lyra (carnivorous) 5. McFarland, W.N. and W.A. Wimsatt, 1969. Renal
resembles with the renal indices of Myotis vivesi a function and its relationship to the ecology of the
piscivore and crustacean eater [2]; Desmodus rotundus a vampire bat, Desmodu srotundus. Comp. Biochem.
sanguinivorous bat and Vampyrum spectrum; a Physiol., 28: 985-1006.
carnivorous bat [9, 15, 29]. The  renal  indices  of R. 6. Geluso, K.N., 1978. Urine concentrating ability and
leschenaulti resembles with the renal indices of other renal  structure  of  insectivorous  bats.  J.  Mamm.,
frugivorous and nectarivorous bats: Pteropus vampyrus 59: 312-323.
[1]; Leptonycteris sanborni [2], Brachyphylla 7. Lu, S.L. and W.J. Bleier, 1981. Renal morphology of
cavernarum [17]. Macrotus (Chiroptera, Phyllostomatidae). J. Mamm.,

The above observations suggest that the renal 62(1): 181-182.
indices can be correlated with the feeding habits, water 8. Studier, E.H. and D.E. Wilson, 1983. Natural urine
content in food, availability of water and habitat of the concentration and composition in Neotropical bats.
bats. In general the kidneys of smaller bats conserve more Comp. Biochem. Physiol., 75A(4): 509-515.
water than larger ones. The insectivorous bats possess 9. Studier,  E.H.,   S.J.   Wisniewski,  A.T.  Feldman,
the kidneys with highest urine concentrating ability and R.W. Dapson, B.C. Boyd and D.E. Wilson, 1983a.
the large frugivorous bats possess the kidneys with least Kidney structure in Neotropical bats.  J.  Mamm.,
urine concentrating ability. Similarly the bats inhabiting 64(3): 445-452.
hot, dry habitats possess high urine concentrating ability 10. Studier, E.H., B.C. Boyd, A.T. Feldman, R.W. Dapson
than those inhabiting wet and humid environment. and D.E. Wilson, 1983b. Renal function in

The papillary muscle sphincters at the fornix are Neotropical bat Artibeus jamaicensis. Comp.
observed in the kidney of M. lyra lyra; which are also Biochem. Physiol., 74A(2): 199-209.
reported in Rhinolophus ferrum-equinum, Rhinolophus 11. Patil, K.G., K.S. Janbandhu and A.V. Ramteke, 2010.
cornutius, Pipistrellus jaranicus abramus, Miniopterus Renal Morphology of Indian Palm Civet
schreibersii japonicae, Plecotus auritus [52] and Pizonyx Paradoxurus hermaphrodites hermaphroditus
[28]; and according to Fuchs [53] presumably control the (Schrater)   (Carnivora;    Mammalia).   Hislopia  J.,
flow of urine into the ureter. No such muscle sphincters 3(2): 179-184.
were observed in R. leschenaulti and H. speoris. 12. Carpenter, R.E., 1965. Evaporative water loss and salt
According to Vimtrup and Schmidt-Nielsen [54] the excretion in the fish-eating bat, Pizonyx vivesi. Amer.
papillary sphincters are related with water retention in Zool., 5: 696.
kangaroo rat, Dipodomys spectabilis (a desert animal). 13. Carpenter, R.E., 1968. Salt and water metabolism in
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