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ABSTRACT

The renal anatomy of Ptzonvx vivesl was studied. It was found 
that the kidney of P. vrrosi has a single renal papilla which extends 
to the proximal end of the ureter. The microscopic anatomy of the kidney 
was studied with measurements taken of all the nephron components and the 
cell types of the different portions of the nephron were noted. It was 
found that the majority of the nephrons have long loops of Henle extend

ing deep into the renal papilla.
The cell structure of the collecting duets was found to undergo 

an abrupt change with the beginning of the inner zone of the medulla,
A similar change in cell structure has been noted by other investigators 
in the collecting ducts within kidneys of desert rodents.

It is shown that P. vivesi has the necessary anatomical features 
to produce a relatively concentrated urine. The need for a complete in

vestigation of the renal physiology of P. vivesi is expressed.



INTRODUCTION

Plzonvx vivesi (Menegaux) s a bat of the Family Vespartilionidae j, 

inhabits the rocky shores of the Gulf of California, the Pacific shore line 
of Baja California and the rocky islands located in the Gulf„ A recent 
range given by J. Maya (1964)9 includes the rocky coast of Sonora, Mexico 
from Morro Colorado south to Guaymas and almost all the islands in the 
Gulf where there is a suitable habitat. This includes Isla San Jorge to 
the north and Isla Coyo in the south. The range on the eastern shore of 

Baja California extends from Bahia de Los Angeles in the north to Pupito 
Point in the south, Maya at this time has not investigated the western 

shore of Baja California, however Reeder and Norris (1954) give the range 
there as the vicinity of Puerto San Bartolome. A range map is shown in 

Figure 1,
P, vivesi is not a gregarious species of bat, and it is not un

usual to find individuals occurring singly in the rocky crevices. It is 
common, however, to find three to four together in a crevice. ' The largest 
single colony observed by the author consisted of eight females with their 
young attached.

The diet of P. vivesi is almost entirely of marine origin and 
consists mainly of small flying fish and flounders.

There is very little fresh water available for P. vivesi to con

sume. The annual rainfall of Guaymas, Sonora, Mexico, where most of the 
bats for this study were collected, is seven to nine inches. Summer rains 

predominate along this desert coast with two to three week periods when



CALIF.
NEW

MEXICO
ARIZONA

ri

SONORA

PACIFIC OCEAN

Fig.I.  Range of Pizonyx vivesi



fresh water would be available in small terrestrial ponds (G, H„ Lowe,
1964.)» The salinity of the Gulf of California is about 35.0 parts per 
1000 on the average, with the lowest at the mouth being 34.5 per 1000, 

and the highest at Angel de La Guards being 35.5 per 1000 (Sverdrup, 1939). 
Thus P. vivesi lives in a virtual desert environment as far as the avail
ability of fresh water is concerned.

An investigation of the renal anatomy of P. vivesi was proposed 
to ascertain whether it is similar to that of other mammals which reduce 
the amount of body water lost in the production of urine to meet the 
problem of a limited fresh water supply.



MATERIALS AND METHODS

Bata for the study were taken from, the small Islands of Blanco, 

Raza, Peruano and Garbo Haro which are located in the Gulf of California 

near Guaymas, Sonora, Mexico, They were collected during the months of 
October, November and December of 1963 and in February and May of 1964,

For gross weight determination, the kidneys were weighed immed
iately following removal from the body, dipping once in saline solution 
and touching once to an absorbent paper towel, The size measurements were 
taken just subsequent to weighing. Measurements of the different portions 
of the kidney were made with a calibrated eye piece micrometer in a com

pound microscope.
For sectioning, the kidneys were removed from freshly killed bats 

and fixed in Bouin’s solution. Sagittal, transverse and frontal sections 
were made. The planes of the sections refer to the body of the bat, not 
to an isolated kidney. The tissue was stained with Harris' and Ehrlich's 
acid hematoxylin and counterstained with eosin Y,

In the study of the vascular system corrosion casts were made 

using Ward's Vinyl Acetate (Ward's Natural Science Establishment, Inc.,

Box 24, Beechwood Station, Rochester, N, Y„)„ The vessels.were first 
flushed with acetone to remove most of the water and blood. Vinyl acetate 
sets quickly when it comes into contact with water. After the vinyl 
acetate had been allowed to set for two hours, the tissue was removed by 
maceration in ten per cent potassium hydroxide solution for ten hours.



GROSS MORPHOLOGY

The kidneys are situated on the internal surface of the dorsal 

body wall. The right kidney is usually located about 4.5 mm. more anterior 
than the.left| a condition opposite to that found in most mammals. The 
left renal artery branches from the aorta 2,6 mm, caudal to the right.
The liver apparently exerts an "influence11 on the position of the kidneys 
during organogenesis. The left lobe of the liver, which is the largest 
of the four lobes, apparently forces the left kidney to its lower position 
on the dorsal body wall. Situated on the left side also is the stomach 
and the extremely large spleen (24 mm. long). The right lobe of the liver, 
which is only half the size of the left, encloses the upper one third of 
the right kidney, Ventro-caudal to the right kidney, is the highly coiled 

intestine.
The adrenal gland on the right is located medially just superior 

to the hilum. The adrenal on the left is nearer the anterior pole of 
the kidney. Both kidneys in P. vivesi have accumulations of lipid tissue 

near the hilum and small amounts of fat around the convex borders, The • 
surface of the kidneys is smooth with only very slight depressions or 
grooves radiating from the hilum. In the terminology of Sperber (1944), 
page 254, this is a simple type kidney.

The left kidney (Fig. 2) is very symmetrical with uniform thick
ness in the dorso-ventral, and medio-lateral dimensions. The right 
kidney (Fig, 2) however, is not entirely symmetrical. It is shaped much 
like a wedge, being symmetrical at its anterior pole where the lateral

5
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Fig. 2. Photographs showing P. vivesi kidneys from three 
different angles. The left kidney is shown at A and the 
right at B. Kidneys shown in one are viewed dorsally, in 
two medially showing the hilum, and in three laterally.



and the dorse-ventral measurements are very nearly equal. The posterior 
pole is very narrow dorso-ventrally but the lateral dimension is about
the same as that at the anterior pole. The following figures are
arithmetic means plus or minus the standard error of the mean and refer
to the kidney in its normal position in the body cavity.

The left kidney is 5,94±«56 mm, and the right 6,28 ±,52 mm, at 
the point of maximum dorse-ventral thickness. The lateral thickness of 
the left kidney at its greatest point is 6,05±,86 mm. The right kidney 
measures 6.42±.51 mm. In total length from anterior to posterior pole 
the left kidney measures 10.45±.26 mm. as compared to the right one 
which is 10.02±.20 mm. By weight the right kidney is larger, weighing 

.235 ± .015 gm, while the left one weighs ,198±.008 gm„
P. vivesi has an average total weight of 21,3 grams and the weight 

of the kidneys per 100 grams of body weight is 1.02 grams. This can be 
compared with several mammals of relatively the same size but not neces
sarily of the same type habitat. The value for the jumping mouse (Zams 
hudsonius). which has a body weight of 18 grams is 1.26 grams, and for 
the meadow mouse (Microtus drumondii) which has a body.weight of 23 grams, 
the value is 1.53 grams (Spector, 1956). .



INTERNAL GROSS ANATOMY

Internally the gross anatomy of the P. vivesl kidney resembles 
that of the kangaroo rat* Dipodomvs merriami. (Vimtrupe and B, Schmidt= 
Nielsen* 1952) having a single papilla which extends to the ureter 

(Fig, 3)« .P, vlvesi is not unique among microchiroptera in this feature, 
All micro chiropteran kidneys have a single papilla but its length does 
vary (F, Yoshimura* 1951). In transverse section (Fig, 3) the renal 
tissues are seen wrapped about the papilla and calyx. Between the renal 
tissue and the calyx there is, apparently, a definite space or cleft.

The papilla of the P. vivesi kidney is 2,4 mm. in length from 
the deepest penetration of the calyx into the kidney parenchyma to its 
distal-most point in the proximal end of the ureter. Around the renal 

calyx and consequently around the renal papilla there is a well developed / 
layer of smooth muscle (Fig, 4).

A transverse section (Fig, 5) shows the kidney parenchyma to be 
divided into a very thin cortical area enveloping a relatively thick 
medulla. The medullary substance consists of an inner and an outer zone. 
The outer zone is further divided into an outer and inner stripe. There 

are distinct medullary rays present which project outward into the 
cortical tissue (Fig, 5), The cortex is thinner (.65 mm,) on the dorsal 
and ventral sides of the kidney than it is laterally (.73 mm.). The outer 
zone of the medulla is 1,2 mm, thick. Of this, 0,25 mm, is in the outer 
stripe and 0,92 mm. makes up the inner stripe. The inner zone of the 
medulla measures 2,6 mm,

8
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Fig. 3. A frontal section of the kidney showing the papilla 
extending to the ureter and a cleft or space between the renal 
tissue and the calyx. XI9
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Fig. 4. A parasagittal section showing a well developed 
layer of smooth muscle around the renal papilla. XI00
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Fig, 5. A transverse section showing the divisions of the 
kidney tissue. A, cortex; B, outer stripe of medulla; C, 
inner stripe of the medulla and D, the inner zone of the 
medulla. The medullary rays are indicated at E, X39



CELLULAR STRUCTURE OF TUBULES

Bowman *s Capsule. The capsules are globular or slightly oval 
in outline e The capsule diameter in paraffin sections is 57 to 65 
microns (Fig, 6). The glomerulus appears as a small knot of capillaries 
in Bowman’s capsule and has no unusual features, The capsular free 
space is not pronounced since the glomerulus fills the capsule very 
evenly. The inner and outer layers of Bowman’s capsule have flattened 
cells with bulging oval nuclei.

Proximal .convoluted tubule. The proximal convoluted tubule 
(Fig, 6) is the most convoluted segment of the nephron and forms much 
of the cortical substance of the kidney. It has an outside diameter of 
about 26 microns. The lumen is narrow and very irregular in places.
The irregularity of the lumen is due to rapid postmortem changes which 
take place (Maximow and Bloom, 1957), The proximal convoluted tubule is 
lined by low columnar or pyramidal cells with granular cytoplasm which 
stains deeply with eosin. The nuclei are large, rounded, stain lightly 
and are placed almost in the center of the cell. There is a distinct brush 
border present in this portion of the nephron. The tubule takes a^-winding, 
looped course in the vicinity of the glomerulus and eventually continues 
as the straight segment of the proximal tubule. This in turn, leads into 
the medulla as the thin descending arm of Henle9s loop.

Descending Limb of Henle’s Loop. The descending limb is composed 
of a proximal thick segment followed by a longer thin segment. The outer 
diameter of the thin portion is 12 to 16 microns in paraffin sections,

12



Fig. 6. A section of kidney showing a renal corpuscle at 
A and a portion of a proximal convoluted tubule at B. X691
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The tubule is lined by a single flattened layer of epithelial cells 
which have a light staining cytoplasm (Fig. 7). The nuclei of these . 
cells are oval and bulge into the lumen of the tubule. The change from 
the columnar cells of the straight thick segment to the simple squamous 
epithelial cells of the thin portion is rather abrupt. The change 
usually appears coincident with the beginning of the inner zone of the 
medulla, however, serial horizontal sections of the kidney show that in 
some cases the abrupt change occurs in the outer subcortical zone of the 
medulla. Serial parasagittal sections show the thin portion of the des
cending limb extending nearly to the tip of the renal papilla (Fig, 8),

Ascending Limb of Henle9 s Loop. The first portion of the ascend
ing limb appears as a continuation of the thin descending limb. This is 
followed by a thick portion which comprises the greater part of the as
cending limb. The thick portion has an outside diameter of about 23 
microns. The cells lining it are cuboidal and appear very similar to 
those of the proximal convoluted tubule. The cytoplasm stains darker 
than that of the descending limb and the nuclei are spherical to 
slightly flattened.

Distal Convoluted Tubule. The distal convoluted tubule is 
easily distinguished, by the width of its lumen and the light staining 
character of its cells (Fig. 9). The cells are not as broad as those 
which line the proximal convoluted tubule and there is no brush border 
present. The outer diameter of the tubule is from 24 to 26 microns with 
a lumen of 17 microns. The nuclei of these cells are round, very com
pact and are situated near the center of the cell. As the distal tubule 
approaches the collecting duet, the cells lining it gradually become
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Fig. 7. A transverse section showing the thin descending 
limb of Henle1s loop. X691



Fig. 8. A parasagittal section near the tip of the renal 
papilla showing the loop of Henle in cross-section. X702
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Fig, 9. A section showing the distal convoluted tubule in 
longitudenal and cross-section, X692
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more flattened. The tubules are distinct and well developed near the 
more superficial renal corpuscles and much less prominent in the deeper 
parts of the cortex.

Collecting Tubules, The transition into the next segment, the 
collecting tubule, is gradual. The ducts have an outside diameter of 
22 to 24 microns (Fig, 10), The collecting tubules do not form arcades 

as defined by Sperber (1944), but join directly and comprise the medullary 
rays leading toward the papilla. They are lined by euboidal epithelium 
in which the nuclei are positioned in the centers of the cells. The 

cytoplasm stains rather lightly with eosin and the stain becomes lighter 
as the tubule approaches the papilla.

When the collecting tubule reaches the inner zone of the medulla, 
two abrupt changes take place. The cytoplasm of the cells does not 
stain at all with eosin and the cell structure changes from euboidal to 
flattened cells with round nuclei. The nuclei project toward the rela
tively large lumen of the tubule (Fig, 11), The change can be seen to 
occur in every collecting duet, Vimtrup and B, Sohmidt-Nielsen (1952), 
note a similar structural change in the kidney of the kangaroo rat, 
occurring in the middle of the outer zone of the medulla. Apparently 
this situation is characteristic of mammals with renal adaptations to 
arid conditions, "In comparing the kidney of desert rodents with that 
of other rodents, perhaps the most striking feature is found in the struc

ture of the collecting duet," (Vimtrup and B, Sehmidt-Nielsen, 1952).
The cells of the collecting ducts of the Pizonvx kidney become 

euboidal again approximately at the distal third of the papilla and the 
cells may even be arranged in two layers in the tubules near the tip of
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M a n

Fig. 10. A frontal section showing the collecting ducts 
forming a medullary ray. X691
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Fig. 11. A frontal section showing the histological differ
ences in collecting ducts in the outer (A) and inner (B) 
zones of the medulla. X278



the papilla. The cells also stain lightly with eosin in the distal 
third of the papilla. The collecting ducts can be seen to anastomose 
freely within the papilla.



RENAL BLOOD VASCULAR SYSTEM

A search of the literature reveals no reports of the elucidation 
of the blood vascular system of kidneys which have a single pyramid or 
papilla, Viratrup and B, Schmidt-Nielsen (1952) studied the histology 
of the kangaroo rat kidney but they did not include a study of the blood 

vessels in their report, "It should be mentioned that we have not yet 
made injections of the blood vessels, but a special study of the blood 
vessels is included in our program" (Vimtrup and B„ Schmidt-Nielsen, 1952), 
A report on the nature of the vascular system can not be found in the 
literature.

Corrosion casts reveal that as the renal artery enters the hilum 
of the kidney, it forms three large branches, One of the large branches 
extends to the anterior portion of the kidney and the other two arteries 
lead to the sides. The anterior artery gives off eight to ten branches 

at almost right angles to itself as it passes toward the cortex of the 
kidney. The two arteries on either side bifurcate with one branch of 

each going anterior and the other slightly posterior to the antero

posterior mid-line of the kidney. The posterior branch bifurcates again 
sending one artery over the middle portion of the kidney and one to the 
posterior pole. In summary, there are seven large arteries supplying 

the kidney. They give off secondary branches at right angles to them
selves as they do so. The secondary arteries branch at least four times 
before terminating as afferent arterioles.

22



Arteriolae reactae arise from efferent arterioles and lie in 
bundles in close association with the loops of Henle0 They break up 

in a rete at the area cribrosa which gives rise to venulae recta© 
draining into the secondary branches of the large veins.

The venous return follows a pattern similar to that of the 

arterial supply.
Vinyl acetate casts made of the renal circulation of D. merriami 

and D. snectabilis show the vascular system of the kangaroo rat to be 
very similar to that of P. vivesi.



DISCUSSION

In view of the habitat that Pizonvx vivesi occupies, an environ
ment which lacks a readily available supply of fresh water, the anatomy 

of the kidney can be expected to show some modifications for the retention 
of body water by the production of a concentrated urine. These modifica
tions might well include nephrons with long loops of Henle to act as 
counter current multipliers, collecting duets and vasa'recta in close 
opposition to the loops of Henle to facilitate the absorption.of water, 
and a high relative medullary thickness.

The theory of the counter current multiplier system was first 

suggested by Hargitay and Kuhn in 1951 and again by Wirz in 1954. The 
operation of counter current multiplication of concentration in the forma

tion of hypertonic urine in a typical mammalian kidney is illustrated in 
Fig. 12. Isotonic fluid from the proximal tubule enters the descending 
limb of the loop of Henle. From the corresponding level of the ascending 
limb, sodium is actively pumped into the interstitial fluid, reducing 
concentration in the ascending limb and increasing the concentration of 

the interstitial fluid. The concentration of sodium in the descending 
limb increases progressively as the fluid flows toward the tip of the 
loop. The increase in concentration here is the result of sodium moving 
into the descending limb and water diffusing out of it. Which process 
is more significant is not known (Pitts, 1963). The concentration of 
sodium decreases in the ascending limb as it moves to the cortex. The 
urine becomes hypotonic before it enters the distal tubule indicating

24
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that the ascending limb is impermeable to water. This is indicated by 
the heavily outlined wall in Fig. 12. Therefore, the longer the loop 
of Henle the higher the final osmotic concentration of the interstitial 

fluid will be near the tip of the papilla.
In the presence of antidiuretic hormone the collecting duets are 

permeable to water. As the urine passes down the collecting duet the 
surrounding interstitial fluid is more and more hypertonic and water is 
continuously abstracted from them osmotically unless the osmotic pressure 
of the fluid in the collecting duet becomes equal to that of the surround
ing papillary interstitial fluid. Pitts (1959) states that the sodium 
pump is also present in the collecting ducts„ this would serve to con
centrate the urine more by the extrusion of sodium and the passive dif
fusion of water along an osmotic gradient. The final urine attains an 
osmolar concentration equal to that of the interstitial fluid.

As stated before and shown in Fig. 8, P. vivesi has long loops 
of Henle extending well into the renal papilla to facilitate the produc
tion of a concentrated urine presumably by the counter current mechanism.

The abrupt change to flattened epithelial cells. seen in the 
collecting ducts (Fig. 11) could facilitate a more rapid diffusion of 
water along an osmotic gradient set up by the counter current multiplier 
system.

The maximal sodium concentration that can be reached in the renal 
papilla is directly dependent upon.the relative thickness of the medulla 

(B. Schmidt-Nielsen and R. O'Dell, 1961). Sperber (194-4) defines relative 
medullary thickness as the medullary thickness multiplied by ten and 
this result divided by the kidney size; kidney size being the cube root
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of the product of the dimensions of the kidney. P„ vfvesi has a 
relative medullary thickness of 5.2, this can be compared to D. merriami 
which has a value of 8.2 (B. Schmidt-Nielsen and R„ O ’Dell, 1961), and 
a urine-plasma ratio of 18 to 20 (Vimtrup and Schmidt-Nielsen, 1952). 
Urine-plasma ratio is the ratio of the solute concentration in the 
urine compared to the solute concentration in the plasma. The importance 
of the relative medullary thickness can be noted by the fact that there 
is a close correlation in the kangaroo rat between the urinary concentrat
ing ability and the relative medullary thipkness (Sehmidt-Nielsen and R. 
O ’Dell, 1961).

As Fig. 4 shows, the renal pelvis has a well developed papillary 
sphinctor. Vimtrup and Sehmidt-Nielsen.(1952) noted a similar structure 
in the kidney of D. snectabilis. Fuchs (1936) proposed a water re
absorption function for this muscle. He stated that the urinary passages 
(kidney pelvis, ureter, bladder) must have the functions both of fluid 
transport and fluid retention. These opposing functions must be performed 
under the maintenance of a pressure sufficiently small in the region of 
the secreting epithelium to allow secretion to continue. This pressure 
is brought about by tonus regulation of the smooth muscles of the urinary 
passages. The muscles of the kidney pelvis and ureters exert a pressure 
to retain the urine but this pressure is small so that it will not inter
fere with glomerular filtration. Fuchs also stated that the pressure in 
the kidney pelvis is maintained constant by the reabsorption of water, 
the major site of which is in the papilla.

Physiological tests should demonstrate that P. vivesi can produce 
a relatively concentrated urine. Indeed preliminary tests carried out
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by Carpenter (1964) have indicated that some individuals have a urine 

concentrating ability which allows them to drink sea water. Carpenter 
indicates that the bats do require some water in addition to that in 

their food. This amount would vary with change in diet (if any) and 

with the seasons of the year. The evaporative water losses are higher 
in the summer due to the increased ambient temperature. However, this 
may be somewhat reduced by daily torpor. Torpor is a state of decreased 
metabolic activity requiring a lower supply of oxygen. This would have 
the effect of reducing the rate of respiration and the amount of 
pulmonary water lost by evaporation.



SUMMARY AND CONCLUSIONS

Studies of the renal anatomy of Pi2onyx vlvesi show that this 

bat has the necessary anatomical features required to produce a relatively 
concentrated urine. These anatomical features are long loops of Henle 
with vasa recta and collecting duets in close opposition and a high 
relative medullary thickness.

The results obtained from the anatomical studies suggest that 
further studies of the renal physiology of the species would be of 
particular value.

29
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