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ABSTRACT

Morphology of the cloaca of Varanus monitor has been described. There is a structural
difference 1n the cloaca of male and female Vaeranus and consequently the mechanism of the
flow of liquid urine to the place of dehydration is different in the two sexes. Uric acid is the
main urinary component present to the extent of 88 per cent. There is a corresponding
decrease in the percentage of allantoin and creatine.

InTRODUOTION

One of the most impertant problems cf animal life is to maintain inside the
body just the right amount of water. For animals that have direct access to water
and can get water in plenty it is easy to maintain the constancy of water balance in
the body. But water conservaticn is a real problem in animals that live in desert
conditions where water is scarce. On the basis of water conservation Buxton
(1933) categorised terrestrial insects into ‘spenders’ and ‘savers’. This categorisation
can be extended to the terrestrial animals in general. ‘Spenders’ live in environ.-
ments where water is easily availoble, they arc able to make up losses by the
oral intake and are characterised by a high water turn over and there is little
provision for conservation. The example which can be quoted for this category
is the common pond-turtle, Lissemys punclata studied by the author in rela-
tion to urinary excretion (Seshadri, 1956b). The ‘savers live in dry environ-
ments, take in almost dry fcod, have a relatively low body-water content and are
resistant to starvation. The common hcuse lizard, Hemidactylus flaviviridis
(Seshadri, 19564, and the spiny-tailed lizard, Uromastic hardwickii (Seshadri,
1957h, in press), belong to the second category. Highly concentrated urine is an
important feature for such water economy and Nature has developed a unique
mechanism for the conservation of water in lizards, in which urine gets dehydrated
to such an extent that solid urine is evacuated. This is to ensure that no loss
of water occurs by such excretion.

Functional morphology of the cloaca of Varanu~x monitor is presented in this
paper where morphology of the cloaca, the mechanisin of the flow of liquid urine
to the place of dehydration and the chemical composition: of urine are dealt with.
The methods for collecting the urinary pellets and the technique adopted for the
study of morphology of cloaca and the chemical analysis of urine are similar to
those described previously by the author (Seshadri, 1956a, b).

MorPHOLOGY OF THE Croaca

In lizards the kidneys of the two sides are generally united at the caudal
end and form a V-shaped structure, bnt in Varanus monitor they do not meet and
remain completely separate. They do not extend sc far behind the tail region
as in other lizards. The kidneys are fan-shaped and lobulated and resemble to
some extent the kidneys of pond-turtle, Lissemys punciata, each lobe in the kidney
having a numb:r of fingerlike projections. The ureters from the kidney open
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into the urodaeum. 1n male, the ureters and the vasa deferentia of each side join
and open on a prominent urinogenital papilla, while in female the ureters open
on separate urinary papillae. There is no urinary bladder in Varanus.

As in other lizards, the cloaca is three-chambered and is of the typical saurian
type. The disposition of the cloacal chambers is slightly different in the case of
male and female. In male the urodaeum as usual is in & line between the corpo-
daeum in front and proctodaeum behind, while in female the urodaezl chamber
is slightly displaced and is directly above or dorsal to the coprodaeum (Fig. 1).

The coprodaeum is demarcated from the rectum by a large sphincter and the
lining in this region is closely set with longitudinal folds. The ventral wall of
the coprodaesum has & few distantly arranged longitudinal folds. In between the
longitudinal folds are a series of small, transverse folds, arranged in a definite
pattern.

TEXT-FIG. 1.

Varanus monitor. Dissection of the female urinogenital system.
¢., coprodaeum ; f., funnel ; %., kidney ; Lf., longitudinal fold ; o., ova; od., oviduct;
ov., ovary; p., proctodeeum ; 7., roctum ; sph., sphincter between coprodaeum and
proctodaeum (copro-proctodaeal sphincter); sph.f., folds in the region of sphincter ;
t.f., transverse folds of coprodaeum ; wur., ureter.

In male, the urodaeum is in the same line as the coprodaeum. The ureters
and vasa deferentic open on urinogenital papillae arising from the dorso-lateral
wall of the urodaeum. These papillae are so raised as to be in level with the
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fold which demarcates the urodaeum and coprodaeum. In the region of sphincter
are present a number cf closely set folds and between them the longitudinally
disposed grooves.

In female the urodaeal chamber instead of being caudad to the coprodaeal
chamber appears as a diverticulum of the dorsal wall of the cloaca which comes
to lie just dorsel to the coprodaeum. When cloaca is opened on ventral side
the urodaeum remains completely hidden under the coprodaeum, and thus the
coprodaeum is in direct communication with the proctodaeum. The transverse
fold and the sphincter between the coprodaeum and urodaeum in the male appear
to separate the coprodaeum and proctodaeum in the female. So in male cloaca
it can be named as a uro-coprodaeal sphincter and in the female the copro-procto-
daeal sphincter. Longitudinal fclds and grooves are placed in the region of
copro-proctodaeal sphincter.

Alongitudinal incision in the dorsal wall of the coprodaeum exposes the dorsally
located urodaeal chamber. On the dorso-lateral sides are, in two pairs, the genital
and the urinary openings, the urinary apertures are situated on papillae. The
urinary aperture of each side is placed a little below the opening of the oviduct of
the same side. Dorsal wall of urodaeum is slightly raised creating corresponding
depressions in the dorso-lateral walls. As already stated, the urinary and the
genital apertures are present on the dorso-lateral sides and are located in the
respective dorso-lateral concavities. The median raised portion of the dorsal wall
has a few transversely placed folds.

On the dorso-lateral walls of urodaeum, in the female, are a few longitudinal
folds which run along a definite course. They emerge from below the opening and
then pass on to the ventral wall of the urodacum. The dorso-lateral folds are
directed towards the coprodaeum or cephalad and finally merge into the folds in
the region of the copro-proctodaeal sphincter. These folds and grooves between
them are the uro-coprodaeal folds and grooves (Fig. 2).

The median raised portion of the dorsal wall of urodaeum continues back and
finally merges with the dorsal wall of the proctodaeal chamber. The proctodaeum

also has only a few mild transverse folds and the wall presents a pitted
appearance.

MECHANISM OF THE FLOW OF URINE

Due to the structural difference of cloaca in the male and female, it necessarily
follows that mechanism of the flow of liquid urine also differs in the two sexes.
In male the mechanism of the flow of urine from the urodaeum to the coprodaeum,
where urine gets dehydrated, is much simpler than in the female. In th~ absence
of a urinary bladder the urine passes directly into the coprodaeum and in this
respect the mechanism is almost the same as in Hemidactylus where there is
a direct flow of urine from urodacum into the coprodaeum. The urino-genital
papillae are also directed slightly forward and thus facilitate flow of urine into
the coprodaeum, along the grooves present between the folds in the region of the
uro-coprodaeal sphincter.

The flow of liquid urine in the female, from the urodaeal chamber to the
ventraly located coprodaeum, is facilitated by the well-developed uro-coprodaeal
folds and grooves. . The natural tendency of liquid is to flow towards the posterior
chamber, especially when the anterior chamber is not placed in line with it. The
dehydration of urine takes place in the coprodaeal chamber, so the liquid is directed
to this chamber. The ureters bring urine from the kidneys to the urodaeum. As
liquid urine trickles down from the urinary papilla it is taken up by the uro-
coprodaeal grooves which emerge from the region of the papilla in the dorso-
lateral concavity. The grooves and folds arising from the base of the papilla are
all divected towards the coprodaeum and this arrangement facilitates the flow of
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liquid urine into the coprodaeum. The presence of folds modified to direct the
flow of urine towards the chamber of dehydration is somewhat like that seen in
Uromastiz, in which case the presence of a bladder makes the arrangement slightly
different. The folds and grooves between them form an inlet and outlet for the
liquid to flow into the bladder and out of it. towards the coprodaeum. But in
Varanus, owing to the total absence of a urinary bladder there is a direct flow of
urine into the coprodaeum.

TEXT-FIG., 2,

Varanus monitor. Diagrammatic sketch to illustrate the position of urodaeum and

" uro-coprodaeal folds leading from wurinary papilla to coprodaeum.
c., coprodaeum ; od., oviduct ; op. od., opening of oviduct ; p., proctodaeum; r., rectum;
7.f., folds of rectum ; sph., sphincter ; sph.f., folds in the region of sphincter ; t.f., trans- -
verse folds ; u.c.f., uro-coprodaeal folds; wu.c.g., uro-coprodaseal! grooves ; w.p., urinary
papilla ; ur. ureter.

_Another possible way by which liquid urine reaches the coprodaeum can be
conjectured in the following way : in natural course the cloacal opening to the
exterior remains tightly closed. As already stated, the liquid urine trickling from



VARANUS MONITOR (LINNARUS) IN RELATION TO WATER ECONOMY 105

the urinary papillae has a natural tendency to flow into the chamber, behind it,
i.e. the proctodaesum. When sufficient liquid accumulates, the coprodaeal chamber
dilates, and withits dilatation the transverse fold in the region of the uro-coprodaeal
sphincter, which is more prominent on the dorsal side, presses towards the urodaeum,
which closes the passage to the urodaeal chamber. The cloacal opening is closed
and also the passage to the urodaeum is blocked so that the liquid urine has only
one way to follow and that is to the coprodaeum. This is presumably achieved
by the contraction of proctodaeum. An area of low pressure is already created
by the dilatation which would facilitate the flow ‘of liquid in that direction. By
the contraction of proctodaeum, liquid is forced along the grooves in the region
of the copro-protodaeal sphincter (female) into the coprodaeum where it under-
goes dehydration. The contraction of proctodaeum, on the basis of Alvarez's
theory, starts an antiperistaltic movement of the type noticed in the case of
Hemidactylus. Muscles of the posterior chamber develop a higher metabolic
potential due to the presence of urine; thereby the wave of contraction moves
from the posterior to the anterior chamber.

The coprodaeal chamber is fairly large and can hold urine and retain it for a
lcnger period. Transverse folds in the coprodacum increase the surface area for
absorption of water. A large chamber, lined by a number of fclds, would prove
an efficient device for the extraction and absorption of a maximum amount of

water from the urine to convert it into a solid pellet and thus conserve the avail-
able quantity of water.

CHEMICAL COMPOSITION OF URINE

Dehydrated urinary pellet in a normal sized Varanus is like a small piece of
lime stone. Some of the freshly excreted pellets are slightly yellowish in colour
while most of them are pure white. The yellowish colour is due to a type of uri-
nary pigment, very much like urobilin.

Chemical composition of a pellet of urine of Varanus monitor:

. Percentage
Constituents per gm.
of urine
Uric acid 889,
Creatine 2.2%
Creatinine traces
Ash 5.09,
Moisturec 2.0%,
Allantoin 3.0%

The ash contains traces of sodium, chloride, carbonate, present in the form
of sodium chloride, sodium carbonate, and calcium.

Uric acid is the main urinary component. The presence of uric acid to the
extent of 90 per cent in Varanus is the highest percentage observed by the author
In some of the lizards examined. Khalil (1951) noted in Scinus officinalis and
Chalicides ocellatus 92 and 93 per cent of uric acid respectively, and correspondingly
very small amount of creatine and allantoin. The result of chemical analysis
of the urine of Varanus monitor tallies, to a great extent, with the above mentioned
lizards. The point that the percentage of allantoin and creatine is small when
the amount of uric acid is high, goes to prove that in reptiles uric acid is not only
an end product of purine metabolism but also of protein. This is so because allan-

toin and creatine arc protein metabolic products and they become correspondingly
iess.
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