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Introduction

THE first part of the present series (Mahendra, 1936), besides giving a general
introduction to the work, dealt with the systematic position of Hemidactylus
flaviviridis Ruppel, its taxonomic history, geographical distribution, habits,
habitat, reproductive phenomena and development. In the present part we
take up one of the most fascinating problems connected with the creature—
the mechanism of its locomotion.
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The remarkable ability of the house-gecko to move with facility on walls,
and even back downwards on ceilings, has attracted the attention of naturalists for a very long time and many authors have tried to elucidate the mechanism which makes these acrobatic feats possible. Whilst most of the workers
have contributed substantially to our understanding of some aspect or other
of the subject, none of the theories so far proposed fully explains the facts.
We shall here first take stock of the phenomena of locomotion as gathered
together by observation and experiment, then study the anatomy and
histology of the foot to understand the structure of the locomotor apparatus,
and finally discuss and evaluate the various theories propounded in this
connection. In this way alone we hope to arrive at a true interpretation of
the gecko's locomotion.
I am very grateful to Dr. Baini Prashad for the loan of volumes from the
Library of the Indian Museum; to Professors K. C. Banerji and P. T. Chandi
for going through the manuscript and giving me the advantage of their knowledge of Mechanics; and to Syed Muzammil Ali for assistance in the preparation of the illustrations.
2. The Facts of Locomotion

The observations on the ability of a gecko (Hemidactylus flaviviridis
Ruppel) to move on and cling to vertical and tilted surfaces, as well as to the
lower side of horizontal ones, can be divided into three categories :—
(a) Observations on intact living geckos.
(b) Observations on living geckos after amputation of all claws.
(c) Observations on freshly killed geckos.
In addition to these, attempts to remove all the subdigital lamellm without
either affecting the vitality of the animal or injuring its claw-bearing distal
joint were also made, by amputation and by treatment with caustic potash
solutions. It was found, however, that such operations are extremely painful and make the gecko either prostrate through nervous shock, or actually
so crippled as to be useless for observations. It seems probable that' the
subdigital lamella; are richly innervated and thus give a terrible shock to the
creature in the process of removal.
Of the observations listed below, those marked with * are altogether new;
those marked with f, old ones but with results differing from the ones previously recorded; those with x, old ones with previously recorded results, confirmed by me ; and the unmarked ones, cited from literature but presumed to
be correct.
B2
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(a) Observations on living geckos with the foot intact.

x(1) The house-gecko can move with facility on vertical and tilted
rough surfaces.
x (2) It can move back downwards on ceilings, as well as on the lower side
of horizontal rough surfaces. The size and weight of the individual seems
to be an important factor in deciding this ability, the more bulky specimens
being mostly incapable of such locomotion.
t (3) Many geckos of average size, though by no means all, can stick
to and move on ordinary smooth glass surfaces, vertically placed, even when
the latter are cleaned by xylol. In most cases, however, it is observed that
they start slipping down as soon as they try to rest and that the locomotion
is, on the whole, laboured. This observation differs from the first one of
Hora (1924) in its result, as Hora records that " the gecko could conveniently"
stick to a smooth vertical surface". Hora, however, does not definitely
mention what surfaces he used for this experiment and whether he tried glass
ones, cleaned by xylol. To uncleaned glass surfaces, the gecko can stick
fairly conveniently. .
t (4) The gecko cannot stick at all, upside down, to a clean smooth
surface. Some individuals, however, can move in this manner on the lower side
of a horizontally placed ordinary glass surface, if the latter is not perfectly
clean.
x (5) It cannot move on or adhere to wet smooth surfaces, vertically
placed. On such a surface, the gecko slips down even if the inclination is less
than that of a right angle.
*(6)The gecko, while undergoing the process of sloughing, cannot stick
to smooth surfaces, but after sloughing it can do so quite readily.
*(7)If a thin coating of glue is applied to the subdigital pads, the gecko
finds it impossible to stick to smooth surfaces. When the glue is washed off,
its power of adhering to smooth surfaces returns. This observation, as well
as the previous one, indicates the importance of the cuticular hairs (vide
infra) on the subdigital pads.
(8) " Considerable friction 2 was felt below the pads when the animal was
drawn backwards by the hand, but when it was lifted vertically upwards or
was drawn forwards very little adhesive power was apparent in these structures." (Hora, 1924.)
i The italics are mine.
2 The word "resistance
should have been better, as the use of the word "friction " here is
apt to prejudge the interpretation, besides being n.ot strictly accurate.
"
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(9) Weitlaner (1902) describes the following experiment on Hemidactylus
platyurus : A living gecko was kept in a vacuum flask, in which a sheet of

paper was fixed. It could climb moderately well on the smooth vertical glass
surface inside, and very well on the paper fixed in the flask. As soon as the
air was pumped out, it fell to the bottom of the flask, showing a convulsive
curling inwards of the extremities, and gradually passed into a moribund
condition. Further keeping it in the evacuated flask led to death. Since a
dead gecko continues to adhere to the glass surface in spite of the vacuum
(vide infra, Observation 18) it is clear that the living gecko falls down under
such conditions not because of an inability of the locomotor mechanism
but because of the agony of death.
(b) Observations on living geckos after amputation of all claws.

x(10). When all the claws have been removed, the ability of a gecko to
stick to or move on surfaces is mainly conditioned by the roughness of the
surface concerned. On very rough surfaces (e.g., rough walls) it can either
not stick at all or do so with much difficulty, finding locomotion almost
impossible. On comparatively smooth surfaces (blotting-paper, ordinary
paper, etc.) it can stick and even move to a fair extent, while on glass it does
so as well as when the claws were intact. On perfectly smooth surfaces no
adherence takes place.
x(11) The gecko with amputated claws finds it impossible to adhere to
the lower side of horizontal surfaces, irrespective of whether the surface is
rough, smooth or intermediate. This shows clearly that in the upside
down" manner of locomotion, the claws of the gecko are all important.
x (12) On wet glass surfaces placed vertically, the gecko without claws
reacts as an intact one. It slips down, acquiring no foothold.
*(13) In order to find out whether there is any significant difference
between the ability of an intact gecko and that of a clawless one to stick to
smooth surfaces, the following experiment was tried: An ordinary-sized lizard
which could stick to glass surfaces well was selected, and a thread tied round
its waist just in front of the groin in order to support a fine string carrying
at its free end a pan made of paper. After sticking the lizard to a vertical
glass sheet, various weights were placed in the pan to determine how much
weight the gecko could support without losing its foothold. It could carry
120 gm. in this way. The same lizard was similarly treated after amputation
of claws and could support practically the same weight. In order to eliminate
the effects of fatigue or nervous shock, in each case sufficient time was allowed
before trying the experiment. The observations show that on comparatively
smooth surfaces the claws are hardly of use for the gecko's adherence.
11
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(c) Observations on freshly killed geckos.

Weitlaner's discovery (1902) that a freshly killed gecko, as well as
even its extremities separated from the body, can adhere to various surfaces,
opened a new method of approach to the subject and threw considerable
light on the mechanism of a gecko's movement. Dellit (1934) confirmed
and extended Weitlaner's experiments. The following observations are
originally due to these authors.
x (14) The amputated extremity of a gecko can stick to smooth surfaces
as well as the un-separated extremity of a living one.
(15)Even when toes of an amputated extremity are split in various ways
and silken threads inserted in the splits so as to keep the air inside in communication with that on the outside, the foot sticks as well as the intact one. This
observation indicates that the plantar surface of the foot does not act as a
sucker, but that the subdigital lamellae themselves are responsible for
adherence.
(16)Weitlaner (1902) found that a single amputated extremity of a middlesized Hemidactylus platyurus, when made to stick to a vertical sheet of paper,
can support a weight of 80-90 gm. by a single thread. All the four extremities, stuck in this way, can support 400 gm.
(17)The amputated extremity can adhere only when pulled in the
direction of its cut end, i.e., in a line parallel to the foot musculature.
When however, it has properly adhered, it can withstand, in the case of Hemidactylus (Weitlaner, 1902), a relatively strong pull even at right angles to this
direction. Dellit (1934), who experimented on the gecko Tarentola, found it
difficult to attach the amputated extremity and discovered that the slightest
shaking served to dislodge it.
(18)Weitlaner (1902) found that a freshly amputated extremity of Hemidactylus platyurus continues to adhere to a vertically placed sheet of paper, even
when a vacuum equal to of a perfect vacuum (i.e., drawing 60-65 cm.
mercury in a Baro-manometer) is created. Further, such an extremity can
even support a weight in this condition.
(19) A lately-sloughed Tarentola (Dellit, 1934), when freshly killed, can
adhere well to a window pane, but its amputated extremities do so with great
difficulty, falling off at the slightest shaking. In a vacuum approximating to
total evacuation (showing a pressure of 1 mm.), the attaching extremity
invariably falls off, but the falling off may be as well due to the presence
of a vacuum as to the shaking of the container by the action of the oil

6
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air-pump. The various pressures at which the falling off takes place range
from 5 to 90 mm.
(20) Dellit (1934) killed a freshly sloughed Tarentola 7.8 cm. long and
12 gm. in weight and attached it to a sheet of paper, on which a 0.5 cm.
scale was marked out. Keeping the position of the animal all along the same,
he determined, by a stop-watch, its speed of sliding in normal air pressure, in
a vacuum of 0.5 mm. with the motor still, and in a vacuum of 0.5 mm. with
the motor working. The evacuation motor lay near the recipient so that the
latter used to vibrate when the motor was in action. The gecko took the
following times to pass through a distance of 5 cm.:
Air pressure normal
Vacuum of 05 mm. (motor still)
Vacuum of 05 mm. (motor in action) ..
..

160 seconds.
135
.. 29-40 „

..

..

..

..

By determining the palmar surface of the attached toes and calculating
the pressure playing on it in vacuum conditions, Dellit concluded that even
if a total vacuum were supposed to be present between the foot and the surface
to which it is attached, the atmospheric pressure would be insufficient to
support the weight of the animal (12 gm.). The great disparity between the
time of sliding when the motor is still and that when it is in action seems to
indicate that suction cannot account for the gecko's adherence.
3. The Structure of the Foot

Each digit of the hands and the feet (Text-Fig. 1) can be divided into two
distinct parts : a basal expanded portion bearing the subdigital lamellae on
d.p.

I.

1. A digit of Hemidactylus f aviviridis Rappel (Lateral View) .
b.p., the basal portion; d.p., the distal portion; J., Claw.

TexT-Flu.

its ventral side (Text-Fig. 2), and a distal compressed portion terminating in
a claw. The latter part arises rather angularly from the dorsal side of the
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lam.

TEXT-FIG. 2. Ventral view of the foot of Hemidactylus flaviviridis Rappel (X 4).
1, 2, 3, 4, 5, the five digits; lam., subdigitallamellm.

former a little behind the free extremity and is movable by means of special
muscles. The distal part contains the last and the penultimate phalanges,
while the basal one contains the remaining ones.
(a) The subdigital lamella.—The subdigital lamellae in Hemidactylus
(Text-Fig. 3) are heart-shaped with a median concavity directed towards the

m.i.d.
Lan:.

TEXT-FIG. 3. A single subdigital lamella of Hemidactylus leschenaultii. (After Dellit.)
h.p., "Haft-polster" or adhesion surface; Lam., subdigital lamella; m.f.s., tendon of
Musculus flexor sublimis; m.i.d., tendon of Musculi interossei dorsales

base of the digit. They are wider at the distal than at the proximal side and
end proximally into two blunt processes on which the tendons of the Musculus flexor sublimis (Sanders) are inserted, The two lateral halves of the
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lamellm are very weakly united to each other in the middle line so that each
half readily gets separated from the other in preparations (Dellit, 1934).
Each subdigital lamella, except the first and the last, bears two distinct,
latreally disposed adhesion surfaces (` Haft polster' of German authors) near
its free edge. The first and the last lamella each has only one such surface
in view of the fact that it is not divided into halves. All the adhesion surfaces
bear numerous microscopic brush-like processes of horny structure, generally
supposed to be cuticular in origin (Cartier, 1872) but really intra-epithelial in
their development as shown by Nicolas (1887). Each of these processes
(Text-Fig. 4) is a hair-like growth, campact and rod-like at its proximal end,

TEXT-FIG. 4.

A cuticular process from a gecko's sub digital lamella. (After Dellit.)
b.p.,

basal part; c.h., central part; d.p., distal part.

split up at its distal extremity into a bunch of fibres and bent to one side
towards their free edge. As Dellit (1934) points out, the length of these
adhesion processes bears no relation to the size and weight of the individual
gecko and is fairly uniform (84-118 i) from one genus to another. Their
individual fibres are most distinct from each other when the gecko has just
emerged from its slough, but moisture, dirt and the passage of time tend
to rob the fibres of their individuality and to weld them together.
(b) The claws. —About the claws of lizards, Wiedersheim (1875) made a
short observation in Phyllodactylus; Boas (1894) described them in Uromastix,
Varanus and Iguana, while Schmidt (1913) studied them in Geckolepsis and
Uroplatus. Later, Schmidt (1916) scrutinised them carefully in most of the
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saurian families and gave a detailed account even of their development. He
traces their evolution from the conical cornifications . found at the fingertips of many Urodeles and thinks that the_ horny sheath equally developed
all round (e.g., in Menobranchus) was the most primitive condition. From
such a type, the typical saurian claw might have originated by a process of
stronger cornification, a sharp pointing of the digits, a flattening on the
ventral side and an unequal growth of various sides and parts (Goppert,
1898; Schmidt, 1916).
The claws of Hemidactylus (Text-Fig. 5), like those of other geckos,
belong to what may be called the climbing type. Strongly compressed from
øh.

c.t.

ph.!.

TEXT-FIG. 5. The claw of Hemidactylus flaviviridis Rappel, from an alizarin-stained, cleared
preparation.
c.t., contractor tendon; e.t., extensor tendon; ph., penultimate phalanx; ph.!., last phalanx;
s.c., sole of the claw; u.c., ungual canal; u.p., ungual plate.

side to side, they are considerably high at their base and show an almost
circular dorsal curvature from the base to the tip, the latter ending in a
characteristic sharp , and thin point. Each claw can be divided into two
regions: a dorsolateral part, the ungual plate, formed of an upper and a
lower piece enclosing between them a narrow tube, the ungual canal; and
a ventral part, the sole of the claw. The two pieces of the ungual plate are
strongly developed; the deep ungual canal, resembling a pointed cone in
appearance, is a peculiarity of the family; the sole of the claw is much
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shorter than the ungual plate; and the whole of the claw forms an encasement over the last phalanx of the digit, the ungual plate forming the
dorsal and dorso-lateral parts of the covering and the sole of the claw the
small ventral part.
Closely associated with the structure of the claw, the last phalanx of the
digit shows a peculiar difference in its form from all the other phalanges
preceding it. It is laterally compressed, broad dorso-ventrally and rather stout,
tapers beak-like distally, and possesses an articular concavity for the rounded
distal end of the penultimate phalanx on the dorsal half of its proximal
border. The thin extensor tendon is attached towards its dorsal edge, and the
strong contractor tendon on a large concavity on its proximal border ventral
to the phalangeal joint. The displacement of the ball-and-socket joint between
the last and the penultimate phalanx notably dorsalwards (Text-Fig. 6) has a
Ss.

A

Ph

E
Bs.

C

TEXT-FIG. 6.

Scheme of articulation of the last phalanx (E) with the penultimate phalanx
(Ph) in Gekkonida;. (After Schmidt.)
B, distal end of penultimate phalanx articulated to the last phalanx; Ss., extensor tendon
attached at A to the last phalanx; Bs., contractor tendon attached at C to the last phalanx.

very important effect (Schmidt, 1916). It makes the arm of the lever on which
the contractor tendon plays several times larger than the arm on which the
extensor tendon acts and thus serves to enhance the force of contraction or the
bending of the claw ventralwards to a notable extent as compared to the
extension or raising iip. Had the joint (fulcrum) been placed symmetrically
between the dorsal and the ventral surface, the force of extension or contraction of the claws would have depended entirely on the strength of the pull
exerted by the respective muscles. As, however, it is actually situated asymmetrically far dorsalwards, the force of contraction increases, compared to
that of extension, in the ratio in which the arm acted upon by it is greater than
the other one. This has the advantage of strengthening the hold of the
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claw-point on the locomotor surface. The unequally poised weight of the
claw aids in the process.
Apart from this peculiarity, the other features of the claw may also be
interpreted as adaptations for climbing. The delicate, needle-like tip can
gain a hold in the minutest depression of the surface on which the gecko
is moving. The strong curvature serves to distribute the pressure, which might
otherwise have had to be supported by the slender distal end alone, to the
entire structure and thus obviates the risk of the point breaking away in
supporting the weight of the animal. The ball-and-socket type of joint
permits free dorso-ventral movement of the claw-bearing phalanx on the
penultimate phalanx. The division of each digit into a proximal (basal) and
a distal part, connected to each other angularly, gives a greater latitude to
the claw extremity for accommodation into the unevenness of the surface
and makes it possible for the claw-point to be inserted obliquely downwards
and backwards .so as to withstand the force of gravity which acts perpendicular or parallel to the gecko's body but in no way in a straight opposite
direction to the insertion of the claw-point. The fan-wise disposition
of the five digits of the foot in five directions ensures that no two claws are
inserted in exactly the same direction—a fact which leads to greater security
of the hold.
(c) The internal anatomy of the digit.—Besides the facts mentioned above,
we may note briefly two peculiarities about the internal anatomy of the digit,
which may be regarded as relevant to the problem of a gecko's locomotion.
In the first place, the blood-vessels (Dellit, 1934) undergo a transformation
into lacunae in this region. In genera with undivided transverse lamellar
(e.g., Tarentola, Gecko, Ptychozoon) the veins anastomose to form a single
mesially situated cylindrical sinus of varying size, while in geckos with a
bilateral arrangement of lamellae (Hemidactylus) there are paired blood-sinuses
situated dorsally.
Secondly, in Hemidactylus the dorsal interossei muscles, as well as the
M. flexor sublimis end on the skin..
4. Previous Theories and their Discussion

The following five theories have so far been propounded to explain the
phenomena of a gecko's locomotion.
(a) The theory of adhesive secretions.—The old notion that a gecko's
feet secrete a sticky substance to adhere to the surface on which locomotion
occurs has long been given up. There are three decisive objections against it.
First, the most searching observations fail to establish the presence of such
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an adhesive substance. Second, there are no glands in the feet which can
secrete it (Cartier, 1872). Third, the supposed adhesive 'substance, in order
to be effective, must be endowed with two qualities which are apparently
contradictory to each other : on the one hand, it must be able to glue the
feet readily and firmly to the locomotor surface ; on the other, it must be so
obligingly yielding in its nature all along as to admit the separation of the feet
from the surface without the slightest obstruction.
(b) The pneumatic theory. —Since Wagler (1830) first propounded the
presence of minute vacua between a gecko's foot and the locomotor surface
in order to explain the peculiarities of movement under consideration, the
vacuum theory has gained a considerable popularity. Semper (1880), Simmermacher (1884), Graber (1886), Reuleaux (1900), Gadow (1901) and many
other authors have implicitly accepted it. In its most popular form, it is
believed that adherence takes place by the formation of interlamellar vacua.
When the foot is pressed upon a flat surface, the soft and yielding plates are
squeezed flat and the air in the spaces between them is driven out. Elevation
of the centre of the foot is said to produce partial vacua between the plates,
the feet acting as suckers on account of the play of the atmospheric pressure
on their exposed surface.'
The untenability of the vacuum theory is shown by several facts. The
absence of any arrangement to shut off the interlamellar grooves from the
atmospheric air outside makes it difficult to imagine how the vacua are
enclosed. Some genera like Phyllodactylus have a single pair of terminal
lamella and are, therefore, devoid of the transverse interlamellar grooves.
The fact that a freshly killed gecko can adhere as well as a live one militates
against the view (Tandler, 1903) that the blood lacuna in the toes, by diminution in size, produce suction. The insertion of silken threads in a variously
split, amputated extremity and the latter's adherence in spite of it (Observation 15) indicates that the interlamellar space is not responsible for the phenomenon. Finally, the continuance of adherence even when a vacuum is
produced around the amputated extremity or the entire gecko (Observations
18 and 19) rules the vacuum factor entirely out of consideration.
(c) The electrical theory. —H. Schmidt (1905) tries to explain a gecko's
adherence as due to the electrification of the adhesion surfaces. He points
out that the fine hair-like processes on the sub-digital lamellae are not straight,
3 Kunitzky (1903) rejects the vacuum theory and thinks that the pads act by close adpression,
pressing out all air from between themselves and the surface. According to him, under these
conditions they can stick by the sheer force of the atmospheric pressure alone. His theory also is
untenable, because a dead gecko continues to stick when a vacuum is created around it,
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ending in a point; but on account of a sharp bending, bear a small surface at
their distal ends. According to him, the contact of thousands of these small
surfaces with the surface to which the gecko adheres produces innumerable
electric double-charges, which are responsible for adherence. This theory,
having not been substantiated by any experimental evidence, can be regarded
as only conjectural. The facts that a gecko can adhere as well on a
'conductor' as on a 'non-conductor', that experiments with a galvanometer
fail to establish the presence of any electric charge, and that (as shown by
Dellit, 1934) Röntgen and Radium rays do not cause the fall of an adhering
gecko, are all against the Electrical Theory.
(d) The adhesion theory.—Haase (1900) regards adhesion 4 , brought
about by a close contact of the palmar surface of the digits with the locomotor
surface, as the cause of a gecko's adherence. The closeness of contact, he
thinks, is made possible first by the absence of bony scutes in the toes, and
secondly by the presence of numerous lymph spaces in the lamell 'T, which
increase the plasticity of this region.
Of all the theories about a gecko's locomotion, the present one is the
most difficult to prove or disprove definitely. The possible effect of the force
of adhesion cannot be eliminated in any series of observations or experiments.
However, if adhesion were the sole or even an important factor in a gecko's
adherence, it would be difficult to understand why a clawless gecko can not
only stick to, but even support a weight on, smooth vertical surfaces, while
it falls off readily from tilted surfaces or from the underside of a horizontal
surface (Observations 11 and 13). Why is it that the supposed adhesion, which
is so very efficient on a vertical plane, fails to support even the body-weight
in an " upside down" direction ? The two surfaces said to produce adhesion
by contact apparently do not undergo any change and the force of gravity is
quantitatively the same in both cases. The difference in the direction
in which the force of gravity acts cannot be regarded as an important
factor in deciding the efficiency or otherwise of adhesion, particularly
as the latter must be regarded, according to the present view, a force capable
of more than counterbalancing the quantitative value of gravity. Moreover,
it is difficult to see how alterations in the direction of gravity relative to the
axes of the body can have any effect on the strength of adhesion.
Another objection to the Adhesion Theory is similar to the third one,
mentioned in connection with the Theory of Adhesive Secretions. How can
adhesion be endowed with the two contradictory qualities of attaching the
4

The phenomenon called into play by the attraction of molecules of different nature is called

dhesion ; that by the attraction of molecules of the same nature, cohesion.
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feet readily and firmly to the locomotor surface and at the same time, of not
obstructing the locomotion in the least?
(e) The friction theory.—Hora (1923) regards the gecko's adherence to
vertical surfaces as well as to the underside of horizontal ones, as due to the
phenomenon of friction. " In the ridge-and-groove pattern on the digital
discs and in the presence of innumerable hair-like excresecences found on the
lamellae," he finds " mere mechanical frictional devices which help to prevent
the animal from slipping. The importance of the setose processes is apparent
from the histological study of the pad, for we find several layers of cells
whose only function is to produce these processes and to replace them as they
are worn out."
Friction (Text-Fig. 7) between any two surfaces depends on two factors:
the pressure between them, and the nature of the surfaces. It always acts
R

R

Diagram illustrating the phenomenon of friction.
If the block A, exerting a pressure R on the substratum B, is drawn by the force F, friction
will come into play, acting in a direction opposite to that of the force F.
TEXT-FIG. 7.

in a direction opposite to the one in which motion tends to take place and is
directly proportional to the pressure.
The present theory, based on the force of friction for the elucidation of a
gecko's locomotion, suffers from several serious drawbacks:
(1) Hora thinks that in the gecko's adherence to a vertical surface,
"the weight of the animal itself causes pressure on the pads and makes them
efficient". Actually, the body-weight, being due to the force of gravity, can
exert no pressure in the direction imagined by Hora. It would act parallel
to the vertical surface and tend to pull the lizard downwards.
If we imagine that the pressure is brought about by the voluntary contraction of the toe muscles, it is difficult to understand how a dead lizard can
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exert it. In the absence of a pressure acting at right angles to the vertical
surface, friction cannot come into play.
Dellit (1934) has tried to surmount this difficulty by supposing that the
adhesion of thousands of microscopic lamellar processes to the locomotor surface replaces the pressure required and serves to bring friction into
action. In a previous section I have already mentioned why the theory of
adhesion is untenable, and those very objections apply to the acceptance of
adhesion as an important factor here.
(2) Hora's attempt to explain the " upside down" mode of a gecko's
adherence as due to friction are hardly convincing. He thinks that in such
a posture, " when the limbs are stretched outwards, the weight of the body
instead of pulling the pads directly downwards causes them to slip along the
smooth surface for a short distance before exerting a vertical pressure on
them. It is due to this fact that an animal can hang from a smooth surface
when the limbs are stretched outwards. The pressing of the belly against the
opposing surface is directly correlated with the position of the limbs, and
is probably an additional advantage, since its scaly surface must help in
increasing friction. Advantage may also be taken of atmospheric pressure
by adpression. 5
This sort of explanation, plausible at first sight, goes to pieces as soon as
we examine the facts. The weight of the body, as pointed out by Dellit (1934),
can be expected to exert only a negative pressure, tending thereby to separate
the pads from the locomotor surface. The atmospheric pressure, mentioned
by Hora in the foregoing quotation, is excluded on experimental grounds, and
the fact that a gecko not only adheres to, but can also move on, the underside of a horizontal surface shows that the pressing of the belly against the
opposite surface, is not of much importance. During movement, even in the
back-downward posture, I have sometimes observed geckos keep their bodies
separated from the locomotor surface to a fair extent. The limbs are stretched
out only when the lizard is at rest, and that too not always:
Finally, experiments with numerous geckos (Hemidactylus) whose claws
were amputated (Observation 11), invariably showed that the subdigital
lamellm have little, if any, share in the `back-downward' mode of adherence,
"

6 In a letter addressed to me (Aug. 7, 1935), Hora explains his view as follows: " The force
of gravity pulls the lizard downwards and as its centre of gravity is somewhere about the middle, the
great pull is there. The limbs are spread out at the sides, so that when the animal is pulled down
from the centre, the pads slide against the ceiling and the frictional action of the pads is brought
into play. The flattened body is also very helpful for this purpose. You must have noticed that
the lizard is not as secure with its back downwards as when it climbs vertical walls." One wonders
whether the author knows what is meant by the centre of gravity!
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while the claws are all important. 6 This obviates the necessity of finding an
explanation for such movements on the basis of friction. The gecko in such
cases apparently makes use of its claws by inserting their sharp points into the
extremely minute crevices in the ceiling and manages to secure a hold on the
surface in this manner.
(3) The fact that the lamellT offer resistance when the animal is drawn
backwards, but do not do so when it is drawn forwards (Observation 8) is
against the Friction Theory. If the efficiency of the lamellae were due to
friction, it would be immaterial in which direction they were pulled on the
locomotor surface and thus they should have offered resistance equally in
both cases. This observation, as well as observations on the amputated
extremity (Observation 17) cannot be explained according to any
interpretation other than the one, given by me later on.
(4) Observation 10 cannot be fully explained on the basis of the Friction
Theory. While perhaps one could understand the gecko's inability to adhere
to perfectly smooth surfaces and its ability to stick to comparatively smooth
surfaces, one is at a loss to understand why very rough surfaces make
adherence impossible.
5. The Explanation

The real explanation of the peculiarities of a gecko's locomotion is
surprisingly simple.
As already mentioned, the movements on ceilings or the under side of
horizontal surfaces are due to the action of the claws and not to the efficiency
of the subdigital lamellae (Observation 11). The extremely thin and sharp
points of the claw can gain a firm grip into the minute irregularities of the
surface and thus allow the animal to rest on, or move with fair facility, in a
back-downward posture. This fully explains our observations 2, 4 and 11,
of which the last cannot be explained by any other theory.
The action of the subdigital lamella is analogous to that of the claws.
Each lamella has on its exposed surface a forest of microscopic cuticular processes, which are recurved at their tips. These processes get readily inserted,
by adpression, into the microscopic irregularities of the locomotor surface and
thereby secure a hold on it by a process of interlocking. Observations 8 and
6 Dellit (1934), however, reports that he could, with a great deal of difficulty, make a few of his
claw-amputated lizards stick, back downwards, to the underside of a horizontal surface. Thi s
needs confirmation, as none of the numerous lizards experimented by me could do so, when their
claws were removed. Detlit, it might be noted, worked mainly with Tarentola, a genus to which
I have had no access so far. The explanation given by me for a gecko's locomotion can be applied
even to such exceptional cases.
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17, inexplicable on the basis of all other theories, definitely prove that the
distal ends of the cuticular processes do engage into depressions of the locomotor surface. The cumulative effect of such innumerable holds must be
really considerable (Observations 13 and 16). The slight bending exhibited by
each cuticular process, considered together with the fan-wise disposition of
the five digits of a foot in five different directions and with the difference in
the directions of the feet themselves, indicates that the various groups
of these processes catch at the irregularities of the surface from different
angles, and this would naturally increase the intensity of the gecko's hold
(cf. Observation 17).
The cuticular processes, according to this interpretation, function on the
principle of the lever of the first type (Text-Fig. 8). The fulcrum (F) lies just

. • C.P.

TExT-FIG. 8. Schematic representation of the interlocking of a cuticular process (C.P.) with the

depressions in the wall.
F., fulcrum; R., reaction by the wall; W., weight of the gecko's body.

behind the recurved distal tip of the cuticular process, the weight of the
gecko's body plays on one side of it and this is balanced by the resistance,
due to reaction, offered by the wall on the other side. Such a view is
clearly distinct from the friction theory, although it must be mentioned that
Coulomb (Mem. de l'Inst., 1802, 3, 246) tried to explain " boundary friction
by assuming that the ' asperities ' or irregularities of the surfaces engage in
one another". 7 Coulomb's theory has been long rejected by modern
physicists, who believe that " friction is due to the molecular attraction one
solid exerts on the other across the interface when the surfaces are perfectly
clean, and to the inter-molecular attraction in the lubricant when the solid
surfaces are covered by a film". 7
7 Quoted from Newman and Searle's G: neral Properties of Matter, 1933, p. 220. Cf. also
their remark, " There appears to be no justification for the view that static friction is produced by
inequalities on a surface" (page 218).

Indian House-Gecko, Hemidactylus flaviviridis Rupp el—II 305

The microscopic size of the cuticular processes determines their efficiency on locomotor surfaces of different grades of roughness. This
explains the inability of a clawless gecko to adhere to very rough surfaces
on the one hand and to perfectly smooth surfaces on the other, and its
ability to adhere to moderately smooth surfaces, or (in other words) to
surfaces showing an unevenness extremely minute (Observation 10). When
the surface does not offer holds of the requisite size, the gecko naturally
slips down (Observation 3).
The presence of water (Observations 5 and 12) prevents the lamella'
from gaining a grip on the locomotor surface probably on account of two
reasons. First, it acts as a separating layer and does not allow the cuticular
processes to come into intimate contact with the irregularities of the surface.
Secondly, it deprives these processes of their individuality on acount of surface tension and tends to agglutinate them together. A similar effect is produced by the application of glue (Observation 7).
While the gecko is sloughing (Observation 6), the cuticular processes
are covered by the dead skin ready to be cast off and thus they cannot get
inserted into the locomotor surface. Hence the gecko's inability to adhere.
Finally, on surfaces too smooth for steady adherence, the gecko may often
be able to move by gaining a temporary, though sufficiently long, foothold
for progressing onwards. Friction, by retarding the speed of slipping down,
may aid as a subsidiary factor in such locomotion.
6. Summary

After describing his own and other authors' observations on a gecko's
movement and dealing with the relevant anatomical peculiarities of the locomotor apparatus, the author discusses the theories so far propounded in this
connection. He finds that none of these theories (viz., of adhesive secretions,
of vacua, of electric charges, of adhesion and of friction) is tenable. In his
opinion, the movement of geckos on the underside of horizontal surfaces is
due to the sharp points of the claws taking a hold on the minute irregularities
of the surface, while the action of the subdigital lamellae is analogous to it.
The cuticular processes on the latter get inserted by adpression into the microscopic depressions of the locomotor surface and thus maintain a hold on it
by interlocking. They function on the principle of the lever of the first type.

B3

F

Beni Charan Mahendra

306

7. BIBLIOGRAPHY
1. Boas, J. E. V.

..

2.

..

3. Braun, M.

..

4. Cartier, V.

..

5. Dellit, Wolf-Dietrich
6. Gadow, Hans
7. Goppert
8. Haase, A.

..

..

..

..

9. Hora, S. L.

..

10. Kunitzky, J.

..

11. Mahendra, B. C.

..

12. Nicolas, A.

..

13. Reuleaux, F.

..

14. Schmidt, H. R.

..

15. Schmidt, W. J.

..

16.

—

--

..

17. Semper, C.
18. Simmermacher, G.
19. Tandler, J.

..
..
..

20. Wagler, J.
21. Weitlaner, F.

..
..

22. Wiedersheim, R.

..

Morphologie der Nagel, Krallen, Hufe and Klauen,"
Morph. Jahrb., 1884, and 1894, 11 and 21.
"Krallen (ink!. Nagel, Hufe, Klauen)," Bolk. Gilppert, Kallius
& Lubosch's Handb. d. vergl. Anat., 1931, 1.
Zur Bedeutung der Cuticularborsten auf den Haftlappen der.
Geckotiden," Arb. zool.-zoot. Inst. Wiirzburg., 1877, 4, 231.
Studien fiber den feineren Bau der Haut bei den Reptilien. I.
Abt. Die Haut der Geckotiden," Verh. d. phys..med. Ges..
zu Wiirzburg, N.F., 1872, 3.
Zur Anatomie and Physiologie der Geckozehe," Jen. Zeitschr.
Naturwiss., 1934, 68, 3, 613-656.
Amphibia and Reptiles," Comb. Nat. Hist., 1901.
Phylogenie der Wirbelthierkralle," Morph. Jahrb., 1898, 25.
"Untersuchungen caber den Bau and die Entwicklung der Haftlappen bei Geckotiden," Arch. f. Naturgesch.," 1900, 66.
"The adhesive apparatus on the toes of certain Geckos and
Tree-frogs," Jour. and Proc. As. Soc. Beng., 1923,19, No. 4.
"Die Zeit der Entstehung der Brosten and Mechanismus der
Bewegungbei den Geckotiden (Ptychozoon homalocephalun:
Creveldt)," Bull. Acad. Sci. St. Petersbourg, 1903, (5),
18,21.
"Contributions to the Bionomics, Anatomy, Reproduction
and Development of the Indian House-gecko, Hemidactylus
flaviviridis Rtippel. Part I," Proc. Ind. Acad. Sci., 1936,
4, 250-81.
Sur 1'epiderme des doigts du Gecko," Internat. Monatsschr.
Anal. Physiol., 1887, 4, 410.
"Kinematik im Tierreich," Lehrb. der Kinematik, Braunschweig,
1900.
Zur Anatomic and Physiologic der Geckopfote," Zuricher
Diss. Jena, 1904.
Studien am Integument der Reptilien, VII. Bau and
Entwicklung der Eidechsenkrallen," Zool. Jahrb., Abt.
f. Anat., 1913, 36, 377-464.
Ibid., 1916, 39, 385-484.
Die naturlichen Existenzbedingungen der Tiere," 1880.
Haftapparate bei Wirbeltieren," Zoo!. Garten, 1884, 25.
Beitrage zur Anatomic der Geckopfote," Zeitschr. wiss
Zool., 1903, '5, 308-26.
"Descriptions et Icones Amphibiorum," 1833.
Eine Untersuchung fiber den Haftfuss des Gecko," Verh.
Ges. Wien, 1902, 52, 328-32.
Zur Anatomic and Physiologic des Phyllodactplus europaeus
usw.," Morph. Jahrb., 1875. 1, 495.
"

"

"

"

"

"

"

"

"

"

"

"

"

"

