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INTRODUCTION

The ground gecko, Coieonyx variegatus, is one of the few lizards 

which are  known to make vocal sounds. Underwood (T54), in his com pre

hensive Study of the superfam ily Gekkonoidea, mentions that one of the 

diagnostic characteristics of this group is the possession of a voice. He 

further sta tes that Coieonyx variegatus and Eublepharis hardwickii 

(family Eublepharidae) "...both have a loud voice. They do not u tter 

single croaks but a long drawn out ra ttle .. .” , which Underwood had not 

heard in any other gecko fam ilies.

When it was established that one of the individuals used in this 

study produced sound, it was postulated that voice communication might 

occur. If so, some type of phonoreceptor should be evident in these 

lizards.

A  review of the litera tu re  of the reptilian ear indicates consid

erable work has been done recently on the morphology of the inner ear 

(Shute and B e lla irs , '53; Hamilton, ’GO).

The morphological foundations of the middle ear were laid down 

by Versluys (’98). His m assive work included the descriptions of the 

middle ea rs  of thirty-tw o species of lizards. However, after Versluys, 

little was added to the litera tu re  of the anatomy of this region until the
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work of Smith ('38). More recently, works by N orris and Lowe ('51), 

Oelrich ('56), and E arle ('61) have described the middle ear of lizards 

in certain  agamid and iguanid lizards.

Initial dissections of the middle ear of Coleonyx yariegatus show 

that the posterior edge of the tympanum is not supported by the depres

sor mandibulae muscle. Instead, i t  is attached to the term inal p ro jec

tion of the hyoid arch, the epihyal. Homer ('56) in illustrating the 

hyoid apparatus of a gecko shows the tympanum in this position, but 

mentions nothing about the significance of this attachment. Since the 

epihyal is in d irect contact with the re s t of the hyoid apparatus in 

Coleonyx variegatus, movement of the apparatus could change the ten 

sion on the tympanum.

The present investigation considers the effect of movement of 

the hyoid apparatus on the tympanum. A  discussion of the compensatory 

movements which hold the tympanic membrane taut during tongue and 

hyoid movement is included. In addition, morphological findings which 

may be of taxonomic value have been evaluated. They a re  related to a 

discussion of how the environmental s tre s se s  on these parts may explain 

the ir evolution. Finally, the part that the middle ear might play in com 

munication between geckos is briefly discussed.

I wish to express my sincere appreciation to Dr. Robert B. 

Chiasson for his guidance and encouragement throughout this
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investigation. I also want to thank the faculty m em bers and graduate 

students of the departm ents of Zoology, Speech, and Psychology for 

their kind assistance.

A special note of thanks is extended to Dr. Mary T. Caldwell, 

P rofessor of Pharmacology, whose friendship and general counselling 

has been invaluable to me, and to Dr. Charles H. Lowe, J r .  and Dr. 

P ete r E .. P ickens, Department of Zoology, for the ir constructive c r i t i 

cism  of the m anuscript.



MATERIALS AND METHODS
. . . . <

Several preserved specimens of Coleonyx variegatus bogerti 

from  the vicinity of Tucson, in southern Arizona, were obtained from 

Dr. Charles H. Lowe, J r .  These were examined with the aid of a binoc

u lar dissecting m icroscope. Heads of other preserved specimens were 

decalcified, using a solution of 10 ml. of concentrated n itric  acid in 90 

ml. of 70% alcohol, to which one gram  of phloroglucin was added. Dioxan 

was used to dehydrate the tissues and the heads were embedded in p a r

affin. . All the preceding steps were ca rried  out under vacuum. . Sagittal 

and transverse  sections were prepared using M allory’s Triple connec

tive tissue stain (Guyer, ’53).

Demonstration of the cervical a r te rie s  was accomplished by 

ventricular injection with vinyl latex.

The terminology used in describing the m usculature is that of 

Edgeworth (’35), while the terminology for the skull and hyoid appara

tus follows Kluge (’62).

. Several living animals were observed in a te rra riu m  and with 

a dissecting m icroscope.
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. OBSERVATIONS

The middle ear is easily exposed by reflection of the ventral 

hyoid and throat m usculature. The middle ear cavity is  in d irect, open 

communication with the relatively large pharynx (Figure 1).

The columella and extracolum ella may be observed in situ (Fig- 

u re  2). The footplate of the form er in se rts  into the membrane covering 

the fenestra  ovalis, extending laterally  to its junction with the extra- 

columella (Figure 2). It is supported by a reflection of the tympanic 

epithelium, sim ilar to the colum ellar fold described by Oelrich ('56). 

This fold is attached to the dorsal wall of the middle ear cavity.

No processus internus or processus dorsalis occurs at the junc

tion of the bony columella and the cartilaginous extracolum ella. The 

m ost d istal end of the extracolum ella expands into the fam iliar cross 

or X>shaped pattern described by DeBeer ('37). The pars inferior is 

the longest of the four processes, and the pars accessorius anterior is 

divided distally into two prongs (Figure 2). The posteriorly  and dor- 

sally directed pars superior is is attached by a ligament to the paroc - 

capital process (Kluge, '62), with a few strands of this ligament in se rt

ing into the dorsal exterior surface of the quadrate. The pars

5
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accessorius posterior is the shortest of the four processes and is 

directed posteriorly  and ventrally.

The in ternal carotid a rte ry  passes ventral to the footplate of 

the columella. It gives off a ra ther large branch, the facial a rtery , 

which passes dor sally, penetrating the two-pronged attachment of the 

columella to the footplate (Figure 2).

The larynx is sim ilar to the description by Kluge (’62) and 

Chiasson (personal communication). Chiasson describes vocal cords 

extending posteriorly  from  the arytenoid to the dorsal inner surface of 

the cricoid cartilage. There is no epiglottis and the cartilage rings of 

the trachea a re  complete.

The hyoid apparatus was generally found to be as described by 

Kluge ('62). The connection between the second epibranchial and the 

paroccipital process of the opisthotic was not found, however. In some 

specim ens, a short cartilaginous connection was observed between 

epibranchial one and epibranchial two, passing posteroventrally from 

the form er at a forty-five degree angle. The sem i-lunar shaped epihyal 

is attached dors ally to the paroccipital process, and ventrally to the 

re tro articu la r process of the articu lar, both attachments being liga

mentous (Figure 4). A triangular pharyngeal wall, supported beneath 

by the epihyal and epibranchials one and two, attaches by fascia to the 

adjacent m uscular and skeletal elements (Figures 3 and 4).
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The horizontal side of the pharyngeal wall is bounded by the 

ventral hyoid and throat m usculature, including the episternohyoideus 

and the geniohyoideus. The apex of the triangular wall is formed by 

the junction of the horizontal episternohyoideus with the capiti-cleido- 

ep isternalis. The vertical base of the triangular wall is formed by the 

re tro articu la r process of the lower jaw, a ventral portion of the qua

drate bone, and dorsally by the adductor mandibulae m uscle (Figure 4)„ 

The external opening of the ear. occurs as a sm all oval opening in the 

pharyngeal wall just posterior to the otic notch of the quadrate.

A strip  of constrictor colli which supports the pharyngeal wall 

passes anteroventrally from  the dorsal fascia of the neck and inserts 

into the main portion of the posterior mylohyoideus. The fibers of this 

muscle are  parallel to those of the depressor mandibulae. Beneath 

this m uscle the sty lohyoideus is seen to in sert into the dorsal tip of the 

epihyal, as described by Camp ('23). Its fibers originate from the 

posterior mylohyoideus and pass dorsoanteriorly and externally around 

the wall and back to the ir origin. - Another s trip  of the constrictor colli 

passes deep to the stylohyoideus, originating from the dorsal tip of 

epibranchial one and the body of ceratobranchial one. The fibers pass 

anteroventrally and join the main portion of the posterior mylohyoideus 

(Figure 4). The anterior mylohyoideus is as described by Camp ('23) 

with interm ittant bundles of the geniohyoideus piercing it.
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Before the constrictor colli and depressor mandibulae m uscles 

were removed, a sm aller triangle was observed bounded posteriorly  by 

the anterior m argin of the depressor mandibulae, anteroventrally by 

the posterior m argin of the adductor mandibulae, and ventrally by the 

pterygoideus muscle. This triangle encloses the part of the pharyngeal 

wall which contains the external opening of the ear.

The external surface of the tympanum attaches posteriorly  to 

the sem i-lunar shaped epihyal, apparently splitting off from  part of the 

exterior pharyngeal wall in this region. Thus, from the epihyal forward 

the pharyngeal wall sp lits, the outer part attaching to the previously 

described structu res forming the vertical base of the triangle. The . 

tympanum attaches to the inner surface of the epihyal, thus forming the 

second wall of a blind pouch. The tympanum also extends forward to its 

insertion on the m id-posterior surface of the quadrate.

In some specimens a sm all tympanic ligament occurs; it is 

sim ilar to the one described by W illard ('15) for Anolis caro linensis. 

This ligament passes horizontally from its origin on the dorsal tympanic 

cavity wall to its insertion into the processus accessorius posterior to 

the extracolumella.

No laxator tympani muscle was observed. Versluys ('98) named 

this muscle according to its function. It is said to extend caudad, o rig 

inating from the insertion of the tympanic ligament on to the ex tra
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columella and inserting into the connective tissue covering the paroc- 

cipital process.

Endolymphatic sacs, sim ilar to the calcium glands described 

by Ruth ('18), were observed in one gravid female. These structu res, 

according to Ruth (p. 314-15), are "...undoubtedly an auxiliary to the 

auditory organ, inasmuch as it supplies a calcium sa lt for the form a

tion of the otoliths of the e a r ....i t  may be possible that this gland, during 

pregnancy, becomes m ore active, thus increasing the keenness of the 

auditory sense rendered necessary at that tim e for the protection of the 

parent and her progeny. On the other hand, there is evidence to show 

that the calcium gland prepares the calcium sa lt that is carried  by the 

blood stream  to the oviduct, where it is deposited as the shell surround

ing the egg substance."



DISCUSSION

Maintenance of the tension of the tympanum:

A pumping motion in the ventral hyoid region of living specimens 

was observed. The ra te  of this pumping varied, becoming quite rapid 

if the animal was startled . The pharyngeal walls previously described, 

seem  to function in a  manner sim ila r to that of a bellows system . Von 

Geldern ('19) wrote on the possible mechanism of the production of the 

throat-fan in Anolis caro linensis. He mentions a report which sta tes 

that preceding the distension of the fan in Colotes versico lo r, the an i

mal swallows a ir  and distends its dilatable pharynx. This seem s to be 

sim ila r to the process going on in Coleonyx variegatus. This distension 

of the pharyngeal wall may also cause an increase in the tension on the 

tympanum, causing it to bulge out. Camp ('23) noted that Coleonyx is 

the only genus so far known in which the three complete branchial 

arches rem ain. The arches in these animals provide a flexible and 

supportive skeleton for the distensible pharyngeal wall.

Another possible mechanism by which the tension of the ear 

drum may be maintained is by the straightening and/or enlarging of the 

a rte ry  piercing the columella. Increased heart ra te  during tim es of
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excitement could resu lt in tem porary p ressu re  changes in the arte ry . 

The a r te ria l change would probably cause an increase in the tension of 

the tympanum and an increase in the rigidness of the columella, by 

forces exerted on the footplate and the forked insertion of the columella 

(Figure 2).

Compensatory mechanisms of the tympanum, hyoid apparatus, and 
tongue:

The pumping motion in the ventral hyoid region did not move 

the tympanum in either an anterior or posterior direction. However, 

extension of the tongue caused the tympanum to relax  so that a slight 

folding of its  surface was observed.

Three possible methods for combating the forward movement 

of the hyoid apparatus caused by extension of the tongue may be con

sidered.

F irs t, the epihyal which supports the posterior m argin of the 

tympanum is attached by sm all ligaments both dorsally and ventrally. 

These attachments would tend to minimize the motion of the epihyal, 

although they by no means are  strong enough to prohibit a ll movement.

Secondly, a m uscular c ro ss-b ar support is formed, between 

the la tera l portions of the hyoid and f irs t branchial arch , by the stylo- 

hyoideus and a layer of the constrictor colli deep to the stylohyoideus 

(Figure 4). The fibers of these m uscles join with those of the posterior
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mylohyoideus. The simultaneous contraction of these m uscles would 

tend to pull the dorsal tip of the epihyal towards the epibranchial, which

in turn  is pulled towards the epihyal by the deepest layer of constrictor
, 1

colli. This resu lts  in an over-all reduction of the forward pull exerted 

on the hyoid apparatus by the m usculature extending the tongue.

. A th ird  method of reducing the forward pull on the hyoid appar

atus would be the cartilaginous connection between the f irs t and second 

epibranchials (Figure 4). This connection is strengthened by the action 

of the episternohyoideus m uscles, which are  antagonistic to the pro- 

truders  of the tongue and the genioglossi and geniohyoid m uscles, which 

pull the hyoid apparatus forward.

S im ilarities between the geckos and pygopods:

Underwood ('57) shows many sim ila rities  between the geckos 

and the pygopods, in his work on the lizards of the family Pygopodidae. 

His description of the hyobranchial skeleton of the pygopods Pygopus 

lepidopodus and Lialis burtonis show them to possess complete f irs t 

and second cartilagenous arches and portions of the th ird  arch. This 

disagrees with Camp ('23) who mentions that all traces  of the third arch  

are  lost in this family. In fact, the hyobranchial apparatus of Delma 

f ra se r i is the m ost complete of the pygopods studied, and is very s im 

ila r to that of Coleonyx variegatus.
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In Coleonyx, the mylohyoideus anterior has the sam e in te r- 

digitations with the geniohyoideus muscle as in most of the pygopod 

species which have been studied. M oreover, Shute and Be Hairs ('53) 

show the sim ilarity  of the cochlear apparatus in geckos and pygopods.

Of all of the lizards they examined, only the cochlear apparatus of the 

Teiid (Tupinambis) partially  resem bled that of the geckos and pygopods.

When thinking in term s of the general morphological appearance 

of the pygopods and the geckos, it would be very hard to conclude that 

the groups are  related  to each other. The form er is composed of highly 

modified snake-like lizards restric ted  to A ustralia, possessing a greatly 

elongated body and limbs which are  absent or strongly reduced. On the 

other hand, the geckos possess a chunky body with four limbs always 

present; they are clim bers living in tre e s , or among rocks, and are 

widely distributed throughout the tropics and subtrop ics.

Recent work, however, shows a number of sim ila r character- . 

is tics  possessed by m em bers of both groups. Absence of osteoderm s, 

reduction of tem poral arcades, and possession of a vertical pupil a re  

three of these morphological characters. Shute and B ellaire ('53) sta te 

that it is possible that "...the geckos and pygopodids have both been 

derived from a group of common ancestors which had itself become 

distinct from  the other lizards."
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Significance of the connection of the hyoid with extracolumella:

Camp ('23) mentions that in many geckos, the prim ary connec

tion of the hyoid with the extracolum ella has been lost. This break 

leads to the dorsalwards m igration of the epihyal to reach its new point 

of attachment, the paroccipital p ro cess . This m igration ca rrie s  the 

stylohyoideus muscle with it, where it is now found attached to the 

dorsal tip of the epihyal.

It could be postulated, that this freeing of the extracolum ella 

from  the re s t of the hyoid resulted  in the separation of the pharyngeal 

wall in this region into two layers. The inner of these two layers formed 

the outer wall of the tympanum, but it is never completely separated 

from  its original attachment to the pharyngeal wall. The two layers of 

the wall attach to the epihyal. The freeing of the extracolum ella from 

the re s t of the hyoid apparatus allows the form er to vibrate m ore freely. 

This explanation may reveal the manner in which the development of 

the tympanum took place in geckos.

A sim ilar type of development may have taken place in the 

pygopods, which possess an external and middle ear. Pygopus lepido- 

pus, according to Camp ('23), is the only lim bless lizard  which is a 

clim ber. Thus, possession of a tympanum to receive air-v ibrations 

would be of obvious selective value.

If the middle ear of Coleonyx variegatus is assum ed to be s im i

la r to that of the common ancestor of the geckos and pygopods, then an



15

explanation for the type of ear found in A prasia pulchella is necessary. 

This pygopod has no tympanum, and the stapes is reduced to a tiny 

nodule of bone, presumably a vestige of the footplate of the stapes 

(Underwood, '57).

The breaking of the extracolum ella from the re s t  of the hyoid 

apparatus, need not be interpreted as functioning for the reception of 

air-v ibrations a lo n e .. Camp ('23) describes the unusual forward growth 

of the extracolum ella into the spongy tissue of the upper and lower lips 

in the amphisbaenid lizards. The extracolum ella has lost its  connection 

with the re s t of the hyoid apparatus (if it every had one to begin with) 

and transm its vibrations from  the side of the head and lower jaw directly  

to the mobile stapes. Camp ('23) says that this adaptation is of a highly 

specialized nature, and discards the once-held idea that the extracol

um ella was actually the epihyal and represented the m ost prim itive con

nection of the entire.hyoid arch known in adult rep tiles.

The amphisbaenids are  blind, fossorial lizards, showing g reat 

morphological variation. Yet, they possess vertebrae with subcentral 

a r te ria l foram ina sim ila r to those of geckos and pygopods; they have no 

osteodefm s, and a pierced columella is present here as in many geckos. 

They have many resem blances to the Teiidae; while these are  for the 

m ost part secondary resem blances, they a re , nevertheless, indicative 

of ancestra l relationships. It will be rem em bered that one member of
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the Teiidae (Tupinambis) had a cochlear apparatus sim ila r to the geckos 

and pygopods. The Teiids also lack osteoderm s. Thus, many charac

te ris tic s  used by Camp for his m ajor divisions of lizards into Ascala- 

bota and Autarchoglossa are  observed to be shared by the above fam i

lies. Superficial morphological appearances which make certain  groups 

look diam etrically opposed to one another may be misleading.

In discussing the evolution of the middle ear of A prasia pulchella 

from  a common ancestor, I shall consider the middle ear of the living 

Coleonyx variegatus as being sim ilar to that of the common gecko- 

pygopod ancestor. This may be acceptable, for the m em bers of the 

superfam ily Gekkonoidea are  som etim es considered to be the most prim  

itive of all the living lizards. . Camp ('23) indicates this by the use of his 

Paleotelic Weight to m easure the relative prim itiveness of the charac

te rs  of the lizards.

The pars inferior of the extracolum ella in the specimens of 

Coleonyx variegatus examined, was very long and slender. It almost 

touched the concave posterior surface of the quadrate, and it is not hard 

to imagine that this process once attached there, i.e ., to the quadrate.

; In fact, it is possible that this process actually corresponds to the p ro 

cessus internus found in many other liz a rd s . De Beer ('37) speaks of 

the presence of a processus internus in geckos, while Underwood ('57) 

states that none is present. Earle (’61) postulates that the expanded
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knob of the extracolum ella he observed in Holbrookia and Callisaurus 

represen ts the internal process in other lizards. Thus, a mechanism 

for the transm ission  of ground vibrations may be from  the lower jaw, 

through the quadrate bone and then to the columella via the processus 

internus of the extracolum ella. This could be the transm itting mech

anism in some prim itive pygopods whose tympanum is no longer func

tional.

The transm ission  of ground vibrations to the otic capsule:

If the colum ellar apparatus degenerates to the extent found in 

A prasia pulchella, three possible mechanisms rem ain by which ground 

vibrations could reach at least the bones of the ear capsule.

The epihyal of the pygopods hyobranchial apparatus attaches to 

the paroccipital process as in geckos. In the specimens of Coleonyx 

variegatus examined, a broad lappet-like structu re of the hypohyal 

comes in very close contact ventrally with the m edial side of the lower 

jaw bone. Vibrations from the lower jaw, via the hyoid arch may reach 

the ear capsule.

Also of in terest in the species of Coleonyx examined, is the 

attachment of the pars superior of the extracolum ella insertion plate 

to the paroccipital process by a short ligament. This could represen t 

a  further adaptation of the above-mentioned mechanism, whereby 

ground vibrations could be brought not only to the opisthotic bone of
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the ear capsule, but to the columella through the ligament of the pars 

superior. Of course, this would only function in pygopods which s till 

have the insertion plate of the extracolum ella present and would not be 

applicable to Aprasia pulchella. It is possible that this ligamentous 

connection of the pars superior process to the paroccipitabprocess is 

the rem ains of the processus dorsalis described by De Beer (’37). It 

was observed that a few fibers of this ligament attaches to the dorsal 

exterior edge of the quadrate bone. These may rep resen t what is left 

of the processus paroticus which De Beer ('37) describes as being 

derived from  the processus dorsalis. The processus paroticus is a 

cartilaginous nodule between the articu lar head of the otic process and 

the wall of the auditory capsule.

A second mechanism by which ground vibrations may reach the 

ear capsule is represented by a  chain of bones. Kluge ('62) describes 

the quadrate as serving as the basis for articulation between the c ran 

ium and the lower jaw. Thus, ground vibrations from  the lower jaw 

and its surrounding tissues could pass through the quadrate to the ear 

capsule. Both the opisthotic and prootic bones articu late with the 

quadrate dor sally. Although the above description applies to observa

tions on Coleonyx variegatus, a sim ila r mechanism may function in 

other form s.

The position of the columella cran ii (epipterygoid) in the geckos 

may serve as a means of transm itting ground vibrations from  the lower
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jaw to the prootic bone. However, this mechanism Would probably not 

be of value to several of the pygopods, since this bone is usually 

reduced or even absent in burrowing lizards.

Morphological s im ila rities of the middle ear of geckos and pygopods: 

The fact that the columella is pierced for the passage of an 

arte ry , plus the sim ilarity  in connection of the ceratohyal to the otic 

capsule in both geckos and m am m als, may be highly significant. P e r 

haps, the common ancestor of the m am m al-like reptile and the p rim i

tive geckos had a middle ear apparatus sim ilar to that observed in . 

Coleonyx variegatus. Versluys (’98) hints at this possibility in the 

introduction of his work on the middle ear of L acertilia  and Rhyncho- 

cephalia (p. 164).

Der Stapes is t bei einigen Geckoniden zum Durch- 
t r i t t  einer ziem lich starkeh A rterie  durchbohrt. Hierin 
sehe ich eine sehr alte Einrichtung, die den Vorfahren 
der Amnioten zukam, je tzt nur noch bei einzelneh L acer- 
tilie rn , bei sehr vielen Saugern und, vielleicht, bei vielen 
Vogeln erhalten ist.

Underwood (’57) proposes that even though many sim ilar ch a r

ac te ris tics  between the geckos and pygopods have been found, the 

pygopods were not derived from  the gecko stock. They a re  definitely 

a stock of ancient origin and appear to have a common ancestry with 

geckos prior to any surviving gecko stock. The geckos a re  regarded 

as being very prim itive.
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At this point one may ask: What about parallel evolution as an 

explanation for the sim ilarity  of some morphological developments in 

the geckos and pygopodsf Underwood (T57) warns that a  simple lis t of 

characters of two seemingly related  groups is not sufficient (p. 261).

I think that parallel evolution due to s im ila r 
genetic changes on a  sim ilar genetic background is 
far too sim ple an idea to have m ore than a very lim 
ited application at the very lowest taxonomic levels.

In related  stocks it may be reasonably assum ed 
that the organization of development is sim ila r. The 
course of development might be easily susceptible of 
modification along certain  lines by sm all change in 
timing or intensity of a factor....W here such a  change 
has no apparent d irect adaptive significance its occur
rence in two stocks may afford evidence of affinity.

He uses the passage of the facial a rte ry  anterior to the im perforate

columella as an example of a change which has no apparent d irect

adaptive significance. This occurs in Sphenodon, snakes, pygopods and

at least th ree stocks of geckos, while in m ost Autarchoglossa, and

Agamidae, Chamoeleonidae, Iguanidae, and Xantusiidae, the a rte ry

passes posterior to the columella. Underwood ('57) further states

(p. 262) that:

P ara lle l changes of adaptive significance a re  of 
uncertain value in discussions of affinity. We may expect 
such changes to occur in related  stocks because sim ilar 
evolutionary opportunities a re  open to organism s which 
are  them selves sim ilar by virtue of phyletic affinity.... 
Detailed study of such features may reveal beneath a 
superficial sim ilarity , differences of organization which 
bear a roughly inverse relation to the closeness of affin
ity of the stocks.



21

The m ost valuable characters are  special features 
which are  confined to a few stocks. If they survive con
siderable adaptive modification of other parts of the organ
ization then they a re  even m ore im pressive.

An example of such a character would be the cochlear apparatus d is

cussed by Shute and B ellairs ('53). These investigators also seem wary 

of using parallel evolution to explain their findings and feel that the 

striking and alm ost identical peculiarities affecting a  relatively conserv

ative organ such as the inner ear a re  unlikely to have been evolved 

independently in two distinct groups. They propose the explanation that 

the geckos and pygopods both have been derived from  a group of common 

ancestors, which had itself become distinct from other lizards. Any 

m ajor differences between the two groups are  attributed to adaptations 

occurring after the separation of the two groups from  their common 

ancestor stock. They further state that " ...It is of course clear that the 

geckos, despite the fact that they have evolved certain  specializations 

that a re  not seen in pygopodids, are  on totality of characters more 

prim itive than the la tte r and m ust show a closer approximation to the 

condition of the common ancestors of the two fam ilies."

The sim ila r appearance of the facial a rte ry  in some geckos and 

pygopods, along with the sim ilarity  of the hyobranchial apparatus in 

these two groups, may be examples of changes which have no apparent 

d irect adaptive significance. These may afford evidence of affinity 

between the fam ilies. However, the middle ear is highly adaptive. ■ Any
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sim ila rities  in this apparatus between the geckos and pygopods might 

easily be explained as having been acquired independently as a resu lt 

of parallel evolution. Therefore, caution must be exercised in evalu

ating evolutionary affinities through morphological sim ila rities  of the 

middle ear. It seem s logical that differences in the conservative inner 

ear would have m ore bearing in a consideration of the phylogenetic 

history and affinities of groups than the m ore highly adaptive middle 

ear.

The effect of environmental s tre s s  on the middle ear:

Methods of adaptation of the middle ear to certain  environmental 

s tre s so rs  have been proposed above, using Coleonyx variegatus as the 

representative of the common ancestor of geckos and pygopods. As 

Underwood (’57) maintains, what is important is that the adaptation 

shall function well in the life of the organism . This may or may not 

have been a part of Smith’s (’38) point when he stated (p. 549) for c e r 

tain  lizards:

It seem s reasonable to assum e that, in having suf
fered loss of the tympanum and the structu res that are  
attached to it, they cannot hear as well as before. There 
is nothing in their behavior, however, as far as can be 
seen, to indicate that they are  handicapped by th is. What
ever they have lost they seem  able to get along very well 
without it.

Indeed, the animals may not have suffered at all, and if increasing the 

size of the depressor mandibulae m uscle for m ore efficient burrowing
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brings about a degeneration of the middle ear, then the form er adapta

tion has a g rea ter selective value than the la tte r, with regard  to the 

survival of the organism as a whole. Also, the fact that the animals do 

not seem  to show any behavioral differences, seem s to indicate that 

some of the other sensory organs have compensated for the decrease 

or complete loss of hearing.

Smith ('38) says that an orthogenetic view seem s to explain the 

degeneration of the ear in organism s that should benefit in having good 

hearing power. However, the suggestion of N orris and Lowe ('51) that 

"It seem s possible that this degeneration has been the resu lt of envir

onmental s tre sse s  which, through selection, have brought about changes 

in the m usculature surrounding the tym panum ,..."  is a  better explana

tion of what is actually occurring. Smith ('38) may also want to con

sider the degeneration of the ear in the pygopod A prasia pulchella as a 

significant snake-like characteristic  of the lizards, along with the 

elongation of the body and degeneration of the limbs which has occurred 

in the pygopods. He would probably explain this degeneration as a ... 

resu lt of orthogenesis. However, this view could not explain the re ten 

tion of a well-form ed tympanum in Pygopus lepidopus, the only known 

lim bless clim ber, or in Lialis sp., the surface dweller which catches 

and swallows other lizards (Camp, '23). It seem s that the explanation 

of N orris and Lowe ('51) of the importance of environmental s tre ss  on
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the fate of the ear could also be used in these cases of the 

pygopods.

The evolution of vocal communication:

Bast and Anson ('49, p. 379) in the ir introduction to a h isto rical 

survey of the internal ear say, "The perception of external stim uli is a 

problem which has always intrigued philosophers and scien tists. This 

is especially true of the problem 'How do we hear? ' Of all the organs 

for sense perception the ear is the best protected, the most delicate, 

structurally  the m ost complicated, and functionally the least understood." 

The well-developed ear and ability to produce sound in Coleonyx v arie - 

gatus, as in any vertebrate, also leads one to the question of whether 

vocal communication is taking place between m em bers of the species.

If definite communication could be dem onstrated, then the gecko might 

represen t a prim itive ancestra l stage serving as an im portant link in 

the evolution of vocal communication between lower and higher v erte 

brates.

Evans ('36, p. 188) describes the vocal "chirping" of the breed

ing calls of two m em bers of the family Gekkonidae, and from the ob ser

vation of the courtship behavior, says that: "These details emphasize 

the fact that the gecko behavior is definitely correlated  with vocal 

expression. This presupposes a receptor organ of extensive develop

m ent.” Mahendra ('36, p. 226) te lls  of his observation of the courtship
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of Hemidactylus flav iv irid is, and speaks of " ...a  low 'tak-tak-tak ' 

sound, ” which he says they em it while chasing each other.

Bogert (’60, p. 145) states in his artic le  on the influence of 

sound on Amphibians and Reptiles, that "...sound perception is subor

dinate in importance to vision or chemoreception in activities of most 

re p tile s .. Sound producing mechanisms are  absent in the m ajority of 

species, but occur in some or all m em bers of the four surviving 

O rders." In his introduction to  this paper, he sta tes that vocalizations 

such as the supposed mating call, a re  not made with fore-thought, 

design or intention. These vocalizations do not constitute speech as 

such, but can be thought of as being useful to the individual organism 

or to the species in its natural environment. He mentions that hearing 

in animals is underestim ated and therefore neglected in many studies.



SUMMARY AND CONCLUSION

Morphologically, there appears to be no reason why the external 

and middle ear cannot function for the reception of air-v ibrations in 

Coleonyx variegatus. However, even though the sound producing m ech

anism and the phonoreceptor have been described, fu rther research  will 

be needed before conclusions regarding the communicative value of 

these structu res can be made. Visual, olfactory, and tactile stim ula

tion, as well as hormonal influences, will have to be taken into account 

in demonstrating the value of sound to these animals.

Methods by which the tension of the tympanum is maintained as 

well as possible compensatory mechanisms by which the tympanum 

rem ains independent of the movement of the hyoid apparatus and tongue 

a re  proposed.

The significance of the break of the prim ary connection between 

hyoid and extracolum ella is discussed, including a discussion of how 

the tympanum may have been formed in these anim als, by separating 

off from  the pharyngeal wall. Embryological studies may further 

strengthen this proposal. P a rts  of the insertion plate of the extracol

um ella which may be homologous to the processus internus and the

26
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processus dorsalis of other lizards are  discussed. Three possible 

mechanisms for the transm ission  of ground vibrations to the otic capsule 

are  given.

Several morphological s im ilarities between the geckos and 

pygopods are  reviewed. It m ust be concluded, however, that s im ila ri

ties or differences with regard  to the middle ear s tructu re  must be 

employed cautiously if at all in determining taxonomic affinities between 

these two groups. This is due prim arily  to the highly adaptive p roper

ties  of the middle ea r, and the fact that many sim ila rities of this type 

may have a risen  independently, perhaps through a process of parallel 

evolution. .M echanisms, using the middle ear of Coleonyx variegatus 

as perhaps being sim ila r to that of a prim itive gecko ancestral-type, 

a re  proposed for the adaptations of the middle ear which have taken 

place in burrowing -type lizards. The role that environmental s tre s s  

may play in these types of adaptations are  discussed.

The fact that the facial a rte ry  p ierces the columella in both 

mammals and many geckos is mentioned, including a discussion of the 

possibility of its evolutionary significance.
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Figure 1. Ventral view of the pharyngeal cavity and upper 
palatal region with the floor of the pharynx and 
tongue removed. A--pharyngeal cavity; B --in ternal 
carotid artery ; C--colum ella; D--pharyngeal 
wall.
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Figure 2. Enlarged view of the extracolum ellar insertion plate 
and columella. The facial a rte ry  pierces the foot
plate of the columella. A --fenestra rotunda; B --in ternal 
carotid artery ; C--colum ella; D --facial artery ;
E --fenestra  ovalis; F --p a rs  inferiorus; G --pars 
accessorius anterior.
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Figure 3. L ateral view of the pharyngeal wall and external ear.
Skin and ventral hyoid m usculature has been removed. 
A r-capiti-cleido-episternalis; B --depressor mandi- 
bulae muscle; C—external auditory meatus;
D--pharyngeal wall.
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Figure 4. Diagram illustrating the tympanic compensation for 
tongue and hyoid movements. D epressor mandibulae 
and constrictor colli (superficial layer) m uscles 
removed.


