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INTRODUCTION

Communication: .

Communication Involves that Xemils a
signal and ¥, percelving the signal, noticeably
changes Its own behavlor. In animals,
communication occurs both intraspecifically
(mainly lo aftract mates and deter rivals) and
Interspecitically (mainly to deter enemies). Both
affect survival,

Communication employs signals of
varlous modes, separalety or in combinations:
acoustical, chemical, tactile and visual. Each of
these has different propagation properties,
serving the animal accordingly, and needs to
be studied separately with adequate techniques
(Sebeok, 1968; 1977; Wallace, 1979).

Vocal Communication:

Acoustical communication employs signals
of sound. In the vertebrates these are mostly
emitted by the vocal organs (unlike the rattling of
a ratflesnake or even its hissing), producing
vocal communication, Vocal signals can give
information about the sender, both information
he wants to ghve and information he could prefer
not fo give. They bridge long distances but,
unlike visual signals, they fravel in darkness as
well and are only partly obstructed by
Intervening objects. They also may inform about
the location (distance and direction) of the
sender relative to the receiver, Thus vocal
signals have many advantages and could be
expecied lo be widely employed. But they
require sultable organs for sending and
recelving and they may broadcast information to
receivers whose presence is unknown to the
sender and against his Interest.

The research of vocal signals has -
progressed in recent decades thanks o
equipment developed during the second world



war, e lape iecorder preserves the signal and
annblos [ty repealed physical analysls, in terms
of (1) time (duration, repetition rate, etc.), (2)
Intensity, (3) equency (reciprocal of sound
wave: lengih) composition and (4) limbre
(whether *lonal®, pure frequency, possibly with
harmonics, o *nolsy®, broad band nolse). The
osdlloscope displays malnly the distribution of
acoustical energy over fime, The sonograph
serves mainly to display the frequency
composition of the signal, over lime, revealing
also imbre, Lately these are augmented by real
time analyzers and computarization (Lanyon
and Tavolga, 1980; Busnel, 1863).

Vocal Communication In Reptiles: History of
Study.

The investigation of vocal communication
in repliles has always lagged behind that in
other vertebrales and In insects, Already
Aristolele (4! century B.C.), who knew that *...the
croaking... Is made by the male frog, and is
thelr call o the females at breeding ime: all
animals have speclal cries for this purpose...”.
sald of reptile volces only, "...the oviparous
quadrupeds produce a volce, but a feeble one;
In some cases, a shylll plping sound, llke the
serpent; in others, a thin faint cry, in others, a low
hiss, like the fortolse...” Even today, much less is
known about vocalization In reptiles than in
frogs or even fishes, not to mention mammals,
birds or Insects,

Nevertheless, Mertens (1964) already
amassed anecdotal information on reptile
vocalizations, oblained before the application of
acoustic equipment. With the employement of
such equipment much more has been leamed
in the following decades. The groups of repliles
which employ volces In the most conspicuous
manner, and have therefore been the best
studled, are gekkonid lizards and crocodlles.
The latest review of replilian vocalizations are
those of Gans and Maderson (1973), Carpenier
and Ferguson (1877), Klester (1977) and
Marcellini (1878), and of reptile hearing, those of
Wever (1878) and Manley (1881).

Our alms In this report are to briefty review
current knowledge of vocal communication in
reptiles, with emphasis on (1) progress In the
last decade or so, (2) gekkonid lizards and (3)
our own efforts since 1967 (Werner, 1868) and
1969 (Frankenberg, 1973); and to point out

some open questions. We shall minimize
reference fo the literature by limiting quotation
where possible to the earller reviews and other
papers contalning ample references. As will be
seen, knowledge has advanced considerably
concerning reptile vocalization on the one hand
and their auditory capacity on the other hand,
but only little conceming the communicatory
function of the volce.

METHODS

Volce Analysis:

The technology, and problematics of the
basic equipment --microphone, tape recorder,
oscllloscope and sonograph-- as well as the
terminology of acoustic and bloacoustica have
been amply reviewed in the books edited by
Lanyon and Tavolga (1060) and Busnel (1063)
Suffice it lo explain here that the sonograph, in
Its commonest mode, showing sound frequency
versus ime (fig. 1), operates through repeatedly
examining a magnetic loop with recorded
sound: with succesive revolutions, succesive
acoustic filters for Increasing frequencles
operate; energy passing each flller Is
represenied In the sonogram paper as a
horizontal black line for the relevant duration;
succesive lines representing rising frequencies
are plled over each other 1o produce a sound
spedral representation as it changes over ime.
Although the sonograph produces the familiar
plctures of bird songs and frog calls, It may
produce arficlal harmonic-like patterns (Walkins,
1967).

Audilory Analysis:

s relatively difficult o examine the
audilory capacity of repliles by behavioral
methods, and little has been achieved in this
direction (Wever, 1978: 984-4), Instead, various
physiological methods are employed. The most
frultful method has been that developed and
employed by E. G. Weber and his associates:
deriving audiograms as Isopotential functions of
the alternating potentials of the cochlea (=
*CM"), in response to serles of pure tones of
known frequency and intensity. Wever (1978)
detalls his methods and describes auditory
funclion and structure for nearly 250 spedies of
reptiles. Other physiological methods have been
reviewed by Johnstone and Sellick (1972) and
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Fig. 1. Mulliple click advertisement calls of male
FPlenopusspp. in the Namib Deser,
demonstrating regular spacing of click rale (dala
from Haacke, 1969, 1974). Further explained In
the text.

Manley (1881). Regulalion of Ihe experimental
femperature has been reviewed by Wemer
(1983). Following Wever (1078) we express
audttory sensitivily by the sound pressure, in
decibels (db) relative o a sound pressure of 1
dyne cm-Z, required to eliclt a standardized
summated response from the hair cells (on this
scale the auditory thresholds of man and cat
:gg‘v?odmm -80 db; Wever and Lawrence,
Behavioral Analysis:

Basically, the information contents of a
signal can be deduced from the response of the
recejver (Marler, 1961). The methodology of
behavioral analysls of communication is further
discussed in Busnel (1983) and Sebeok (1968).
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Two major allermative experimental approaches
are (1) 1o lest Ihe response of separate animals
lo standardized signals (Marcellinl, 1977), or to
observe Interactions In a group of animals and
stallstically establish the relation of categorized
slgnals to calegorized responses (Frankenberg,
1982b).

EXAMPLE: VOCAL COMMUNICATION IN
GECKOS

VOICE:

Organ: How geckos produce thelr
vocalizations has been a subject of speculation
and controversy (Haacke, 1968), despite the
work of Mahendra (1847), until Paulsen (1867)
analized the function of the larynx in Gekko
gekko. By high speed cinemaltography, he
demonstrated how the vocal chords operate
during alr expulsion to produce the
vocalizations, somewhat similarty to their
operafion in frogs.



Neperiolie: The lane of geckos as
voclerous antmals derives from two classes of
voallzations: the “advertisement”™ multiple-click
(MC:) call of (mainly) the males of some specles,
which may be very loud; and the “dislress”
squeaks ol nearly all specles when selzed,
Sonographic analysls and observation of the
situalions in which the calls occur show that the
males of some specles have at least six diflerent
lypes of calls. In Hemidachlus hurcicus,
Phyodachyius hasselquistil gultatus and P. h.
hasselquistii the males call different series of
clicks lo females than o other males, In addition,
mosl gecko species appear to emit four distinct
types of distress calls when attacked, as
discussed below. Even parthenogenetic geckos,
Hemidadlylus garmohil and Lepidodactylus
lugubris, have a soclal call differing from their
distress call (Frankenberg, 1982a; Frankenberg
and Marcellini, 1982; Werner, in MS 1).

Multiple Click Calls: In principle this call
Is a train of more or less evenly spaced, lairly
similar, clicks. In some species it is apparently
only produced by males |e.g., Plenopus spp.
(Haake, 1969; 1974); Phodaclylus spp.
(Frankenberg, 1974)}; in others, also by lemales:
In Hemidactylus frenatus the male and temale
MC calls are similar (Marcellini, 1974) but in

lus kofschyl they differ in rate,
|temale, 2.5 clicks per second; male, 10 clicks
per second (Frankenberg, 1978a)), and perhaps
in duration.

Likewise, species differ in the type of
ditterence there is belween male calls to a male
and male calls to a female in Plodactius h.
gultatus they difter in click number, call
duration, and spedially, dlick rale (Frankenberg,
1974), in P. h. hasselquistii on the contrary they

seem lo differ only in frequency range (Weiner el
al., 1978); and in Hemidaciylus turcicus the
difference lies in the degree of orderliness
(evenness of click length) (Frankenberg, 1982b).
In a Hawalian population of 4. frenalus the
nalural nocturnal MC calls comprised two
distinet structural types, of unknown confext
(Frankenberg et al, in MS). A comparable
situalion occurs in Plenopus g. maculatus north
of Gorob mine (Haacke, 1969; 1974).

Presumably the MC calls most commonly
heard in nature are the males' territorial calls (=
lo other males). These differ between species in
duration, number of clicks, click rale, and

emphasized lrequency (Table 1); the frequency
range and the loudness are more difficult io
Investigale, and the former may well increase
with the latter. Their comparative sludy is
complicated by lemperature effects, the nature ot
which seems lo vary between species (Haacke,
16B9; Frankenberg, 1974; Marcellini, 1974). So
do their ecological correlales: Plenopus spp. call
from Inside the entrance of the burrow, which is
believed to amplify the sound (Haake, 1969;
1874), bul Hemidadlylus Irenatus call mainly
when "active”, out of cover (Marcellini, 1874).

Widely ranging spedes may show
intraspecific geographical variation (Simkin and
IFichev, 1865), potentially in the same ways in
which species differ. In Plenopus garulus
maculatus the average number of clicks varles
between populations from 2.3 to 9.7 (Haacke,
1875). Click rafe In this subspecies shows
geographical characler displacement, so as to
increase the difference from P. kochi where the
two are sympalric in the southern Namib (Table
1. fig. 1)

. O]! evolulionary inlerest are the irregular
MC calls. Presumably, and in general, the more
maonotonously repetitive calls are the more
primitive ones, whereas diversification involves
later calls, finally minimizing monotony (Leroy.
1977). Indeed the regular calls have the widest
distiibution among gecko taxa. But in some taxa
there also occur Irregular calls, diversitying the
repertoire: thus the type “B" MC call of Plenopus
g. maculatus (Haacke, 1969; 1974) or the male
to-male call of Hemidaciylus lurcicus
(Frankenberg, 1982b). Lastly, whereas the MC
call of Plyodactylus h. gultalus s regular, that of
£ h. puiseuxt includes a prelude of minor dlicks
before the main ones, and that of 2. A.
hasselquistii comprises a melodious mixiure of
major and minor clicks (fig. 2), which even
seems {o vary between individuals (Werner,
1965; Frankenberg, 1974; Wemer et al., 1978).

Distress Calls: Geckos also produce a
variety of non-MC calls. Previously we recorded
the calls produced by four species when
threatened by the hand or seized. The resulting
repertoire was classified into four call types, all of
which were produced by three of the specles
(Cyrodaclylus kotschyl, Gehyra varlegala and
Stenodaclylus sthenodadlylus): Type |, more or
less resembling a single click of a MC call; type
Il, noisy, of long duration, amplitude-modulated
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Fig. 2. Multiple-click adverlisement call ol male
Plyodaclylus h. hasselquisii, demonslraling an
Irregular mixture of major and minor clicks (data
from Frankenberg, 1974).

or segmented; type Ill, noisy, long,
uninterrupted; type IV, fonal (with harmanics),
long, frequency-modulated (Frankenberg and
Werner, 1884). We suggested that because len
factors of variation were involved, this reperloire
provided an unpredictable, hence effective,
response fo altack, Bul these call types have also
been described (under a variely of names) as
belng employed In varlous soclal situations, in
varlous species, and may be silualion-spedific, 1o
varying extent, Some comparalive data and
terminologies are glven In Table 2. Nearly all
calls reported from geckos can be assigned o
one ol these categorles of MC calls or distress
calls defined here (figs. 3, 4). One must lake into
account some degree of Infra-category varlation;
nol only In variable paramelers but also
qualltalive varlation between species. Thus the
lype | distress call is nolsy In Plyodaclylus
(Frankenberg, 1975) but tonal and even
modulated in Hemidactylus frenatus (Marcellini,
1874); however, In each case Il appears
derivable from a single click of the specitic MC
call. The type | calls of both species may
probably be regarded as homologaus, just like
the MC calls of the two, despite the different
internal struclure, The “hissing bark" of
Teraloscincus when counteratiacking ditlers
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from these types, resembling type JIl but
emphasizing certain frequences; interestingly
this gecko adds a broad band, high frequency
“white® sound from Its siridulating tail (Gans and
Maderson, 1973; Hiller, 1974; Werner, pers.
obs.).

Ultrasound Components: Many distress
call conlaln (on the sonogram) energy up to
above 8 or 10 (Marcallini, 1974; Frankenberg,
1975), apparently well above the useful hearing
range of the same species (next chapter).
Recenlly, by lhe Ingenious application of a "bat
deleclor” (Sales and Pye, 1974), Ann Brown
(1985) demonstrated the presence of even
higher frequencies in somie distress calls ot
several Israell and other geckos. The champlons
were Gekko gekko whose barks (lype 1 7)
conlalned energy up to 80 kMz, and
Phyodactylus h. hasselquislil whose type IV call
contained energy up to 50 kHz (no MC calls
were avallable). it remains unclear whether the
high trequency componenis of distress call
represents a "wasted by-product” or function in
delerring small mammallan and perhaps avian
predalors.

HEARING:

Low-frequency and high-frequency
ears: Ear structure, and hearing as assesed by
inner-ear function (CM), have been examined In
48 species and subspecies of Gekkonidae
(sensu lalo) (Wever, 1974; 1978; Werner, 1976).
The level of sensibility varies belween species;
the champions are the larger eublepahrines,
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resident
attack 1.3-6 kHsz

Sgueak of f
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“Bark" when
aggressor
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REF TYPEI

1

Gekko gecko

Homidactylus frenatus
Hemidactylus garnotii
Hemidactylus turcicus

SPECIES

Table I: Multiple-click calls of geckos.
References (REF)= (1) Frankenberg, 19874; (2)
Frankenberg, 1978; (3) Frankenberg, 1982; (4)
Haacke, 1069; (5) Haacke, 1975; (6) Marcellini,
1674; (7) Marceltini, 1978; (8) Wemner et al.,
1978. R/A= Rostrum-Anus length in mm;

Table II: Homologies of distress calls of some
geckos described by varlous authors as
occurring in soclal contexts or when handled.
Call Types | - IV & Other according Frankenberg
and Werner, 1984, References (REF)= (1) Brown,
1985; (2) Frankenberg, 1882a; (3) Frankenberg,
1982b; (4) Marcellini, 1874; (5) Wermer,
unpublished.

Eublepharis maculatus and Hemitheconyx
caudicincus, some of which responded to
sounds 20 db below the human threshold!
Several other specles, however, are less
sensitive than various lizards of other families.
For accurate results, such comparalive studies
need to be made at the ecologically optimal
body temperature of each species (Wermer
1676; 1983; 1985).

The range of frequencles at which geckos
are sensitive varles between species, The
audlograms of Gekko gekko shows two regions
of best sensitivity: one at 400 - 600 Hz, anather
al 2000 - 4000 Hz. Although these numerical
values vary inlerspecifically, such duality
appears to be the rule, and presumably reflects
two populalions of hair cells (next paragraph).
Usually but nol exclusively, It is In the larger
geckos that the lower range Is the sensitive one
(Coleonyx. Eublepharis; Gekko, Plyodactyius,
Teraloscincus ), whereas, usually but not
exclusively, In the small species the best
sensitivity Is in the thousand of Hz
(Cyriodaciylus kolschyi, Hemidactylus mabouia;
Diplodaclylus, Lucasium; Gonalodes,
Sphaerodactylus) (flg. 5). A few species appear
simllarly sensitive in both ranges (Oedura
ocellalkz) (Wever, 1974; 1978; Wermer, 1976). At
least, this Is the picture by the CM method. In
some species the CM-audiogram shows a third
peak of sensitivity around 12 - 15 kHz but this
could be an artifact (Wemner, 1976). Normally
sensitivity rolls off rapidly above 5 kHz.

CM audiographs, similar to those obtained
In response o series of pure tones, were also

oblained in Plyodachius stimulaled with a
combination -tone derived from homospecific
MC calls (Fray et al., in MS). Unlike In frogs,
where audiograms based on hair cell potentials
equal those derived from brain responses
(Werner, 1978), In lizards a methodological bias
needs fo be considered: Audiograms based on
evoked responses from the auditory nerve or
brain (gross or complled from single unlts) show
poorer sensitivity of the lower trequencies and
better sensitivity of the higher frequencles,
compared lo CM audiograms (fig. 6). The
discrepancy may be due to the fact that the
magnitude of the cochlear potential Is
frequency-dependent, or to the spatial-eledirical
relationships of the sources of potentials and of
electrodes, or o both (Manley, 1972a; 1981;
Werner, In MS 2),
Sensitivity as related to ear structure:
The audiogram may owe its shape and
sensitivily o the Inner ear, the middle ear or
both. This question can be analysed
experimentally in a number of ways. When the
ear drum and most of the ossicular chain is
exlirpaled, and sound Is applied directly fo the
oval window (still plugged by the stapedial
footplate), the shape of the audiogram remains
similar fo that of the normal ear before the
surgery, However, sensitivity Is reduced, by
aboul 35 db In Gekko and 53 db in Fublephanis
{Flg. 7). By replacing the aerlal sounds by
vibratory simulation which can be directed at
selected points, one can usually show In lizards
thal this amplification, or impedance malching,
ol the middle ear results from two components:
the hydraulic lever due to the ratio tympanic-
membrane-area / stapedial-footplate-area, and
the mechanical lever due to the excentric
position of the columella relative to the drum.
This is true, for example, in the iguanid
Crofaphyfus But In the geckos Gekko gekko
and Eublepharis the results Indicated that the
hydraulic lever alone was responsible for all of
the magnitication (Werner and Wever, 1972;
Wever, 1978). Nevertheless, when the
Mossbauer technique was applied {o the ears of
the geckos Gekko gekko, Gehyra vanegala and
Phyflurus (= Undemwoodisaurus) mili, a
significant mechanical lever was demonstrated
(Manley, 1972b, ¢; Saunders and Johnstone,
1972; Johnstone and Werner, In preparalion).
When closely related species are
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Fig. 3. Types ot distress calls of geckos,
according to the dlassification in Frankenberg
and Wemer (1884): |. dick-like, from a female
Phyllurus platurus; ||, amplitude modulated,
from amale Tropéocololes; |ll, profracted nolsy,
from a juvenlle Undemwoodisaurus milll when
approached (energy up fo at least 25 kHz); IV
(Intermediale type), protracied, partly lonal and
modulated, from a male Phylurus platurus
when.approached (energy up lo at least 40 kHz).
(I, W and IV, sonograms courtesy Dr. Ann
Brown; II, data from Frankenberg, 1976).

compared, e.g. among Eublepharinae, the
degree of sensithvity Is cormelated to the size of
the tympanum and fo the value of the hydraulic
ratio (which varies among eublepharine species
from 21.9 to 32,1); and through these, to specific
body (Wemer, in MS 3).

On the other hand, the shape of the
audlogram and lis residual sensithvity afler
elimination of the ear are defermined by the

Inner ear. The detalls are complicated, but as a
general principle there Is evidence that the
sensitivity depends on the number of hair cells
(Wever, 1974; 1878). Again, amony dosely
related spedies, the number of halr cells
correlales with body size.

EVIDENCE FOR COMMUNICATION -
Clrcumstantial Evidence: Unfortunately
we have almost only circumstantial evidence that
the vocal communication indeed functions in
geckos: (1) Advertisement calls (MC) are only
known In noclurnal or crepuscular geckos,
except for Plyodaclus hasselquistil puisewd
which, unlike its congeners, is diumal in all
seasons (Frankenberg, 1978b). It employs MC-
calls (Frankenberg, 1974), the complexity of -
which, as explained above, indicates that this is
a secondary sltuation. But the famous diurnal
genera Gonalhodes, Sphaerodachyius, "
Lygodaciylus and Phelsuma are only known to
produce distress vocalizations (Marcellini, 1874;
Stamps, 1877; Wemer, pers. obs.). These geckos
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Fig. 4. Type IV distress call, protradied, tonal and
modulated, from a female Stenodachius
sthenodadlylus when approached (data from
Frankenberg, 1875) and typical threat posture of
this species while emitling such calls (from a
juvenile while shrieking).

are coloured as It for visual Identification and
communication, and, excepling Phelsuma, show
strong sexual dichromatism. Indeed, some of
them have been shown lo employ visual signals
(Stamps, 1977). Some of the cryplically colored
diurmnal Pristurusspp. apparently signal with
their barred talls (Amold and Gallagher, 1977;
Arnold, 1982), All these gekkos, except
Pheisuma, are of small size and possess poor
audition (when known) but they share these
paired charaders with many nocturnal forms. If Is
possible that in Phelsuma, auditory acuity varies
strongly among individuals (Werner, 1976;
Wever, 1978).

(2) There is a trend of agreement for the
basic or emphasized frequencies of the MC
calls, with the frequency ranges of the sensitivity
peaks of the audlograms of the same species
(Table 1). The agreement Is closes! with the
upperrequency peak of sensitivity, which in the
larger geckos Is minor In the CM-audlograms
but prominent in the evoked-potential
audiograms (fig. 6).

(3) Concerning the african burrowing
Prenopus, many observers have lestified that the
(usually unseen) animals seem lo be calling in a
coordinated chorus, each starfing his call

promptly after his neighbor concluded his own
(Haacke, 1969; 1974; Werner, 1977).

(4) Lastly, in Plenopus, Haacke (19689)
demonstraled character displacement increasing
the difference between the calls of Plenopus
koch! and P. garrulus maculatus who are
sympatric,

Analytical Evidence: Some observations
indicate that vocalizations occur, or occur more
frequently, when the geckos are in the company
of conspeclfics: Plyodactyius (Frankenberg,
1874; Werner et al., 1978); Cyriodaciyius
kotschyi (Frankenberg, 1978a). Captive Hemi/-
dactylus frenatss "could occasionally be
stimulated lo call by the playing of a recorded
MC call near their cage” (Marcellini, 1974).

Few investigators have observed groups of
geckos, amassed ample direct observations, and
undertaken stalistical analysis of context:
Dagmar Werner (1972) found in caged
groupings of Plodachius h. guttatus that the
males' MC calls drove other males away but did
not so aftect the females (the calls were not
analyzed acoustically). Marcellinl (1874) found
In a natural population of Hemidaclylus frenatus

thal MC-calls occurred in aggression, courtship
and leeding (the calls were not subdassified);
that the "churr call" (Table 2) occurred only with
aggression; and that the "single chirp call*
(Table 2) occurred In varlous distress situations.
Frankenberg (1982b) found In caged groupings
of H. turcicus that the MC-calls differred when
direcled at males or at females, and that the
various other calls of males, females and
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gekko, demonstrating a low-frequency ear, and
of one Cyriodaciylus kolschyl orientalis,
demonstraling a high-requency ear (data from
Wever, 197€); and maln voloe frequency ranges
(sources as In Table |). (Methodology: CM,
Isopotential, audlograms).

Juveniles could each be associated with threat,
attack, defense, release, escape or even
approval. In caged groupings of
parthenogenetic M. gamoff; the sole type of
vocalization (amplitude modulahd) routinely
accompanied the counterattacks of animals
approached by others (Frankenberg, 1982a),

Experimental Evidence: To dale the best
evidence of functioning vocal communication In
geckos come from an experiment of Marcellinl
(1977, 1678): single individuals of Hemidachdus
Irenatus were exposed to MC-calls. Females
responded indifferently but males tended to turn

(control), In this project no distinction was made
between MC-calls directed to males and those
directed at females. S, the main result
parallels the observations of Dagmar Werner
1 on Pyodactylus,
(mﬂamuledlha difficulties In conditioning
gekkos to respond fo sound, we monltored the
effects of homospeciic vocallzations on heart
and respiration rales of Phyodachius The
responses demonstrated that *hearing” in the
Mhlmmdeedommedwnerd
al., In MS).

VOCAL COMMUNICATION IN OTHER
REPTILES

Testudines:

Testudines, espedially Testudinidae, are
well known lo vocalize; Carpenter and Ferguson
(1877) quote some sixty records. Most records
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Fig. 6. Comparison of two methodologies for
deriving audiograms: audiograms of Gekko
gekko, one based on CM potentials
(Isopotential), the other on evoked neural
responses (threshold) (data from Werner, in MS
2); and main volce frequency range (dala from
Marcellini, 1878).

concern the rythmic grunts or squeaks of the
male while mounted on the female in
copulation. Possibly for this reason, some
reviewers have nol altached much importance lo
turlle vocalizations: Harless (1979: 438) says, "It
seems thal most vocalizations... simply occur in
stresstul situations and may or may not be
eliciting and discriminative stimuli for other
turtles®. Petzold (1982) summarizes (we
translale), *in general today one considers the
vocalizations only a by-product of the copulatory
excltement”,

But evidence is accumulating to the effects
that more may be involved. In some specles,
males vocalize while chasing the female (De
Sola, 1930; Snedlgar and Rokosky, 1950).
Geochelone lravancorica in India call in chorus,
e<pecially at night; juvenile Flafysternon

megacephalum squeal when picked up or
disturbed (Campbell and Evans, 1972). Gans
and Maderson (1973), Auffenberg (1877) and
Frazier and Peters (1981) bring addltional
examples, including cases of species known for
more than one type of vocalization.

Most turtle vocalizations have been
described verbally, without acoustic analysis.
Together with the few available analyses, these
descriptions indlcate considerable acoustic
variety, A rough correlation emerges between
speclfic body size and the frequency range of
the vocallzalions from Geochelone gigantea
(260 - BOO Hz) through Geochelone carbonaria
and G. travancorica (up o ca. 2.5 kHz) to
Juvenile Plalysternon maegacephalum (up to
4.5 kHz), Other interspecific differences also
occur: the rhythmic copulation squeaks of
Testudo kieinmanni sound very different from
those of Testudo graeca (Hooflen, 1971).
Incidentally, a large female of 7. graeca which
behaved homosexually sounded more low-
pitched than the males (Werner, pers. obs.).

Audition has been tested
electrophysiologically in 27 species and
subspecles, and In Pseudemys scripla the
resulls have been corroboraled by behavioral
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stimulation of the oval window, after middle ear
exirpation (data from Wemer and Wever, 1972;
Wever, 1078).

tests. The ranges of spedific sensitivity and
frequence response resemble those of non-
gekkonld llzards (Wever, 1878). There Is every
reason o belleve thal turtles can hear
homospecific vocalizations, perhaps excepting
the smallest species with the highest voices, as
polnted out by Frazler and Peters (1981).
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Crocodylia:
Since the reviews of Gans and Maderson

(1973), Carpenter and Ferguson (1077) and
Kiester (1877), our understanding of the social
and sexual roles of the roars and bellows of
crocodlles has been expanded mainly by
Garrick and assoclates (Garrick, 1975; Garrick
and Lang, 1977; Garrick et al., 1978). A few
specles show complex signalling systems
including vocal, other acoustic, visual and
chemical signals. The vocal signals ditfer
inferspecifically in call structures, repertoire and
vocal behavior and intraspecific (sexual and
individual) variation may also occur. The vocal
repertolre is more important In Alligator
mississippiensis, possessing six distinct call
types, than In Crocod)ylus spp. This may be an
adaptation to a habitat with denser vegetation; /

mississipplensis seems lo use visual signals
malnly for short distances, and its vocal signals
appear adapted for long range transmission.
Vocalizations of adult crocodiilans are mostly
low-frequency, up fo 500 Hz, rarely up to 1 kHz.
An analysis of distress calls in juvenile
Caiman aocodylus showed that temperature
affected several call parameters but hardly the

frequence spectrum (Garrick and Garrick, 1978).

These juvenile vocallzations contain energy, In
modulated tonal harmonics, throughout the
spedrum up fo 3 - 4 kHz.

The direct observations quoted leave no
doubt that vocal communication occurs [itis
Inferesting that crocodiles employ additional
non-vocal acoustic signals (water splashing,
efc.)). The CM audlograms of three spedles all
reach sensitivity of -60 db and remain quite
sensitive (-40 db) from 100 Hz o 3 or 4 kHz
{(Wever, 1978).

Ot outmost interest Is the partial evidence
of vocallzation of the bables within the eggs, to
synchronize haiching and to signal fo the
mother o open the nest, and of parental
responses fo distress cries of juvenlles (Kiester,
1677).

alla:

It Is difficult to Interpret the many verbal
descriptions of the vocallzations of Sphenodon
and it Is not clear whether both sexes vocalize.
But Sphenodon produces at least two different
sounds, under different drcumstances
(Carpenter an Ferguson, 1877). The sound
described as a croak emitted when handled was
analysed on osdlloscope by Woltusiak and
Mallert (1873) who concluded that its energy
peaked In the range of 1 - 4 kHz. They heard
but did not analize the weaker grunting sound
which the animals produce of their own accord,

Gans and Wever (1976) analyzed
Sphenodon calls on a wave analyzer and found
energy peaks at 300 Hz and from 800 Hz to 2
kHz. They also elecirophysiologically tested the
animal’s hearing and found that with aerial
sound de audiogram peaked at 200 Hz, and
with vibratory stimulation at 200 to 700 Hz. They
condluded that vocallzation and auditory
senshily colncided, despite the absence ofa
conventional tympanic membrane (Gans and

Wever, 1976; Wever, 1978). Because the
audlograms were |nsensitive above 1 kHz, Gans
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and Wever proposed that the technique of
Wojtusiak and Majlert (1973) may have been
faulty, Theoretically, these leams could have
examined difterent call types, and the distress
croak could be directed at predators. But one ot
us (YLW), has experienced the distress croak
when calching a Sphenodon In the wild: the call
Is loud, startling, unpleasant to the ear, and
indeed unlikely not to include low frequendles.

Saurla:

Other than the Gekkonidae, the only
saurian family with widespread vocallzation is
Pygopodidae, Australian lizards resembling
Sdncidae but related to Gekkonldae (Weber and
Wermner, 1977). Most reports concern distress
squeaks or barks aroused Interspecifically but at
least two Delma spp. squeak In intraspedific
soclal situations (Weber and Wemer, 1977;
Annable, 1683). Distress squeaks of Delma and
Lialfs can be nolsy or tony and modulated, with
harmonics, and reach up fo 12, sometimes 168
kHz, much above homospeclfic audition (up to 4
kHzin Lialis), Presumably they are directed at
mammallan or avian predators (Weber and
Werner, 1977).

Several species of certain genera of
Iguanidae vocalize (Carpenter and Ferguson,
1977; MArcellini, 1978). The distress squeal of
Gambella wislizenii averages 2.5 seconds and
has Its main energy at 2 - 3 kHz; It accompanies
the counterattack against aggressors, which the
specles displays at low temperatures, rather than
flee, as it does in high temperatures (Crowley
and Pletruszka, 1983). Several species of Anolis
vocalize, sometimes in social contexts,
Rothblum et al. (1979) succeeded in
conditioning A. grahami to respond to sounds
having the frequency of its own volce.

Some Scincidae (in Australla and New
Zealand) consistently squeak In distress
(Wermner, 1973a) but of hundreds of Israeli
Chalcides ocellatus handled, only one
Individual squeaked and only when freshiy

captured, never again in captivity (H, Aimagor
and Werner, pers. obs.). Two scinclds dlick
spontaneously (Wemer, 1873a). In another
scincld Johnstone and Johnstone (1969)
demonstrated that cochlear and audhory nerve
responses peaked in the maling season.
Possibly in this species, perhaps also in other
lizards, Intraspecifical vocal communication



occasional species of the Agam
Laceridae, Telidae and Varanidae (Gans and
Maderson, 1973; Weber and Wemer, 1977;
Marcelllni, 1978). Although some of these
families contain specles lacking a normal
tympanic membrane, all the reporis on
vocalization concem laxa possessing normal
middle ear (Mertens, 1971; Wever, 1978).

Serpentes:

Hissing and some other variations of air
expulsion are common In snakes (Gans and
Maderson, 1973; Carpenter and Ferguson,
1978) but proper vocalization also occurs.
Hooflen (167 1) has referred to earller reports
and convincingly described vocal squealing In a
captive female colubrls, Spalerosophis diadema
diiffordy.

Although intraspeclfic vocal
communication has never been proposed for
snakes (e.g., Carpenter, 1977), a word on
hearing is warranted. Contrary to past beliet
based on analomy, Wever and Vemon (1960)
have condlusively proven the audition of
alrbome sound In snakes, and this has been
amply confirmed by later work (Hartiine and
Gampbell, 1960; Wever, 1978). The CM
audlogram of several snakes reaches -40 db and
below, and up to 400 or 600 Hz. Nevertheless,
when an Indian snake charmer was tested by
separating him and his flute from his performing
cobras by a partition, it transpired that the cobras
had been responding to the visual and factile,
nol the acoustic, stimulation (Werner, 1973b).

DISCUSSION OF OPEN QUESTIONS

Except for the geckos so few reptile
vocalizations have even been recorded, that
littie Is known aboul vocal communicalion In
reptiles, other than Indications that it may be
much more important than has usually been
acknowledged (Busnel, 1863; Schwarlzkopff,
1877). Thus in saurla the numerous scatiered
reports on vocallzation, perhaps based on
usually loud individuals, together with the
finding (where tested) of seasonality in auditorv
physlology, raises a susplcion of widespread
low-intensity vocal communication related to
mating. Obviously many more species, including
geckos, need 1o be studied, for us to understand

the structure and communicative function of
reptilian vocal repertoires. But we would llke o
emphasize here a group of questions with
ecological aspects which have not yet been
fouched.

Signal production: The vocal mechanism
of Gekko (Paulsen, 1967) may occur In all
Gekkonidae but next to nothing is known for
other vocalizing repliles (Gans and Maderson,
1973). This ignorance prevents an evolutionary
consideration of vocal communication of
repllles. Further, the absence of any
measurements of volce Intensity restricts all
considerations involving relative loudness to an
anecdotal level (see below).

Loudness relations: There Is an
Incomplete dicholomy, with considerable
overlap, between the majority of nocturnal or
crepuscular geckos which employ acoustic
signals, and the minority of diurnal geckos which
employvisual signals (coloration and postures)
(Stamps, 1977). What are the energetic and
other ecological costs of the two modalities? And
how expensive is I to have a louder voice? For
example the late Hermann Zinner staled (pers.
com.) that he had observed the barm owl, Tydo
alba, diredt liself to calling

One may exped the larger specles to be
more widely spaced (Slamps, 1877) and thus to
employ a louder voice. To some extent it seems
1o be the case, but the little Plenopus |s rather
loud, so If there is a rule, what is it? There are
anatomical foundations for larger specles o
have keener hearing, which could help bridge
the distance expected between the large
Individuals. But how much correlation Is there
among loudness, sensltivity and spacing?

Adaptation to habitat: Adequate
loudness and range are not necessarily the key
characteristics for an acoustical signal. It may
evolve so that its deterloration over distance, In
itself, will inform about the distance. Certainly it
would tend to be relatively deformation-proof In
ts relevant acoustic environment. Investigators
have differed in thelr condusions as to how
various habitats of birds, especially forest versus
open fleld, differ In their effects on signal
transmission (Wiley and Richards, 1978).
Beyond the suggestion that alligator
vocalizations (unlike those of crocodlles) are
adapled fo vegetation-rich habats (Garrick and

Lang, 1977; Garrick et al., 1978), the application

of this approach to replile vocalizations awalts
the investigation of sound propagation in
additional environments, notably rocks and
crevices.

Echolocation?: The occurrence of high
frequence components In many vocalizations of
nocturnal, sometimes cavemicolous,
Gekkonidae and Pygopodidae, even up to 60
kHz (Brown, 1985), Intensifies the question of
echolocation, already raised by Wojtusiak and
Majlert (1873) concerning Sphenodon. The
auditory physiology of reptiles, as weil as the
functional morphology of thelr middle ear,
suggest that reptile ears are inefficient above 5
kHz or so (Johnstone and Sellick, 1972;
Saunders and Johnstone, 1972; Schwartzkopf,
1977; Wever, 1877; Manley, 1881). But no aclual
tests of sound perceplion in the 20 - 80 kHz
range have been reported. The audiograms of
some geckos showed a third area of (relative)
sensitivity at 10, 12 or 15 kHz but this was
regarded an artifact and the testing was not
continued to higher frequendles (Werner, 1976).

CONCLUSIONS

1 - Vocallzation |s widespread In the
Reptilla, given the limitations that (a) it occurs
malnly in nociurnal or crepuscular groups or
species |mosl geckos, Lialis, Sphenodon and
crocodiles have silf puplis; the snake

/s |s seasonally noclurnal (Werner,
1870)]; and (b) Il occurs only In species
possesing a normal tympanic membrane
(exceptions: Sphenodon and the vocallzing
snakes).

2 - Some specles have a reperloire of at
least six distincl calls, classifled as (a)
advertisement calls and (b) distress calls.

3 - The advertisement, multiple-click, calls
of geckos vary between sexes and between
motivations, and the method of such varlation
differs among specles.

4 - Circumstantial evidence points to an
interspecific, predator deterring, employment of
distress calls, which often contain energy at
frequencles apparently above homospecific
audition. In geckos some of the rich and variable
distress repertolre also serves In intraspecific
social situations.

5- As far as known, in most vocalizing
reptiles auditory sensitivity, as measured
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electrophysiologically, Is keen and Includes the
frequency range of homospecific vocalizations.
Behavioral evidence for the hearing of the latter
exists for Anolis and Plyodaclylus.

6 - Evidence for infraspecific
communication is mostly circumstantial (as

above) or observalional (inleraction,
chorusing) but some analytical and
experimental evidence exists for geckos.

7 - Some reptile vocalizations include
ultrasound. Given the known limitations of the
ear, echolocation is unlikely, but has not been
ruled out conclusively.

8 - Further research is needed on the
behavioral aspedts of vocal communication In
repliles, but also, and especially, on the
ecological aspects: ecological cost of
vocalization; relations among loudness, auditory
sensitivity and spacing; effects of the
environment's fransmission properties on vocal
signals and on their evolution.
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