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Summary

Iguanian lizards generally use their tongue to capture
prey. Because lingual prehension is based on surface
phenomena (wet adhesion, interlocking), the maximal prey
size that can be captured is small. However, published
records show that prey items eaten by chameleons include
small vertebrates such as lizards and birds, indicating
that these lizards are using a different prey prehension
mechanism.  Using high-speed video recordings,
cineradiography, electromyography, nerve transection and
stimulation experiments, we investigated the function of
the tongue during prey capture. The results of these

experiments indicate that chameleons have modified the
primitive iguanian system by including a suction
component in their prehension mechanism. Suction is
generated by the activity of two modified intrinsic tongue
muscles that pull the tongue pad inwards. Moreover, we
demonstrate that the mechanism described here is a
prerequisite for successful feeding.

Key words: prey capture, lizar&hampholeon spectryr@hameleo
spp., Brookesia spp., functional morphology, nerve transection,
suction, hyolingual apparatus.

Introduction

Two prey capture strategies are generally recognisecbuld play an important role in capturing large prey. He
in lizards: tongue and jaw prehension (Schwenk angroposed that, after the tongue is splayed open upon impact, it
Throckmorton, 1989). Tongue prehension is the predominaiig retracted into its original concave state by activation of the
prey capture mode in all members of the most primitivgpouch retractor muscles, thus creating suction on the prey.
lizard clade, the Iguania (i.e. Iguanidae, Agamidae and Here, we test the previously cited hypotheses concerning
Chameleonidae). The mechanism by which the prey adheresttte mechanics of tongue prehension in chameleons,
the tongue of iguanid lizards during capture is thought to basing high-speed video recordings, cineradiography and
based on adhesive bonding and/or interlocking (Bramble anelectromyography, and investigate the function of the
Wake, 1985). Since the chameleon tongue pad contains a langeuch retractor muscle during feeding using denervation
number of epithelial glands and possesses numerous papillegperiments. In addition, we investigate quantitatively the
that can lock into surface irregularities on the prey (Schwenlgontribution of the tongue prehension mechanisms proposed in
1983), both wet adhesion and interlocking presumably play athe literature (i.e. adhesive bonding, interlocking and suction)
important role during prey capture. to the total prehensile forces.

Although the chameleon tongue is generally considered to
be an example of an adhesive bonding system (Bramble and )

Wake, 1985), suction was suggested as a possible mechanism Materials and methods

that would enable chameleons to capture large, smooth prey Animals

(Schwenk, 1983). Indeed, because the strength of the adhesivelhe data represented in this study are based on a wide
bond is limited by the surface area of the tongue contacting thariety of chameleon species. Species were selected to
prey (Emerson and Diehl, 1980), this system places severepresent a wide array of body sizes, varying from less than
limitations on the maximal prey size that can effectively bedOmm in snout—vent length for the smalleRhampholeon
transported by the tongue. However, personal observatiospectrum to over 200 mm snout-vent length for the largest,
(A. Herrel and J. J. Meyers) and published records indicate th@hameleo melleriWe also included species of the major
chameleons are successful in capturing large prey such emliations of chameleons such as the Madagascar lineage of
lizards (up to 10% of their own body mass) and birds¢rue chameleons includinG. pardalisand C. oustaleti the
(Broadley, 1973; Schleich et al., 1996). Schwenk (1983A\frican mainland radiation of true chameleons includhg
inferred from the morphology and position of the paired pouclealyptratusandC. fischerj the Madagascar radiation of dwarf
retractor muscle (first described by Houston in 1828) that ithameleons includinBrookesia supraciliarigndB. armorata
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Fig. 1. Static X-ray of the head
of an anaesthetize€€hameleo
pardalis with lead markers
implanted into the jaws and

tongue (see Materials and ) '

methods). At the back of the

12 13 i4
6 — “’“?‘\ -
head, the hyoid apparatus is (s g s 10

3
clearly visible (arrow). The 4 e
tongue has been placed over the
head of a dead\nolis lizard to 20mm

illustrate the shape of the tongue
and the position of the pouch marker (11) just after prey contact. The numbering shows the positions of the markers lysedidoqre
movements (see Materials and methods).

(morphological data only) and the African mainland radiatiorsuccessful feeding attempts were recorded for each individual
of dwarf chameleons includingRhampholeon spectrum capturing crickets of varying sizes and/or large grasshoppers.
(Klaver and Bohme, 1986). Some species were chosen becauséligh-speed films were analysed by digitising external
of their availability as captive-bred animals readily availablemarkers on the jaws and tongue; X-ray films were analysed by
commercially C. jacksonij C. calyptratu$. All animals were digitising the radio-opaque markers implanted into the jaws
obtained commercially. (markers 1-4) and tongue (markers 5-14; Fig. 1). Several
additional variables were calculated on the basis of the
Morphology positions of the original markers: the horizontal displacement
Morphological data were gathered by dissection obf the tongue tipx-coordinate of marker 10), of the pouch (
individuals of the specigs. jacksonij C. oustaletiC. fischerj  coordinate of marker 11), of the anterior tongue p=ad (
C. pardalisand C. calyptratus Drawings were made of all coordinate of marker 14), of the middle tongue pad (
stages of the dissection using a Zeiss dissecting microscopeordinate of marker 13) and of the m. accelerator
with camera lucida The tongues of specimens®©f jacksonii  (x-coordinate of marker 7); the shape change of the tongue pad
were sectioned (cross, sagittal and frontal sections) and stain@zbth the entire pad, distance 12-14, and the anterior part
using standard histological techniques (trichrome stainseparately, distance 13-14), the tongue thickness (distance
Humason, 1979). TwE. jacksonij oneB. armorataand one 9-13), the distance between the markers in the m. accelerator
B. supraciliariswere cleared and stained to identify bone andand the pouch (distance 7-11) and the shape changes in the m.
cartilage using a modified Taylor and Van Dyke (1978) stainaccelerator (distance 7—10). Only those sequences in which the
An additional three specimens©f jacksoniwere cleared and animals kept their head in the vertical plane (i.e. without rolling
stained to identify nerves with Sudan Black (Nishikawa, 1987)or sideways head movements) were analysed.
The nerves providing motor input to the hyolingual
musculature were traced using both cleared and stained and Electromyography
preserved specimens, and were then drawn using a ZeissBipolar electrodes (Gans and Gorniak, 1980) prepared from
dissecting microscope wittamera lucida Formvar-insulated Ni/Cr wire were inserted under anaesthesia
into selected jaw (m. depressor mandibulae and m. adductor
High-speed and X-ray filming mandibulae externus medialis) and hyolingual (m. accelerator,
Chameleons of the speci€s jacksonii(N=5), C. oustaleti m. hyoglossus and m. pouch retractor) muscles of @wvo
(N=5), C. pardalis(N=5), C. fischeri(N=5), C. melleri(N=2), pardalis Since one animal refused to eat after surgery, data
C. calyptratus(N=1) andRhampholeon spectru(h=5) were  were gathered for only one animal. Signals were amplified
filmed using high-speed video systems (D.l.T. 660 videdGould Bio-electric, model 13-6615-58 preamplifiers and
system set at 120 or 180 frames SNAC-1000 video system Honeywell Accudata 117DC amplifiers) and recorded on a
set at 500 framesk Redlake Motionscope digital high-speed Honeywell 96 FM 14-channel tape recorder at a speed of
camera set at 500 frame3)s At least five successful feeding 19.05cm st Simultaneously the animal was video-taped using
attempts were recorded for each individual capturing cricket® NAC-1000 video system set at 500 framésEhe output of
large grasshoppers and/émolis lizards. Animals of the a signal generator, sent to a light-emitting diode kept in the
species C. fischeri (N=1) and C. pardalis (N=2) were visual field and recorded on the tape-recorder, allowed us
also filmed after implantation of small lead markersto synchronise video and electromyographic recordings.
under anaesthesia (intramuscular injection of KetalarElectrode placementwas checked surgically upon implantation
150 mg kglbody mass) using a Siemens Tridoros-Optimaticand on dorso-ventral and lateral static X-rays (Siemens
880 X-ray apparatus equipped with a Sirecon 2 imagé@ridoros Optimatic 880 X-ray apparatus). Three successful
intensifier and an Arriflex 16 mm camera. Again, at least fivdeeding sequences of one of tke pardalis eating large
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grasshoppers (48+8 mm; mears.£.M.) were recorded before A
the animal removed the electromyographic electrodes.

Denervation experiments

The hypoglossal nerve branch providing motor input to the
pouch retractor muscles was bilaterally transected under g
anaesthesia (5% fluothane, AErrane; see Meyers ar
Nishikawa, 2000) in two specimens@f fischeri The animals 2mm
were filmed feeding normally before surgery and within the
first 5 days after surgery using a D.I.T. 660 high-speed vide B m. accelerator  Pouch retractor muscle Tongue pad
system set at 120 or 180 frame’s 8efore surgery, at least five
successful capture events were recorded for each individu
using crickets of varying sizes (5—15mm). After surgery, a
least five prey capture attempts during which the tongu
touched the prey were recorded for each animal using cricke
of varying sizes. 4mm

Stimulation experiment Fig. 2. (A) Anatomical drawing (lateral view) of the dissected tongue
of an adultChameleo fischer(B) Frontal section (trichrome-stained)

Stimulation experiments were performed using a Gras . .
b P 9 through the tongue of an addt oustaleti A and B clearly illustrate

(S48) stimulator. Bipolar electrodes 50 cm long prepared fror o i

Tefl ted stainl teel wi G d Gorniak 198‘the position of the pouch retractor muscle relative to the m.
€ or]-coa € s_aln ess-§ eel wire (Gans an orniax, accelerator and the tongue pad. The paired pouch retractor muscle is

were inserted bilaterally in the pouch retractor muscles of Wiy attached to the connective tissue sheet surrounding the m.

anaesthetised (Ketalar, 150 mgkgody massC. melleriand  accelerator and inserts at the inner side of the tongue pad at the so-
one C. calyptratus The muscles were tetanically stimulated called pouch or dimple.

using 10V, 1s stimulation trains at 70Hz (see Herrel et al
1999). A glass tube attached to a Kistler piezo-electric force
transducer (type 9203) connected to a portable Kistler charge
amplifier (type 5995) was inserted into the pouch. During Morphology
stimulation, the tongue was immobilised and the glass tube Only a short description of the relevant structures within the
withdrawn. Three different tests were performed. When nothameleon hyolingual apparatus will be presented here; a
stimulating the muscles, all the forces measured upodetailed account of the hyolingual morphology in chameleons
retraction of the tube are due to adhesive bonding andill be published elsewhere. Detailed descriptions of the
interlocking. When stimulating the muscles, but using an opeextrinsic tongue musculature are given by Houston (1828),
tube (i.e. no suction can be created), the force recorded is divivart (1870) and Gnanamuthu (1930, 1936) and of the intrinsic
to increased adhesive bonding; when repeating this experimemuscles by Houston (1828), Bell (1989) and Schwenk (2000).
with a sealed tube, suction forces come into play as well. The chameleon tongue is composed of a central cylindrical
During this last experiment, the tube was sealed at both endscelerator muscle, which sits on the entoglossal process of the
using Plasticine. hyoid. The tongue retractors (m. hyoglossi) insert posteriorly
By comparing different conditions, the relative contributionon the connective tissue sheet surrounding the accelerator
of each prehensile mechanism can be deduced. All tests wereiscle. Anteriorly, the tongue pad sits on top of the accelerator
repeated at least five times for each animal (see Table 1). Thauscle and is firmly attached at its anterior, lateral and
data were analysed using a two-way analysis of variance. posterior sides to the thick connective tissue sheet of the m.

Results

20mm  5mm

Fig. 3. (A) Photograph in lateral vie
of a chameleonGhameleo oustalgt
while capturing a cricket. Note hc
the tongue has almost complet
engulfed the prey. (B) Head-on view
a chameleon tongue C( fischer)
immediately before prey captu
clearly showing the formation of
dorsal (upper) and a ventral (low
‘lip’. (C) Lateral view of a chamelec
tongue C. oustalefj capturing a large (5cm) locust. Note how the tongue has completely engulfed the head of the locust. e, eye; |, lower
tongue ‘lip’; p, prey (cricket); u, upper tongue ‘lip’.
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accelerator (Fig. 2). In addition, several pairs of intrinsic The pouch retractor muscle has a separate and distinct
muscles connect the tongue pad to the accelerator muscle. i@hervation, provided by a branch of the hypoglossal nerve
these, the pouch retractor (see Houston, 1828) is the largeahning along the accelerator muscle and providing motor
muscle (up to 7% of the total hyolingual muscle mass innput to this muscle (see Meyers and Nishikawa, 2000).

small chameleons; A. Herrel and J. J. Meyers, personal

observations). This paired muscle runs from its origin at the Kinematics

dorsolateral side of the m. accelerator to the inner aspect of theChameleons were filmed in lateral, ventral and frontal views
tongue pad and inserts at the internal aspect of the postenssing high-speed video and cine systems while eating a variety
ventral side of the so-called pouch or dimple (see Fig. 2). Iof prey (crickets, grasshoppers and lizards). A first qualitative
the animals examined in this study, no fibres of the manalysis of these recordings clearly showed that chameleons do
hyoglossus were observed to be continuous with those of tm®t use the typical iguanid or agamid adhesive-based tongue
pouch retractor muscle. prehension system. Upon tongue protraction (the slow opening
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phase), the pouch or dimple (which is usually observed iof large prey, or the entire prey when it is small, is engulfed
anaesthetised animals) has disappeared and the tongue padthe tongue (Fig.3). Quantification of the high-speed
appears rounded. After projection, but before prey contact, threcordings shows that the first inward motion of the pad (in
tongue deforms, and two lip-like structures are created (orfeontal view) is observed between 18 and 6 ms prior to prey
ventral and one dorsal; Fig. 3). Next, the tongue is deceleratedntact. The first shape change in the tongue pad (in lateral
and the lips are positioned over the prey. Once the prey hagw) is observed 4-6 ms before that.

been grabbed, the tongue appears to continue to move over th&he analysis of X-ray films of prey capture events (Figs 4,
prey, with the dorsal and ventral lips (mainly the ventral lip)5) indicates that, at rest, the anterior tip of the tongue is
rolling inwards towards the lumen of the pouch in a conveyernvaginated to form a so-called pouch. Upon tongue
belt-like way. At the onset of tongue retraction, the entire headrotraction, this pouch is everted. During the preparatory phase
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| [
Fig. 6. Representative original electromyogram of ~_ R-MDM Mﬂw ' ' = I
the activity in selected jaw and hyolingual ~ (aw opener)
muscles in an adulChameleo pardaligating a
large (50 mm) grasshopper. The jaw opener (right R.MAMES l # ‘ |
m. depressor mandibulae, R.MDM) is active  (aw closer) AL

throughout mouth opening. After maximal gape,
the jaw closer (right m. adductor mandibulae  L.MHG

S SVSRRRRTY | NN AT e
externus superficialis, R.MAMES) becomes(tongue retractor) I
active and closes the jaws. Just before prey
contact, the tongue retractors (left and right mm. | MPouch |
hyoglossi, L.MHG+R.MHG) and the pouch (pouch retractor) N 1
retractor (M.Pouch) become active. Vertical scale v
bars represent 0.5mV. 400ms Prey contack” \aximal gape

(the slow opening phase), the tongue is protruded from tr
mouth (Wainwright et al., 1991) and its thickness gradually
decreases. In the anterior tongue pad, a slight elongation ¢
be observed, and the pouch is maximally everted. Tongt
projection results in a rapid elongation of the entire tongue pe
and the invagination of the pouch (Fig. 4). During prey
contact, the tongue pad is kept stationary (as indicated by tl
position of the anterior pad marker), but the pouch and tongt
tip move backwards, thus engulfing the prey (Fig. 5). The
accelerator muscle, which was extended during protractiol
relaxes at prey contact, reducing the distance between t
anterior and posterior markers (Fig. 4). The inward movemer
of the pouch marker is considerably larger (e.g. up to 1cm i
an adultC. pardalis Figs 4, 5) than that of the tongue tip (up
to 3mm) or anterior tongue pad (1-2mm). During tongue
retraction, the thickness of the tongue increases again, and f
tongue pad shortens to its original length. Tongue retractio

consists of a rapid initial and slower second phase (Fig. 5'\:,, _— ; fter d i f th h
During the subsequent intraoral transport cycle, the prey | '9- /. A Prey caplure sequence afier denervation ot fhe pouc
retractor muscle in a fema&hameleo fischeattempting to capture

.released from the pogch (opening of the pouch, reflected |n. ‘4 cricket. Note how the pouch is still everted during projection (A),

increase in Fongue thickness), and shape changes are restrig, pushes the prey away upon contact (B,C). However, neither at

to the anterior tongue area. prey contact nor during tongue retraction are the characteristic ‘lips’
(see Fig. 3) formed.

Electromyography

To investigate whether the pouch retractor muscle is indee
responsible for the observed invagination of the pouch justontact. This implies a delay of up to 50 ms between the onset
before or at prey contact, electrodes were implanted bilaterallyf activity in the pouch retractor and the first inward movement
into this and several other jaw and hyolingual muscles. Thef the pouch. Simultaneously, the tongue retractor and the m.
electromyographic recordings show that the pouch retract@ccelerator show a burst of activity (see also Wainwright and
muscle is indeed active during prey capture. The activity in thiBennett, 1992), and they may be acting as antagonists to the
muscle always begins shortly before prey capture and lagp®uch retractor.
until the tongue has been retracted within the oral cavity However, as data were gathered for only one animal, the
(Fig. 6). As reported previously (Wainwright and Bennett,observed recruitment patterns should be regarded as indicative
1992), jaw opening is associated with activity in the monly; further electromygraphic experiments are needed to
depressor mandibulae, jaw closing with activity in the externatonfirm or reject these patterns.
adductor musculature, tongue projection with activity in the
m. accelerator and tongue retraction with activity in the Nerve transections
m. hyoglossus. Quantification of the electromyographic A critical test of the observed muscle activity pattern (i.e.
recordings indicates that activity in the pouch retractor musclthe activity of the pouch retractor muscle) was performed by
starts between 23 and 5ms before the onset of tongudlaterally transecting the hypoglossal nerve branch
projection. However, the first movements of the pouch do ndhnervating the pouch retractor muscle in t@o fischeri
begin until immediately before or at the moment of preyQualitative analyses of prey capture sequences show that the
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Fig. 8. Schematic drawing illustrating To stimulator
the stimulation experiment. A hollow
glass tube, attached to a force
transducer, was inserted into the tongue
of an anaesthetised and immobilised
chameleon Chameleo mellerior C.
calyptratug.  Stimulation electrodes
were inserted bilaterally into the pouch
retractor muscles. Upon retraction of the /’\
glass tube, adhesive forces are measuredO%
as the maximal tensile force recorded
with the force transducer.

Hollow glass tube

surgery did not affect the general tongue projection Discussion
kinematics in these animals. The kinematic profiles and the The development of a tongue and a tongue-based
projection distance or duration were unaffected by thisnechanism of food transport are undoubtedly two of the key
surgery. The results of this experiment clearly show thaipnovations associated with the evolutionary transition from an
after nerve transection, the pouch is no longer formed duringquatic to a terrestrial environment. The development of a
tongue projection. Instead, the animals push the prey awdagngue was probably constrained by the drastic differences in
with their tongue upon contact (Fig. 7). These results thuthe physical properties of the new medium in which feeding
confirm the preliminary electromygraphic data and show thatad to take place. Tongue transport is largely based on suface
the pouch retractor muscle is indeed responsible for thehenomena that create friction between the prey and the tongue
invagination of the pouch during prey capture. After surgery(Bramble and Wake, 1985), so the use of a tongue-based
the animals were no longer able to capture any pregnechanism of food transport in itself strongly constrained the
successfully, regardless of the size (smadrsuslarge available prey spectrum of the first terrestrial vertebrates.
crickets) of the prey offered. Scaling relationhips between mass and area dictate that tongue
size would have to grow disproportionately to prey size if
Stimulation experiment larger (and thus heavier) prey were to be transported.
One final test was performed to investigate whether th®bviously, tongue-based prey capture mechanisms (and
observed increase in prehensile capacity was due (i) to simpdspecially ballistic ones) are constrained in similar ways
friction (i.e. adhesive bonding and interlocking), (ii) to anbecause both the gravitational and inertial forces acting on the
increase in adhesive properties resulting from the activatioprey during tongue retraction have to be countered.
of the pouch retractor muscle (reshaping of the tongue pad) It is generally thought that chameleons, like other iguanians,
or (i) to suction created by the tongue on the prey after theely on serous and mucous secretions and on interlocking to
lips are put in place. During a first test, a hollow glass tubbold the prey on the tongue after capture (Bramble and
attached to a force transducer was inserted into the pouch \8fake, 1985; Bell, 1989; Bels et al., 1994). On the basis of
anaesthetised animals and retracted. Next, the tube w-~~
replaced, the pouch retractor muscles stimulated and the tu Tapje 1 The force required to release a test object from the
pulled back (Fig. 8). In a third test, the tube was sealed at bo tongue
ends and the previous experiment was repeated. A two-w:
analysis of variance performed on the raw data indicate
significant individual F2455.14; P<0.01) and treatment
(F2,45=5.14; P<0.001) effects. Interaction effects were not

Force

Specimen (N) N

Open tube, no stimulation

significant F4,45=1.42; P>0.05). Subsequergost-hoctests Chamaelio mellerl 0.03+0.02 S
(Duncan multiple-range tests) indicated that the ‘sealed wit C. melleri2 0.05:0.04 7
C. calyptratus 0.02+0.02 5

stimulation’ treatment was significantly different from the

other two treatments (botP<0.01). The difference in force
required to pull the tube out of the mouth in the three
conditions indicates that approximately 13% of the tota
prehensile force is due to adhesive properties, approximate
17 % to increased adhesive properties and the remaining 70
to suction forces (Table 1). Although the relative contributior
of different mechanisms will probably depend on the texturt
and shape of the prey item, this experiment clearl
demonstrates that suction plays an important role during pre
prehension.

Open tube, stimulation of the pouch retractor muscle

C. melleril 0.06+0.02 5
C. melleri2 0.11+0.06 7
C. calyptratus 0.07+0.04 7

Sealed tube, stimulation of the pouch retractor muscle

C. melleril 0.21+0.14 5
C. melleri2 0.37+0.14 6
C. calyptratus 0.24+0.10 9

Values are meansso.
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morphological and photographic data, Schwenk (1983) Although it has been suggested that similar suction-based
suggested that, during prey capture, the tongue hits the pregpture systems may be present in other vertebrates, such as
and is splayed, resulting in the forcible discharge of mucousoads and lungless salamanders (see also Gans and Gorniak,
Interlocking by free-standing cells on the tongue surface anti982; Bramble and Wake, 1985) that make use of a ballistic
suction (for large smooth prey) were also put forward asongue to capture prey, we suggest that active suction, as seen
possible adhesive mechanisms (Schwenk, 1983). However, wechameleons, is probably only present in arboreal organisms.
demonstrate here that the shape of the tongue is activelerrestrial animals such as toads can use inertia-based
controlled by muscular action (indicated by the absence ahechanisms to slap the tongue onto the prey (positioned on the
shape changes after denervation of the pouch retractground) and thus maximise contact surface area. However,
muscles), and that shape changes begin before prey contatoreal organisms with ballistic tongues (e.g. lungless
The tongue is thus not splayed upon impact, making thsalamanders) are likely to push potential prey off branches
forcible discharge of mucous through impact phenomenwhen relying on impact mechanisms, and such animals would
unlikely. Instead, the tongue pad, which is evaginated duringe expected to have evolved ‘prehensile’ mechanisms.
projection, is actively invaginated immediately before prey
contact, is placed over the prey and is responsible for pulling Evolutionary considerations
the prey inwards. Once contact has been made with the prey,Tongue prehension is the predominant mode of prey
adhesive mechanisms (i.e. wet adhesion and interlockingapture in the most primitive group of lizards, the Iguania
become important in maintaining a grip on the prey while it igSchwenk and Throckmorton, 1989; Schwenk, 2000). All
being transferred further into the pouch. representatives of this large group use their tongue to capture
Our data confirm the suggestion of Schwenk (1983) thamall prey items (Schwenk, 2000). Generally, these animals
suction plays an important role in the mechanics of chameleare ambush predators, relying on crypsis to reduce the
tongue prehension. More than two-thirds of the total forcgossibility of being detected by potential prey or predators.
generated by the tongue in chameleons is due to suction, thdéthin the Iguania, chameleons have taken this behavioural
enabling the animals to capture much larger prey (up to 15%trategy to an extreme by developing a ballistic tongue
of their body mass) than would be possible using surfacgrojection mechanism, enabling them to capture prey from a
phenomena alone (the maximum size of prey effectivelglistance without needing to move their body. Here, we
transported with the tongue in a generalized agamid lizardlemonstrate that, in concert with the development of a
Plocederma stelliowas approximately 5% of its body mass; ballistic tongue, chameleons have evolved a novel, suction-
but, regarding the strength of adhesive bonding irbased prey prehension mechanism allowing them to capture
Phrynocephalus helioscopusee Schwenk, 2000). Clearly, a even large prey. Both the prehensile tongue and the novel
suction process is enabled by the rearrangement of the intringgicehension mechanism probably evolved simultaneously,
tongue musculature in chameleons so that the tongue pad cgince without an active pouch retraction system chameleons
be withdrawn to form a pouch-like structure. Interestingly, arcannot capture prey. The novel prey prehension mechanism
evolutionary precursor for this unique arrangement of thelescribed here was observed in several different species from
intrinsic musculature (a modified arrangement of the fibres dfoth chameleon subfamilies (both ti@hameleoand the
the m. hyoglossus) may be present in agamid lizards (KBrookesidRhampholeorradiations; see Klaver and Béhme,
Schwenk, personal communication; note that this depends d987) and probably represents a primitive trait for the entire
the nature of the relationship between chameleons arfdmily. Given the importance of the mechanism we describe
agamids). for tongue prehension in chameleons, it presumably originated
The withdrawal of the tongue pad and the subsequermarly in their evolutionary history.
formation of a pouch not only create suction forces on the prey,
but also increase the adhesive properties of the tongueWe thank Professor Dr F. De Vree for allowing us to use
considerably, presumably by increasing the contact surfadbe equipment in his laboratory, J. Fret for excellent technical
area and possibly by reorientating the tongue papillaassistence, the entire Nishikawa laboratory for helpful
(resulting in increased interlocking). Moreover, in addition tocomments and K. D’Ao0t for taking the photograph used in
allowing chameleons to capture large prey, the action of thEig. 3. P.A. is research director and A.H. is a postdoctoral
pouch retractor muscle is essential for prey capture in generatsearch associate of the Fund for Scientific Research,
Denervation of the motor nerve branch innervating the poucklanders (FWO-VI). Supported by NSF grant 9809942 and
retractor muscles showed that the animals could still proje¢ilH grant R25-GM56931 to K.C.N.
their tongue but were unable to capture prey. Instead, the prey
was pushed away upon contact (even for short projection
distances with low tongue accelerations) and did not stick to References
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