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ABSTRACT
The tongue is often considered a key innovation in the evolution of a
terrestrial lifestyle as it allows animals to transport food items through the
oral cavity in air, a medium with low density and viscosity. The tongue has
been secondarily coopted for a wide diversity of functions, including prey
capture, drinking, breathing, and defensive behaviors. Within basal lizard
groups, the tongue is used primarily for the purpose of prey capture and
transport. In more derived groups, however, the tongue appears specialized
for chemoreceptive purposes. Here we examine the tongue structure and
morphology in lacertid lizards, a group of lizards where the tongue is critical
to both food transport and chemoreception. Because of the different mechanical demands imposed by these different functions, regional morphological specializations of the tongue are expected. All species of lacertid
lizards examined here have relatively light tongue muscles, but a well
developed hyobranchial musculature that may assist during food transport.
The intrinsic musculature, including verticalis, transversalis, and longitudinalis groups, is well developed and may cause the tongue elongation and
retraction observed during chemoreception and drinking. The papillary
morphology is complex and shows clear differences between the tongue tips
and anterior fore-tongue, and the more posterior parts of the tongue. Our
data show a subdivision between the fore- and hind-tongue in both papillary
structure and muscular anatomy likely allowing these animals to use their
tongues effectively during both chemoreception and prey transport. Moreover, our data suggest the importance of hyobranchium movements during
prey transport in lacertid lizards. © 2005 Wiley-Liss, Inc.
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The tongue is often considered a key innovation in the
evolution of a terrestrial lifestyle as it allows animals to
transport food items through the oral cavity in a medium with low density and viscosity such as air
(Iwasaki, 2002). Secondarily, the tongue and hyobranchial system has been coopted for a wide diversity
of functions such as prey capture, drinking, breathing,
and defensive behaviors (e.g., see Bels et al., 1994;
Schwenk, 1995). Moreover, there are fairly strong correlations between tongue anatomy, its functional roles
(e.g., food transport and manipulation; see McClung and
Goldberg, 2000; Schwenk, 2000), and the environmental

©

2005 WILEY-LISS, INC.

conditions in which animals use their tongues or the hyobranchial system (i.e., water vs. air; see Iwasaki, 2002).
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Lizards are an especially interesting group to investigate tongue function and morphology in, as the tongue is
specialized for different functions in different clades (see
Cooper, 1995a; Schwenk, 2000). Whereas among basal
lizard groups (Iguania), the tongue is used primarily for
prey capture and transport (Cooper, 1994; Schwenk,
2000), in more derived groups (Scleroglossa) the tongue
appears specialized for chemoreceptive purposes (Cooper,
1995a; Schwenk, 2000). As the mechanical demands associated with these two behaviors are radically different,
functional differences in tongue structure are expected
and observed between the two groups. Iguanians typically
have broad ﬂeshy tongues that are moved within, or protruded out of, the oral cavity during prey transport and
capture, respectively. Having a large ﬂeshy tongue is critically important as the adhesive forces that keep the prey
attached to the tongue are largely surface-dependent (Emerson and Diehl, 1980; Herrel et al., 2000; Schwenk, 2000).
Additionally, iguanians have well-developed tongue proand retractor muscles (m. genioglossus and m. hyoglossus)
and a complex papillary morphology characterized by the
presence of plumose or cylindrical papillae (see Smith,
1984, 1988; Rabinowitz and Tandler, 1986; Herrel et al.,
1998; Schwenk, 2000).
Scleroglossans, on the other hand, generally have narrower, biﬁd, and elongated tongues that are extended out
of the oral cavity only during tongue ﬂicking and drinking
(Bels et al., 1993; Toubeau et al., 1994; Cooper, 1995a,
1995b, 1997; Schwenk, 1995). As sampling a large volume
of air is important during tongue ﬂicking (Gove, 1979;
Schwenk, 1995), the extensibility and mobility of the
tongue is considered of prime importance (Cooper, 1997).
In these animals, the intrinsic tongue musculature is well
developed and diversiﬁed, and the tongue pro- and retractors often much reduced compared to iguanians (see Kier
and Smith, 1985; Smith, 1986; Schwenk, 2000). The papillary morphology is also radically divergent and usually
consists of low-proﬁle scale-like papillae (e.g., Toubeau et
al., 1994; Schwenk, 2000).
Although tongue structure and function have been investigated in some detail in Iguanians and the highly
derived varanid lizards (e.g., Smith, 1984, 1986; Herrel et
al., 1998; for an overview, see Schwenk, 2000), information is generally lacking for phylogentically and functionally intermediate groups such as scincomorphs. Yet scincomorphs such as lacertid lizards are especially intriguing
animals because they rely heavily on the tongue for both
food transport (Goosse and Bels, 1992a; Urbani and Bels,
1995) and chemoreception (Goosse and Bels, 1992b), thus
combining two (at ﬁrst sight) very different functions.
Quite unexpectedly, studies of the use and movement
patterns of the tongue during chemosensory exploration
and food recognition (Goosse and Bels, 1992b) and during
prey transport and drinking (Goosse and Bels, 1992a; Bels
et al., 1993; Urbani and Bels, 1995) have suggested that
the specialization of the tongue for chemoreceptive purposes has not adversely affected its function during prey
transport and drinking (Goosse, 1994). However, little is
known regarding the (functional) anatomy of the tongue in
lacertid lizards, making it difﬁcult to understand its dual
use during prey transport and chemoreception (but see
Von Seiler, 1891; Camp, 1923; Iwasaki and Miyata, 1985;
Schwenk, 1985).

Here we test whether the tongue of lacertid lizards is
indeed functionally adapted to the different mechanical
demands imposed by chemoreception and prey transport.
Speciﬁcally, we expect a broad ﬂeshy tongue with prominent papillary structure and well-developed tongue proand retractors to allow for effective prey transport (Smith,
1988; Schwenk, 2000). However, we also expect well-developed intrinsic tongue muscles that can cause the observed elongation of the tongue during chemorecptive
tongue extrusions (Kier and Smith, 1985) and smooth
scale-like papillae that facilitate smooth passage of the
tongue along the largely closed jaws during tongue ﬂicking (see also Goosse and Bels, 1992b). Because these morphological specializations are incompatible, we expect regional differences in the anatomy of the tongue in lacertid
lizards with the fore-tongue being specialized for chemoreception and the hind-tongue for prey transport.

MATERIALS AND METHODS
Gross Dissections
The tongue and hyobranchial system was dissected in
preserved adult specimens of the following species of lacertid lizards: Podarcis atrata (two), Gallotia galloti
(three), Lacerta bedriagae (three), and Latastia longicaudata (three). All specimens were measured (snout-vent
length, head length, head width, head height, lower jaw
length as in Herrel et al., 1999a) before dissection using
digital calipers (Mitutoyo CD20 DC, Sakato, Japan). Muscle masses and the mass of the tongue after dissection
were determined to the nearest 0.01 mg using an electronic microbalance (MT5, Mettler) for all individuals of
the species G. galloti, L. bedriagae, and L. longicaudata.
Fiber lengths were determined for a single G. galloti after
nitric acid digestion (see Loeb and Gans, 1986; Herrel et
al., 2001). Additionally, one adult specimen of the species
Lacerta oxycephala, Latastia longicaudata, Lacerta bedriagae, and Acanthodactylus pardalis were cleared and
stained using a modiﬁed Taylor and Van Dyke (1978)
stain to examine the morphology of the hyobranchial apparatus.

Histology
Seven adult lizard specimens (three Lacerta parva, two
Lacerta trilineata galatiensis, two Lacerta danfordii anatolica) that were collected from Eskişehir, Turkey, were
used. Specimens were killed by overexposure to CO2 gas
and tongues were removed and ﬁxed in a 10% aqueous
formaldehyde solution for 48 hr. Next, the tongues were
dehydrated in an increasing ethanol series. Samples were
embedded in parafﬁn blocks and were cut serially along
the sagittal plane at 5 m on a Leica RM2025 microtome.
All sections were stained using Harris’ hematoxylin-eosin
(Bancroft and Stevens, 1977; Clark, 1981). Samples were
investigated by light microscopy using Spot Advanced
Software (V. 3.2.4; Diagnostic Instruments, Sterling
Heights). Sections were digitally photographed using a
Spot insight color 3.2.0 diagnostic camera.
For comparative purposes, adult specimens of the species Laudakia stellio, Phrynosoma douglassi, Chameleo
jacksonii, and Gekko gecko were obtained from the pet
trade. Animals were sacriﬁced by intramuscular injection
of an overdose of ketamine (500 mg/kg body mass). The
heads of one (P. douglassi, G. gecko), two (P. stellio), or
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three (C. jacksonii) specimens of each species were prepared for parafﬁn histology using standard techniques
(Humason, 1979). Serial 10 m sections (both cross-sectional and sagittal for P. stellio; cross-sectional, sagittal,
and frontal for C. jacksonii; cross-sectional only for other
species) were made and colored using an improved
trichrome stain (see also Herrel et al., 1998, 2001).

Quantitative Analyses
To evaluate the functional importance of muscle groups,
muscle mass data were summed for each of ﬁve functional
groups (hyobranchium protractors, hyobranchium retractors, tongue protractors, tongue retractors, and superﬁcial
constrictor muscles) within each individual. All data were
log10-transformed before further analyses. First we tested
whether tongue mass and the mass of each functional
group were signiﬁcantly correlated to lizard body and
head size. Next, we regressed tongue mass and the mass of
each functional group to lizard head length and extracted
residuals. The residuals were then used as input for analyses of variance (ANOVAs) to test for differences among
species. All analyses were performed using SPSS V11.5
(SPSS, Chicago, IL).

RESULTS
Hyobranchium
The hyobranchium in lacertid lizards is composed of a
centrally located cartilaginous lingual process (LP), a central cartilaginous and ﬂat basibranchium (BB) with an
anterolaterally directed pair of hypohyalia (HH), and two
pairs of posteriorly directed ceratobranchialia (CB) attached. The hypohyalia and the ﬁrst pair of ceratobranchialia show distinct articulatory facets at their connection with the basibranchium. The second pair of
ceratobranchials, however, is continuous with the basibranchium. Attached to the hypohyalia by means of a
well-developed articulation are the ceratohyalia that distally bear small cartilagenous epibranchialia. Proximally
on the anterior aspect of the ceratohyalia, a ﬂat cartilaginous expansion is present. The shape of the cartilaginous
plate varies considerably between species (Fig. 1). The
lingual process is well developed and runs in the posterior
two-thirds of the tongue, roughly up to the level of the
fore-tongue. It sits medially, in between the two hyoglossal bundles. The ﬁrst pair of ceratobranchialia was calciﬁed in all specimens examined (L. longicaudata, L.
oxycephala, L. bedriagae, A. pardalis, P. atrata, G. galloti). The ceratobranchials run posteriad to curve dorsad
in the nuchal region, about halfway down their length.
The second pair is mostly cartilaginous and short. The two
elements of the second pair of ceratobranchials are positioned on either side of the trachea and occasionally curve
toward or away from the trachea at the posterior end. In
one species (L. oxycephala), the lingual process, hypohyalia, ceratohyalia, and both pairs of ceratobranchialia show
a tendency to ossify. However, the primitive condition for
the group as represented by G. galloti is deﬁned by an
ossiﬁed ﬁrst pair of certobranchials only.

Muscular Anatomy (Fig. 2)
Superﬁcial transverse group. Lacertid lizards retain the ancestral condition where the m. intermandibularis interdigitates with the mm. mandibulohyoidei to
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form eight roughly similarly sized bundles (see Camp,
1923). Although our dissections of Gallotia conﬁrm this, it
is very difﬁcult to quantify the number of mandibulohyoidei bundles in some of the smaller species.
The m. constrictor colli is one of the biggest hyolingual
muscles (Table 1). It originates dorsolaterally in the nuchal region at the connective tissue associated with the
dorsal cervical muscles and the suprascapula. From their
origin, the ﬁbers run ventrad, curve medially, and insert
on a thin connective tissue sheet associated with the medial edge of the m. omohyoideus. Anteriorly, a small bundle of ﬁbers originating at the connective tissue associated
with the terminal part of the epihyals of the ceratohyal
and ﬁrst ceratobranchial is observed. Its ﬁbers run ventrad, just overlapping the posterior part of the m. pterygoideus and insert ventrally on a central median raphe.
These anterior ﬁbers of the m. constrictor colli lie adjacent
to the posteriormost ﬁbers of the m. intermandibularis
posterior and overlap them partially near their insertion.
The m. intermandibularis anterior is the smallest of the
two intermandibularis muscles and lies anterior to the m.
intermandibularis posterior. The ﬁbers originate at the
dorsal mesial border of the dentale, run ventrad, curve
round the m. mandibulohyoideus and the m. genioglossus,
and insert on a mid-ventral raphe. This is the anteriormost and superﬁcialmost muscle in the throat region.
The m. intermandibularis posterior originates on the
ventrolateral border of the lower jaw, at the level of the m.
adductor mandibulae externus superﬁcialis posterior and
the m. pterygoideus. The posteriormost ﬁbers are also
connected to the connective tissue associated with the
rising distalmost part of the ﬁrst ceratobranchial in Gallotia. The ﬁbers run ventrad and mediad, running external from the m. pterygoideus and hiding it in superﬁcial
view, and insert on a mid-ventral raphe.

Hyoid protractor muscles. The m. mandibulohyoideus 1 is the biggest of the hyoid protractors. Its ﬁbers
originate broadly along the posterior two-thirds of the
ventral side of the lower jaw, anterior to the insertion of
the m. pterygoideus. The ﬁbers run directly posteriad and
insert along the entire posteroventral border of the ﬁrst
ceratobranchial.
The m. mandibulohyoideus 2, the smallest of the hyoid
protractors, originates roughly one-fourth down the mandible at its ventral aspect. From their origin, the ﬁbers run
posteriad and converge to the middle to insert directly on
the entire ventral aspect of the basibranchium and the
hypohyals. In doing so, the ﬁbers of the m. mandibulohyoideus 2 cover the articulation of the ceratohyal with the
hypohyal.
The m. mandibulohyoideus 3 originates along the posterior third of the mandible anterior to the m. pterygoideus. Its ﬁbers run directly posteriad in a narrow bundle
and insert along the anterior ventral border of the ceratohyal. The insertion ranges from about one-third down the
ceratohyal to the tip of the ceratohyal, thus largely covering the m. hyoglossus and m. branchiohyoideus in ventral
view.
Hyoid retractor muscles. The m. omohyoideus originates along the anterior border of the rising part of the
clavicula. Its ﬁbers run anteromediad, diverge, and insert
along the entire posterior border of the ﬁrst cerato-
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Fig. 1. Cleared and stained hyobranchia of Latastia longicaudata
(left) and Lacerta oxycephala (right): (A) ventral view; (B) lateral view; (C)
dorsal view. Elements staining blue indicate the presence of cartilage;
red elements are calciﬁed. Note that the proximal parts of the ceratohyal

and the second ceratobranchial are calciﬁed in L. oxycephala. BB,
basibranchium; CB I, ﬁrst ceratobranchiale; CB II, second ceratobranchiale; CH, ceratohyale; EH, epihyale; HH, hypohyale; LP, lingual
process.

HYOLINGUAL MORPHOLOGY IN LACERTID LIZARDS

Fig. 2. (See overleaf.)
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TABLE 1. Muscle mass distribution in lacertid lizards*

Snout-vent length (mm)
Head length (mm)
Tongue mass (mg)
m. intermandibularis anterior
m. intermandibularis posterior
m. constrictor colli
m. mandibulohyoideus 1
m. mandibulohyoideus 2
m. mandibulohyoideus 3
m. omohyoideus
m. sternohyoideus pars superﬁcialis
m. sternohyoideus pars profundus
m. branchiohyoideus
m. genioglossus pars medialis
m. genioglossus pars lateralis
m. hyoglossus

G. galloti

L. bedriagae

L.
longicaudate

103.38 ⫾ 8.88
25.36 ⫾ 3.57
50.35 ⫾ 31.75
1.86 ⫾ 0.57
6.34 ⫾ 1.48
25.54 ⫾ 4.63
10.87 ⫾ 0.83
3.71 ⫾ 1.96
3.49 ⫾ 0.76
11.49 ⫾ 1.60
11.82 ⫾ 1.12
10.43 ⫾ 0.33
3.15 ⫾ 0.29
2.24 ⫾ 1.17
4.18 ⫾ 1.15
4.88 ⫾ 0.58

74.20 ⫾ 4.01
18.42 ⫾ 1.87
22.73 ⫾ 1.82
2.43 ⫾ 0.23
5.26 ⫾ 0.85
20.42 ⫾ 1.46
14.05 ⫾ 1.35
3.91 ⫾ 1.34
3.21 ⫾ 0.99
12.80 ⫾ 2.96
11.98 ⫾ 1.74
9.36 ⫾ 0.65
4.05 ⫾ 0.44
1.66 ⫾ 0.49
5.81 ⫾ 2.14
5.07 ⫾ 1.85

91.50 ⫾ 6.25
19.82 ⫾ 1.37
28.30 ⫾ 6.50
1.44 ⫾ 0.13
7.37 ⫾ 2.78
18.20 ⫾ 3.24
7.80 ⫾ 1.37
5.22 ⫾ 0.57
5.88 ⫾ 0.12
10.02 ⫾ 1.64
14.99 ⫾ 1.31
8.53 ⫾ 2.12
2.38 ⫾ 0.48
2.67 ⫾ 0.27
7.49 ⫾ 1.47
8.02 ⫾ 1.54

*Muscle mass data based on three specimens per species. All masses are expressed relative to the total hyolingual muscle
mass.

branchial. Near its insertion, this muscle lies in tight
association with the anterior part of the m. sternohyoideus superﬁcialis.
The m. sternohyoideus superﬁcialis originates along the
anteroventral side of the interclavicula and the lateralmost anterior aspect of the sternum. From their origin,
the muscle ﬁbers run anteriad to converge toward the
midline. The ﬁbers insert along the posterior and ventral
side of the basibranchium and the proximal most aspect of
the ﬁrst ceratobranchial.
The m. sternohyoideus profundus originates along the
anterior ventral surface of the sternum. The muscle also
partially originates by means of a tendon running further
posteriorly along the sternum. From their origin, the ﬁbers diverge and insert along the posterior and dorsal side
of the proximal half of the ﬁrst ceratobranchial.
The m. branchiohyoideus originates along the posterior
and ventral aspect of the ceratohyal along its entire
length, beginning at the hypohyal-ceratohyal joint. The
ﬁbers run posteriad and slight laterad and insert on the
posterior four-ﬁfths, along the anterior and dorsal aspect
of the ﬁrst ceratobranchial.

Tongue protractor muscles. The m. genioglossus
lateralis originates partly tendinously at the posterior
dorsal aspect of the jaw symphysis. The ﬁbers run posteriad and slightly laterad and insert lateral to the m. hyoglossus along the posterior third of the ventral surface of
the tongue.

The m. genioglossus medialis originates at the posterior
ventral aspect of the mandibular symphysis. Its ﬁbers run
posteriad and insert at the medioventral aspect of the
tongue, medial to the m. hyoglossus.

Tongue retractor muscles. The ﬁbers from the m.
hyoglossus originate on the posterior third of the ﬁrst
ceratobranchial. From their origin, the ﬁbers run anteriad
on either side of the entoglossal process through the entire
tongue and stop just short of the bifurcated tongue tip.
Intrinsic tongue muscles. The m. verticalis consists
of dorsoventrally oriented muscle ﬁbers that run in between the two bundles of the m. hyoglossus. Starting at
the level of the mid-tongue, the verticalis muscle starts to
wrap around the entire m. hyoglossus, thus forming in
conjunction with the m. transversalis a functionally circular muscle. At the level of the hind-tongue, this arrangement changes and the verticalis ﬁbers remain only on the
ventral aspect of the hyoglossal bundles.
The m. transversalis consists of transversely oriented
muscle ﬁbers that run just below the m. longitudinalis and
dorsal to the m. hyoglossus. The muscle is present and
well developed throughout the entire tongue and runs the
entire width of the tongue throughout the fore-tongue.
The m. longitudinalis consists of longitudinal muscle
ﬁbers that run in the connective tissue in between the
epidermis and the m. transversalis. The ﬁbers run along
the entire length of the tongue.

Fig. 2. schematic representation of the extrinsic tongue and hyolingual musculature in Gallotia galloti. Muscles have been color-coded to facilitate
comparisons across different views. Top: Superﬁcial ventral view on the hyolingual musculature after removal of part of the right m. constrictor colli,
the right m. intermandibularis anterior, and the right m. intermandibularis posterior. Middle: Deep ventral view after removal of the m. constrictor colli,
the entire m. intermandibularis group, the left and right m. omohyoideus, the left and right m. episternocleidomastoideus, the left and right m.
mandibulohyoideus 1, the right m. mandibulohyoideus 2 and 3, and the right m. sternohyoideus superﬁcialis. Bottom: Deepest view after removal
of the m. constrictor colli, the intermandibularis group, the left and right m. episternocleidomastoideus, the left and right m. omohyoideus, the left
and right m. sternohyoideus superﬁcialis, the left and right m. mandibulohyoideus group, the right m. genioglossus pars medialis and lateralis, and
the right m. hyoglossus. Note that the left m. genioglossus pars medialis has been pulled aside to show the left m. genioglossus pars lateralis.
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Fig. 3. Parasagittal section of the tongue of Lacerta parva showing the posteriorly directed ﬁliform
papillae (f) on the posterior two-thirds of the dorsal surface of the tongue. Also visible are the intrinsic tongue
muscles (i) and the m. hyoglossus running (HG) through most of the length of the tongue.

Tongue Surface Morphology
In all species examined, the bifurcated tongue tip is
covered with a stratiﬁed squamous epithelium arranged
in smooth scale-like papillae.
In Lacerta parva, two types of papillae are observed on
ventral and dorsal surfaces of tongue’s apical regions posterior to the bifurcated tongue tip: ﬁliform and fungiform
papillae. Fungiform papillae are less abundant than ﬁliform ones and are positioned irregularly in between the
ﬁliform papillae (Fig. 3). In Lacerta trilineata and Lacerta
danfordii, however, three types of papillae are observed on
the ventral and dorsal sides of the apical region of the
tongue: ﬁliform, fungiform, and foliate papillae. In contrast to the situation observed in L. parva, ﬁliform papillae are less abundant than fungiform ones (Fig. 4A). Foliate papillae are observed only on the ventral part of the
mid-tongue (Fig. 4B).
In both Lacerta parva and Lacerta trilineata, papillae
are observed on the dorsal and ventrolateral aspect of the
tongue from the apical region to the mid-tongue only.
However, no distinct papillae are observed on the ventrolateral part the of mid- and hind-tongue regions. In L.
danfordii, however, papillae are present on all regions of
the tongue, including the ventrolateral part of the midand hind-tongue.
In all species, ﬁliform papillae are turned with their
apex posteriorly toward the hind-tongue. In L. parva, the
apex of the ﬁliform papillae is covered by a stratiﬁed
squamous epithelium. Fungiform papillae, on the other
hand, are covered by a nonkeratinized stratiﬁed squamous epithelium (Figs. 4 and 5). In L. trilineata and L.
danfordii, the apex of the papillae (all types) is covered by
a partly stratiﬁed squamous epithelium (Fig. 4D).

In L. parva and L. danfordii, the interpapillary spaces
(lateral parts of papillae) are covered by a single-layered
cylindirical epithelium, and in between these cells, mucous secreting cells are present (Fig. 6A). In L. trilineata,
the interpapillary spaces are covered by a nonkeratinized
stratiﬁed squamous epithelium (Fig. 6B). Cylindirical mucous secreting cells are present on both the apex of the
papillae and in the interpapillary spaces. Additionally,
single-layered cylindrical epithelium cells are observed in
between the papillae.
In all species examined, a distinct lamina propria positioned just under the epithelium is present and penetrates
into the actual papillae. Additionally, a dense and irregular
layer of connective tissue is observed under the epithelial
layer (Fig. 6C). Skeletal muscle ﬁbers originating from the
intrinsic muscle bundles are observed passing through the
lamina propria and connective tissue layers and running
into the papillae in all species (Fig. 6D). Pigment granules
are randomly distributed in the different tissues of tongue
with the exception of the epithelial layer (Figs. 3– 6).

Quantitative Analysis of Hyolingual Muscle
Mass
Our results show that the mass of the tongue and the
mass of the hyolingual muscles are signiﬁcantly correlated to lizard head size (0.73 ⬍ r2 ⬍ 0.85; all P values ⬍
0.001), with lizards with larger heads having heavier
tongues and heavier hyolingual muscles (Fig. 7). An analysis of the residual hyolingual muscle masses showed
signiﬁcant species differences, with Latastia longicaudata
having signiﬁcantly lighter superﬁcial constrictors (F ⫽
6.91; P ⫽ 0.028), hyobranchium protractors (F ⫽ 12.77;
P ⬍ 0.01), and hyobranchium retractors (F ⫽ 6.56; P ⫽
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Fig. 4. A: Sagittal section through the lateral aspect of the tongue tip
in Lacerta danfordii. On the ventral side of the tongue, a fungifom papilla
can be seen (fu). On the dorsal side, ﬁliform papillae (ﬁ) are present.
Anterior to the left. B: Sagittal section through the lateral aspect of the
mid-tongue in Lacerta trilineata showing foliate papillae (fo) on the ventral side of the tongue. C: Sagittal section through the lateral aspect of

the mid-tongue in Lacerta parva showing fungiform papillae (fu) covered
by nonkeratinized stratiﬁed squamous epithelium on the dorsal side of
the tongue. D: Sagittal section through the lateral anterior aspect of the
mid-tongue in Lacerta trilineata. On the dorsal side of the tongue, the
apex of the papillae is covered by a partly stratiﬁed squamous epithelium.

0.031) for its body size than the other two species. In all
species, the superﬁcial throat constrictor, the m. constrictor colli is the largest muscle in the hyolingual system
(roughly 20% of the total hyolingual muscle mass; see
Table 1). Hyoid retractors (30%) and protractors (18%) are
generally much better developed than the tongue pro- and
retractors (roughly 7% of the total hyolingual muscle mass
across all species). Latastia longicaudata does appear to
have relatively weaker developed hyoid protractors but
larger tongue protractors. Fibers are shortest for the m.
intermandibularis anterior and longest in the posterior
constrictor muscles and the hyobranchium protractors
(Table 2). Fibers are of intermediate length in the hyobranchium retractors, the m. branchiohyoideus, and
tongue pro- and retractors.

associated musculature. The extensive variation in form
and degree of ossiﬁcation in the hyobranchial elements is
rather unexpected and is suggestive of functional differences in the use of the hyobranchium among the different
species examined (e.g., during prey transport and display). Interestingly, in another species of lacertid lizard,
Lacerta viridis, the cortex of the ceratohyals, hypohyals,
ﬁrst and second pair of ceratobranchials were ossiﬁed
(Bels et al., 1994) as observed here for L. oxycephala. As
both of these species belong to the same clade of lacertid
lizards (Arnold, 1989), it appears as if the degree of ossiﬁcation of the hyobranchial elements might be a phylogenetically informative character. Alternatively, the hyobranchium of both species could be subjected to similar
functional demands on the hyobranchial system and ossiﬁcations could simply be induced by higher muscular
forces exerted on the hyobranchial system during, for example, prey transport (see Currey, 1984). This would in
turn suggest a more prominent role of the hyobranchium
during prey transport in these lizards. Clearly, this should
be investigated further by examining both the degree of

DISCUSSION
Tongue Structure and Function in Lacertid
Lizards
The hyolingual apparatus of the lacertid lizards examined here consists of a well-developed hyobranchium and

HYOLINGUAL MORPHOLOGY IN LACERTID LIZARDS

Fig. 5. Sagittal section through the lateral aspect of the mid-tongue
in Lacerta trilineata showing a keratinized stratiﬁed squamous epithelium
on the dorsal tongue surface. Note the ﬁbers of the m. hyoglossus (HG)
running parallel to the long axis of the tongue as well as the ﬁbers of the
intrinsic tongue muscles (L, m. longitudinalis; T, m. transversalis; V, m.
verticalis).

ossiﬁcation and the functional role of the hyobranchium
during different behaviors in a broad sample of lacertid
lizards.
Unexpectedly, differences in the muscle masses of the
hyobranchium pro- and retractors were observed among
species. Latastia longicaudata showed a derived condition
(compared to the data for Gallotia, the basal member of
the group; see Arnold, 1989), where the mass of some
hyobranchial muscles is reduced. Again, it cannot be determined at this point whether the observed variation is
the result of phylogenetic differences or differences in the
functional demands imposed on the system. Latastia longicaudata belongs to a clade of lacertid lizards that have
radiated extensively on the African continent and is quite
distinct from the other groups of lacertid lizards (Arnold,
1989). Consequently, it may well be that the observed
variation in morphology is the result of a radical difference in design between different clades of lacertid lizards.
Alternatively, as species of the genus Latastia are typically extremely narrow-headed, the reduction in hyobranchial muscle mass may also be the result of the lateral compression of the hyobranchial system (Fig. 1).
Again, more quantitative data on a wider variety of taxa
are needed to address these hypotheses.
One aspect of the hyolingual musculature that was common to all species examined here is that the tongue proand retractor muscles are rather poorly developed when
compared to the muscles directly associated with the hyobranchium. However, as the tongue of lacertid lizards is
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rather strongly connected to the hyolingual skeleton,
movements of the hyobranchium will likely also have a
direct effect on the movements of the tongue. This, however, needs to be tested using cineradiography. Another
common feature among the species examined here is the
well-developed intrinsic tongue musculature, including
distinct verticalis, transversalis, and longitudinalis
groups in the fore- and mid-tongue regions. The degree of
development of these muscle groups is suggestive of an
important role during the extraoral lingual extensions
observed during chemoreception and drinking (see Goosse
and Bels 1992b; Bels et al., 1993). Whereas contractions of
the transverse and dorsoventral intrinsic muscle will tend
to elongate the tongue as a result of its hydrostatic nature
(Kier and Smith, 1985; Smith, 1988), the longitudinal
intrinsic and hyoglossal muscles can function to withdraw
the tongue into the oral cavity. The intrinsic tongue muscles presumably also play an additional and important
role during prey transport. As individual muscle ﬁbers
from the intrinsic muscle groups (mostly the ﬁbers of the
m. verticalis) actually run into the lingual papillae of the
mid- and hind-tongue (Fig. 6), they may actively contribute to changes in the position of individual tongue papillae
to maximize contact area, and thus adhesive forces, between the tongue and the prey.
The papillary morphology of the tongue in lacertid lizards is complex and shows clear differences between the
tongue tips and anterior fore-tongue and the more posterior parts of the tongue (see also Iwasaki and Miyata,
1985; Bels et al., 1993). The hind-tongue in lacertid lizards
is typically much broader (see also Cooper, 1995b; Schwenk, 2000) and has a more diverse array of papillae that
presumably help to generate friction between the tongue
and the prey. The relatively broad hind-tongue, but extensible fore-tongue region (see Cooper, 1995b), coupled to
differences in papillary morphology (this study; Iwasaki
and Miyata, 1985; Bels et al., 1993) and the extensive
development of intrinsic muscle groups appear to reﬂect
the need for multiple tongue functions and are suggestive
of a functional subdivision of the tongue in these lizards.

Comparative Analysis
Although the extrinsic hyolingual musculature in lacertids does not differ dramatically from the bauplan observed in lizards in general (Tanner and Avery, 1982;
Schwenk, 2000), clear differences in the organization and
a prominent variation in the degree of development of
certain muscle groups is obvious when comparing lacertids to other lizard groups. Although little or no quantitative data are available, there appears to be a dominance of the tongue protractors and retractors over the
hyobranchial muscles in iguanian lizards (see Smith,
1988; Herrel et al., 1998). On the other hand, lacertid
lizards also appear to be quite noticeably different from
highly specialized lizards such as varanids (Smith, 1986),
snakes (Smith and Mackay, 1990), and chameleons (Herrel et al., 2001), where the tongue is highly specialized for
chemoreception (varanids and snakes) and prey capture
(chameleons). In the varanids and snakes, this is reﬂected
in an almost complete reduction of both the extrinsic
tongue and hyobranchium musculature, and changes in
the organization of the intrinsic tongue muscles (Smith,
1986; Smith and Mackay, 1990). In chameleons, on the
other hand, both the extrinsic (m. hyoglossus) and intrin-
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Fig. 6. A: Sagittal section through the hind-tongue of Lacerta parva
showing interpapillary spaces covered by a single-layered cylindirical
epithelium (CE). In between these cells, mucous secreting cells (MC) are
present. B: Sagittal section through the anterior aspect of the midtongue in Lacerta trilineata. On the dorsal side of the tongue, interpapillary spaces, covered by a nonkeratinized stratiﬁed squamous epithelium, are visible. C: Sagittal section through the lateral aspect of the

mid-tongue in Lacerta trilineata showing a distinct lamina propiria positioned just under the epithelium and penetrating into the actual papillae.
Additionally, a dense and irregular layer of connective tissue is observed
under the epithelial layer. D: Sagittal section through the lateral aspect of
the hind-tongue in Lacerta trilineata showing skeletal muscle ﬁbers
originating from the m. verticalis, passing through the lamina propria and
connective tissue layers, and running into the papillae.

sic (m. verticalis) tongue muscles that function to project
and retract the tongue are hypertrophied (see Herrel et
al., 2001 and references therein). Additionally, changes in
the position and the orientation of the hyolingual retractors associated with the changes in the morphology and
use of the hyobranchium are observed in chameleons
(Meyers et al., 2002).
Unfortunately, very few studies provide quantitative
data on hyolingual muscle masses in lizards. The only
other study that we know of is that of Herrel et al. (2001),
where hyolingual muscle masses are reported for two species of chameleons. A comparison of the relative mass
distribution of the data reported in Herrel et al. (2001)
with the data for the lacertid lizards analyzed here show
strong differences. Whereas in the chameleons the tongue
muscles are the predominant muscle group (71.6% ⫾ 1.4%
of the total hyolingual muscle mass), the muscles associated with the hyobranchium dominate in lacertid lizards
(roughly 50% of the total hyolingual muscle mass in lacertids—see Table 1—versus only 23.3% ⫾ 2% in chameleons). This is suggestive of clear functional differences in
the use of the tongue and hyobranchium in these two
groups. Whereas in the chameleons the tongue is used to
capture and retract the prey into the mouth (Herrel et al.,
2000), lacertid lizards use their jaws to capture prey (Bels

and Goosse, 1990; Urbani and Bels, 1995). Still, in lacertid
lizards, the hyolingual apparatus is used to transport and
reposition prey within the buccal cavity (Goosse and Bels,
1992a). The muscle mass data suggest that movements of
the hyobranchium may play an important role during prey
transport in these lizards. Unfortunately, no data are
currently available to test whether in lacertid lizards the
hyobranchium shows more extensive fore-aft movements
than the tongue itself. However, previously published
data based on external recordings of feeding behavior
(Goosse and Bels, 1992a) suggest extensive tongue movements during prey transport. To test whether tongue
movements are independent of the movements of the hyobranchium, or whether a tight coupling of the movements
of the tongue with those of the hyobranchium (as suggested by the morphological data) exists in lacertid lizards, cineradiographic data are needed.
Also, a number of qualitative differences are notable
when comparing the hyolingual morphology of lacertids to
that of other lizard groups. The most striking difference
lies in the origin of the musculus mandibulohyoideus 2.
Whereas this muscle originates tendinously at the jaw
symphysis in iguanians (Avery and Tanner, 1971; Smith,
1988; Delheusy et al., 1994; Herrel et al., 1998; Meyers
and Nishikawa 2000; Meyers et al., 2002) and derived
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TABLE 2. Fibre lengths of the hyolingual muscles in
Gallotia galloti*
Muscle
m.
m.
m.
m.
m.
m.
m.
m.
m.
m.
m.

intermandibularis anterior
intermandibularis posterior
constrictor colli
mandibulohyoideus 1
mandibulohyoideus 2
mandibulohyoideus 3
omohyoideus
sternohyoideus pars profundus
branchiohyoideus
genioglossus pars medialis
hyoglossus

Fiber length (cm)
0.53
1.76
1.54
1.79
1.62
1.89
0.97
0.72
1.08
1.27
1.18

*Fiber lengths based on one specimen only. No ﬁber lengths
could be measured for the m. genioglossus pars lateralis and
the m. sternohyoideus pars superﬁcialis.

Fig. 7. Top: Graph showing the relationship between head length
and tongue mass in three species of lacertid lizards belonging to three
distinct clades. Bottom: Graph illustrating the relationship between
tongue mass and hyobranchium retractor muscle mass. Note how
Latastia longicaudata has a signiﬁcantly lower hyobranchium retractor
muscle mass than the other two species. Note the log scale on X- and
Y-axes.

lizards such as helodermatids and varanids (McDowell,
1972; Smith, 1986), it does not originate at the mandibular symphysis in lacertid lizards. Rather, it originates at
the mesial side of the mandible, about one-third down its
length away from the symphysis (Fig. 2). This condition
resembles that observed in other scincomorphs (personal
observations) and some anguids (McDowell, 1972). The m.
branchiohyoideus is also striking and particularly well
developed in lacertid lizards. This muscle is typically associated with the use of the hyobranchial apparatus as a
display organ in lizards such as Anolis lizards and other
iguanids (Bels, 1990; Font and Rome, 1990; Bels et al.,
1994). Yet, unlike iguanids, lacertid lizards typically do
not use extensive throat displays in agonistic interactions.
One exception is Gallotia galloti, where the throat region
is colored darkly and bears bright blue UV-reﬂective spots
(Thorpe and Richard, 2001). Quantitative data on the
development of the m. branchiohyoideus and the use of

throat extensions would, however, be needed to test for
correlations between the morphology of the hyobranchial
system and its use as a display organ.
The papillary structure of the tongue in lacertid lizards
is also quite distinct. The mid- and hind-tongue regions
show a complex papillary structure that presumably helps
to generate friction with the prey. The anterior parts of
the tongue, however, have a much simpler papillary structure (this paper; Iwasaki and Miyata, 1985; Bels et al.,
1993) and may be designed for smooth passage along the
largely closed jaws during tongue ﬂicking (see also Goosse
and Bels, 1992). The papillary structure in lacertids appears intermediate between the papillary structure observed in iguanians (agamids, iguanids, and chameleons;
Fig. 8) (De la Serna de Esteban, 1965; Rabinowitz and
Tandler, 1986; Delheusy and Bels, 1994; Herrel et al.,
1998; Schwenk, 2000; Herrel et al., 2001) and that observed in other scleroglossan lizards such as anguinomorphs and scincids, where large parts of the tongue are
covered by highly modiﬁed scale-like papillae (see
Toubeau et al., 1994; Schwenk, 2000). The tongue in geckoes also plays an important role to clean the spectacles
and this appears to be reﬂected in the smooth papillae
found on mid- and hind-tongue regions (Fig. 8) (De la
Serna de Esteban, 1965; Iwasaki, 1990; Schwenk, 2000).
Thus, the tongue structure in geckoes appears to be quite
unique even though the tongue is also used predominantly
to transport prey in these animals (Delheusy et al., 1995;
Herrel et al., 1999b).
In conclusion, our data do suggest a functional subdivision between the fore- and hind-tongue in both papillary
structure and muscular anatomy, allowing lacertid lizards
to use their tongues effectively during both chemoreception and prey transport. The fore-tongue has a smooth
epithelium and the intrinsic muscles are well developed,
allowing considerable and complex tongue extensions. The
hind-tongue, on the other hand, is broader and has a more
complex epithelium that can help generate friction between the tongue and the prey. Although the tongue proand retractors are generally not well developed in contrast
to our predictions, our muscle mass data suggest that they
are rather the movements of the hyobranchium that are
crucial during prey transport in these lizards.
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Fig. 8. A: Mid-sagittal section through the tongue of an agamid lizard
(Laudakia stellio) showing the typical elongated cylindriform papillae on
the posterior four-ﬁfths of the dorsal tongue surface. Note the overall
short, thick, and stocky appearance of the tongue of this animal when
compared with the lacertid tongue shown in Figure 3. B: Close-up of the
papillae near the mid-tongue illustrating their shape. Note how the
papillae have a large lumen. Abundant secretory cells and glandular
crypts are found at the base of the papillae. C: Cross-section through the
mid-tongue of a gekkonid lizard (Gekko gecko) showing fan-shaped
papillae covering the entire dorsal surface. D: Close-up of the fanshaped papillae. Note the difference of these papillae when compared to

those observed in lacertid and agamid lizards. E: Close-up of a fungiform
papilla on the dorsolateral aspect of the hind-tongue of Gekko gecko.
Note the similarity to the fungiform papillae of lacertid lizards shown in
Figure 4. F: Frontal section showing a close-up of the plumose-like
papillae found on the lateral aspect of the tongue of a chameleonid lizard
(Chameleo jacksonii). Note the difference in structure when compared to
the papillae observed in other lizards. G: Cross-section through the
mid-tongue of an iguanid lizard (Phrynosoma douglassi) showing plumose papillae very similar to those observed on the lateral tongue of the
chameleon.
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