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Figure 14.  Structure of the adult male túngara frog’s superficial m. dilatator laryngis (m. 

dilatator laryngis proper).  (A) The posterior bundle of the superficial m. dilatator laryngis 

originates from the posteromedial process of the hyoid cartilage (blue dotted line) and inserts 

into the dense rod (red dotted line).  Directional abbreviations: A, anterior; L, left; P, posterior; 

R, right.  (B) The anterior bundle of the superficial m. dilatator laryngis originates at the 

posteromedial process of the hyoid cartilage (blue dotted line) and inserts medially into the dense 

rod (red dotted line).  The posterior bundle of the superficial m. dilatator laryngis has been 

retracted laterally.  Directional abbreviations: A, anterior; L, left; P, posterior; R, right.  (C) 

Transverse histological cross section of the larynx showing the insertion of the superficial m. 

dilatator laryngis into the dense rod.  Directional abbreviations: D, dorsal; L, lateral; M, medial; 

V, ventral.  Same orientation applies to the next panel.  (D) Transverse histological cross section 

of the larynx showing the origin of the superficial m. dilatator laryngis on the posteromedial 

process of the hyoid cartilage. 
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The Deep M. Dilatator Laryngis 

The deep m. dilatator laryngis runs at an oblique angle of about 24.5 ± 3.4 degrees (n=5) 

and is deep to both bundles of the superficial m. dilatator laryngis (Fig. 15).  Its broad medial 

attachment spans part of the arytenoid cartilage’s medial border immediately deep to the dense 

rod (Fig. 15C).  The lateral attachment is located more posteriorly.  The deep m. dilatator 

laryngis extends from its medial attachment through a fissure between the arytenoid cartilage and 

the bronchial process of the cricoid cartilage (Fig. 15D).  Inside the laryngeal cavity the tendon 

of the deep m. dilatator laryngis inserts into the frenulum labii vocalis, which extends from the 

lateral edge of the arytenoid cartilage to the medial free edge of the vocal cords (Fig. 16A).  This 

frenulum contains a previously undiscovered basal cartilage and supports the fibrous mass, the 

latter of which is embedded approximately halfway through its length and attaches to both the 

cricoid cartilage and the vocal cords (Fig. 16B). 

Innervation 

            The larynx of the male túngara frog is innervated by the short and long laryngeal 

branches of the vagus nerve (superior and recurrent laryngeal nerves in mammals).  Dissections 

revealed that the long laryngeal nerve branches into all laryngeal muscles except the deep m. 

dilatator laryngis.  This muscle is solely innervated by the short laryngeal nerve (Fig. 17).  The 

long laryngeal nerve reaches the larynx posterolaterally and loops around the aorta before 

extending between the cricoid cartilage and the posteromedial process of the hyoid cartilage.  It 

passes the cricoid cartilage at a position anterior to the distal end of the hyoid process.  As it 

makes contact with the cricoid cartilage, the long laryngeal nerve forms branches that innervate 

both bundles of the superficial m. dilatator laryngis, the m. constrictor laryngis anterior, m. 

constrictor laryngis posterior, and the m. constrictor laryngis externus (Fig. 17B). 
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Figure 15.  Structure of the male túngara frog’s deep m. dilatator laryngis (m. arylabialis).  The 

superficial m. dilatator laryngis was removed on the right side in panels A and B to expose the 

deep m. dilatator laryngis.  (A) Medial attachment of the right deep m. dilatator laryngis to the 

arytenoid cartilage.  Muscle fibers run deep to the dense rod (removed) to converge into the apex 

of the arytenoid cartilage.  Directional abbreviations: A, anterior; L, left; P, posterior; R, right.  

(B) Attachment of the deep m. dilatator laryngis to the lateral attachment of the fibrous mass.  

Posterolateral view of the larynx with the bronchial process of the cricoid cartilage removed.  

Directional abbreviations: A, anterior; L, lateral; M, medial; P, posterior.  (C) Transverse 

histological cross section of the deep m. dilatator laryngis’ medial attachment to the apex of the 

arytenoid cartilage, deep to the dense rod.  Directional abbreviations: D, dorsal; L, lateral; M, 

medial; V, ventral.  Same orientation applies to the next panel.  (D) Transverse histological cross 

section of tendon fibers (TF) from the deep m. dilatator laryngis passing through the crico-

arytenoid fissure (red dotted line) in the laryngeal cartilaginous framework to converge within 

the lateral attachment of the fibrous mass. 
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Figure 16.  Comparison between the fibrous mass attachments of anuran larynges.  The cricoid 

cartilage and pulmonary connections have been omitted for clarity.  (A) Simplified artistic 

representation of a male Engystomops pustulosus larynx in the ventrolateral view.  Directional 

abbreviations: A, anterior; L, left; P, posterior; R, right.  (B) Excised larynx of E.  pustulosus in 

the ventral view.  Structures of interest have been highlighted on the right side for comparison.  

Directional abbreviations: A, anterior; L, left; P, posterior; R, right.  (C) Artistic representation 

of a male Hyla versicolor larynx in posterolateral view.  Directional abbreviations: D, dorsal; L, 

left; R, right; V, ventral.  (D) Excised larynx of H. versicolor in posterior view.  Structures of 

interest have been highlighted on the right side for comparison.  Directional abbreviations: D, 

dorsal; L, left; R, right; V, ventral.  Abbreviations: FLV, frenulum labii vocalis; HC, hyoid 

cartilage; VC, vocal cords.  These abbreviations apply to all subsequent figures.  Color coding: 

Blue, fibrous mass; gray, arytenoid and hyoid cartilages; red, deep m. dilatator laryngis; white, 

free edge of the vocal cords; yellow, frenulum labii vocalis. 
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The short laryngeal nerve reaches the larynx anteriorly, at a position medial to the distal 

end of the hyoid cartilage’s posteromedial process.  This nerve extends between the anterior and 

posterior bundles of the superficial m. dilatator laryngis (Fig. 17C) to innervate the deep m. 

dilatator laryngis exclusively (Fig. 17D). 

            The action of the deep m. dilatator laryngis is currently being examined as part of a study 

(unpublished) on the individual and combined actions of all the laryngeal muscles through 

stimulation of the laryngeal nerve branches using suction electrodes.  Preliminary results appear 

to confirm the innervation patterns observed in this study: the short laryngeal nerve stimulates 

the deep m. dilatator laryngis exclusively, whereas the remaining laryngeal muscles are 

stimulated by the long laryngeal nerve. 
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Figure 17.  Laryngeal muscle innervation patterns of the male túngara frog.  (A) Artistic 

representation of the long (LLN; yellow) and short (SLN; blue) laryngeal nerves.  The portion of 

the long laryngeal nerve innervating the m. constrictors anterior and posterior (yellow dotted 

line) runs deep to the superficial and deep portions of the m. dilatator laryngis, a portion of 

which was removed.  Directional abbreviations: A, anterior; L, left; P, posterior; R, right.  (B) 

Long laryngeal nerve (yellow dotted line) shown innervating both the anterior and posterior 

bundles of the superficial m. dilatator laryngis.  Directional abbreviations: A, anterior; L, lateral; 

M, medial; P, posterior.  (C) Short laryngeal nerve (blue dotted line) as it approaches the larynx 

to pass between the anterior and posterior bundles of the superficial m. dilatator laryngis (red 

dot).  Inserts: schematic representation of the short laryngeal nerve extending between the 

bundles of the superficial m. dilatator laryngis (top); and a less magnified view of the short 

laryngeal nerve as it reaches the larynx (bottom).  Directional abbreviations: A, anterior; L, 

lateral; M, medial; P, posterior.  Orientation applies to the remaining panel.  (D) Short laryngeal 

nerve (blue dotted line) as it innervates the deep m. dilatator laryngis.  Both bundles of the 

superficial m. dilatator laryngis have been removed.  Inserts: schematic representation of the 

short laryngeal nerve innervating the deep m. dilatator laryngis (top); and a less magnified view 

of the short laryngeal nerve innervating the deep m. dilatator laryngis (bottom). 

 

Female Larynges 

The m. dilatator laryngis of the female túngara frog has a similar morphology to that of 

the male (Fig. 18A).  It is divided into two distinct bundles: superficial and deep.  As in males, 

the superficial portion of the m. dilatator laryngis flanks the glottal opening medially and has a 

lateral attachment on the distal end of the hyoid cartilage’s posteromedial process (Fig. 18B).  

Unlike the male condition, however, the superficial portion of the muscle does not seem to be 

separated into anterior and posterior bundles.  The deep bundle of the female m. dilatator 

laryngis lies immediately deep to the superficial portion.  Its medial end attaches to the medial 

edge of the arytenoid cartilage near the glottal opening.  Its lateral end is located more 

posteriorly on the fissure between the arytenoid cartilage and the bronchial process of the cricoid 

cartilage (Fig. 18C).  As in males, the tendon of the deep m. dilatator laryngis appears to enter 

the laryngeal cavity through this fissure and attach to the frenulum labii vocalis but the small size 

of the structures prevented verification beyond doubt through dissection.  The frenulum labii 
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vocalis of female túngara frogs receives attachments from both the vocal cords and the fibrous 

mass (Fig. 18D). 

 

 

Figure 18.  Overview of laryngeal structures in adult female túngara frogs.  (A) Dorsal view of 

an excised larynx with laryngeal musculature intact.  Directional abbreviations: A, anterior; L, 

left; P, posterior; R, right.  (B) Medial (red dotted line) and lateral (blue dotted line) ends of the 

superficial m. dilatator laryngis near the glottal opening and the posteromedial process of the 

hyoid cartilage, respectively.  Directional abbreviations: A, anterior; L, lateral; M, medial; P, 

posterior.  (C) Medial (red dotted line) and lateral (blue dotted line) ends of the deep m. dilatator 

laryngis.  The medial end is deep to the superficial m. dilatator laryngis (removed on right side) 

on the apex of the arytenoid cartilage.  The lateral end of the muscle is on the fissure between the 

arytenoid cartilage and the bronchial process of the cricoid cartilage, possibly extending to the 

frenulum labii vocalis or to the cricoid cartilage.  Directional abbreviations: A, anterior; L, left; 

P, posterior; R, right.  (D) Ventral view of an excised larynx with the cricoid cartilage removed 

to expose the contents of the laryngeal cavity.  Directional abbreviations: A, anterior; L, left; P, 

posterior; R, right. 
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Outgroup Larynges 

Dissection of outgroup anuran species confirmed aspects of laryngeal morphology 

described in the literature.  The m. dilatator laryngis of American bullfrogs exhibits two lateral 

origins, an anterior origin on the posteromedial process of the hyoid cartilage and a posterior 

origin on the lateral process of the cricoid cartilage.  Within the laryngeal cavity of a male gray 

treefrog, the frenulum labii vocalis was observed attaching directly to the medial free edge of the 

vocal cord itself (Fig. 16D) and extending laterally to attach to the cricoid cartilage ring.  

Embedded halfway along its length was an enlarged fibrous mass (Fig. 16C). 
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CHAPTER 4: DISCUSSION 

 

The Superficial and Deep Bundles of the M. Dilatator Laryngis 

The morphology of the anuran larynx has been described in studies of the laryngeal 

skeleton (Gaupp, 1904; Blume, 1930; Trewavas, 1933), musculature (Henle, 1839; Wilder, 1896; 

Göppert, 1895; Gaupp, 1904; Krause, 1920; Trewavas, 1933), and innervation (Wahl, 1969; 

Schneider, 1970).  In view of the scarcity of structural studies on other species within the genus 

and family of the túngara frog, their laryngeal structure will be discussed in comparison with the 

literature of other anurans.  The m. dilatator laryngis is well conserved and is the least variable of 

the laryngeal muscles (Wilder, 1896).  It is the largest laryngeal muscle and it has been described 

as originating from the posteromedial process of the hyoid cartilage and inserting into the medial 

border of the arytenoid cartilage.  Features occasionally noted on the m. dilatator laryngis 

include: 1) A physical separation of muscle fibers into distinct bundles and slips of muscle 

(Gaupp, 1904); 2) A secondary lateral origin on the cricoid cartilage (Schmidt, 1972); 3) A 

medial insertion into an apical cartilage (sensu Wilder, 1896) as opposed to the arytenoid 

cartilage (Trewavas, 1933); and 4) A double innervation by the long and short laryngeal nerves 

(Schneider, 1970). 

Physical Separation 

The m. dilatator laryngis of amphibians has been divided into a variable number of 

muscle fiber bundles (Trewavas, 1933).  Early descriptions of subdivisions within the m. 

dilatator laryngis included accessory slips of muscle with lateral attachments to the hyoid and 

cricoid cartilages (Göppert, 1895, 1898; Wilder, 1896).  Gaupp (1904) later described in Rana 

esculenta (now Pelophylax kl. esculentus) both a superficial and a deep bundle of the m. dilatator 
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laryngis, the latter of which was divided into crico-arytenoid and hyo-cricoid slips.  These two 

bundles of the m. dilatator laryngis were commonly arranged in close proximity to one another 

but could have divergent orientations of muscle fibers (Gaupp, 1904; Wahl, 1969). 

Comparisons can be drawn between the patterns of muscle fiber subdivision within the 

m. dilatator laryngis of túngara frogs and those of ranids as described by Gaupp (1904).  In both 

instances, the m. dilatator laryngis has a superficial and a deep portion which clearly diverge in 

orientation of muscle fibers.  In contrast, it is the superficial m. dilatator laryngis in túngara 

frogs, as opposed to the deep portion in ranids, that is separated into distinct bundles.  

Additionally, there appears to be a much more pronounced physical separation between the 

superficial and deep m. dilatator laryngis of túngara frogs than observed between the superficial 

and deep portions of the m. dilatator laryngis in ranids. 

Distinct Origins 

Multiple points of origin at the lateral attachment of the m. dilatator laryngis have been 

identified in the literature.  The crico-arytenoid and hyo-cricoid slips of the m. dilatator laryngis 

described by Gaupp (1904) on P. kl. esculentus were named for their distinct lateral origins on 

the cartilaginous framework of the larynx.  This study’s dissection of a male American bullfrog 

(Rana catesbeiana) confirmed two lateral origins for the m. dilatator laryngis: the distal edge of 

the posteromedial process of the hyoid cartilage and the lateral process of the cricoid cartilage.  

An equivalent secondary attachment of the m. dilatator laryngis to a projection of the cricoid 

cartilage, illustrated as anterior to the main attachment of the muscle on the posteromedial 

process of the hyoid cartilage, has also been observed in North American leopard frogs (Rana 

pipiens, Schmidt, 1972).         
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In túngara frogs, the superficial and deep m. dilatator laryngis have distinct lateral 

attachments.  The attachment of the deep m. dilatator laryngis to the frenulum surrounding the 

fibrous mass may correspond to the secondary attachment of the m. dilatator laryngis to the 

cricoid cartilage described by Schmidt (1972) in leopard frogs.  The positions of these secondary 

lateral attachments are similar in these species; however, the secondary attachment is anterior to 

the primary attachment in leopard frogs whereas it is posterior in the túngara frog.  This 

difference may be explained by the fact that the cricoid cartilage of túngara frogs and their close 

relatives is greatly expanded posteriorly, forming a cartilaginous box that is fused to the 

arytenoid cartilage (Trewavas, 1933).  This expansion may have shifted the location of the 

secondary attachment posteriorly. 

Distinct Insertions 

Multiple attachments have also been described at the insertion of the m. dilatator laryngis 

along the midline of the larynx.  In ranids, an apical cartilage is found along the medial edges of 

the arytenoid cartilages and it receives part of the insertion of the m. dilatator laryngis 

(Trewavas, 1933).  In the leptodactylid Physalaemus cuvieri (closely related to the túngara frog), 

a rod of dense cellular connective tissue proper extends along the medial edge of the arytenoid 

cartilage and the two share the attachment of the m. dilatator laryngis (Trewavas, 1933). 

The dense rod of P. cuvieri is also observed in túngara frogs, but in a chondrified form. 

This cartilaginous dense rod receives the entire attachment of the superficial m. dilatator 

laryngis.  This completely separates the medial insertion of the superficial m. dilatator laryngis 

from that of the deep m. dilatator laryngis into the arytenoid cartilage. 
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Innervation 

The laryngeal muscles of anurans have been described as having a shared innervation 

pattern involving the long and short branches of the vagus nerve (Walkowiak, 2007).  Branches 

of the long nerve are thought to innervate all four pairs of laryngeal muscles (Schneider, 1970) 

while anatomical evidence suggests that the short nerve strictly innervates the m. dilatator 

laryngis (Gaupp, 1904; Wahl, 1969).  This arrangement was confirmed by nerve stimulation 

experiments conducted by Schmidt (1972).  This general innervation pattern changes, however, 

when the superficial and deep bundles of the m. dilatator laryngis are considered separately.  In 

túngara frogs, the long nerve forms branches which innervate all laryngeal muscles except the 

deep m. dilatator laryngis.  This suggests that the long nerve does not control the entire laryngeal 

musculature as previously suggested for other anurans.  Instead, contraction of the deep m. 

dilatator laryngis is controlled by the short nerve exclusively. 

The M. Arylabialis 

This study proposes the recognition of the deep m. dilatator laryngis in túngara frogs as 

an independent muscle, separate from the superficial m. dilatator laryngis.  This is based on 1) 

Complete physical separation with different orientations of muscle fibers; 2) Origins from 

distinct laryngeal structures without overlap; 3) Insertions into distinct cartilages without 

overlap; and 4) Mutually exclusive innervation.  This muscle was first named by Gaupp (1904) 

as the m. arylabialis.  This study therefore recognizes five laryngeal muscles in the túngara frog: 

the m. dilatator laryngis, m. constrictor laryngis externus, m. constrictor laryngis anterior, m. 

constrictor laryngis posterior, and m. arylabialis. 

The m. arylabialis was first encountered by Gaupp (1904) in P. kl. esculentus as a deep 

crico-arytenoid slip of the m. dilatator laryngis.  The muscle had distinct attachments from those 
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of the m. dilatator laryngis and was physically separated from it.  Gaupp (1904) described a 

tendon extending from the m. arylabialis into the frenulum labii vocalis.  Krause (1920) also 

noted the deep-lying m. arylabialis in P. kl. esculentus and Rana temporaria (formerly Rana 

fusca), where a tendon from the muscle passed through a membranous wall between the 

arytenoid and cricoid cartilages near the hyoid-cricoid junction.  Trewavas (1933) similarly 

found superficial and deep bundles of the m. dilatator laryngis in multiple species of Rana, 

noting that these bundles appear to be neither confined to nor universally present within this 

genus.  She mentioned the m. arylabialis but considered it a portion of the m. dilatator laryngis 

due to a lack of evidence for functional separation.  The recurring lack of a complete physical 

separation in combination with an approximate alignment of fibers between the m. dilatator 

laryngis and the m. arylabialis explains why previous studies have considered them a single 

muscle with multiple attachments and double innervation as opposed to distinct muscles in close 

proximity.  The innervation of the m. arylabialis seems to not have been examined at the time of 

its initial description, which could have supported its separation from the m. dilatator laryngis in 

subsequent studies. 

The abundance of evidence for a split in the structure of the m. dilatator laryngis in ranids 

indicates that the m. arylabialis is not a specialization restricted to túngara frogs or their family.  

There was no mention found of a split structure in treefrogs (Hylidae) or toads (Bufonidae) but 

the morphology of the m. dilatator laryngis has received little attention in these groups (Martin, 

1971; Eichelberg and Schneider, 1973; McClelland et al., 1996).  Broad comparative studies will 

be necessary to elucidate how ubiquitous this muscle is in anurans and what function it may 

serve. 
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A potential role for the m. arylabialis has been proposed based on morphological 

evidence (Gaupp, 1904; Blume, 1930; Wahl, 1969).  Gaupp (1904) noticed that some tendon 

fibers originating from the crico-arytenoid slip of the deep portion of the m. dilatator laryngis 

extended through the space between the cricoid and arytenoid cartilages to enter the larynx.  

Inside the laryngeal cavity, the tendon of the m. dilatator laryngis was observed to extend 

medially until converging with the frenulum labii vocalis, with a portion of its fibers inserting 

into the vocal cords directly (Gaupp, 1904).  This was observed again by Blume (1930), who 

noted that the deep portion of the m. dilatator laryngis penetrated into the larynx to radiate 

through the frenulum labii vocalis and into the vocal cord itself.  Gaupp (1904) suggested that 

contraction of the m. dilatator laryngis could add tension within the vocal cords altering the 

frequency of the sound.  The deep portion of the m. dilatator laryngis was therefore suggested to 

play a role in anuran vocalization.  An equivalent arrangement in the túngara frog was observed 

in this study.  The tendon of the m. arylabialis extends into the fibers that make up the fibrous 

mass’ lateral attachment to the cartilaginous framework of the larynx.  This lateral attachment 

stems off the base of the fibrous mass and is continuous with the frenulum labii vocalis.  This 

configuration is consistent with the proposed role of vocal control.  It indicates, however, that 

muscular action may adjust the position rather than the tension of the vocal cords.  Pulling on the 

frenulum labii vocalis by the m. arylabialis should abduct the vocal cords and laterally displace 

the fibrous mass.  This could provide a mechanism to oppose the action of the m. constrictor 

laryngis posterior as an adductor of the vocal cords (Schmidt, 1972).  This study therefore 

speculates that the m. constrictor laryngis posterior and m. arylabialis of anurans may control the 

movement of the vocal cords, whereas the m. dilatator laryngis, m. constrictor laryngis externus 

and m. constrictor laryngis anterior likely control the movement of the arytenoid cartilages. 
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The non-vocal larynx of female túngara frogs is greatly reduced compared to those seen 

in males, with all the laryngeal structures appearing to be scaled down in size proportionally 

(Guerra et al., 2014).  The m. arylabialis is present and does not appear to be more or less 

reduced in females than other laryngeal muscles or structures dedicated to calling, such as the 

vocal cords and the fibrous masses.  Comparison of the larynges between male and female 

túngara frogs does not, therefore, confirm or dismiss the potential function of the m. arylabialis 

in the movement of the vocal cords in males. 

The relationship described here between the vocal cords and the fibrous mass in túngara 

frogs qualitatively matches the structure observed in this study’s dissection of a male gray 

treefrog (Hyla versicolor).  The gray treefrog has its modest fibrous mass embedded near the free 

edge of the vocal cord, forming a thickening in the frenulum labii vocalis (Fig. 16C).  This 

frenulum extends from the free edge of the vocal cord towards the vocal cord’s attachment on the 

cricoid cartilage (Fig. 16D).  This configuration produces a close match to what was observed in 

ranids by Gaupp (1904), in which the frenulum connects the tendon of the m. dilatator laryngis to 

the vocal cords. 

Based on its ideal positioning, the m. arylabialis of túngara frogs may position the fibrous 

mass in addition to the vocal cords.  Vibration of the fibrous mass is required for production of 

the facultative component of the male’s advertisement call (Drewry et al., 1982; Ryan and 

Drewes, 1990; Gridi-Papp et al., 2006; Kime et al., 2013).  Regulating the position of the fibrous 

mass in relation to the pulmonary airflow could allow the animal to control its passive vibration 

and the onset of the chuck.  Stretching the fibrous mass across its attachments has been 

suggested to influence its passive vibration (Ryan and Drewes, 1990).  Preliminary results of 

nerve stimulation in the Gridi-Papp Lab (unpublished) support this context by indicating that 
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contraction of the m. arylabialis causes lateral displacement of the fibrous mass.  Voluntary 

displacement of the fibrous mass through contraction of the m. arylabialis may therefore form 

the mechanism that controls the onset of the facultative portion of the túngara frog’s complex 

call.  Further experimentation is required, however, to confirm this action of the m. arylabialis in 

túngara frogs. 

The current study sheds new light on the homology between anamniote and amniote 

larynges.  The number of laryngeal muscles varies across organisms, but all the muscles of the 

vertebrate larynx are innervated by two branches of the vagus nerve, the superior (short) 

laryngeal nerve and the recurrent (long) laryngeal nerve (Diogo et al., 2008).  Exceptions include 

the laryngeal innervation of reptiles (excluding Aves) which is accomplished by a single branch 

of the glossopharyngeal nerve (Smith, 1992; Diogo et al., 2008).  In mammals, the superior 

laryngeal nerve only innervates one laryngeal muscle, the cricothyroid, while the recurrent 

laryngeal nerve loops around the aorta and innervates all the remaining laryngeal muscles.  The 

relationship between the laryngeal muscles of mammals and amphibians was previously 

confused by the notion that the m. dilatator laryngis in amphibians was innervated by both the 

long and short laryngeal nerves.  The m. dilatator laryngis of amphibians was thought to 

correspond exclusively to the posterior cricoarytenoid muscle of other tetrapods, including 

mammals, reptiles, and dipnoans (Diogo et al., 2008).  The innervation pattern presently 

described for túngara frogs, however, matches the general arrangement known in mammals: the 

short laryngeal nerve exclusively innervates a single laryngeal muscle, the m. arylabialis, 

whereas the long laryngeal nerve loops around the aorta to innervate the remaining laryngeal 

muscles.  This supports previous suggestions that the larynx of reptiles is not homologous to that 

of amphibians (Diogo et al., 2008). 
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CHAPTER 5: CONCLUSION 

 

This study supports the recognition of the m. arylabialis as a novel muscle in the larynx 

of túngara frogs.  Based on its attachments to the arytenoid cartilages and to the frenulum labii 

vocalis this muscle may play a role in either tensing the vocal cords, positioning the vocal cords, 

or positioning the fibrous masses.  Tensing and positioning the vocal cords could potentially 

influence the whine portion of the male’s advertisement call by altering its frequency.  

Alternatively, positioning the fibrous masses may allow the m. arylabialis to control the 

complexity of the call by determining the production of chucks. 

The separation of the superficial and deep bundles of the m. dilatator laryngis into the m. 

dilatator laryngis and the m. arylabialis gives each of the muscles their own distinct innervation.  

This new innervation pattern for the túngara frog larynx directly matches the innervation pattern 

of the mammalian larynx.  Based on this matching innervation, it is likely that the m. dilator 

laryngis is homologous to the mammalian posterior cricoarytenoid muscle and that the m. 

arylabialis is homologous to the mammalian cricothyroid muscle.  These newfound similarities 

invite a reevaluation of the evolutionary relationships between amphibian and mammalian 

larynges.   

The discovery of a novel laryngeal muscle in túngara frogs holds great significance.  It 

not only has the potential to unveil the mechanism through which these animals add complexity 

to their calls but could help decipher the evolutionary path of complex call production in natural 

communication systems.   
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