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ABSTRACT

Although studies of anuran hand and foot musculature began in the first half of the 19th century, 
all studies to date have been taxonomically or anatomically restricted in scope, and none has con-
sidered the diversity of autopodial myology in Anura as a whole. As a model for future comparisons, 
we thoroughly describe the hand and foot musculature of an arboreal species (the hylid Triprion 
petasatus), define the layers in which these muscles are arranged, and attribute presumed functions. 
On the basis of our myological analysis of 155 species representing 46 of the 54 currently recognized 
families and main clades of anurans, we describe 20 characters related to hand and foot muscles. 
Optimization of these characters on the most recent and inclusive phylogenetic hypothesis of Anura 
results in synapomorphies for several major clades (Bombinatoridae, Alytidae, Xenoanura + Acos-
manura, Xenoanura, Pipidae, Acosmanura, Anomocoela, Scaphiopodidae, Pelodytidae + Pelobatidae 
+ Megophryidae, Megophryidae, Neobatrachia, Heleophrynidae, Sooglossidae, Laurentobatrachia, 
Calyptocephalellidae, Myobatrachoidea, and Nobleobatrachia), including new, nonhomoplastic syn-
apomorphies for clades previously supported only by molecular evidence and a few conflicting 
phenotypic characters (e.g., Acosmanura, Anomocoela, Neobatrachia). Additionally, we (1) address 
controversies regarding the homology of anuran and caudate muscles in the context of putative 
synapomorphies for Ascaphidae + Leiopelmatidae and its sister clade Lalagobatrachia; (2) evaluate 
a recently proposed terminology for anuran hand and foot musculature; (3) discuss the identities of 
several hand and foot muscles with problematic homologies; (4) establish a unified terminology for 
anuran hand and foot muscles, including a list of synonyms for all names employed in the literature; 
and (5) propose hypotheses for the origin of several myological novelties (neomorphs).

INTRODUCTION

Over the last 15 years, several studies have con-
tributed significantly to the knowledge of phylo-
genetic relationships of major groups of Anura. 
Most of these studies were based exclusively on 
DNA sequences (e.g., Darst and Cannatella, 2004; 
Roelants et al., 2007; Heinicke et al., 2009; Wiens 
et al., 2010; San Mauro, 2010; Pyron and Wiens, 
2011; Fouquet et al., 2013; Barej et al., 2014; Padial 
et al., 2014; Pyron, 2014; Brown et al., 2015; 
Frazão et al., 2015; Chan and Brown, 2017; Feng 
et al., 2017; Mahony et al., 2017; Chan et al., 2018; 
Jetz and Pyron, 2018; Streicher et al., 2018; Tu et 
al., 2018), while a few of them also included phe-
notypic datasets (Faivovich et al., 2005; Scott, 
2005; Wiens et al., 2005; Frost et al., 2006; Grant 
et al., 2006, 2017) and even fewer focused exclu-
sively on phenotypic characters—Haas (2003), 
Púgener et al. (2003), and Burton (2004) the 
major examples. Whereas Haas (2003) and 
Púgener et al. (2003) employed primarily larval 
characters scored for exemplars of major anuran 

lineages, Burton (2004) focused on the foot mus-
culature of “Hylidae” (including Hemiphractidae). 
Both the larval and foot musculature studies pro-
posed several synapomorphies for a number of 
groups, and their data sets were included in total 
evidence analyses by Frost et al. (2006) and 
Faivovich et al. (2005), respectively. However, the 
dearth of comparable data sets prevents these 
character systems from being used to test hypoth-
eses across Anura.

Phenotypic synapomorphies are unknown for 
several major clades of anurans due to the lack of 
comprehensive studies for most character sys-
tems. This scenario underscores the need to 
explore multiple phenotypic sources of evidence 
to bear on phylogenetic hypotheses. The detailed 
study of phenotypic character systems provides 
homology hypotheses that are instrumental for 
the study of the morphological evolution of a 
clade (e.g., O’Leary et al., 2013). Furthermore, it 
allows the establishment of a bridge between pat-
tern and process, enabling the exploration of 
evolutionary mechanisms and formulation of 
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testable functional hypotheses (e.g., Wake et al., 
2011). Ultimately, the inclusion of phenotypic 
data in total evidence phylogenetic analyses has 
been shown to have a disproportionately large 
effect, influencing tree topology and clade sup-
port estimations, and, therefore, taxonomic deci-
sions (e.g., Nylander et al., 2004; de Sá et al., 
2014; Mirande, 2017; Sánchez-Pacheco et al., 
2018; Cabra-García and Hormiga, 2019).

Hand and foot muscles are an underexplored 
source of phenotypic data. The seminal works of 
Dugés (1834), Ecker (1864), Perrin (1892), 
Gaupp (1896), and Ribbing (1907, 1909, 1911) 
described in detail the musculature of a few 
anuran species, but few subsequent additional 
studies dealt with this character system until the 
end of the 1990s, and those that did mostly 
focused on single species (e.g., Davies and Bur-
ton, 1982; Burton, 1983) or a limited number of 
characters (e.g., Liem, 1970; Burton, 1986). The 
sole exception in that period is Dunlap (1960), 
who studied a diverse sample of species and 
characters of hind-limb musculature.

Beginning in the latter half of the 1990s, 
there has been a haphazard and idiosyncratic 
increase in knowledge of anuran hand and foot 
musculature without attempting to standardize 
and synthesize information across the major 
anuran clades. Burton (1996, 1998a) studied 
the hand musculature of Pelodryadinae and 
several families formerly included in “Lepto-
dactylidae,” respectively. Additionally, Burton 
(1998b) explored a few hand musculature 
characters using a dense sample of anurans, 
and Burton (1998c) studied the muscles asso-
ciated with climbing. Burton (2001) also stud-
ied the foot musculature of the Australian 
“Myobatrachidae” (including Limnodynasti-
dae). Several studies focused on Hylidae, and 
characters from musculature were included in 
quantitative phylogenetic analyses: Faivovich 
(2002) and Araujo-Vieira et al. (2019) included 
some characters from the hand and foot mus-
culature of Scinax and Sphaenorhynchus and 
related groups, respectively; Burton (2004) 
performed an extensive survey of the foot 

musculature of “Hylidae” (including Hemi-
phractidae), which Faivovich et al. (2005) 
combined with DNA sequences in a total evi-
dence analysis. Manzano et al. (2008) studied 
characters related to specializations for grasp-
ing in the forelimb of two hylids. Salgar et al. 
(2009) reported on the foot musculature of a 
species of Pristimantis (Craugastoridae), 
whereas Hoyos et al. (2014) defined characters 
of foot musculature in a quantitative phyloge-
netic analysis of the Pristimantis unistrigatus 
species group, and Hoyos and Salgar (2016) 
focused on variation within Dendropsophus 
luddeckei (as D. labialis; Hylidae). Diogo and 
Ziermann (2014) studied the development of 
the fore‐ and hind-limb muscles using Eleu-
therodactylus coqui (Eleutherodactylidae) as a 
model. Blotto et al. (2017) described the foot 
musculature of Odontophrynidae, proposed 
synapomorphies, and discussed putative adap-
tations for burrowing. Finally, some studies 
focused on a few muscles of the hand and/or 
foot within a morpho-functional framework 
(e.g., Hanna and Barnes, 1991; Dos Santos et 
al., 2017; Abdala et al., 2018; Fratani et al., 
2018, 2020; Oliveira-Lagôa et al., 2019; Soliz et 
al., 2020).

Given the lack of comparable information 
on the hand and foot musculature across the 
major clades of Anura, we examined variation 
in this musculature across a broad sample of 
Anura in an effort to (1) identify the muscula-
ture layers in which the hand and foot muscles 
are arranged and attribute presumed func-
tions; (2) delimit putatively homologous char-
acter states; (3) optimize those characters on a 
recent hypothesis of anuran relationships to 
study character evolution; (4) when relevant, 
critically assess previously proposed pheno-
typic synapomorphies for major clades in the 
context of our findings and recent phyloge-
netic hypotheses; (5) identify outstanding 
problems in the homology and terminology of 
anuran muscles and provide a unified termi-
nology; and (6) propose hypotheses for the 
origin of novel muscles and slips.
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MATERIALS AND METHODS

Taxon Sampling

We sampled all major anuran clades sup-
ported in recent phylogenetic hypotheses (e.g., 
Frost et al., 2006; Pyron and Wiens, 2011; Pyron, 
2014; Jetz and Pyron, 2018) and most families of 
Anura. For Costata, Pipidae, Anomocoela, Hele-
ophrynidae, and Sooglossidae we sampled more 
than one species per genus when available (i.e., 
Bombina, Discoglossus, Heleophryne, Hymeno-
chirus, Megophrys, Pelobates, Pipa, Scaphiopus, 
Sooglossus, Spea, and Xenopus). This is justi-
fied on the basis that several synapomorphies 
proposed are for deep nodes, and redundant 
taxon sampling (e.g., more than one species 
of Bombina) serves as an additional test of the 
proposed synapomorphies. Heleophrynidae and 
Sooglossoidea (Nasikabatrachidae + Sooglossi-
dae) were recovered in alternative phylogenetic 
positions in recent phylogenetic analyses (Biju 
and Bossuyt, 2003; Frost et al., 2006; Roelants et 
al., 2007; Pyron and Wiens, 2011; Kurabayashi 
and Sumida, 2013; Zhang et al., 2013; Pyron, 
2014; Jetz and Pyron, 2018) but always as the 
sister taxon of Ranoides, Notogaeanura, or Neo-
batrachia. On this basis, we sampled three hele-
ophrynids (the monotypic Hadromophryne and 
two species of Heleophryne) and the two species 
of Sooglossus. We were unable to sample 8 of 
the 54 anuran families: Conrauidae, Mantelli-
dae, Micrixalidae, Nasikabatrachidae, Nyctiba-
trachidae, Odontobatrachidae, Petropedetidae, 
and Ranixalidae. With the exception of Nasika-
batrachidae, the remaining families are mem-
bers of the well-supported clade Natatanura, 
which is nested in Ranoides. We were able to 
sample some families of Natatanura (Ceratoba-
trachidae, Dicroglossidae, Phrynobatrachidae, 
Ptychadenidae, Pyxicephalidae, Ranidae, and 
Rhacophoridae), and the lack of the remain-
ing families of the clade is expected to have no 
or little impact in the ancestral character-state 
reconstructions (which are mainly focused on 
major clades).

We employed the phylogenetic hypothesis of 
Jetz and Pyron (2018) for ancestral state recon-
struction (see below), with the addition of Atelopus 
pastuso (Bufonidae), Leptobrachium lumadorum, 
and Megophrys edwardinae (both Megophryidae). 
We placed A. pastuso in the topology of Jetz and 
Pyron (2018) following the evidence presented by 
Coloma et al. (2010), and the megophryids on the 
basis of evidence from Brown et al. (2010) and 
Chen et al. (2017).

Finally, in order to test, interpret, compare, and 
discuss some relevant reports from the literature 
we performed partial dissections of additional 
species not scored in our analysis. These species 
are: Dendropsophus luddeckei (Hylidae; for com-
parison with Hoyos and Salgar, 2016), Osteopilus 
septentrionalis (Hylidae; for comparison with 
Hanna and Barnes, 1991), Pipa arrabali (Pipidae; 
for comparison with Burton, 1998b), and Pipa 
pipa (Pipidae; for comparison with Ribbing, 
1911). Specimens examined and locality data are 
listed in appendix 1. Collection codes used 
throughout the paper are those of Sabaj (2016).

Targeted Muscles

The targeted muscles of the hand are restricted 
to those that originate or insert on the prepollex, 
metacarpals, and/or phalanges, with the exception 
of the m. contrahentis caput longus distalis, which 
was studied here despite its origin on the ulnare 
and insertion on the distal carpals. The targeted 
muscles of the leg and foot are those with attach-
ments to the fibulare, tibiale, distal tarsals, element 
Y, prehallux, metatarsals, and/or phalanges.

Terminology

The anuran taxonomy follows Frost (2019), 
except for Hylidae, which follows Faivovich et al. 
(2018). Terminology for the carpus and tarsus 
follows Fabrezi (1992, 1993) and Fabrezi and 
Alberch (1996). The phalanges are referred to as 
the “basal phalanx” and “distal phalanx” for the 
proximal and distal phalanges in digits with two 
phalanges, respectively. For phalanges between 
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the “basal” and “distal” phalanges in digits with 
three phalanges, we employ the term “second 
phalanx”; for digits with four phalanges, we 
employ “second phalanx” for the more proximal 
phalanx and “third phalanx” for more distal pha-
lanx. Although there are anuran species with 
digital reduction, all descriptions done across 
this study are for species with the complete pha-
langeal formula, which is 2-2-3-3 (i.e., two pha-
langes in digits II–III and three in digits IV–V) 
for the hand and 2-2-3-4-3 for the foot. This 
scheme is compared with the other commonly 
employed terminology in anurans in appendix 2.

With respect to the hand and foot muscula-
ture, most anuran studies (e.g., Dunlap, 1960; 
Burton, 1996, 1998a, 1998b, 1998c, 2001, 2004) 
are largely based on the terminology of Gaupp 
(1896), with a few modifications introduced by 
Dunlap (1960), Burton (1996, 2004), and Faivov-
ich (2002); we refer to this as the “classical termi-
nology.” Over the past decade, several studies 
(Abdala and Diogo, 2010; Diogo and Abdala, 
2010; Diogo and Molnar, 2014; Diogo and Zier-
mann, 2014; Diogo et al., 2018) have proposed 
modifications to the classical terminology in an 
effort to unify terminology across tetrapods. We 
attempted to use and adapt the terminology of 
Diogo and associates for Anura, addressing con-
troversies and introducing modifications when 
necessary. However, although we agree that 
homology is a phylogenetic concept that is tested 
through both separate, independent tests and the 
test of character congruence (i.e., primary and 
secondary homology, respectively; Pinna, 1991) 
and that independently derived muscles are not 
the same historical entity, we disagree with 
Diogo and Abdala (2010: 19) and Diogo et al. 
(2018: 11) that these nonhomologous muscles 
must be given different names and coded as dif-
ferent characters, for the following reasons.

First, this approach would prove to be prob-
lematic in practice because these systems have 
multiple instances of homoplasy, resulting in the 
proliferation of names that are both unnecessary 
to comprehend character evolution and burden-
some and potentially confusing for workers gath-

ering anatomical evidence. Two muscles whose 
occurrence varies across Anura exemplify the 
problem (see Results for detailed accounts): the 
hand m. lumbricalis longus digiti III (char. 2) 
and m. flexor minimus indicis (char. 8). These 
muscles would require three and four different 
names, respectively, because they arise indepen-
dently four and five times, respectively (see 
ancestral character state reconstructions in 
appendix 5).

Second, although this approach is consistent 
with the ontological individuality of each inde-
pendently derived character state (see Grant and 
Kluge, 2004, 2009), renaming characters solely on 
the basis of their phylogenetic distribution with-
out external evidence conceals contradictory evi-
dence (i.e., character incongruence) and violates 
the logical distinction between premises and con-
clusions, leading to circular reasoning in future 
research cycles. That is, whereas reciprocal clarifi-
cation or illumination (Hennig, 1966; Kluge, 
1997) uses character incongruence heuristically to 
critically reexamine evidence and conduct addi-
tional independent tests of hypotheses of primary 
homology, the simple renaming of the characters 
eliminates such incongruence, preventing those 
characters from testing the hypothesis in the 
future. A similar argument was raised by Grant et 
al. (2006: 108) in relation to the proposal that the 
palatine of neobatrachians be renamed “neopala-
tine” (Trueb, 1993) on the basis of the phyloge-
netic position of Neobatrachia. 

As such, the purpose of the terminology 
adopted in this paper is to indicate inferred pri-
mary homology, with the secondary nonhomol-
ogy of character states whose homology is 
refuted by the congruence test indicated by sepa-
rate statements, without renaming the muscles. 
In order to unify terminology across this study 
and avoid repeating references to alternative 
hand and foot names of other authors, we pres-
ent a synonym list for all the terms employed in 
the literature (appendix 3). This synonym list 
indicates whether the name employed for each 
specific muscle is equivalent to the concept and 
name employed here.
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The hierarchic arrangement of muscles in this 
study is largely consistent with classic contributions 
(e.g., Dunlap, 1960; Burton, 1998a, 2004). Although 
this hierarchy is related to muscle homology, its 
main utility is in predefining the units referred to 
as “muscle group,” “muscle,” and “slip.” For example, 
the group of the foot mm. lumbricales digitorum 
breves is usually composed of seven muscles, one 
on digits I–III and two (one medial and one lateral) 
on digits IV and V. Following this example, the 
medial and lateral muscles of the mm. lumbricales 
breves of digit V are termed “medial m. lumbricalis 
brevis digiti V” and “lateral m. lumbricalis brevis 
digiti V.” The medial muscle is further divided into 
medial and lateral slips in some species, resulting in 
the terms “medial slip of the medial m. lumbricalis 
brevis digiti V” and “lateral slip of the medial m. 
lumbricalis brevis digiti V.” Thus, the hierarchy 
between muscle and slip avoids confusion.

The locational terms employed here are: (1) 
ventral, which is the side facing the ground and 
refers to the palmar (hand) or plantar (foot) side; 
(2) dorsal, which refers to the top (upper) side of 
the hand and foot facing the vertebral column; 
(3) proximal, in reference to attachments or por-
tions topologically toward the base of the struc-
ture, near the body; (4) distal, in reference to 
attachments or portions topologically toward the 
tip of the structure, away from the body; (5) 
medial, preaxial, or radial/tibial side (these two 
last terms for the hand and foot, respectively); 
and (6) lateral, postaxial, or ulnar/fibular side 
(for the hand and foot, respectively). Points (5) 
and (6) are in reference to the sides with respect 
to the first and last digit, respectively. 

We employ the term “intermediate” for des-
ignating a muscle or slip that is topologically 
positioned between medial and lateral muscles 
or slips (e.g., intermediate m. dorsometacarpalis 
proximalis digiti III; intermediate slip of the m. 
interphalangeus digiti IV). Our use of “inter-
mediate” is equivalent to “central” sensu Burton 
(1998a: 63) for the hand mm. interphalangei 
digitorum IV–V.

Finally, we are aware of several academic the-
ses on hand and/or foot muscles (Andersen, 

1978; Tyson, 1987; Wilkinson, 1993; Egan, 1995; 
Manzano, 1996; Silva, 1998). Although we con-
sider them to be important contributions, they 
remain unpublished, and for this reason we do 
not discuss them in this study.

Dissection Procedures and Musculature Layers

Specimens were studied with the aid of a ste-
reomicroscope. Dissections were performed 
sequentially to remove superficial layers and 
observe successively deeper muscles. Topical 
application of the iodine/potassium iodide solu-
tion of Bock and Shear (1972) was used to 
enhance contrast when necessary. The data 
matrix was built using the software Mesquite 
v3.03 (Maddison and Maddison, 2015).

The musculature of the hand and foot is 
arranged into layers (e.g., Burton, 1996, 1998a, 
2004), which we used as a general guide for dis-
section, scoring, and imaging, with digital images 
of each layer captured before removal to both 
document our observations and enable revision 
and identification of novel characters and char-
acter states as species were added to the matrix. 
The arrangement of the musculature by layers 
mostly follows Burton, but two facts preclude an 
unequivocal arrangement. First, not all muscles 
can be objectively arranged into layers, such as 
some large abductors, flexors, and extensors of 
the forearm and leg. Second, in order to avoid 
removal of muscles that is not necessary for 
character coding or clearer interpretation of fig-
ures, we arranged some deep muscles into a 
fourth layer, even though some of them are more 
superficial than others. The layer arrangement of 
the hand and foot muscles followed in this study 
is shown in table 1, along with the muscles unas-
signed to layer.

Following this framework, we removed the 
successive layers, defining four layers in each of 
the four systems studied here: palmar and dor-
sal surfaces of the hand and plantar and dor-
sal surfaces of the foot. Character scoring and 
image documentation were performed in paral-
lel as each musculature layer was dissected and 
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are used as a standard reference across the study 
(in analogy to a map), allowing a link between 
the particular layer exposed in each figure and 
the equivalent layer in T. petasatus. Each muscle 
group from each layer is edited in the different 
figures employing the same predefined color as 
in the figures of T. petasatus.

Descriptive Approximations

Muscles can be attached to phalanges, joints 
(between metacarpals/metatarsals and phalan-
ges, or between phalanges), or both. We 
attempted to distinguish between these different 
points of attachment, since they are relevant not 
only for identifying character states but also for 
inferring function. However, in contrast to the 

removed. This predefined arrangement into lay-
ers facilitates interpretation and comparison of 
the different images/figures across species.

To facilitate among-group comparisons, we 
begin with a thorough description of the arbo-
real treefrog Triprion petasatus (Neobatrachia: 
Hylidae). The advantage of selecting an arboreal 
species as our model to illustrate the four layers 
of the four systems of the hand and foot muscu-
lature is that these species usually have addi-
tional groups of muscles (the mm. 
dorsometacarpales distales and mm. dorsometa-
tarsales distales) and greater complexity resulting 
from the division of some muscles into multiple 
slips (e.g., the palmar m. flexor digitorum com-
munis). The general description and figures of 
each layer of musculature of Triprion petasatus 

TABLE 1

Layer arrangement of the hand and foot musculature 

Hand: ventral Hand: dorsal Foot: ventral Foot: dorsal

First layer

Tendines superficiales, 
flexor indicis superficialis 
proprius, caput profundum 
digiti III, lumbricales longi

Extensor digitorum Tendines superficiales, lum-
bricales longi, lumbricalis 
longissimus digiti IV

Extensor digitorum 
longus

Second layer
Lumbricales breves Abductor pollicis lon-

gus, extensores breves 
superficiales

Lumbricales breves Extensores breves 
superficiales

Third layer Contrahentes digitorum Extensores breves 
medii

Contrahentes pedis Extensores breves 
medii

Fourth layer

Pronator quadratus, contra-
hentis caput longus distalis, 
adductor pollicis, flexores 
breves profundi, abductor 
digiti minimi, abductor 
secundus digiti V, flexores 
digitorum minimi, inter-
metacarpales, interpha-
langei

Abductor indicis bre-
vis dorsalis, abductor 
brevis digiti V, dorso-
metacarpales

Flexor hallucis accessorius, 
flexores breves profundi, 
abductor brevis plantaris 
digiti V, flexores digitorum 
minimi, adductor praehal-
lucis, intermetatarsales, 
interphalangei

Abductores breves 
dorsales, abductor pro-
prius digiti IV, dorso-
metatarsales

Unassigned

Flexor digitorum commu-
nis, flexor accessorius, 
flexor plate

Extensor carpi radialis, 
extensor carpi ulnaris

Abductor praehallucis, 
abductor brevis plantaris 
hallucis, aponeurosis plan-
taris, flexor accessorius, 
tibialis posterior, flexores 
breves superficiales, contra-
hentium caput longum, 
interosseus cruris

Abductor digiti min-
imi, tarsalis anticus
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more proximal phalanges and joints, the occur-
rence of an insertion on the distal interphalan-
geal joint (or interphalangeal joint in digits with 
two phalanges) and/or the distal phalanx is not 
usually discrete enough (especially in the mm. 
dorsometacarpales/dorsometatarsales proxi-
males/distales) to allow clear distinction between 
them. Distal phalanges are usually shorter than 
proximal ones, and the insertions on them are 
frequently a continuation of the insertion on the 
distal interphalangeal joint (e.g., see Langowski 
et al., 2018), making their distinction difficult or 
arbitrary. As such, we refer to these insertions as 
“(distal) interphalangeal joint/distal phalanx” 
throughout the text. Nevertheless, it must be 
clarified that there are cases in which the inser-
tion is more dominant in one of these two 
regions; further studies quantifying these differ-
ences are required.

Similarly, the interpretation of the insertions 
can be difficult for muscles with long tendons of 
insertion that attach distally to one or more digital 
joint. For example, the mm. dorsometacarpales/
dorsometatarsales proximales that attach to the 
distal interphalangeal joint/distal phalanx also 
adhere partially to the connective tissue of addi-
tional proximal joints as their tendons pass 
through them. In these cases, we described the 
condition as an insertion on the distal interpha-
langeal joint/distal phalanx unless a discrete ten-
don of insertion leads to the more proximal joints.

Image Editing

Given the number of complex relationship 
among hand and foot muscles, we edited images 
in order to facilitate visualization, adjusting image 
opacity applying colors to shade the different ele-
ments (muscle groups, tendons, ligaments). After 
extensive experimentation we choose an interme-
diate opacity (40%) for shading the muscles in 
order to make the edited images comparable when 
acquired from different specimens/species (differ-
ing in musculature color), acquisition hardware/
software, and pre- and postprocessing parameters. 
This percentage allows colors to be more or less 

equivalent across different images/species, thereby 
simplifying comparison and interpretation. Lower 
opacity precludes comparison due to the interac-
tion of the selected color with the image back-
ground color, whereas higher opacity conceals 
some relevant aspects of the muscle (e.g., fiber 
orientation).

Ideally each muscle group should be labeled 
with a different, standardized color. However, in 
order to reduce the number of colors employed 
and enhance comparability across images, the fol-
lowing muscles were labeled with the same color.

M. flexor indicis superficialis proprius and m. 
caput profundum digiti III (first layer of the pal-
mar surface; pl. 2A): we found substantial evi-
dence supporting the common origin of the m. 
flexor indicis superficialis proprius and m. caput 
profundum digiti III from a differentiation of the 
m. flexor accessorius (see Discussion), leading us 
to apply the same color to both.

M. abductor secundus digiti V, m. abductor 
digiti minimi, and mm. flexores breves profundi 
(fourth layer of the palmar surface; pl. 2D): 
although the former was considered part of the 
mm. flexores breves profundi by some authors 
(see Discussion and appendix 3), there is no evi-
dence relating the m. abductor digiti minimi to 
the mm. flexores breves profundi. Nevertheless, 
on the basis of their similarity, they are shaded 
with the same color for the purpose of this study.

M. abductor indicis brevis dorsalis and m. 
abductor brevis digiti V (fourth layer of the dor-
sal surface of the hand; pl. 3D): although both 
muscles are abductors located in the deepest 
layer, there is no evidence that they form a mus-
cle group. Nevertheless, we use the same color on 
the basis of their equivalent function and posi-
tion in the same layer.

M. flexor hallucis accessorius, m. abductor 
brevis plantaris digiti V, and mm. flexores 
breves profundi (fourth layer of the plantar sur-
face; pl. 4D): the first muscle was considered 
part of the mm. flexores breves profundi group 
by some authors (see Discussion and appendix 
3) and is morphologically similar to them, and 
the m. abductor brevis plantaris digiti V is also 
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morphologically and topologically very similar 
to the mm. flexores breves profundi of digits 
II–IV. Additionally, the m. abductor brevis 
plantaris digiti V was associated to the mm. 
flexores breves profundi (Ribbing 1909, 1911; 
Diogo and Molnar, 2014: 1063; Diogo et al., 
2018: 571). As such, we apply the same color to 
all of these muscles.

Tendinous/aponeurotic systems formed by 
the hand and foot tendines superficiales and 
tendons of insertion of the different muscles 
from which they arise: shading all of these ele-
ments in gray highlights their nonindependent 
connections and also avoids the need to arbi-
trarily delimit the different elements of this sys-
tem, whose limits are not discrete. For example, 
the tendines superficiales of the hand are in fact 
the tendons of insertion of the m. flexor digito-
rum communis and m. flexor accessorius (in 
some species indirectly through the flexor 
plate), while those of the foot are the tendons of 
insertion of one or more of the following mus-
cles: m. flexor digitorum communis (which ten-
don of insertion forms the aponeurosis 
plantaris), m. flexor accessorius, m. tibialis pos-
terior, and mm. flexores breves superficiales 
(e.g., Dunlap, 1960; Burton, 2004; this study). 
Some muscles (usually the mm. lumbricales) 
arise via tendons from some of these gray-
shaded elements, including the m. flexor digito-
rum communis, m. flexor accessorius, flexor 
plate, aponeurosis plantaris, mm. flexores 
breves superficiales, and tendines superficiales; 
these tendons are also gray shaded and justified 
on the same grounds.

When the muscles of the same group are adja-
cent or partially overlapping, their adjacent edges 
might not be clearly delimited in the edited 
image. To solve this problem, we used a thin line 
to delimit the shading of each individual element 
(fleshy portion of muscles, tendons, and liga-
ments). The fleshy portion of unidentified mus-
cles are shaded black with low opacity, and 
addressed in the corresponding figure legend.

Finally, the model figures of Triprion petasatus 
are edited to show all muscle layers simultane-

ously (i.e., in the figure of the first layers, the mus-
cles that are partially visible from the successive 
deeper layers are also shaded with their respective 
predefined color). For the remaining figures of the 
study, only the exposed layer is edited (unless 
deeper layers are required for specific discus-
sions), and the colors employed for each muscle 
group are the same as in T. petasatus.

Character Evolution

On the basis of our morphological analyses, 
we delimited transformation series following the 
character concept of Grant and Kluge (2004). All 
but one of our characters are binary, presence/
absence characters. The sole multistate character 
(char. 9) is treated as nonadditive (unordered) 
due to the absence of developmental or other 
evidence to establish nested homology. We then 
performed Fitch (1971) optimization of the char-
acters on the phylogenetic hypothesis of Jetz and 
Pyron (2018) using the software TNT version 1.5 
(Goloboff and Catalano, 2016). When relevant, 
we also discuss the implications of alternative 
character optimizations derived from competing 
phylogenetic hypotheses.

RESULTS

Description of the Hand and Foot 
Musculature of Triprion petasatus

Palmar Surface of the Hand: First Layer (pl. 2A)

Tendines superficiales: The tendo superfi-
cialis digiti III originates from the reduced flexor 
plate. The tendo superficialis digiti IV originates 
from the medial slip of the m. flexor digitorum 
communis and from a portion of the m. flexor 
accessorius. The tendo superficialis digiti V has 
three origins: from the flexor plate, and from the 
medial and lateral slips of the m. flexor digito-
rum communis. The tendines superficiales digi-
torum III–V are distally bifid (not shown, hidden 
by integument) as they reach the insertion on the 
palmar surface of the distal phalanx of their 
respective digit.
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Presumed function: To flex digits III–V 
through the action of the m. flexor digitorum 
communis and m. flexor accessorius.

Comments: A tendo superficialis of digit II 
(tendo superficialis indicis) also occurs in some 
species (see char. 1).

M. flexor indicis superficialis proprius: 
This muscle originates medially from distal car-
pal 3-4-5 and inserts via a long tendon. This ten-
don attaches to the palmar surface of the distal 
phalanx of digit II and is distally bifid (not 
shown, hidden by integument).

Presumed function: Flexes the distal phalanx 
of digit II; a component of adduction might 
occur in some species (Manzano et al., 2008: 302, 
304).

M. caput profundum digiti III: This mus-
cle is lateral to the tendo superficialis digiti III 
and originates via a short tendon from distal car-
pal 3-4-5; it inserts broadly along the dorsal sur-
face of the tendo superficialis digiti III. Distally 
to this broad insertion, the m. caput profundum 
digiti III and the tendo superficialis digiti III fuse 
into a single tendon that attaches to the palmar 
surface of the distal phalanx of digit III.

Presumed function: To flex the distal pha-
lanx of digit III.

Mm. lumbricales longi: The mm. lumbricales 
longi digitorum IV and V are composed of a medial 
and lateral slip with origins from the tendines 
superficiales digitorum IV and V, respectively. The 
fleshy portion of the medial slip of the m. lumbri-
calis longus digiti IV is approximately 1/4 shorter 
than the lateral slip (in plate 2A it appears to be 
more than 1/4 shorter because the tendo superficia-
lis hides a portion of it). The lengths of the fleshy 
portion of the medial and lateral slips of the m. 
lumbricalis longus digiti V are approximately equal, 
resulting in almost symmetric slips. Each of them 
inserts via a long, thin tendon on the proximal 
interphalangeal joint of digits IV and V, respectively 
(only the proximal portion of the tendon of inser-
tion of the lateral slip of the mm. lumbricales longi 
digitorum IV and V are visible in the plate).

Presumed function: To flex the basal and sec-
ond phalanges of digits IV and V.

Comments: Some species also possess an m. 
lumbricalis longus in digit III (see char. 2).

Palmar Surface of the Hand: Second Layer (pl. 2B)

Mm. lumbricales breves: The m. lumbrica-
lis brevis indicis and m. lumbricalis brevis digiti 
III each originate via a tendon from the medial 
side of distal carpal 3-4-5 and insert via a short 
tendon on the medial and palmar surface of the 
metacarpophalangeal joint of their respective 
digits. The medial m. lumbricalis brevis digiti IV 
originates from the tendo superficialis digiti IV 
proximal to the medial slip of the m. lumbricalis 
longus digiti IV; it has a fleshy insertion on the 
mediodistal end of metacarpal IV (not shown) 
and tendinous insertion on the medial and pal-
mar surface of the metacarpophalangeal joint of 
digit IV. The medial m. lumbricalis brevis digiti 
V originates via a flat, wide, and discontinuous 
tendon from three points on distal carpal 3-4-5: 
medially at the point of origin of the m. contra-
hentis digiti V, intermediary at the level of the 
lateral margin of the tendo superficialis digiti IV, 
and laterally at the level of the lateral margin of 
the tendo superficialis digiti V; it inserts distally 
on the medial and palmar surface of metacarpal 
V via a short tendon. The lateral m. lumbricalis 
brevis digiti V is composed of one slip that origi-
nates from distal carpal 3-4-5 and a second slip 
from the integument; they converge proximally 
into a single body that inserts on the lateropal-
mar surface of the metacarpophalangeal joint.

Presumed function: To flex the digits through 
the flexion of the basal phalanges and associated 
metacarpals.

Comments: The lateral m. lumbricalis brevis 
digiti IV is absent in this species.

Palmar Surface of the Hand: Third Layer (pl. 2C)

Mm. contrahentes digitorum: The m. 
contrahentis indicis has a tendinous origin from 
the mediodistal portion of the distal carpal 3-4-5 
and inserts on the lateropalmar surface of the 
basal phalanx of digit II. The m. contrahentis 
digiti V originates via tendon, laterally to the m. 
contrahentis indicis on distal carpal 3-4-5, and 
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has a fleshy insertion on the lateropalmar surface 
of the distal half of metacarpal V.

Presumed function: The muscle of digit II 
flexes the basal phalanx, and the muscle of digit 
V adducts metacarpal V; a component of opposi-
tion of digit V cannot be discarded.

Comments: The mm. contrahentes of digits 
III and IV are present in some species (see 
Discussion).

Palmar Surface of the Hand: Fourth Layer (pl. 2D)

M. pronator quadratus: This muscle origi-
nates from the ulnare and radioulna via a very 
short tendon and inserts on the prepollex, proxi-
mally and medially to the insertion of the m. 
adductor pollicis.

Presumed function: To abduct the prepollex 
(but see Discussion).

M. contrahentis caput longus distalis: 
This is a short muscle that originates from the 
ulnare and inserts on distal carpal 3-4-5.

Presumed function: This muscle is better 
developed, more superficial, and has a different 
fiber orientation in the early diverging anuran 
clades; its function is unclear and possibly changes 
over the evolutionary history of the group. Gaupp 
(1896: 168) suggested, on the basis of Pelophylax, 
rotation (in the pronation sense) and adduction of 
the radial side of the hand. The muscle of Triprion 
petasatus (as in most neobatrachians) is similar to 
that of Pelophylax, and Gaupp’s comments are 
applicable to this species as well.

M. adductor pollicis: The origin is tendi-
nous from distal carpal 3-4-5, just medial to the 
origin of the medial m. flexor indicis brevis pro-
fundus, and the insertion is on the palmar and 
distal surface of the prepollex.

Presumed function: Adducts the prepollex 
(but see Discussion).

Mm. flexores breves profundi: The medial 
m. flexor indicis brevis profundus has a tendi-
nous origin from the medial region of distal 
carpal 3-4-5 and a fleshy insertion on the medio-
palmar surface of metacarpal II and the connec-
tive tissue sheath or ligament that connects the 
distal portion of the prepollex to the mediodistal 

end of metacarpal II. The mm. flexores breves 
profundi digitorum III and IV each originate via 
a single tendon from the distal end of distal car-
pal 3-4-5. The former has a fleshy insertion on 
the lateropalmar surface of metacarpal III, and 
laterally a tendinous insertion on the metacar-
pophalangeal joint and proximally on the basal 
phalanx. The m. flexor brevis profundus digiti IV 
has a fleshy insertion on the lateropalmar surface 
of metacarpal IV and a tendinous insertion on 
the lateropalmar surface of the metacarpopha-
langeal joint. The insertion of the mm. flexores 
breves profundi digitorum III and IV are ven-
tral to the mm. intermetacarpales II and III, 
respectively.

Presumed function: Digit II: to flex the digit 
through the metacarpal, also generating opposi-
tion; digits III–IV: to flex the digit through the 
flexion of the metacarpal and basal phalanx. 

Comments: The lateral muscle of the m. 
flexor indicis brevis profundus and the m. flexor 
brevis profundus digiti V are absent in this 
species.

M. Abductor digiti minimi and m. abduc-
tor secundus digiti V: The m. abductor digiti 
minimi is fused with the m. abductor secundus 
digiti V. This fused muscle originates from the 
distal end of the radioulna and ulnare (topologi-
cally corresponding to the m. abductor secundus 
digiti V of other species in which these muscles 
are distinct) and lateral surface of distal carpal 
3-4-5 (topologically corresponding to the origin 
of the m. abductor digiti minimi). The insertion 
is fleshy and covers the complete lateropalmar 
surface of metacarpal V (the portion of the 
insertion on the proximal end of metacarpal V 
corresponds topologically to the m. abductor 
secundus digiti V).

Presumed function: To abduct digit V 
through its metacarpal. 

Comments: When distinct, the m. abductor 
digiti minimi and m. abductor secundus digiti V 
usually originate on the flexor plate and/or distal 
carpals and the ulnare and radioulna, respec-
tively, and the insertion of the m. abductor 
secundus digiti V is usually restricted to the 
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proximal-most portion of metacarpal V (e.g., 
Burton, 1998a: fig. 1C, 1D).

Mm. flexores digitorum minimi: The mm. 
flexores minimi digitorum III and IV have a 
fleshy origin on the mediopalmar surface of 
metacarpals III and IV, dorsal to the origins of 
the mm. intermetacarpales I and II, respectively. 
The m. flexor minimus digiti V has two points of 
origin (both fleshy and ventral to the m. inter-
metacarpalis III), medially from the proximal 
and lateropalmar portion of metacarpal IV, and 
laterally from the proximal and mediopalmar 
portion of metacarpal V. Each of the mm. flexo-
res minimi digitorum III–V inserts via a tendon 
on the palmar surface of the basal phalanx of its 
respective digit. The fibers of the mm. flexores 
minimi digitorum IV and V reach distally the 
proximal end of the basal phalanx of digits IV 
and V, respectively.

Presumed function: To flex the basal 
phalanx.

Comments: An m. flexor minimus is present 
in digit II of some species (see char. 8).

Mm. intermetacarpales: These are trans-
versal muscles that connect the metacarpals. The 
mm. intermetacarpales I, II, and III originate 
from metacarpals III, IV, and V and insert on 
metacarpals II, III, and IV, respectively. The m. 
intermetacarpalis I has an additional insertion 
on the lateropalmar surface of the metacarpo-
phalangeal joint of digit II. 

Presumed function: To adduct the fingers; 
depending on their specific morphology and topol-
ogy in each taxon, some component of abduction/
adduction might occur. In the case of Triprion pet-
asatus, the m. intermetacarpalis I probably adducts 
and rotates metacarpal II. See also Burton (1998b: 
2) for different functions of these muscles (closing, 
opening, and rotating the palm) in relation to their 
changing insertion points.

Mm. interphalangei: The mm. interpha-
langei digitorum IV and V consist of medial and 
lateral slips, equally developed, with fleshy ori-
gins on the medial and lateral palmar surface of 
the basal phalanx of digits IV and V, respectively. 
Each slip of the mm. interphalangei digitorum 

IV and V inserts via an independent tendon on 
the second phalanx of digits IV and V, 
respectively.

Presumed function: To flex the second 
phalanx. 

Comments: The m. interphalangeus indicis 
and m. interphalangeus digiti III are absent in 
this species.

Palmar Surface of the Hand: Muscles Unassigned 
to Layer (pl. 2B)

M. flexor digitorum communis: This 
muscle originates from the humerus and is 
divided into medial and lateral slips. The medial 
slip has three distinct portions distally, one that 
inserts on the flexor plate and two others that 
connect to the tendines superficiales digitorum 
IV–V. The lateral slip connects to the tendo 
superficialis digiti V.

Presumed function: To flex the digits III–V 
through the flexor plate and tendines superficia-
les; and to flex the wrist (at least in arboreal frogs 
with a similar morphological configuration to 
Triprion petasatus), as reported by Manzano et 
al. (2008: 303).

M. flexor accessorius: This muscle origi-
nates from the laterodistal end of the radioulna 
via a short tendon; it inserts on the flexor plate 
and also connects to the tendo superficialis digiti 
IV via a discrete tendon.

Presumed function: Possibly to flex digits 
III–IV through the flexor plate and tendines 
superficiales. However, as reported by Manzano 
et al. (2008: 304) for arboreal hylid species, 
adduction of digit V and rotation of the hand 
might be the main function in species with simi-
lar morphological configuration, as occurs in 
Triprion petasatus. See also Gaupp (1896: 159), 
who studied a nonarboreal species.

Flexor plate: This is a thin, tendinous sheet 
formed by the insertion of portions of the medial 
slip of the m. flexor digitorum communis and 
the m. flexor accessorius. The flexor plate warps 
the tendons of insertion of the m. flexor digito-
rum communis and the m. flexor accessorius 
that connect to the tendines superficiales of dig-



14 BULLETIN AMERICAN MUSEUM OF NATURAL HISTORY NO. 443

its IV and V, leaving them free to slide within it. 
The flexor plate connects to the tendo superficia-
lis digiti V and is the sole point of origin of the 
tendo superficialis digiti III.

Presumed function: See m. flexor digitorum 
communis and m. flexor accessorius. It serves as 
a fixed point of origin of the superficial flexor 
muscles (mm. lumbricales breves and mm. lum-
bricales longi), which mostly occur in nonarbo-
real species and especially in early diverging 
anuran clades (more flexor muscles originating 
on the flexor plate occur in these clades). This 
fixed point of origin does not occur in Triprion 
petasatus and most arboreal clades due to their 
reduced flexor plate.

Comments: The flexor plate is usually absent 
or reduced (as in T. petasatus) in arboreal clades 
and well developed—sometimes with an embed-
ded sesamoid—in other clades. Burton’s ligament 
(which joins the distal carpals with the flexor 
plate or tendo superficialis digiti V) is absent in 
this species.

Dorsal Surface of the Hand: First Layer (pl. 3A)

M. extensor digitorum: The m. extensor 
digitorum originates from the humerus, extends 
dorsad along the radioulna, and inserts via three 
slips on metacarpals III, IV, and V. The insertion 
on metacarpal III is tendinous and also receives 
some medial fibers of the slip from the radioulna 
of the m. extensor brevis superficialis digiti III. 
The insertion on metacarpal IV is almost fleshy, 
via a wide, very short tendon, and it also receives 
some fibers of the slip from the radioulna of the 
m. extensor brevis superficialis digiti IV. The 
insertion on metacarpal V is tendinous, just dis-
tal to the m. abductor brevis digiti V.

Presumed function: To extend digits III–V 
through the metacarpals and possibly to extend the 
wrist (at least in arboreal frogs with a similar mor-
phological configuration to Triprion petasatus).

Dorsal Surface of the Hand: Second Layer (pl. 3B)

M. Abductor pollicis longus: This is a 
well-developed muscle with a broad fleshy ori-
gin on the dorsal surface of the radioulna; it 

inserts via a flat tendon (only the distal portion 
is visible in plate 3B; the tendon of insertion 
arises more proximally and is hidden dorsally 
by the fleshy portion). The tendon inserts on 
the fascia of the m. extensor indicis brevis 
medius and an “extensor brevis-like” muscle 
(see below) and continues on to attach to meta-
carpal II, just distal to the insertion of these 
extensor muscles.

Presumed function: To abducts digit II 
through its metacarpal.

Mm. extensores digitorum breves super-
ficiales: The m. extensor indicis brevis superfi-
cialis has a continuous origin covering the radiale 
and a short ligament that joins the radiale and 
ulnare dorsally; the origin on the radiale is lateral 
to the tendon of insertion of the m. extensor 
carpi radialis that attaches to element Y. The 
medial fibers insert via a common tendon with 
an “extensor brevis-like” muscle (see below) on 
the dorsal surface of metacarpal II, and the lat-
eral fibers insert via tendon on the metacarpo-
phalangeal joint of digit II.

The m. extensor brevis superficialis digiti III 
is composed of two slips, one that originates on 
the radioulna via a common tendon with the 
slip from radioulna of the m. extensor brevis 
superficialis digiti IV, and a second one that 
originates on the ulnare. Both slips have fleshy 
insertions on the dorsal surface of metacarpal 
III, while some medial fibers of the slip from 
the radioulna attach along the tendon of inser-
tion of the m. extensor digitorum (which also 
attaches to metacarpal III).

The m. extensor brevis superficialis digiti IV 
is composed of three slips defined by their points 
of origin: radioulna, ulnare, and distal carpal 
3-4-5. The radioulna slip has a tendinous origin 
and fleshy insertion on the dorsal surface of 
metacarpal IV (some fibers also attach to the 
short tendon of insertion of the m. extensor digi-
torum) and the metacarpophalangeal joint. The 
slip from the ulnare has a fleshy insertion on the 
dorsal surface of metacarpal IV, contiguous with 
the slip from the radioulna. The slip from the 
distal carpal 3-4-5 has its main origin on distal 
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carpal 3-4-5, while a few fibers also arise from 
the fascia of the distal end of the m. extensor 
carpi ulnaris at its insertion point on distal car-
pal 3-4-5; it inserts via the tendon of insertion of 
the lateral m. dorsometacarpalis proximalis digiti 
IV, which attaches to the proximal interphalan-
geal joint.

The m. extensor brevis superficialis digiti V is 
reduced in comparison to that of the other digits. 
It originates from the distal carpal 3-4-5 and 
inserts via a long tendon on the metacarpopha-
langeal joint of digit V.

An “extensor brevis-like” muscle occurs on 
digit II (hidden by the m. abductor pollicis lon-
gus and not visible in the plate). Although it is 
unclear if it belongs to the superficiales or medii 
muscle groups, we arbitrarily assign it to the for-
mer group for expediency. It has a fleshy origin 
on the tendon of insertion of the m. extensor 
carpi radialis at the level of the distal end of the 
radioulna. It inserts on metacarpal II via a com-
mon tendon with a portion of the m. extensor 
indicis brevis superficialis.

Presumed function: To extend the digits 
through their respective metacarpal and basal pha-
lanx (digits II and V), metacarpal (digit III), meta-
carpal, and basal and second phalanx (digit IV).

Dorsal Surface of the Hand: Third Layer (pl. 3C)

Mm. extensores digitorum breves medii: 
The m. extensor indicis brevis medius originates 
from the radiale, medial to the tendon of inser-
tion of the m. extensor carpi radialis that attaches 
to element Y. It has a fleshy insertion on the dor-
sal surface of metacarpal II.

The m. extensor brevis medius digiti III is 
composed of two slips, one originating on ele-
ment Y and the other on the radiale. The former 
inserts via a long tendon on the metacarpopha-
langeal joint that is shared with the medial por-
tion of the slip from the radiale; the slip from the 
radiale also has a fleshy insertion on the dorsal 
surface of metacarpal III.

The m. extensor brevis medius digiti IV origi-
nates from element Y and the radiale without 
forming distinct heads or slips; only a few lateral 

fibers arise from the radiale. It inserts via a long 
tendon attached to the dorsomedial surface of 
the metacarpophalangeal joint of digit IV.

Presumed function: To extend the digits 
through the metacarpal (digit II) and the meta-
carpal and basal phalanx (digits III and IV).

Dorsal Surface of the Hand: Fourth Layer (pl. 3D)

M. abductor indicis brevis dorsalis: The 
m. abductor indicis brevis dorsalis has a fleshy 
origin on element Y and a separate fleshy inser-
tion for each of its two slips. The main slip inserts 
on the dorsal surface of the prepollex, while a 
very tiny slip inserts on the proximal and medial 
surface of metacarpal II.

Presumed function: To abduct metacarpal II 
by its direct insertion (extremely reduced in 
Triprion petasatus) and possibly an indirect 
action through the well-developed insertion on 
the dorsal surface of the prepollex, which is 
joined by connective tissue to metacarpal II and 
might act as a single structure in this species.

M. abductor brevis digiti V: The m. 
abductor brevis digiti V has a fleshy origin from 
the dorsolateral region of distal carpal 3-4-5 and 
a fleshy insertion on the lateral surface of meta-
carpal V.

Presumed function: To abduct metacarpal V.
Mm. dorsometacarpales proximales: 

There are at least eight muscles in this group, 
four on each side of each digit, some of which 
are subdivided into discrete slips. In addition to 
these eight muscles, there are intermediate por-
tions on digits III, IV, and V, for which it is 
unclear if they are distinct muscles or slips of the 
lateral or medial muscles; for expediency we 
treat them as distinct muscles.

The medial m. dorsometacarpalis indicis 
proximalis is composed of a medial and a lateral 
slip, both with fleshy origins from the medial and 
dorsal surface of metacarpal II, respectively. The 
slips converge to form a common tendon of 
insertion that attaches to the interphalangeal 
joint/distal phalanx. The lateral m. dorsometa-
carpalis indicis proximalis has a fleshy origin 
from distal carpal 2 and the dorsal surface of 
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metacarpal II; it inserts on the interphalangeal 
joint/distal phalanx of digit II.

The medial m. dorsometacarpalis proximalis 
digiti III is composed of two slips, one from dis-
tal carpal 2 and the other from the dorsomedial 
surface of metacarpal III (these slips are not dif-
ferentiable in the plate); they converge to form a 
common tendon of insertion that attaches 
broadly to the dorsal and medial surfaces of the 
interphalangeal joint/distal phalanx of digit III. 
The intermediate m. dorsometacarpalis proxima-
lis digiti III has a wide fleshy origin on the dorsal 
surface of metacarpal III and inserts via a short, 
wide tendon on the metacarpophalangeal joint of 
digit III. The lateral m. dorsometacarpalis proxi-
malis digiti III has a fleshy origin on the lateral 
surface of metacarpal III and inserts on the dor-
solateral surface of the interphalangeal joint/dis-
tal phalanx of digit III.

The medial m. dorsometacarpalis proximalis 
digiti IV is composed of a single slip with a fleshy 
origin from the proximal and lateral surface of 
metacarpal III; it inserts medially on the distal 
interphalangeal joint/distal phalanx of digit IV. 
The intermediate m. dorsometacarpalis proxima-
lis digiti IV has a fleshy origin on the dorsal sur-
face of metacarpal IV and inserts on the 
metacarpophalangeal joint of digit IV via a short, 
wide tendon. The lateral m. dorsometacarpalis 
proximalis digiti IV is composed of two slips, 
one with a fleshy origin from metacarpal IV and 
the other with a tendinous origin from the dor-
somedial and proximal surface of metacarpal V. 
The slip from metacarpal IV inserts via a com-
mon tendon with the medial portion of the slip 
from metacarpal V; this tendon of insertion 
splits into medial and lateral tendons and 
attaches to the proximal interphalangeal joint of 
digit IV. The slip from metacarpal V also inserts 
on the distal interphalangeal joint/distal phalanx 
of digit IV via an independent tendon.

The medial m. dorsometacarpalis proximalis 
digiti V is composed of two slips, one with a 
fleshy origin from the proximal and lateral sur-
face of metacarpal IV and a second one with a 
fleshy and tendinous origin from the dorsome-

dial surface of metacarpal V. The fibers of the slip 
from metacarpal IV extend along more than half 
of the basal phalanx of digit V, and inserts with 
the medial m. dorsometacarpalis distalis digiti V 
on the distal interphalangeal joint/distal phalanx 
of digit V. The slip of the medial m. dorsometa-
carpalis proximalis digiti V with origin from 
metacarpal V inserts on the medial margin of the 
proximal interphalangeal joint of digit V. The 
intermediate m. dorsometacarpalis proximalis 
digiti V has a wide origin, mostly fleshy, on the 
dorsal surface of metacarpal V, with some proxi-
mal fibers also arising via a tendon; it inserts on 
the metacarpophalangeal joint of digit V via a 
short and wide tendon. The lateral m. dorso-
metacarpalis proximalis digiti V has a fleshy ori-
gin from the dorsolateral surface of metacarpal 
V and inserts on the lateral margin of the proxi-
mal interphalangeal joint of digit V.

Presumed functions: To extend the phalan-
ges and assist in the detachment of the adhesive 
discs; the presence of intermediate muscles in 
digits III–V might result in the extension of the 
digits through the metacarpals and basal phalan-
ges due to their insertion on the metacarpopha-
langeal joints.

Mm. dorsometacarpales distales: Four 
muscles of this group are present: lateral muscles 
on digits III–V and a medial muscle on digit V. 
The lateral m. dorsometacarpalis distalis digiti III 
originates from the laterodistal end of metacar-
pal III; its fibers extend distad approximately 3/4 
of the length of the basal phalanx and insert on 
the interphalangeal joint/distal phalanx of digit 
III. The lateral m. dorsometacarpalis distalis 
digiti IV originates from the laterodistal end of 
metacarpal IV and the proximal and lateral sur-
face of the basal phalanx; its fibers reach the 
proximal interphalangeal joint of digit IV. The 
medial m. dorsometacarpalis distalis digiti V 
originates from the mediodistal end of metacar-
pal V and the proximal and medial surface of the 
basal phalanx; its fibers extend distad between 
3/4 and 4/5 of the second phalanx of digit V. The 
lateral m. dorsometacarpalis distalis digiti V 
originates from the laterodistal end of metacar-
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pal V and the proximal and lateral surface of the 
basal phalanx; its fibers extend distad along 
approximately 3/4 of the second phalanx of digit 
V. The mm. dorsometacarpales distales digito-
rum IV and V insert on the distal interphalan-
geal joint/distal phalanx of digits IV and V, 
respectively.

Presumed function: To extend the distal pha-
langes and detach the adhesive discs.

Comments: There are at most seven muscles 
of this group in some species: medial and lateral 
(on digits II, IV, and V), and lateral (digit III). 
Burton (1998c) reported the presence of a medial 
muscle on digit III in a few species, but we did 
not observe it in any of those species we also 
studied.

Dorsal Surface of the Hand: Muscles Unassigned 
to Layer (pl. 3A)

M. extensor carpi ulnaris: This muscle 
originates from the humerus, runs laterad to the 
m. extensor digitorum along the dorsal surface 
of the radioulna, and inserts via a very short ten-
don on the ulnare and distal carpal 3-4-5.

Presumed function: To abduct and extends 
the hand (see Gaupp, 1896: 154). 

Comments: This muscle is not studied here 
(see Materials and Methods for the targeted 
muscles), but it is briefly described because its 
removal is required to expose the origin of the 
mm. extensores breves superficiales on the lat-
erodistal end of radioulna, ulnare, and most 
postaxial distal carpals.

Plantar Surface of the Foot: First Layer (pl. 4A)

Tendines superficiales: The tendo superfi-
cialis praehallucis arise as a broad, flat tendon 
that attaches to the prehallux; its morphology 
more closely resembles an extension of the apo-
neurosis plantaris that attaches to the prehallux 
than the tendines superficiales of the digits. The 
tendo superficialis hallucis and tendo superficia-
lis digiti II originate from the distal end of the 
aponeurosis plantaris; they attach to the plantar 
surface of the distal phalanx of digits I and II, 
respectively. The tendines superficiales digitorum 

III–V originate from the single tendon of inser-
tion of the mm. flexores breves superficiales and 
insert on the plantar surface of the distal phalanx 
of digits III–V, respectively.

Presumed function: The tendines superficia-
les are distal portions of the tendons of insertion 
of other muscles, and there are a multiplicity of 
flexion forces produced by the series of muscles 
that are related to them: (1) m. flexor digitorum 
communis: tendon of insertion forms aponeuro-
sis plantaris, from which tendo praehallucis and 
tendines superficiales of digits I and II arise; also 
wraps partially and adheres to tendon of inser-
tion of mm. flexores breves superficiales; (2) 
mm. flexores breves superficiales: tendon of 
insertion splits into tendines superficiales digi-
torum III–V; (3) m. flexor accessorius: inserts 
distally and medially on aponeurosis plantaris; 
and (4) m. tibialis posterior: inserts on aponeu-
rosis plantaris. Their differential contractions 
may act through the aponeurosis plantaris in 
different ways and intensities. Its concerted 
action through their integration by the aponeu-
rosis plantaris generates a simultaneous flexion 
of the whole plantar surface (e.g., during swim-
ming and jumping).

Comments: Although the tendo superficialis 
praehallucis belongs to this group, it is usually 
removed and studied together with the removal 
of the aponeurosis plantaris on the third layer.

Mm. lumbricales longi: The m. lumbricalis 
longus digiti III originates from the aponeurosis 
plantaris and a thin tendon arising on the proxi-
mal end of the tendo superficialis digiti III; it 
inserts via a medial tendon (with respect to the 
tendo superficialis digiti III) on the medioplantar 
region of the proximal interphalangeal joint of 
digit III. The m. lumbricalis longus digiti IV has 
a very short tendon of origin (almost fleshy) 
from the base of the tendo superficialis digiti IV, 
adjacent (distal) to the splitting point of the sin-
gle tendon of insertion of the mm. flexores 
breves superficiales into the tendines superficia-
les digitorum III–V. It inserts via a medial ten-
don (relative to the tendo superficialis digiti IV) 
on the medioplantar region of the proximal 
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interphalangeal joint of digit IV. The m. lumbri-
calis longus digiti V originates from the proximal 
end of the tendo superficialis digiti V and inserts 
via a lateral tendon (relative to the tendo super-
ficialis digiti V) on the lateroplantar region of the 
proximal interphalangeal joint of digit V.

Presumed function: To flex the basal and 
second phalanges of digits III–V.

Comments: Some species also possess an m. 
lumbricalis longus in digit II.

M. lumbricalis longissimus digiti IV: The 
m. lumbricalis longissimus digiti IV originates 
via a long tendon from the same point as the m. 
lumbricalis longus digiti IV. It inserts via a 
medial tendon (relative to the tendo superficialis 
digiti IV) on the medioplantar region of the sec-
ond interphalangeal joint of digit IV (the tendon 
of insertion is partially fused to the connective 
tissue at the level of the metatarsophalangeal 
joint and the proximal interphalangeal joint; it 
does not slide freely through these joints).

Presumed function: To flex the second and 
third phalanx of digit IV; in this species it also 
flexes the metatarsal and basal phalanx since its 
tendon of insertion is partially fused to the con-
nective tissue of the metatarsophalangeal and 
proximal interphalangeal joints (from which it is 
free in most species).

Plantar Surface of the Foot: Second Layer (pl. 4B)

Mm. lumbricales breves: This muscle 
group is represented by a single medial muscle in 
digits I–III and a medial and lateral muscle in 
digits IV–V. The m. lumbricalis brevis hallucis 
and mm. lumbricales breves digitorum II–III 
originate from the distal end of the aponeurosis 
plantaris; the origin of the former is fleshy, 
whereas those of digits II and III are tendinous. 
They insert via a short tendon on the medioplan-
tar surface of the metatarsophalangeal joint of 
their respective digits.

The medial m. lumbricalis brevis digiti IV 
has a tendinous origin from the distal end of 
the aponeurosis plantaris and inserts on the 
medioplantar surface of the metatarsophalan-
geal joint of digit IV. The lateral m. lumbricalis 

brevis digiti IV originates from the plantar car-
tilage (sensu Dunlap, 1960) via a common ten-
don with the medial slip of the medial m. 
lumbricalis brevis digiti V (additionally, some 
distal and superficial fibers originates from the 
integument); it inserts via tendon widely on the 
central and lateral plantar surface of the meta-
tarsophalangeal joint of digit IV.

The medial m. lumbricalis brevis digiti V is 
composed of a medial and a lateral slip. The 
medial slip originates from the plantar cartilage 
via a long common tendon with the lateral m. 
lumbricalis brevis digiti IV and a thin tendon 
from the tendon of insertion of mm. flexores 
breves superficiales (at level of its splitting 
point into the tendines superficiales digitorum 
III–V); it has a fleshy insertion on metatarsal V 
(laterally to the m. flexor minimus digiti V; not 
shown in plate) and a short tendinous insertion 
on the medioplantar region of the metatarso-
phalangeal joint of digit V. The lateral slip of 
the medial m. lumbricalis brevis digiti V has a 
short tendon of origin from the plantar carti-
lage (partially shared with the medial slip) and 
inserts via a long, flat tendon on metatarsal V 
(laterally to the m. flexor minimus digiti V; not 
shown in plate) and widely on the plantar sur-
face of the metatarsophalangeal joint of digit V. 
The lateral m. lumbricalis brevis digiti V origi-
nates via a tendon from the plantar cartilage 
and inserts via a short tendon on the latero-
plantar surface of the metatarsophalangeal 
joint of digit V.

Presumed function: To flex the digits through 
the metatarsals and basal phalanges; the lateral 
muscle of digit V probably produces some com-
ponent of abduction as well. 

Comments: A lateral muscle in digit III 
occurs in some species of early diverging clades.

Plantar Surface of the Foot: Third Layer (pl. 4C)

Mm. contrahentes digitorum pedis: Only 
the m. contrahentis pedis hallucis is present. It 
originates via a tendon from distal tarsal 2-3, and 
inserts via a tendon on the lateroplantar surface 
of the basal phalanx of digit I. 
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Presumed function: To flex the basal 
phalanx.

Comments: Up to four (digits I–III, V) or five 
muscles (one per digit) are present in early 
diverging anuran clades.

Plantar Surface of the Foot: Fourth Layer (pl. 4D)

M. flexor hallucis accessorius: The m. 
flexor hallucis accessorius has a tendinous origin 
from distal tarsal 2-3, medially to the m. contra-
hentis pedis hallucis, and has a fleshy insertion 
on the medioplantar surface of metatarsal I.

Presumed function: To flex digit I through 
the metatarsal.

Mm. flexores breves profundi: The mm. 
flexores breves profundi digitorum II and III arise 
via a common tendon from the lateroplantar and 
distal end of the fibulare, as do the m. flexor brevis 
profundus digiti IV via an independent tendon. 
The mm. flexores breves profundi digitorum II–
IV have fleshy insertions on the lateroplantar sur-
face of metatarsals II, III, and IV, respectively.

Presumed function: To flex digits II–IV 
through their metatarsals; a component of 
abduction may also be present.

Comments: The m. flexor hallucis brevis pro-
fundus is absent in this species.

M. abductor brevis plantaris digiti V: 
The m. abductor brevis plantaris digiti V has a 
tendinous origin from the distal end of the fibu-
lare, just laterally to the origin of the mm. flexo-
res breves profundi, and has a fleshy insertion on 
the entire lateroplantar surface of metatarsal V.

Presumed function: To abduct metatarsal V.
Mm. flexores digitorum minimi: The mm. 

flexores minimi digitorum II–V have a fleshy 
origin on metatarsals II–V, respectively, and 
insert via tendon on the plantar surface of the 
basal phalanx of their respective digit. The mm. 
flexores minimi digitorum II–IV have their ori-
gins dorsally to the mm. intermetatarsales I–III, 
respectively. 

Presumed function: To flex the basal phalanx 
of digits II–V. 

Comments: Some species also posses an m. 
flexor minimus in digit I.

Mm. intermetatarsales: The mm. inter-
metatarsales I–III are transversal flat muscles, 
with fleshy origin from the medial margin of 
metatarsals II, III, and IV, and fleshy insertion on 
the lateral margin of metatarsals I, II, and III, 
respectively. 

Presumed function: To join adjacent meta-
tarsals; this function may be relevant during 
swimming (see Gaupp, 1896: 214). 

Comments: The m. intermetatarsalis IV 
(that connects metatarsals IV and V) is absent 
in this species.

Mm. interphalangei: This group is repre-
sented by the mm. interphalangei digitorum III, 
proximalis IV, distalis IV, and proximalis V. All the 
mm. interphalangei are composed of an equally 
developed medial and a lateral slip, except the m. 
interphalangeus distalis digiti IV (which has the 
medial slip reduced in comparison with the lateral 
one). The medial and lateral slips of the mm. 
interphalangei digitorum III, proximalis IV, and 
proximalis V have a fleshy origin on the medial 
and lateral plantar surface of the basal phalanx of 
digits III–V, respectively. They insert via tendon 
on the second phalanx of their respective digit. 
The medial and lateral slips of the m. interpha-
langeus distalis digiti IV have a fleshy origin on 
the medial and lateral plantar surface of the sec-
ond phalanx, respectively, and insert via a tendon 
on the third phalanx of digit IV.

Presumed function: To flex the second (mus-
cles of digits III, digit V, and proximal muscle of 
digit IV), and third phalanx (distal muscle of 
digit IV).

Comments: The intermediate slips of these 
four muscles, the m. interphalangeus digiti II, 
and the m. interphalangeus distalis digiti V are 
absent in this species.

Plantar Surface of the Foot: Muscles Unassigned 
to Layer (pl. 4C, D)

M. abductor praehallucis: This muscle 
has a similar position and morphology to the m. 
abductor brevis plantaris hallucis, and most of its 
fibers are located medially to that muscle. The 
origin is fleshy from the medial border of the 
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aponeurosis plantaris, and inserts on the 
prehallux.

Presumed function: To abduct the prehallux.
M. abductor brevis plantaris hallucis: 

This muscle has a fleshy origin from the medial 
border of the aponeurosis plantaris, adjacent to the 
m. abductor praehallucis. It inserts via a long ten-
don on the medioplantar surface of metatarsal I. 

Presumed function: To abduct metatarsal I.
Aponeurosis plantaris: The aponeurosis 

plantaris is a sheet of connective tissue covering 
most of the plantar surface. It is thicker cen-
trally and originates as the distal expansion of 
the tendon of insertion of the m. flexor digito-
rum communis.

Presumed function: See comments above for 
the tendines superficiales.

Mm. flexores breves superficiales: 
Despite its plural designation, the mm. flexores 
breves superficiales are composed of a single 
muscular body. It is located on the lateroplantar 
surface of the tarsus and is ventrally concealed by 
the aponeurosis plantaris. It originates from the 
ligamentum calcanei and inserts via a single ten-
don that splits into the tendines superficiales 
digitorum III–V. 

Presumed function: To flex digits III–IV 
through the tendines superficiales; see also Com-
ments for the tendines superficiales. 

Comments: The fleshy portion is not visible 
in the plates; only its tendon of insertion is par-
tially visible due to the transparency of the apo-
neurosis plantaris (depicted as a dashed line in 
pl. 4C). This muscle is divided into two or three 
slips, each with its own tendon of insertion, in 
some arboreal species.

M. flexor accessorius (proximalis and 
distalis): This muscle is composed of proximal 
(m. flexor accessorius proximalis) and distal (m. 
flexor accessorius distalis) portions. The m. 
flexor accessorius proximalis arises via a fleshy 
origin from the distal end of the fibulare, passes 
dorsad to the distal end of the mm. flexores 
breves superficiales, and inserts on the dorsal 
surface of the aponeurosis plantaris at the level 
of the prehallux.

The m. flexor accessorius distalis has a fleshy 
origin from the plantar cartilage, passes dorsad 
to the tendon of insertion of the mm. flexores 
breves superficiales, and inserts distally on the 
dorsal surface of the aponeurosis plantaris. Its 
insertion on the aponeurosis plantaris is at the 
level of the origin of the tendo superficialis digiti 
II, m. lumbricalis brevis digiti III, m. lumbricalis 
longus digiti III, and medial m. lumbricalis bre-
vis digiti IV (a distal portion inserting at the base 
of the tendo superficialis digiti II and m. lumbri-
calis brevis digiti III is visible in pl. 4).

Presumed function: See the section on the ten-
dines superficiales, above, and Gaupp (1896: 203).

M. tibialis posterior: This single, large 
muscle originates from the ligamentum calcanei 
and has a fleshy insertion on the dorsal surface 
of the aponeurosis plantaris. It is located on the 
medioplantar surface of the tarsus, ventral to the 
m. contrahentium caput longum. Its tendon of 
origin is independent of the tendon of origin of 
the mm. flexores breves superficiales and the m. 
contrahentium caput longum.

Presumed function: To flex the plantar sur-
face and, possibly, digits I and II through its 
insertion on the dorsal and medial portion of the 
aponeurosis plantaris (which serves as origin for 
the tendines superficiales of digits I and II); see 
also the section on tendines superficiales above.

Comments: Not visible in plates.
M. contrahentium caput longum: This 

single muscle originates from the ligamentum 
calcanei on its medial side. It is located on the 
medioplantar surface of the tarsus and has a 
fleshy insertion along the distal 3/4 of the ventral 
surface of the tibiale. Its origin is independent of 
the m. tibialis posterior.

Presumed function: Plantar flexion and pro-
nation (Gaupp, 1896: 200).

Comments: Not visible in plates.
M. interosseus cruris: This is a bipinnate 

muscle with origins from the tibiale and the fibu-
lare; the fibers converge into a tendon of inser-
tion that attaches to element Y. 

Presumed function: Plantar adduction and 
pronation (Gaupp, 1896: 203).
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Comments: Only a distal portion of its ten-
don of insertion is visible in plate 4D.

Dorsal Surface of the Foot: First Layer (pl. 5A)

M. extensor digitorum longus: This mus-
cle arises from the distal end of the tibiofibula via 
a long tendon. Distally, it is differentiated into a 
medial and lateral slip, with a tendinous inser-
tion on the dorsal surface of metatarsals II and 
III, respectively. 

Presumed function: To extend digits II and 
III through its metatarsals. 

Comments: Slips also attaching to digits I 
and/or IV–V occur in some species.

Dorsal Surface of the Foot: Second Layer (pl. 5B)

Mm. extensores digitorum breves super-
ficiales: There are five muscles of this group, 
one in digits I–III and two in digit IV. The m. 
extensor brevis superficiales hallucis has a fleshy 
origin from the fibulare, which is proximally 
undifferentiated from the m. extensor brevis 
superficialis digiti II. It has three insertions, a 
medial insertion via an aponeurosis on the pre-
hallux, an intermediate insertion via a tendon on 
the medial and dorsal surface of metatarsal I, 
and a lateral insertion on the metatarsophalan-
geal joint of digit I, in common with the tendon 
of insertion of the m. extensor brevis medius hal-
lucis. A few lateral and distal fibers of the m. 
extensor brevis superficialis hallucis and m. 
extensor brevis medius hallucis insert via a 
sheath of fascia on the medial surface of the 
medial m. dorsometatarsalis proximalis digiti II 
(not shown). This sheath of fascia is proximally 
fused to the fascia of the medial m. dorsometa-
tarsalis proximalis digiti II.

The m. extensor brevis superficialis digiti II 
has a fleshy origin from the fibulare. Medially it 
has a fleshy insertion on the medial and dorsal 
surface of metatarsal II, and laterally it inserts via 
two parallel tendons on the metatarsophalangeal 
joint of digit II, shared with the tendon of inser-
tion of the m. extensor brevis medius digiti II.

The m. extensor brevis superficialis digiti III 
arises via a flat tendon from the distal end of the 

fibulare; the lateral portion of this tendon arises in 
common with the tendon of origin of the medial 
m. extensor brevis superficialis digiti IV. It has 
three insertions: a fleshy insertion on metatarsal 
III, a wide medial tendon on the metatarsophalan-
geal joint, and a long lateral tendon on the proxi-
mal interphalangeal joint of digit III.

The m. extensor brevis superficialis digiti IV 
is composed of equally developed medial and 
lateral muscles. Both have tendinous origins 
from the distal end of the fibulare. The tendon of 
the medial muscle is partially shared with the 
tendon of origin of the m. extensor brevis super-
ficialis digiti III, and the tendon of the lateral 
muscle is independent of other muscles. The 
medial and lateral muscles insert via a tendon on 
the metatarsophalangeal joint and proximal 
interphalangeal joint of digit IV, respectively.

Presumed function: To extend the digits 
through the metatarsals and basal phalanges of 
digits I–II and to extend the metatarsal, basal 
phalanx and second phalanx of digits III–IV. 

Comments: Some species also posses an m. 
extensor brevis superficialis in digiti V.

Dorsal Surface of the Foot: Third Layer (pl. 5C)

Mm. extensores digitorum breves medii: 
There are two muscles of this group, one on digit 
I and the other on digit II. The mm. extensores 
breves medii hallucis and digiti II have a fleshy 
origin from the fused distal portions of the tib-
iale and fibulare. They insert via a common ten-
don with the mm. extensores breves superficiales 
hallucis and digiti II, on the metatarsophalangeal 
joint of digits I and II, respectively. The m. exten-
sor brevis medius digiti II has an additional 
medial fleshy insertion on the dorsal surface of 
metatarsal II.

Presumed function: To extend the metatarsal 
and basal phalanx of digits I and II. 

Comments: The mm. extensores breves medii 
digitorum III and IV are absent in this species.

Dorsal Surface of the Foot: Fourth Layer (pl. 5D)

Mm. dorsometatarsales proximales: 
There are 10 muscles of this group, with one 
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medial and one lateral muscle for each digit, 
some of which are subdivided into discrete inde-
pendent slips. In addition to these 10 muscles, 
there is an intermediate portion on digit V. As 
discussed for the analogous muscles of the hand, 
it is unclear whether it is a distinct muscle or a 
slip of the lateral muscle instead1; for the purpose 
of this account it will be treated as a distinct 
muscle of the mm. dorsometatarsales proximales 
of digit V.

The mm. dorsometatarsales proximales of 
digit I comprise a medial and a lateral muscle. 
The medial m. dorsometatarsalis hallucis proxi-
malis has four slips with distinct origins (all 
fleshy) from: (1) the prehallux, (2) the distal half 
of the medial and dorsal surface of metatarsal I, 
(3) element Y, and (4) the dorsal and proximal 
surface of metatarsal I. These slips converge dis-
tally into a common tendon of insertion that 
attaches medially to the metatarsophalangeal 
joint of digit I. The lateral m. dorsometatarsalis 
hallucis proximalis is a single muscle that origi-
nates from the dorsolateral surface of metatarsal 
I; it inserts via a single tendon, which is distally 
bifurcated to attach to the dorsomedial and dor-
solateral surfaces of the interphalangeal joint/
distal phalanx of digit I.

The medial m. dorsometatarsalis proximalis 
digiti II has a tendinous origin from the proxi-
molateral portion of metatarsal I and inserts 
medially on the metatarsophalangeal joint of 
digit II. The lateral m. dorsometatarsalis proxi-
malis digiti II has a tendinous origin from the 
tendon of origin of the medial m. dorsometatar-
salis proximalis digiti III proximally and a fleshy 

1  Burton (2004: 215), while describing the musculature of 
Hyla versicolor, reported that the lateral m. dorsometatarsalis 
proximalis (as m. extensor brevis profundus) “arises from the 
laterodorsal surface of the proximal end of Metatarsus V; some 
fibers insert on a short tendon to the base of Basal Phalanx V, 
whereas others insert by a long tendon that inserts on the dor-
sum of Penultimate Phalanx V.” The insertion on the basal 
phalanx of digit V reported by Burton might represent a 
weakly developed and differentiated intermediate muscle or, 
alternatively, an additional insertion on the basal phalanx of 
the lateral muscle, as described and interpreted by Burton 
(2004). The muscle described here as an intermediate m. dor-
sometatarsalis proximalis is mostly distinct from the lateral 
muscle, and its origin is dorsally located on metatarsal V.

origin from the dorsolateral surface of metatarsal 
II distally; it inserts via a single tendon, which is 
distally bifurcated to attach to the dorsomedial 
and dorsolateral surfaces of the interphalangeal 
joint/distal phalanx of digit II.

The medial m. dorsometatarsalis proximalis 
digiti III originates via a tendon from the proxi-
molateral portion of metatarsal II. It inserts via a 
ventromedial tendon on the medial region of the 
metatarsophalangeal joint and a dorsolateral ten-
don on the medial region of the proximal inter-
phalangeal joint of digit III. The lateral m. 
dorsometatarsalis proximalis digiti III has a 
fleshy origin from the dorsolateral surface of 
metatarsal III; it inserts via a single tendon, dis-
tally bifid, on the dorsal surface of the distal 
interphalangeal joint/distal phalanx of digit III, 
in common with the insertion of the lateral m. 
dorsometatarsalis distalis digiti III.

The medial m. dorsometatarsalis proximalis 
digiti IV has a tendinous origin from the fused 
distal portions of the tibiale and fibulare. It is dis-
tally differentiated into a ventromedial portion 
that inserts via a short tendon on the medial 
region of the metatarsophalangeal joint and a 
dorsolateral portion that inserts via a long ten-
don on the medial surface of the distal interpha-
langeal joint/distal phalanx of digit IV. The lateral 
m. dorsometatarsalis proximalis digiti IV origi-
nates proximally on the dorsal surface and dis-
tally on the dorsolateral surface of metatarsal IV. 
The fibers reach distally the proximal 1/4 of the 
basal phalanx of digit IV, and inserts widely on 
the dorsal surface of the distal interphalangeal 
joint/distal phalanx, in common with the lateral 
m. dorsometatarsalis distalis digiti IV.

The medial m. dorsometatarsalis proximalis 
digiti V has a fleshy origin on the medial and 
dorsal surface of the distal half of metatarsal V 
and inserts medially on the distal interphalan-
geal joint/distal phalanx of digit V, partially 
shared with the medial m. dorsometatarsalis dis-
talis digiti V. The intermediate m. dorsometatar-
salis proximalis digiti V arises distally on the 
dorsal surface of metatarsal V between the 
medial and lateral muscles. It inserts via a short, 
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wide tendon on the metatarsophalangeal joint of 
digit V. The lateral m. dorsometatarsalis proxi-
malis digiti V is well developed, originating 
proximally on the dorsal and distally on the dor-
solateral surface of metatarsal V and inserting on 
the lateral portion of the proximal interphalan-
geal joint of digit V. 

Presumed function: To extend the phalanges 
and assist in detaching the adhesive discs.

Mm. dorsometatarsales distales: The lat-
eral muscles of this group are present in the five 
digits; a medial muscle is confined to digit V. The 
lateral m. dorsometatarsalis hallucis distalis has 
a fleshy origin on the laterodistal end of metatar-
sal I; its fibers reach around the proximal 3/4 of 
the basal phalanx and insert via a tendon on the 
interphalangeal joint/distal phalanx of digit I. 
The lateral m. dorsometatarsalis distalis digiti II 
has a fleshy origin from the laterodistal end of 
metatarsal II; its fibers reach around the proxi-
mal 3/4 of the basal phalanx and insert via a ten-
don on the interphalangeal joint/distal phalanx 
of digit II. The lateral m. dorsometatarsalis dista-
lis digiti III has a fleshy origin from the latero-
distal end of metatarsal III; its fibers extend 
along the proximal 1/5 of the second phalanx 
and insert via a tendon on the distal interphalan-
geal joint/distal phalanx of digit III. The lateral 
m. dorsometatarsalis distalis digiti IV has a fleshy 
origin from the laterodistal end of metatarsal IV; 
its fibers reach the distal end of the basal phalanx 
and insert via a tendon on the distal interphalan-
geal joint/distal phalanx of digit IV.

The medial m. dorsometatarsalis distalis digiti 
V has a fleshy origin on the mediodistal end of 
metatarsal V; its fibers reach around the proxi-
mal 3/4 of the second phalanx and insert via a 
tendon on the distal interphalangeal joint/distal 
phalanx of digit V. The lateral m. dorsometatar-
salis distalis digiti V has a fleshy origin from the 
laterodistal end of metatarsal V (the fibers arise 
more proximately on the metatarsal than other 
mm. dorsometatarsales distales). The fibers 
almost reach the distal end of the basal phalanx 
and insert via a tendon on the distal interphalan-
geal joint/distal phalanx of digit V. 

Presumed function: To extend the digits and 
detach the adhesive disc. 

Comments: There are up to six muscles of 
this group in some of our studied species, as 
reported for Triprion petasatus. A seventh mus-
cle (the medial muscle of digit IV) was reported 
by Burton (2004) for three hylids (Hyla japonica, 
Litoria dentata, and L. modica) we did not study.

Mm. abductores breves dorsales: Only 
the m. abductor brevis dorsalis hallucis is pres-
ent. It is a single muscle that arises from a fleshy 
origin on the prehallux and element Y and has a 
fleshy insertion on the medial and proximal sur-
faces of metatarsal I.

Presumed function: To abduct digit I through 
its metatarsal. 

Comments: A muscle of this group is present 
in digits II and III of some species (see chars. 
19–20).

M. abductor proprius digiti IV: This mus-
cle has a fleshy origin from the proximal and 
medial surfaces of metatarsal V; it has a fleshy 
insertion covering slightly more than the proxi-
mal half of the lateral surface of metatarsal IV. 

Presumed function: To abduct metatarsal IV.
Comments: As stated by Burton (2004: 213), 

although the m. abductor proprius digiti IV is 
considered a plantar muscle (e.g., Gaupp, 1896), 
it is more easily approached from the dorsal side, 
leading us to describe and figure it with the dor-
sal muscles.

Dorsal Surface of the Foot: Muscles Unassigned 
to Layer (pl. 5A, D)

M. tarsalis anticus: This muscle arises from 
the distal end of the tibiofibula and has a fleshy 
insertion on the dorsal surface of the tibiale. 

Presumed function: Dorsal flexor and supina-
tor of the tibiale and fibulare (Gaupp, 1896: 216).

M. abductor digiti minimi: This large mus-
cle lies lateral to the m. extensor digitorum longus. 
It has a fleshy origin on almost the entire dorso-
lateral surface of the fibulare, lateral to the origin 
of the mm. extensores breves superficiales. It 
inserts via a short tendon on the dorsal and proxi-
mal surfaces of metatarsal V, proximal to the ori-
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gin of the lateral m. dorsometatarsalis proximalis 
digiti V and m. abductor proprius digiti IV.

Presumed function: To abduct metatarsal V, 
which might be relevant during the propelling 
kick in swimming (see Gaupp, 1896: 222).

Character Evolution

Below we describe 20 characters from the 
hand and foot musculature of anurans. Plate 1 
shows the major clades for which these charac-
ters optimize as synapomorphies in a reduced 
family tree following Jetz and Pyron (2018). The 
data matrix and ancestral character state recon-
structions (ACSRs) are shown in appendices 4 
and 5, respectively.

Palmar Surface of the Hand

Character 1: M. flexor indicis superficialis 
proprius: (0) absent (pl. 6A); (1) present (pls. 
2A, 6B–D).

Definition: The m. flexor indicis superficialis 
proprius originates on the medial margin of dis-
tal carpal 3-4-5 (or, if these distal carpals are not 
fused, from one or more of the medialmost car-
pals) and inserts via a long, sturdy tendon on the 
palmar surface of the distal phalanx of digit II 
(Burton, 1998a; this study). This muscle must 
not be confounded with the tendo superficialis 
indicis, first defined as such here, which extends 
from the flexor plate to the same point of the 
distal phalanx as the m. flexor indicis superficia-
lis proprius. When the tendo superficialis indicis 
co-occurs with the m. flexor indicis superficialis 
proprius, both elements converge to form a com-
mon tendon of insertion on the distal phalanx 
(Burton, 1983; pl. 6B–C), as also occurs with the 
m. caput profundum digiti III and tendo super-
ficialis digiti III (pls. 2A, 6B–D).

ACSR and taxonomic distribution: The pres-
ence of this muscle optimizes as a synapomorphy 
of Acosmanura; no instances of homoplasy are 
known.

Character 2: M. lumbricalis longus digiti 
III: (0) absent (pls. 2A, 6A–B, D); (1) present (pl. 
6C).

Definition: This muscle originates on the 
dorsal surface of the tendo superficialis digiti III 
as a pair of slender slips and inserts on the basal 
phalanx on both sides of the tendo superficialis. 
It was first described by Burton (1998a: 66, 
1998b: 5), but we observed the following devia-
tions from his description: (1) the origin can 
extend proximad to include the distal end of the 
flexor plate; (2) the medial and lateral slips can 
be completely or partially undifferentiated, with 
both being only distally differentiated, or repre-
sented only by the medial slip (lateral slip absent 
or undifferentiated); and (3) the m. lumbricalis 
longus digiti III can also insert on the metacar-
pophalangeal joint (as observed in the lateral 
tendon of insertion in pl. 6C).

ACSR and taxonomic distribution: The pres-
ence of the m. lumbricalis longus digiti III opti-
mizes as a synapomorphy of Heleophrynidae. It is 
also a synapomorphy of Calyptocephalellidae, 
since, besides being present in Calyptocephalella, 
it was also reported by Burton (1998b) for two 
species of Telmatobufo (exemplars of this taxon 
not included in the present study). Burton (1998b) 
also reported the m. lumbricalis longus digiti III 
in Odontobatrachus (Odontobatrachidae; as Petro-
pedetes), Petropedetes (Petropedetidae), Telmato-
bius brachydactylus, and T. macrostomus 
(Telmatobiidae; as Lynchophrys and Batrachophry-
nus, respectively). Although the taxonomic distri-
bution of character 2 of Burton (1998b) did not 
list Alytes (Alytidae; A. muletensis and A. obstetri-
cans were his exemplars) as having m. lumbricalis 
longus digiti III, in the text they are described as 
possessing it. We studied two specimens of A. 
obstetricans and recorded the absence of the m. 
lumbricalis longus digiti III. Also, we observed the 
m. lumbricalis longus digiti III in Ascaphus truei 
and Bombina variegata (contra Burton, 1998b). 
See Barrionuevo (2017) for discussion and clarifi-
cation of its occurrence within Telmatobiidae.

Character 3: M. lumbricalis brevis indicis, 
origin from flexor plate: (0) absent; (1) present.

Definition: The m. lumbricalis brevis indicis 
originates on the medial side of distal carpal 3-4-5 
(or, if the distal carpals are not fused, from one or 
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more of the medialmost distal carpals) and/or the 
flexor plate and inserts on the metacarpophalan-
geal joint of digit II via either a short tendon or 
fleshy insertion (Burton, 1998a; this study).

ACSR and taxonomic distribution: The 
absence of an origin of the m. lumbricalis brevis 
indicis from the flexor plate optimizes as a syn-
apomorphy of Xenoanura + Acosmanura. Within 
this clade, the origin from the flexor plate subse-
quently reevolved in Calyptocephalella gayi 
(Calyptocephalellidae), Hadromophryne natalen-
sis (see char. 4), and Heleophryne purcelli (Hele-
ophrynidae). Within Xenoanura, the origin from 
the flexor plate is present in Hymenochirini (i.e., 
Hymenochirus + Pseudhymenochirus) and Xeno-
pus (excluding X. epitropicalis). The m. lumbrica-
lis brevis indicis is absent in Geocrinia victoriana 
(Myobatrachidae).

Character 4: M. lumbricalis brevis indicis, 
origin from distal carpals: (0) absent; (1) present 
(pl. 6D).

Definition: See character 3.
ACSR and taxonomic distribution: The pres-

ence of an origin of the m. lumbricalis brevis 
indicis from the distal carpals optimizes as a syn-
apomorphy of Xenoanura + Acosmanura, while 
its absence is a synapomorphy of (1) Hymeno-
chirini and (2) an internal clade of Xenopus. Bar-
bourula busuangensis and Bombina bombina 
(Bombinatoridae) lack the origin from the distal 
carpals, as does Hadromophryne natalensis 
(Heleophrynidae) as well. This is partially con-
cordant with the description of Burton (1998a: 
66) for H. natalensis, although he described an 
origin from an element of the prepollex, whereas 
the origin is exclusively from the flexor plate in 
the specimen we examined. Presumably (based 
on the fact that he did not describe variation in 
this muscle), the m. lumbricalis brevis indicis 
originates on the distal carpals in all the species 
of “Leptodactylidae” (sensu lato) examined by 
Burton (1998a).

Character 5: M. lumbricalis brevis digiti III, 
slip originating from flexor plate and/or tendo 
superficialis digiti III: (0) absent; (1) present (pl. 
6A, C).

Definition: This slip originates from the 
flexor plate and/or adjacent tendo superficialis 
digiti III and inserts on the metacarpophalangeal 
joint or proximally on the basal phalanx of digit 
III (Burton, 1996, 1998b; this study). We con-
sider this slip to be distinct from the slip that 
originates from the distal carpals (treated in char. 
6), as further discussed and justified under the 
section “Calyptocephalellidae” in the Discussion. 
Note that Burton (1998b: char. 3) scored both 
slips (from distal carpals and from the flexor 
plate/tendo superficialis) within the same trans-
formation series in a multistate character. Addi-
tionally, we consider the muscle referred to as 
the “medial slip to the m. lumbricalis brevis 
digiti III” in character 9 of Burton (1998a) to be 
homologous with the slip of the m. lumbricalis 
brevis digiti III from the flexor plate and/or adja-
cent tendo superficialis digiti III.

ACSR and taxonomic distribution: The opti-
mization of this character is ambiguous for the 
major clades. The basal ambiguity is a conse-
quence of its presence in (1) Ascaphidae, Leio-
pelmatidae, Costata, and Xenoanura, (2) 
Heleophrynidae, and (3) Australobatrachia. See 
appendices 4 and 5 for complete taxonomic dis-
tribution. Its presence is polymorphic in Kassina 
senegalensis (Hyperoliidae; Burton, 1998b: 6) but 
is present in the single specimen examined by us.

Character 6: M. lumbricalis brevis digiti III, 
slip originating from the distal carpals: (0) 
absent; (1) present (pl. 2B, C).

Definition: This slip of the m. lumbricalis 
brevis digiti III has a tendinous origin on the dis-
tal carpals and inserts on the metacarpophalan-
geal joint or proximally on the basal phalanx of 
digit III (Burton, 1996, 1998b; this study).

ACSR and taxonomic distribution: The 
absence of this slip optimizes as a synapomorphy 
of Myobatrachoidea (Myobatrachidae + Limno-
dynastidae); it is also absent in Hadromophryne 
natalensis and Heleophryne purcelli (the optimi-
zation is ambiguous in this part of the tree). 
Within Limnodynastidae, this slip of the m. lum-
bricalis brevis digiti III is present in Lechriodus 
melanopyga and Platyplectrum ornatum.
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Character 7: Medial m. lumbricalis brevis 
digiti IV, supplementary medial slip originating 
from the distal carpals: (0) absent; (1) present 
(pl. 7).

Definition: This slip, first reported here, is 
tentatively considered a supplementary slip of 
the medial m. lumbricalis brevis digiti IV in light 
of its position and common insertion. This sup-
plementary slip shares a common origin with the 
m. lumbricalis brevis digiti III on the distal car-
pals and converges distally with the insertion of 
the medial m. lumbricalis brevis digiti IV on the 
metacarpophalangeal joint of digit IV.

The medial m. lumbricalis brevis digiti IV 
originates on the flexor plate (or the tendo super-
ficialis digiti IV in species with a reduced flexor 
plate) in most species but originates on the distal 
carpals in a few species, such as in some micro-
hylids (Burton, 1983, 1986; also observed by us 
is Chaperina fusca, Elachistocleis bicolor, 
Kalophrynus sinensis, and Microhyla heymonsi) 
and cacosternines (Cacosternum capense and 
Microbatrachella capensis). The question that 
arises here is whether this supplementary slip is 
homologous with the medial m. lumbricalis bre-
vis digiti IV originating on the carpals, based on 
the fact that both originate on the carpals.

Nevertheless, we consider the medial m. lum-
bricalis brevis digiti IV originating on the carpals 
to be homologous with the medial m. lumbricalis 
brevis digiti IV originating on the flexor plate 
(and not to the supplementary medial slip as 
defined here); this assertion is based on two 
points. First, the supplementary slip is located 
more medially, whereas the medial m. lumbrica-
lis brevis digiti IV from the distal carpals is 
located in the same topographical region as the 
medial m. lumbricalis brevis from the flexor 
plate. Second, the medial m. lumbricalis brevis 
digiti IV originating on the flexor plate does not 
co-occur with the medial m. lumbricalis brevis 
digiti IV originating on the distal carpals (Bur-
ton, 1986; this study), suggesting their homology 
by way of the conjunction test (Patterson, 1982).

ACSR and taxonomic distribution: The pres-
ence of this supplementary slip optimizes as a 

synapomorphy of Megophryidae, with no known 
instances of homoplasy.

Character 8: M. flexor minimus indicis: (0) 
absent; (1) present (pls. 8C, 9A).

Definition: This muscle has a fleshy origin 
from the ventral surface of metacarpal II and 
inserts via a tendon on the basal phalanx, adja-
cent to the insertion of the m. contrahentis indi-
cis. This muscle was first described by Ribbing 
(1911) in Pipa cf. pipa and corroborated in our 
specimen of Pipa pipa. See Homology and termi-
nology: a reappraisal, below, for a discussion of 
its identity.

ACSR and taxonomic distribution: Present 
in Ascaphus (Ascaphidae) and Leiopelma (Leio-
pelmatidae); its polarity in Ascaphidae + Leio-
pelmatidae is contingent on the condition in 
Caudata (see Discussion). Its presence is a syn-
apomorphy of Heleophryne (Heleophrynidae) 
and, possibly, Sooglossus (Sooglossidae) or a 
more inclusive clade (state unknown in the 
sooglossid Sechellophryne and Nasikabatrachi-
dae). This muscle is also present in 
Amazophrynella minuta (Bufonidae), Chaperina 
fusca (Microhylidae), and Pipa pipa (Pipidae).

Character 9: M. flexor minimus digiti IV, 
position of the origin relative to the m. inter-
metacarpalis II: (0) m. flexor minimus digiti IV 
ventral to m. intermetacarpalis II (pls. 8C, 9A, 
9C–D, 10A); (1) m. flexor minimus digiti IV dor-
sal to m. intermetacarpalis II (pls. 2D, 10B); (2) 
m. flexor minimus digiti IV ventral and dorsal to 
m. intermetacarpalis II (pl. 8B).

Definition: The m. flexor minimus digiti IV 
has a fleshy origin from the mediopalmar surface 
of metacarpal IV, dorsally and/or ventrally to the 
m. intermetacarpalis II, and it inserts via tendon 
or fleshy on the basal phalanx of digit IV. This 
character was defined by Burton (1998a: char. 11, 
1998b). In the absence of developmental or other 
evidence to establish nested homology, we treat 
this character as nonadditive (unordered).

ACSR and taxonomic distribution: A dor-
sal origin (state 1) optimizes as synapomor-
phies of Hymenochirini and Nobleobatrachia, 
while a ventral and dorsal origin (state 2) is a 
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synapomorphy of Bombinatoridae. The taxo-
nomic distribution of this character is com-
plex and entails several instances of homoplasy 
(see appendices 4 and 5). Burton (1998b) 
examined this character for a broad sample of 
anurans. The major conflict between Burton’s 
report and our observations is that he scored 
the m. flexor minimus digiti IV as having a 
ventral origin in Bombinatoridae and a dorsal 
origin in Pipidae (Burton, 1998b: table 1), 
whereas we found the origin to be both ven-
tral and dorsal in Bombinatoridae and ventral 
in some species of Pipidae. See Discussion 
under the sections of Bombinatoridae and 
Pipidae for possible explanations of the 
disagreement. 

Diogo and Ziermann (2014: 93) did not 
observe the mm. flexores digitorum minimi in 
their study of the development of the forelimb 
and hind limb musculature of Eleutherodactylus 
coqui, stating that these muscles might be 
absent or very deep and/or deeply blended with 
other hand muscles. In contrast, we observed 
the typical set of mm. flexores digitorum min-
imi (on digits III–V) in E. coqui (pl. 10B), as did 
Burton (1998a, 1998b). See Discussion for the 
interpretation of Diogo and Ziermann (2014) of 
these muscles as part of their mm. flexores 
breves profundi.

Character 10: M. contrahentis caput longus 
distalis: (0) absent (pls. 9D, 10A); (1) present 
(pls. 2D, 9A–C, 10B).

Definition: As described by Burton (1998a), 
the m. contrahentis caput longus distalis has a 
fleshy origin on the medial surface of the ulnare 
and a fleshy insertion on the proximal surface of 
distal carpal 3-4-5 (in species with different carpal 
morphology the insertion is on distal carpal 4-5, 
distal carpal 4-5 and distal carpal 3, distal carpal 
4, or distal carpal 4 and distal carpal 5; this study).

ACSR and taxonomic distribution: The 
absence of the m. contrahentis caput longus dis-
talis optimizes as a synapomorphy of Anomo-
coela (Scaphiopodidae + Pelodytidae + 
Pelobatidae + Megophryidae) with no instances 
of homoplasy.

Dorsal Surface of the Hand

Character 11: M. extensor brevis medius 
digiti III, slip from the mediodistal end of radio-
ulna: (0) absent; (1) present (pl. 13).

Definition: This slip from the radioulna is not 
homologous with the slips from the radiale and 
element Y, since all three slips are present in some 
taxa (i.e., their homology is refuted by the con-
junction test; Patterson, 1982). It is characterized 
by a fleshy or tendinous origin from the dorsum 
of the tendon of insertion of the m. extensor carpi 
radialis at the level of the mediodistal end of the 
radioulna. It inserts via a flat tendon, partially on 
the medial region of the metacarpophalangeal 
joint and partially on the medial region of the 
interphalangeal joint of digit III.

ACSR and taxonomic distribution: The pres-
ence of this slip from the radioulna optimizes as 
a synapomorphy of Pelodytidae + Pelobatidae + 
Megophryidae, with no known instances of 
homoplasy. We also observed a slip of the m. 
extensor brevis medius digiti III from the radio-
ulna in Craugastor fitzingeri (Craugastoridae); 
however, its origin is located more medially on 
the radioulna, does not originate from the ten-
don of insertion of the m. extensor carpi radialis, 
and converges proximally with the slip from the 
radiale to form a single muscular body. Note that 
even if the condition in Craugastor is considered 
a primary homolog of the slip in Pelodytidae + 
Pelobatidae + Megophryidae, the cladistic dis-
tance between the taxa is great enough that its 
optimization as a synapomorphy of this major 
clade is not affected.

Character 12: M. extensor brevis medius 
digiti IV, origin from the radiale: (0) absent; (1) 
present (pl. 13).

Definition: The m. extensor brevis medius 
digiti IV has a broad and continuous origin from 
the radiale and/or element Y (element Y-distal 
carpal 2 if these elements are fused) or indepen-
dent origins from the radiale and element Y, with 
a distal convergence into a single muscle. The 
insertion is variable, on the distal end of metacar-
pal IV, the metacarpophalangeal joint, proximal 
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interphalangeal joint, and/or distal interphalan-
geal joint/distal phalanx; this last condition 
occurs when the m. extensor brevis medius digiti 
IV converges into a common insertion with the 
medial m. dorsometacarpalis proximalis digiti IV 
(Burton, 1998a; this study). We scored each ori-
gin or head as a separate character and present 
the data for the origin from the radiale, which is 
synapomorphic for a major clade.

ACSR and taxonomic distribution: The pres-
ence of an origin on the radiale optimizes as a 
synapomorphy of Acosmanura. Some additional 
independent reversions occur within Acosma-
nura (see appendices 4 and 5). Among non-acos-
manuran species, the origin from the radiale is 
only present in Xenopus laevis. The m. extensor 
brevis medius digiti IV is absent in Acris crepi-
tans, Ranoidea eucnemis (Hylidae; also reported 
as absent for R. eucnemis by Burton, 1996), Alytes 
obstetricans (Alytidae), Ascaphus truei (Ascaphi-
dae), and Pseudhymenochirus merlini (Pipidae). 
Pipa parva has a particular carpal morphology 
(Fabrezi, 1992), in which the radiale, ulnare, and 
distal carpal 5 are fused. In this species, the ori-
gin of the m. extensor brevis medius digiti IV on 
the radiale was scored as absent since it was 
restricted only to the fused element Y with the 
distal carpal 2-3. Hoyos and Salgar (2016: 146–
147) described an origin from the distal carpal 
3-4-5 in Dendropsophus luddeckei (as D. labialis; 
Hylidae), previously unreported in anurans; nev-
ertheless, the single specimen of D. luddeckei we 
examined has the typical origin from element Y 
and the radiale.

Character 13: Medial m. dorsometacarpalis 
proximalis digiti IV, slip from metacarpal III: (0) 
absent; (1) present (pl. 3D).

Definition: The mm. dorsometacarpales 
proximales of digit IV consist of a medial and a 
lateral muscle, each of which is usually com-
posed of two slips (see Burton, 1998a: fig. 2D). 
The medial muscle has one slip that originates 
from the proximolateral surface of metacarpal III 
and the other from the dorsomedial surface of 
metacarpal IV; they usually converge into a com-
mon tendon that inserts on the distal interpha-

langeal joint/distal phalanx and, in some species, 
also on the proximal interphalangeal joint of 
digit IV. The lateral muscle has one slip that orig-
inates from the base of metacarpal V and another 
from the dorsolateral side of metacarpal IV; they 
usually converge into a single tendon to insert on 
the proximal and/or distal interphalangeal joint/
distal phalanx of digit IV (Burton, 1998a; this 
study). The slip from metacarpal III of the medial 
m. dorsometacarpalis proximalis digiti IV is 
absent in some species.

ACSR and taxonomic distribution: The 
absence of the slip from metacarpal III of the 
medial m. dorsometacarpalis proximalis digiti 
IV is homoplastic, optimizing as synapomor-
phies of Bombinatoridae and Pipidae. This slip is 
also absent in Leptobrachium lumadorum 
(Megophryidae), Phrynomantis bifasciatus 
(Microhylidae), Crinia signifera, and Pseu-
dophryne coriacea (both Myobatrachidae).

Plantar Surface of the Foot

Character 14: M. lumbricalis brevis hallu-
cis: (0) absent; (1) present (pl. 4B).

Definition: The m. lumbricalis brevis hallucis 
has either a broad, fleshy origin or originates via 
a discrete tendon on the dorsomedial and distal 
margins of the aponeurosis plantaris, just lateral 
to the prehallux. Its lateral margin is usually 
adjacent to the tendo superficialis hallucis and it 
inserts proximally on the basal phalanx or on the 
metatarsophalangeal joint of digit I (Dunlap, 
1960; Burton, 2004; this study). This muscle is 
absent in the studied species of Xenoanura.

ACSR and taxonomic distribution: The 
absence of the m. lumbricalis brevis hallucis 
optimizes as a nonhomoplastic synapomorphy of 
Xenoanura. This muscle is also absent in Pipa 
pipa (Pipidae) according to Dunlap (1960: 35).

Character 15: Lateral m. lumbricalis brevis 
digiti IV, presence of a supplementary origin 
from the proximal end of metatarsal IV: (0) 
absent; (1) present.

Definition: The origin of the lateral m. lumbri-
calis brevis digiti IV can be fleshy or tendinous 
and from one or more of the following points: (1) 
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the plantar cartilage at the base of metatarsal V, 
(2) the distal end of the aponeurosis plantaris, (3) 
the tendon of insertion of the mm. flexores breves 
superficiales, and (4) the dorsal surface of the 
tendo superficialis digiti IV. It inserts proximally 
on the ventrolateral margin of metatarsophalan-
geal joint or also on the proximal interphalangeal 
joint of digit IV (Dunlap, 1960: 36; Burton, 2004; 
this study). We report for the first time a supple-
mentary tendinous origin from the proximal and 
ventral end of metatarsal IV, present in all exam-
ined scaphiopodids. In this family, the lateral m. 
lumbricalis brevis digiti IV also shares a common 
origin with the m. lumbricalis longus digiti V 
from the single tendon of insertion of the mm. 
flexores breves superficiales. 

Although we examined all species of Scaphio-
podidae and observed the occurrence of both 
origins (from metatarsal IV and mm. flexores 
breves superficiales) in all of them, Dunlap 
(1960: 36) did not describe an origin from meta-
tarsal IV for Spea hammondii (the only scaphio-
podid he examined). See Discussion for possible 
explanations of this disagreement.

ACSR and taxonomic distribution: The pres-
ence of this supplementary origin is a nonhomo-
plastic synapomorphy of Scaphiopodidae and was 
observed in all species of the family we studied.

Character 16: M. contrahentis pedis digiti 
V: (0) absent; (1) present (pl. 11A).

Definition: The m. contrahentis pedis digiti V 
originates from the distal tarsals and inserts on 
metatarsal V and/or basal phalanx of digit V 
(Dunlap, 1960: 39–40; this study).

ACSR and taxonomic distribution: The 
absence of the m. contrahentis pedis digiti V 
optimizes as a synapomorphy of Neobatrachia 
with no known instances of homoplasy.

Dorsal Surface of the Foot

Character 17: M. extensor brevis superficia-
lis digiti III: (0) absent; (1) present (pls. 5B, 12A).

Definition: The m. extensor brevis superficia-
lis digiti III has a fleshy or tendinous origin from 
the fibulare. It inserts at one or more of the fol-
lowing points: fleshy or tendinous insertion on 

the dorsal surface of metatarsal III, tendinous 
insertion on the metatarsophalangeal joint, and/
or tendinous insertion on the proximal interpha-
langeal joint of digit III (Dunlap, 1960; Burton, 
2004; this study).

ACSR and taxonomic distribution: The 
absence of the m. extensor brevis superficialis 
digiti III is a synapomorphy of Sooglossidae (or 
Sooglossoidea, if also absent in Nasikabatrachus 
and Sechellophryne). It is absent in Leptodacty-
lus fuscus and L. savagei (reported as L. penta-
dactylus; Burton, 2004) and polymorphic in L. 
albilabris (Leptodactylidae; Dunlap, 1960: 49). 
Burton (2004: 225, his char. 51) also mentioned 
the absence of the m. extensor brevis superficia-
lis digiti III in Ceratophrys cornuta (Cera-
tophryidae); however, in his list of specimens 
examined the specimen is reported as C. ornata 
with voucher number USNM 115606, whose 
locality data correspond to the distribution of 
C. aurita. As such, the absence of the m. exten-
sor brevis superficialis digiti III should be 
attributed to C. aurita instead of C. cornuta or 
C. ornata.

Character 18: M. extensor brevis medius 
digiti IV: (0) absent; (1) present (pl. 12B).

Definition: This muscle originates with the 
other mm. extensores breves medii from the dis-
tal end of the fused tibiale and fibulare and 
inserts either with the medial m. extensor brevis 
superficialis digiti IV or independently on the 
metatarsophalangeal joint of digit IV (Dunlap, 
1960; this study). See appendix 3 for discussion 
of confusion across the literature between the m. 
extensor brevis medius digiti IV and the m. 
extensor brevis superficialis digiti IV.

ACSR and taxonomic distribution: The pres-
ence of this muscle optimizes as synapomorphy 
of Alytidae (character state unknown in Lato-
nia). Ascaphus truei (Ascaphidae) is polymor-
phic (Dunlap, 1960; this study). Dunlap (1960) 
did not report this muscle in his single specimen 
of Discoglossus pictus (Alytidae), but it is present 
in the specimen we examined (see Discussion for 
possible explanations of the disagreement). This 
muscle was also reported in Heleioporus austra-
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liacus (Limnodynastidae) and “Eleutherodactylus 
tubolus” (nomen nudum; no voucher specimen 
or locality reported) by Dunlap (1960: 55).

Character 19: M. abductor brevis dorsalis 
digiti II: (0) absent; (1) present (pl. 14).

Definition: This muscle, first reported here, 
originates in common with or contiguous to the 
medial m. dorsometatarsalis proximalis digiti II 
on the proximolateral margin of metatarsal I and 
has a fleshy insertion on the medial side of meta-
tarsal II (see Discussion). 

ACSR and taxonomic distribution: The pres-
ence of the m. abductor brevis dorsalis digiti II 
optimizes as synapomorphic for Laurentobatra-
chia and Leptobrachiinae (Megophryidae; with a 
reversion in Scutiger mammatus). Also, it is a 
synapomorphy of Sooglossidae (or Sooglossoi-
dea, if present in Nasikabatrachus and Sechel-
lophryne). This muscle is also present in 
Neobatrachus aquilonius (Limnodynastidae).

Character 20: M. abductor brevis dorsalis 
digiti III: (0) absent; (1) present (pl. 14).

Definition: This muscle, first reported here, 
originates in common with or contiguous to the 
medial m. dorsometatarsalis proximalis digiti III 
on the proximolateral margin of metatarsal II 
and has a fleshy insertion on the medial side of 
metatarsal III.

ACSR and taxonomic distribution: The pres-
ence of the m. abductor brevis dorsalis digiti III 
optimizes as a synapomorphy of Laurentobatra-
chia, and is also a synapomorphy of Sooglossidae 
(or Sooglossoidea, if present in Nasikabatrachus 
and Sechellophryne). This muscle is also present 
in Leptobrachium lumadorum and Oreolalax 
omeimontis (Megophryidae), and Neobatrachus 
aquilonius (Limnodynastidae).

DISCUSSION

Systematic Implications of the  
Inferred Synapomorphies

Ascaphidae + Leiopelmatidae

Frost et al. (2006) recovered some phenotypic 
synapomorphies for Ascaphidae + Leiopelmatidae 

(as Leiopelmatidae) and discussed others from the 
literature. Within the context of the sister-group 
relationship of Ascaphus and Leiopelma, Frost et al. 
(2006) reinterpreted the characters suggested by 
Ford and Cannatella (1993) as evidence uniting 
Leiopelma with all remaining frogs (to the exclusion 
of Ascaphus). Pereyra et al. (2016) further discussed 
the loss of the columella as a synapomorphy of this 
clade in the context of broad taxon sampling and 
considering the condition in relevant fossil taxa.

Ascaphus and Leiopelma have a muscle identi-
fied as the m. flexor minimus indicis (char. 8; see 
the section “Homology and terminology: a reap-
praisal” for discussion of its identity). The cur-
rent consensus is that the radialmost (preaxial) 
finger of Anura is homologous with digit II of 
five-fingered tetrapods (implying that anurans 
lost digit I; see Fabrezi and Alberch, 1996; Young 
et al., 2011), while the radialmost finger of cau-
dates has been interpreted as digit I of five-fin-
gered tetrapods (e.g., Alberch and Gale, 1985; 
Diogo and Abdala 2010). While these homology 
assessments require further corroboration, below 
we compare the radialmost digit of Anura with 
digit II of Caudata.

Studies of the hand musculature of Caudata are 
scarce, with information restricted to four species 
of Ambystoma (Ambystomatidae; Perrin, 1899; 
Ribbing, 1907; Diogo and Tanaka, 2012), Andrias 
japonicus (Cryptobranchidae; Humphry, 1871), 
Bolitoglossa adspersa (Plethodontidae; Restrepo 
and Hoyos, 1998), Cryptobranchus alleganien-
sis (Cryptobranchidae; Ribbing, 1907), Necturus 
maculosus (Proteidae; Ribbing, 1907), Pleurodeles 
waltl (Salamandridae; Perrin, 1899), Salamandra 
salamandra (Salamandridae; Perrin, 1899; Ribbing, 
1907; Francis, 1934), Taricha torosa (Salamandri-
dae; Walthall and Ashley-Ross, 2006), and Triturus 
cristatus (Salamandridae; Ribbing, 1907). There is 
no report of mm. flexores digitorum minimi in 
Ta. torosa, while the presence of these muscles are 
restricted to digits I and IV in some Ambystoma, 
and digits II–IV in Salamandra. For the remaining 
species, (except Bolitoglossa, which is unknown) 
the mm. flexores digitorum minimi are present in 
the four digits. Considering the available evidence, 
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and the above-mentioned caveats, the presence 
of the m. flexor minimus indicis in Ascaphidae + 
Leiopelmatidae is possibly plesiomorphic for this 
clade. Nevertheless, analysis of a broader sample of 
caudates is required, including hynobiids (relevant 
for establishing if the m. flexor minimus of digit II 
is plesiomorphically present in Caudata). Similarly, 
if new evidence indicates that the musculature of 
the radialmost digits of Anura and Caudata are 
homologous, the plesiomorphic presence of the m. 
flexor minimus of the radialmost finger of caudates 
would also be particularly relevant.

Bombinatoridae

Ford and Cannatella (1993) listed two syn-
apomorphies for this group: an expanded flange 
of the quadratojugal and endochondral ossifica-
tions in the hyoid plate. Haas (2003) and Frost et 
al. (2006) recovered the presence of the m. man-
dibulolabialis superior in larvae as an additional 
synapomorphy; however, only species of Bom-
bina were scored for this character (larvae of 
Barbourula are unknown).

Here we add two more synapomorphies for this 
group: (1) ventral and dorsal origin of the m. flexor 
minimus digiti IV with respect to the m. intermeta-
carpalis II (char. 9.2) and (2) absence of the slip 
from metacarpal III of the medial m. dorsometa-
carpalis proximalis digiti IV (char. 13.0). Burton 
(1998b) examined the first character in a taxonomi-
cally broad sample. Importantly, both our study 
and Burton’s scored this character in Bombina ori-
entalis, B. variegata, and Barbourula busuangensis, 
and we also studied it in Bombina bombina (note 
that the data on B. bombina provided by Burton, 
1998b, are restricted to the superficial muscles of 
the third digit and do not include this character; see 
his appendix 1). Curiously, Burton (1998b) 
described only a ventral origin (our state 0) of the 
m. flexor minimus digiti IV and not dual ventral 
and dorsal origins (our state 2). 

We propose two complementary explanations 
for the discrepancies between Burton’s (1998b) 
scoring of this character and our own. First, the 
analyzed species of Bombina have an m. contra-
hentis digiti IV (see pl. 8A), which is absent in 

Barbourula busuangensis (pl. 8B). The m. contra-
hentis digiti IV is ventral (superficial) to the m. 
flexor minimus digiti IV, and both converge dis-
tally on the insertion point on the basal phalanx. 
Second, the ventral portion of the m. flexor min-
imus digiti IV can be well developed, concealing 
the dorsal portion due to its overlying position 
(see pl. 8B for partial concealment and pl. 9B for 
complete concealment). In this case, the combi-
nation of the m. contrahentis digiti IV and a 
well-developed ventral portion of the m. flexor 
minimus digiti IV might hide the dorsal portion, 
which could go unnoticed in case of, for exam-
ple, partial or incomplete dissection of the more 
ventral/superficial muscles.

At this point, it is relevant to clarify that a 
similar disagreement arises regarding the rela-
tionships between the m. intermetacarpalis I and 
the m. flexor minimus digiti III. Burton (1998b) 
described a ventral m. flexor minimus digiti III 
with respect to the m. intermetacarpalis I in 
Bombinatoridae. As depicted in plates 8A–B and 
9B, we also observed a dorsal origin of the m. 
flexor minimus digiti III with respect to the m. 
intermetacarpalis I in all examined bombinato-
rids except B. bombina (not studied by Burton 
for this character), which has only a dorsal ori-
gin. Although additional studies are required to 
evaluate intraspecific variation, the same expla-
nations offered above for the incongruence 
between Burton’s (1998b) description and our 
observations apply here.

Exemplars of the other main clade of Bom-
bina (such as B. maxima and B. microdeladigi-
tora; see Pabijan et al., 2013; Pyron, 2014; Jetz 
and Pyron, 2018) were not included by either 
Burton (1998b) or us. Exemplars of this clade are 
required to test the hypothesized synapomor-
phies of Bombinatoridae.

Alytidae

The reanalysis of Haas’s characters (2003) 
combined with the molecular data in Frost et al. 
(2006) recovered two larval character states as 
synapomorphies of this family: (1) admandibular 
cartilage present (see Haas, 2003: char. 95.1) and 
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(2) processus postcondylaris of the ceratohyal 
present (see Haas, 2003: character 118.1). Here, 
we propose an additional synapomorphy: the 
presence of the foot m. extensor brevis medius 
digiti IV (char. 18.1; pl. 12B).

Dunlap (1960: 55) did not report the m. 
extensor brevis medius digiti IV for the single 
specimen of Discoglossus pictus he examined; 
however, it is present in the two species of Dis-
coglossus examined here (D. galganoi and D. 
pictus), although it is partially fused to the 
medial m. dorsometatarsalis proximalis digiti 
IV (which originates from the distal end of the 
tibiale). The disagreement regarding the pres-
ence of the m. extensor brevis medius digiti IV 
in D. pictus might be due to either the partial 
fusion with the m. dorsometatarsalis proxima-
lis, leading Dunlap (1960) to overlook it, or 
polymorphism; further sampling is required to 
resolve the issue. Occurrence of this muscle is 
polymorphic in Ascaphus truei, in which Dun-
lap (1960: 55) described it as a very small mus-
cle that is absent in some specimens; we also 
found it to be absent in one of the two speci-
mens examined.

Xenoanura + Acosmanura

Previously proposed synapomorphies for this 
clade are (1) fusion of the facial and trigeminal 
ganglia; (2) sinistral spiracle in larvae; (3) 
absence of free ribs in adults (but see Haas, 2003: 
75); (4) torsion of carpal elements; and (5) pres-
ence of a vocal sac (Sokol, 1975, 1977; Ford and 
Cannatella, 1993). Here we add two phenotypic 
synapomorphies involving the origin of the m. 
lumbricalis brevis indicis: the absence of an ori-
gin from the flexor plate (char. 3.0) and the pres-
ence of an origin from the carpals (char. 4.1).

It must be noted that the pattern of the ances-
tral character state reconstruction in Xenoanura 
+ Acosmanura is compatible with a simple switch 
in the origin of the m. lumbricalis brevis indicis 
from the flexor plate to the distal carpals, since 
both characters change at the same node. How-
ever, the occurrence of both origins (from the 
carpals and flexor plate) in several species pro-

vides evidence for the historical independence of 
the two transformation series generally via the 
conjunction test (Patterson, 1982). In any case, 
the issue must be reevaluated in future studies as 
more data become available. Although we cannot 
advance a specific hypothesis at this time, the 
simultaneous changes in both characters suggest 
a possible relation with carpal torsion.

Xenoanura

Several characters have been proposed as syn-
apomorphies for this group (see Ford and Can-
natella, 1993; Haas, 2003; Frost et al., 2006). Here 
we propose the first synapomorphy in adult 
musculature: absence of the m. lumbricalis brevis 
hallucis (char. 14.0).

Pipidae

A number of synapomorphies have been pro-
posed for this family, including characters from 
osteology, adult and larval morphology, and 
musculature (see revisions in Cannatella and 
Trueb, 1988; Ford and Cannatella, 1993; Trueb 
et al., 2005; Frost et al., 2006). Not all previously 
proposed synapomorphies are concordant, and 
neither are the phylogenetic hypotheses from 
which they were inferred, but a full discussion of 
their current phylogenetic distribution is beyond 
the scope of the present study. Nevertheless, 
from these sets of synapomorphies, we will dis-
cuss the two proposed from hand musculature 
(Burton, 1998b) and propose an additional one: 
the absence of the slip with origin on metacarpal 
III of the medial m. dorsometacarpalis proxima-
lis digiti IV (char. 13.0).

For Pipidae, Burton (1998b) described a dor-
sal origin of the mm. flexores minimi digitorum 
III and IV with respect to the mm. intermetacar-
pales I and II, respectively. Our data do not sup-
port this assertion. We compare below the 
variation in the relationship between the m. 
flexor minimus digiti IV and m. intermetacar-
palis II (our char. 9) and the similar character for 
the relationship between the m. flexor minimus 
digiti III and the m. intermetacarpalis I for our 
sample of pipids.
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Burton (1998b) studied Hymenochirus boett-
geri, H. camerunensis, Pipa arrabali, Xenopus 
laevis, X. muelleri, and X. tropicalis, among which 
we also studied H. boettgeri, P. arrabali, X. laevis, 
and X. muelleri. We observed a dorsal origin for 
the mm. flexores minimi digitorum III and IV 
with respect to the mm. intermetacarpales I and 
II in Hymenochirus and Pseudhymenochirus and 
a ventral origin in Pipa (pl. 9C) and Xenopus. 
Based on these data, a dorsal origin is a synapo-
morphy of Hymenochirini and not Pipidae, as 
proposed by Burton (1998b). A ventral origin is 
plesiomorphic under the hypothesis of Jetz and 
Pyron (2018; see appendix 5). Burton (1998b) 
scored a dorsal origin for the species of Pipa and 
Xenopus (contra our observations of a ventral 
origin). Similar problems to those discussed 
above for Bombinatoridae might explain our dis-
agreement. Finally, it must be noted that under 
the alternative topologies recovered for the inter-
nal relationships of Pipidae (see review by 
Bewick et al., 2012), a dorsal origin is still not 
recovered as a synapomorphy of the family.

Acosmanura

Several characters from larval morphology 
have been reported as synapomorphies of this 
clade (Haas, 2003; Frost et al., 2006). However, 
only two synapomorphies from adult morphol-
ogy have been identified: the clavicle not over-
lapping the scapula in adults (see Lynch, 1973: 
147), and the palatine being present. This last 
character is controversial with regard to the 
taxonomic distribution and the definition of the 
primary homology hypothesis, as it might be a 
synapomorphy of Neobatrachia instead (see 
discussion in Maglia, 2003: 10; Frost et al., 
2006: 186).

Here we add two new synapomorphies for 
Acosmanura from hand musculature: (1) pres-
ence of the m. flexor indicis superficialis pro-
prius (char. 1.1; pls. 2A, 6B–D) and (2) presence 
of an origin of the m. extensor brevis medius 
digiti IV from the radiale (char. 12.1; pl. 13). The 
first character has no instance of homoplasy. The 
second character proposed as a synapomorphy 

of Acosmanura has some internal reversals (for 
details see appendix 5).

Anomocoela

Here we present the first unique, nonhomo-
plastic synapomorphy for Anomocoela: absence 
of the m. contrahentis caput longus distalis (char. 
10.0; pls. 9D, 10A). This is an especially relevant 
discovery in light of the extensive research aimed 
at this clade and its constituent parts.

Several studies have tested the monophyly 
and internal relationships of Anomocoela. 
Maglia (1998) constrained the monophyly of 
Anomocoela but obtained an internal topology 
with Megophryidae at the base and Pelodytidae 
as sister of a polytomy containing Pelobates + 
Scaphiopus + Spea. Haas’s (2003) phylogenetic 
analysis, based mostly on larval characters, 
rejected the monophyly of Anomocoela, with 
only Megophryidae and Pelobatidae forming a 
clade. Most other studies (García-París et al., 
2003; Púgener et al., 2003; Roelants and Bossuyt, 
2005; San Mauro et al., 2005; Pyron and Wiens, 
2011; Pyron, 2014; Chen et al., 2016; Jetz and 
Pyron, 2018) recovered a monophyletic Anomo-
coela, with Scaphiopodidae as the sister taxon of 
Pelodytidae + (Megophryidae + Pelobatidae). 
Frost et al. (2006) obtained an alternative inter-
nal topology for Anomocoela that comprised 
two major sister groups: Scaphiopodidae + Pelo-
dytidae and Megophryidae + Pelobatidae. The 
studies of Haas (2003) and Púgener et al. (2003), 
both composed mostly of characters from larval 
morphology, are the only quantitative analyses 
based on phenotypic characters that included 
exemplars of the four families of Anomocoela. 
Most other studies were based only on DNA 
sequences, although Frost et al. (2006) and Chen 
et al. (2016) also incorporated Haas’s (2003) phe-
notypic dataset and characters from adult osteol-
ogy, respectively. 

Morphological synapomorphies for Anomo-
coela and its internal clades are scarce, conflict-
ing, and/or contingent on controversial 
topologies. Ford and Cannatella (1993) provided 
two synapomorphies for Anomocoela (as Pelo-
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batoidea), albeit in a narrative form: (1) sternum 
ossified into a bony style and (2) vertical pupil. 
The sternum forming a bony style needs to be 
reassessed since at least some Scaphiopodidae 
(sister taxon of the remaining Anomocoela) have 
a cartilaginous sternum (Robovská-Havelková, 
2010). The vertical pupil is present in several 
anuran clades, making its optimization ambigu-
ous on most topologies (e.g., Frost et al., 2006; 
Pyron and Wiens, 2011; Pyron, 2014; Jetz and 
Pyron, 2018).

Frost et al. (2006) obtained a single pheno-
typic synapomorphy for Anomocoela, the sepa-
rated partes corpores of the cartilago labialis 
superior (Haas, 2003: char. 87.0). Frost et al. 
(2006) also discussed four characters from Ford 
and Cannatella (1993) in support of their Meso-
batrachia that, under the topology of Frost et al. 
(2006), are independently homoplastic synapo-
morphies of Xenoanura and Anomocoela, 
respectively. However, under alternative topolo-
gies (e.g., Pyron and Wiens, 2011; Pyron, 2014; 
Jetz and Pyron, 2018) the optimization of these 
characters is ambiguous. On the basis of Lynch’s 
(1973) interpretation of the character distribu-
tion, Frost et al. (2006) proposed the dorsally 
incomplete cricoid ring as an additional synapo-
morphy of Anomocoela, albeit convergent in 
Rhinophrynus.

Púgener et al. (2003) obtained one unambigu-
ous synapomorphy for Anomocoela (their Pelo-
batoidea): the fusion of the suprarostral corpus 
and alae (also obtained as a synapomorphy for 
Pipidae), a character state also present in several 
clades across Anura (e.g., see Haas, 2003). Addi-
tionally, different types and degrees of fusion 
have been reported, including the absence of 
connecting cartilage cells between the pars alaris 
and pars corporis (Haas, 1995: 242), different 
extensions of the distal notch between the partes, 
and the presence of cartilaginous bridges 
between the partes, which can appear during 
development (Haas, 2003: 71). In conclusion, the 
absence of m. contrahentis caput longus distalis 
(char. 10.0) is the first nonhomoplastic synapo-
morphy identified for Anomocoela.

Scaphiopodidae

Frost et al. (2006) recovered several morpho-
logical synapomorphies for this family and dis-
cussed others from the literature. We found an 
additional, nonhomoplastic synapomorphy for 
Scaphiopodidae: the presence of a supplemen-
tary origin of the lateral m. lumbricalis brevis 
digiti IV from metatarsal IV (char. 15.1). Never-
theless, Dunlap (1960: 36) described an origin 
closely connected with the lateral border of the 
distal tendon of the mm. flexores breves superfi-
ciales (in agreement with our observations) and 
from a heavy strip of the aponeurosis plantaris at 
the base of metatarsal V (a tendon from metatar-
sal IV in our data) in Spea hammondii (the single 
species of the family of his sample). We studied 
only a single specimen of Spea hammondii, so we 
cannot discard the possibility of intraspecific 
variation. However, we believe that incorrect 
observation of the origin from metatarsal IV is 
more likely to explain the discrepancy between 
our results and those of Dunlap (1960), since the 
tendon that originates from metatarsal IV is eas-
ily confounded with the connective tissue at the 
base of metatarsal V and connective tissue of the 
adjacent aponeurosis plantaris, which is the ori-
gin described by Dunlap (1960). Removal of this 
connective tissue clearly exposes the origin from 
metatarsal IV.

Pelodytidae + Pelobatidae + Megophryidae

The presence of a slip of the m. extensor brevis 
medius digiti III originating on the mediodistal end 
of the radioulna (char. 11.1; pl. 13) optimizes as a 
synapomorphy of Pelodytidae + Megophryidae + 
Pelobatidae. The only possible instance of homo-
plasy is restricted to Craugastor fitzingeri (Craugas-
toridae); however, the nature of the slip in this 
species differs (see comments on char. 11). Most 
analyses (see discussion of Anomocoela, above) 
have recovered Scaphiopodidae as sister to the 
remaining anomocoelans (Pelodytidae + Megophry-
idae + Pelobatidae), which is consistent with the 
taxonomic distribution of the slip of the m. extensor 
brevis medius digiti III from the radioulna.
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Megophryidae

Here we propose a synapomorphy from the 
palmar musculature (char. 7.1: presence of a 
supplementary medial slip of the medial m. 
lumbricalis brevis digiti IV; pl. 7), having exam-
ined representatives of each nominal genus. 
Ford and Cannatella (1993) identified three 
synapomorphies from adult morphology, 
although their taxon sampling was restricted to 
a single species of Leptobrachium and two spe-
cies of Megophrys (no data matrix presented by 
Ford and Cannatella, 1993; taxon sampling 
inferred from unpublished dissertation of Can-
natella, 1985, cited by Ford and Cannatella, 
1993). Frost et al. (2006) recovered two charac-
ter states from Haas (2003) as synapomorphies 
of Megophryidae. However, as was the case 
with Ford and Cannatella (1993), the data for 
Megophryidae were restricted to a single spe-
cies each of Leptobrachium and Megophrys.

Neobatrachia

Our finding that the absence of the m. contra-
hentis pedis digiti V (char. 16.0) is a synapomor-
phy of Neobatrachia is significant, since this 
character is taxonomically well sampled and 
nonhomoplastic. Ford and Cannatella (1993) 
proposed several other synapomorphies for this 
clade, including (1) the presence of a palatine 
bone; (2) fusion of the third distal carpal to other 
carpals; (3) complete separation of the m. sarto-
rius from the m. semitendinosus (also recovered 
as a synapomorphy by Frost et al., 2006); (4) the 
presence of an accessory head of the m. adductor 
longus; and (5) the absence of the parahyoid 
bone. Some of these suggested synapomorphies 
deserve comments.

The presence of palatine has been considered 
a character of central importance for the recog-
nition of Neobatrachia. However, its presence in 
Anomocoela has not been decisively corrobo-
rated or refuted (for summaries see Maglia, 2003, 
and Frost et al., 2006), so it is not clear whether 
it is a synapomorphy of Acosmanura (if the ano-
mocoelan and neobatrachian conditions are 

homologous; Haas, 2003; Frost et al., 2006) or 
Neobatrachia (if the conditions are not homolo-
gous; e.g., Ford and Cannatella, 1993; Trueb, 
1993; Púgener et al., 2003).

The fusion of the distal carpal 3 to the other 
distal carpals has instances of homoplasy that 
might affect its optimization. Within Neoba-
trachia, a free distal carpal 3 was reported for 
Telmatobufo and Calyptocephalella (Calypto-
cephalellidae), some Arthroleptidae and Myo-
batrachidae, and Sooglossidae (Fabrezi, 1992; 
Muzzopappa et al., 2016). Thus, the presence 
of a distal carpal 3 free in Calyptocephalelli-
dae, Myobatrachidae, and Sooglossidae makes 
the optimization ambiguous for Neobatrachia 
on some topologies (e.g., Pyron, 2014; Jetz and 
Pyron, 2018).

The presence of an accessory head of the m. 
adductor longus also requires comment. Ford 
and Cannatella’s (1993) description and taxo-
nomic distribution of this character suggest they 
intended to refer to the m. adductor magnus. To 
our knowledge, no accessory head has been 
described for the m. adductor longus, and the 
taxonomic distribution of the character referring 
to this muscle does not optimize as a synapo-
morphy of Neobatrachia (see Dunlap, 1960: 
9–11; Cannatella, 1985: char. 121). In contrast, 
Cannatella (1985: char. 122) described an acces-
sory head of the m. adductor magnus and 
reported it for his neobatrachian taxa, in agree-
ment with the taxonomic distribution reported 
by Dunlap (1960: 11). Considering the data of 
Dunlap (1960) and Cannatella (1985), there is at 
least one instance of homoplasy regarding the 
presence of the accessory head of the m. adduc-
tor magnus, since it is absent in Hypopachus 
variolosus (Microhylidae; Dunlap, 1960).

The absence of a parahyoid bone as a synapo-
morphy of Neobatrachia also presents problems. 
The only anomocoelan reported to possess a 
parahyoid bone is Pelodytes caucasicus (Pelodyti-
dae), being absent in the other families 
(Megophryidae, Pelobatidae, Scaphiopodidae; 
see Cannatella, 1985: char. 170). This bone is also 
absent in pipids (Maglia, 1998; Cannatella, 1985). 
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With this taxonomic distribution, the optimiza-
tion of the presence of the parahyoid bone is 
ambiguous on some topologies (e.g., Pyron, 
2014; Jetz and Pyron, 2018), having either been 
lost in pipids and Acosmanura independently or 
been lost in Xenoanura + Acosmanura and 
arisen independently in Rhinophrynus.

Heleophrynidae

Ford and Cannatella (1993) suggested the 
absence of larval keratinous jaw sheaths as a syn-
apomorphy of Heleophrynidae (although Hele-
ophryne rosei retains the lower jaw sheath; 
Channing, 2003). Similarly, Channing (2003) 
described the development of folds of loose skin 
during the reproductive aquatic period in Hele-
ophrynidae. Frost et al. (2006) suggested these 
two characters and 10 larval character states from 
Haas (2003) as synapomorphies of the family.

Here we add another synapomorphy from 
the palmar musculature: the presence of the m. 
lumbricalis longus digiti III (char. 2.1; pl. 6C). 
This character was previously defined and dis-
cussed by Burton (1998b), who reported its 
presence in Telmatobius brachydactylus and T. 
macrostomus (Telmatobiidae), Calypto-
cephalella and Telmatobufo (Calyptocephalelli-
dae), Hadromophryne natalensis  and 
Heleophryne purcelli (Heleophrynidae), Odon-
tobatrachus (Odontobatrachidae; as Petropede-
tes), and Petropedetes (Petropedetidae). Aguilar 
and Valencia (2009) subsequently reported this 
muscle in several species of Telmatobius. How-
ever, Barrionuevo (2017) reassessed the occur-
rence of the m. lumbricalis longus digiti III in 
the species of Telmatobiidae studied by Burton 
(1998b) and Aguilar and Valencia (2009) and 
concluded that it is only present in T. macros-
tomus. Barrionuevo (2017) pointed out that in 
the other species the m. lumbricalis longus 
digiti III might have been confused with the 
slip of the m. lumbricalis brevis digiti III that 
originates on the tendo superficialis digiti III 
and/or the flexor plate (our char. 5). Here we 
confirm the presence of the m. lumbricalis lon-
gus digiti III in the two species of Heleophryni-

dae studied by Burton (1998b) and in 
Heleophryne orientalis, and we propose it as an 
additional synapomorphy for the family.

Sooglossidae

A number of phenotypic synapomorphies 
have been proposed for Sooglossidae (e.g., Ford 
and Cannatella, 1993; Frost et al., 2006; Nuss-
baum and Wu, 2007). Those synapomorphies 
share the problem of the unknown character 
state in its sister taxon, Nasikabatrachidae, which 
also affects the synapomorphies we propose 
below.

Lynch (1973) reported the absence of the col-
umella in Sooglossidae and Pereyra et al. (2016) 
extended this to Sooglossoidea on the basis of 
Senevirathne et al.’s (2016) report of the absence 
of the columella in Nasikabatrachus. Following 
Lynch (1973), Frost et al. (2006) also suggested 
the occurrence of an ossified omosternum as a 
synapomorphy of Sooglossoidea (as Sooglossi-
dae). Frost et al. (2006) recovered this clade as 
sister taxon of Notogaeanura, and thus distantly 
related to several ranoid families characterized 
by an ossified omosternum (e.g., Lynch 1973: 
146; Scott, 2005: character 28). However, this 
putative synapomorphy must be reevaluated, 
since recent hypotheses based on different ana-
lytical assumptions recover Sooglossoidea as sis-
ter taxon of Ranoides (e.g., Pyron, 2014; Jetz and 
Pyron, 2018).

On the basis of Nussbaum (1982), Ford and 
Cannatella (1993) considered the os sesamoides 
tarsale to be the only known synapomorphy of 
Sooglossidae. Ford and Cannatella (1993) also 
suggested a number of synapomorphies for 
Sooglossidae + Myobatrachidae: (1) ventrally 
incomplete cricoid ring; (2) semitendinosus ten-
don inserting dorsal to the m. gracilis; (3) hori-
zontal pupil; (4) winglike alary processes of the 
hyoid; and (5) divided sphenethmoid. However, 
in light of the distant phylogenetic position of 
these two taxa in all recent analyses (e.g., Frost et 
al., 2006; Pyron and Wiens, 2011; Pyron, 2014; 
Jetz and Pyron, 2018), these character states are 
convergent synapomorphies for Sooglossidae (or 
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Sooglossoidea) and Myobatrachidae. The pupil 
was described as horizontal (Biju and Bossuyt, 
2003) or round (Radhakrishnan et al., 2007) in 
Nasikabatrachus sahyadrensis and round in N. 
bhupathi (see Janani et al., 2017). These discrep-
ancies might be due to descriptions made during 
pupillary constriction (miosis) or dilation 
(mydriasis), which in some species can result in 
different pupil shapes. For example, Barrio (1968: 
fig. 4) showed a vertical pupil in miosis and 
round in mydriasis in Lepidobatrachus asper 
(Ceratophryidae); data considering this fact are 
required for Nasikabatrachus. Additionally, and 
similar to the scenario of the ossified omoster-
num discussed above, a reevaluation of the taxo-
nomic distribution of this character is required 
considering Ranoides as the sister taxon of 
Sooglossoidea, as recovered in recent analyses 
(e.g., Pyron, 2014; Jetz and Pyron, 2018). Addi-
tional studies including Nasikabatrachus are 
required to test if the remaining characters from 
Ford and Cannatella (1993) optimize as synapo-
morphies of Sooglossidae or Sooglossoidea.

Nussbaum and Wu (2007) proposed 24 mor-
phological synapomorphies for Sooglossidae in 
their phylogenetic analysis of this family; how-
ever, they did not include Heleophrynidae or 
Nasikabatrachidae in their analysis. The evalua-
tion of these character states in Heleophrynidae 
is crucial in light of its phylogenetic position in 
recent phylogenies, particularly that of Pyron 
and Wiens (2011), since Sooglossoidea is sister 
to all Neobatrachia except Heleophrynidae.

Two salient natural history features character-
ize the species of Sooglossidae: direct develop-
ment and female parental care, as reported for 
Sechellophryne gardineri and Sooglossus sechellen-
sis and suspected for S. thomasseti (see Nuss-
baum and Wu, 2007). In contrast, 
Nasikabatrachidae (Raj et al., 2012; Zachariah et 
al., 2012; Janani et al., 2017) and Heleophrynidae 
(Channing et al., 2012) have free-living larvae 
and lack parental care. In the context of the alter-
native phylogenetic positions recovered for 
Sooglossidae + Nasikabatrachidae (e.g., Frost et 
al., 2006; Pyron and Wiens, 2011; Pyron, 2014; 

Jetz and Pyron, 2018), direct development and 
female parental care are two additional synapo-
morphies for the family.

Unfortunately, the four characters from the 
current study that might optimize as synapomor-
phies of Sooglossidae (chars. 8.1, 17.0, 19.1, 20.1) 
are also compromised by the lack of evidence for 
Nasikabatrachus and Sechellophryne. The absence 
of the m. extensor brevis superficialis digiti III of 
the pes (char. 17.0) and presence of the m. flexor 
minimus indicis (char. 8.1) have the fewest 
instances of homoplasy (appendices 4 and 5). 
The other two character states from the dorsal 
foot musculature (19.1, 20.1) show an unusual 
pattern of homoplasy and are further discussed 
below in the section of Laurentobatrachia.

Laurentobatrachia

The larval m. levator mandibulae externus in 
two portions (Haas, 2003: char. 54.1), the absence 
of commissura proximalis III (Haas, 2003: char. 
111.0), and the absence of intercalary elements 
(Haas, 2003: char. 151.0; however, it is ambigu-
ous following Manzano et al., 2007) are probably 
synapomorphies of this group (Frost et al., 2006: 
232). Claw-shaped terminal phalanges (Liem, 
1970), thyrohyals on cartilaginous stalks 
(Drewes, 1984: char. 10.1), and external metatar-
sal tubercle absent or poorly developed (Laurent, 
1986) are also synapomorphic for this clade (see 
discussion in Frost et al., 2006: 232). 

Here, we add two new synapomorphies 
involving two previously unreported muscles: 
the presence of mm. abductores breves dorsales 
digitorum II and III (chars. 19.1 and 20.1, respec-
tively; pl. 14). What is particularly striking is that 
both characters have almost identical taxonomic 
distributions (see appendix 5).

This pattern could imply that both character 
states are dependent and should be coded as a 
single transformation series. However, the pres-
ence of the m. abductor brevis dorsalis digiti II 
(char. 19.1) and apparent absence of the m. 
abductor brevis dorsalis digiti III (char. 20.0) in 
Leptobrachella bourreti (Megophryidae) estab-
lishes the transformational independence of the 
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two characters. Nevertheless, the absence in L. 
bourreti should be corroborated in additional 
specimens, since the nature of the available 
material (a combination of its small size, unpig-
mented muscles, and scarce elasticity of the mus-
cular fibers) precluded a fully confident scoring 
in the single foot of the exemplar studied.

Calyptocephalellidae

Frost et al. (2006), on the basis of data from 
Burton (1998b), proposed the following synapo-
morphies for their Batrachophrynidae (com-
posed of Batrachophrynus, Calyptocephalella, and 
Telmatobufo): (1) presence of m. lumbricalis lon-
gus digiti III (our char. 2; pl. 6C) and (2) two 
origins of the m. lumbricalis brevis digiti III, 
from the flexor plate and from distal carpals (our 
chars. 5 and 6). Subsequently, Batrachophrynus 
was transferred to the distantly related Telmato-
bius (Telmatobiidae), and Calyptocephalellidae 
was resurrected for Calyptocephalella and Telma-
tobufo (Aguilar and Valencia, 2009). This fact by 
itself does not affect the status of these character 
states as possible synapomorphies for the family. 
However, some clarifications and reinterpreta-
tions are required.

Burton (1998b: char. 3) scored the presence of 
both slips of the m. lumbricalis brevis digiti III 
(the slip from the distal carpals plus the slip from 
the flexor plate/tendo superficialis digiti III) 
within the same transformation series: (0) origi-
nating from the flexor plate/tendo superficialis 
digiti III only; (1) two origins: from the flexor 
plate/tendo superficialis digiti III, and from the 
distal carpals; (2) originating from the distal car-
pals only. We consider each slip with each origin 
to be independent and, consequently, score their 
occurrence as separate characters. By employing 
this coding scheme, it is evidenced that Calypto-
cephalellidae is not supported by any of the char-
acters referring to the origin of the m. lumbricalis 
brevis digiti III, since (1) the presence of the slip 
of the m. lumbricalis brevis digiti III from the 
flexor plate/tendo superficialis digiti III is plesio-
morphically present (char. 5.1; see appendix 5 for 
ACSR), and (2) the presence of the slip of the m. 

lumbricalis brevis digiti III from the distal car-
pals is also plesiomorphically present (char. 6.1; 
see appendix 5).

Myobatrachoidea

Frost et al. (2006) did not identify any mor-
phological synapomorphy for this superfamily. 
However, and in line with the above discussion 
for Calyptocephalellidae, under the coding 
scheme that treats the slip of the m. lumbricalis 
brevis digiti III from the flexor plate/tendo 
superficialis digiti III (char. 5) and the slip from 
the distal carpals (char. 6) as independent char-
acters (contra Burton, 1998b), the absence of the 
m. lumbricalis brevis digiti III from the distal 
carpals is a synapomorphy of Myobatrachoidea 
(char. 6.0). A reversion occurs in the limnody-
nastids Lechriodus + Platyplectrum (m. lumbri-
calis brevis digiti III from distal carpals 
present).

Nobleobatrachia

This taxon, erected by Frost et al. (2006) on 
the basis of molecular synapomorphies only, 
accounts for more than the half of all anuran 
species. Frost et al. (2006) discussed two ambigu-
ously optimized morphological character states: 
the presence of claw-shaped terminal phalanges 
and intercalary elements. Here we identify the 
first unambiguously optimized morphological 
synapomorphy for this major clade, the m. flexor 
minimus digiti IV dorsal to the m. intermetacar-
palis II (char. 9.1; pls. 2D, 10B; for instances of 
homoplasy see appendix 5 and Burton, 1998b).

Homology and Terminology: A 
Reappraisal

As mentioned above in Materials and Meth-
ods, most studies of anuran musculature are 
based on the classical terminology of Gaupp 
(1896). Recently, Abdala and Diogo (2010), 
Diogo and Abdala (2010), Diogo and Molnar 
(2014), Diogo and Ziermann (2014), and Diogo 
et al. (2018) discussed and introduced several 
modifications intended to unify terminology 
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across tetrapods. Below, we review these termi-
nological suggestions for Anura and other rele-
vant aspects linking homology and terminology 
(see also Terminology in Materials and Methods, 
above), discuss some persistent controversies, 
and introduce several modifications.

Our discussion is organized in the following 
order: (1) palmar muscles, (2) dorsal hand muscles, 
(3) plantar muscles, (4) dorsal foot muscles, and (5) 
related muscles of the hand and foot (for muscle 
groups with equivalent problems in both regions).

M. flexor indicis superficialis proprius, M. caput 
profundum digiti III, and M. flexor accessorius: 
Novelties from Splitting?

The m. flexor indicis superficialis proprius and 
m. caput profundum digiti III are two muscles with 
unique names that are not arranged into groups 
(e.g., mm. lumbricales breves digitorum II–V). 
However, the taxonomic distribution of their 
absence/presence, degree of development, and 
coexistence or not with the portion of the m. flexor 
accessorius that originates on the distal carpals sug-
gests that these two muscles evolved as differentia-
tions of distal slips of the m. flexor accessorius.

The m. flexor indicis superficialis proprius origi-
nates on the distal carpals and inserts via a long 
flexor tendon on the palmar surface of the distal 
phalanx (see description of Triprion petasatus, char. 
1, and pls. 2A, 6B–D). This muscle is absent in non-
acosmanuran clades, where the tendo superficialis 
indicis is found in this topological region, probably 
fulfilling the function of a flexor tendon that 
attaches to the distal phalanx. The m. caput profun-
dum digiti III has the same characteristics as the m. 
flexor indicis superficialis proprius (see pls. 2A, 
6B–D), and it is also absent in early diverging 
clades (Burton, 1998b; this study).

The m. flexor accessorius arises typically on 
the laterodistal end of the radioulna. However, in 
early diverging clades, more distal origins on the 
ulnare and distal carpals also occur (e.g., 
Ascaphidae + Leiopelmatidae, Costata, Xeno-
anura, some Anomocoela, Heleophrynidae, 
some Australobatrachia; Ribbing, 1911; this 
study; see also the legend of pl. 9C). The inser-

tion is also relevant for the hypothesis discussed 
here, since it occurs on the dorsal surface of the 
flexor plate, reaching the proximal and dorsal 
end of the tendines superficiales of digits II–IV 
in some species. Thus, the m. flexor accessorius 
has the same connections as the m. caput pro-
fundum digiti III in some species: an origin on 
the same region of the distal carpals (at the level 
of metacarpal III) and an insertion on the dorsal 
surface of the tendo superficialis of digit III.

Burton (1998b) suggested that the m. caput 
profundum digiti III derives from the m. flexor 
accessorius, without further comments. We 
found substantial evidence for Burton’s (1998b) 
assertion. There is a correlation between the 
absence of the portion of the m. flexor accesso-
rius with origin on distal carpals and the pres-
ence of a well-developed and differentiated caput 
profundum digiti III. There are also intermediate 
morphologies, where the m. caput profundum 
digiti III absent (e.g., Rhinophrynidae; pl. 6A) or 
reduced (e.g., Heleophryne purcelli; pl. 6C) in the 
presence of the portion from the carpals of the 
m. flexor accessorius, to the extent that there are 
species in which it is unclear if the m. caput pro-
fundum is present and reduced or the portion 
from the distal carpals of the m. flexor accesso-
rius is present instead (e.g., some Australobatra-
chia and Scaphiopodidae).

The m. flexor indicis superficialis proprius has 
a similar morphology, connections, and func-
tions to the m. caput profundum digiti III. We 
extend the above-discussed hypotheses to this 
muscle, suggesting that it also arose as a slip dif-
ferentiated from the m. flexor accessorius.

The m. flexor indicis superficialis proprius 
evolved as a discrete muscle in Acosmanura. It 
coexists with the portion of the m. flexor acces-
sorius from the distal carpals in some acosma-
nurans (e.g., some Anomocoela, Heleophrynidae, 
some Australobatrachia). Similarly to the m. 
caput profundum digiti III, the m. flexor indicis 
superficialis proprius is usually absent or reduced 
in those clades in which the portion of the m. 
flexor accessorius from the distal carpals is pres-
ent (e.g., pl. 6C).
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At this point, other lines of evidence would 
prove useful for testing this hypothesis. First, 
although innervation in Pelophylax (Ranidae) 
reported by Gaupp (1899: 180) supports this 
hypothesis (the same nerve innervates the three 
muscles), data on its variation across Anura is 
required. Second, a formal quantitative test (e.g., 
intermediate morphologies as discussed by 
Ramírez, 2007: 591) is required, comparing the 
taxonomic distribution and detailed morphology 
of these muscles. And third, developmental data 
are required to determine if these muscles derive 
from the same anlage.

Is the Anuran M. flexor accessorius (Originating 
on Carpals) Homologous to the Caudate M. 
flexor accessorius medialis?

A problem that cannot be overlooked is the 
putative homology of the anuran m. flexor acces-
sorius and the caudate mm. flexores accessorius 
medialis and lateralis. The anuran m. flexor 
accessorius originates on the laterodistal end of 
the radioulna, as well as the ulnare and the distal 
carpals in early diverging clades; it inserts on the 
flexor plate and, in some species, also proximally 
on the more preaxial tendines superficiales (see 
further details in previous section).

On the basis of its position and attachments, 
Ribbing (1907: 597) considered that the single m. 
flexor accessorius of Anura probably corresponds 
to the m. flexor accessorius lateralis of Caudata. 
Later, in his study of Pipa cf. pipa, Ribbing (1911: 
11–12, 24) hypothesized that the portions of the 
m. flexor accessorius that originate on the car-
pals and the radioulna correspond to the m. 
flexor accessorius medialis and m. flexor acces-
sorius lateralis of Caudata, respectively. Abdala 
and Diogo (2010: 25) and Diogo and Abdala 
(2010: 402), quoting Ribbing (1907), stated that 
the m. flexor accessorius of anurans, such as the 
species of Bufonidae they studied, “topologically 
corresponds to the flexor accessorius medialis 
plus flexor accessorius lateralis of urodeles such 
as Ambystoma.” However, as noted above, Rib-
bing (1907) considered that the anuran m. flexor 
accessorius probably corresponds to the caudate 

m. flexor accessorius lateralis, not both muscles. 
Diogo et al. (2018) briefly discussed the problem, 
pointing out the contradictory correspondences 
between the m. flexor accessorius medialis, m. 
flexor accessorius lateralis, and m. palmaris pro-
fundus I of Caudata with the m. flexor accesso-
rius of Anura.

The medial origin of the m. flexor accesso-
rius medialis with respect to the m. contrahen-
tium caput longum in Caudata (see review by 
Diogo et al., 2018: figs. 16.3F, 17.4C) might sug-
gest its nonhomology with the distal portion of 
the m. flexor accessorius that originates on the 
carpals, as occurs in early diverging clades of 
anurans. In these anuran clades, the portion of 
the m. flexor accessorius that originates on the 
carpals is located lateral and distal (and not 
medial, as in caudates) to the distal portion of 
the m. contrahentium caput longum (consid-
ered here to be the m. contrahentis caput lon-
gus distalis).

Plate 9A–C exemplifies the topological rela-
tionship between the m. contrahentis caput lon-
gus distalis (i.e., the distal portion of the caudate 
m. contrahentium caput longum) and the m. 
flexor accessorius. Although the m. flexor acces-
sorius was removed in the specimens of this 
plate, its origin occupies the ventral and distal 
portion of the radioulna, the exposed ventral 
portion of the ulnare, and the distal carpal(s) at 
the base of metacarpals IV–V (see legend of pl. 9 
for details and variation in each species). As 
exposed in this plate, the origin of the m. flexor 
accessorius from the distal carpals is distal to the 
m. contrahentis caput longus distalis, and not 
medial as expected for the m. flexor accessorius 
medialis of caudates. This topological position 
supports the hypothesis that the muscle in Anura 
corresponds to the m. flexor accessorius lateralis 
of Caudata, in agreement with Ribbing (1907). 
However, detailed comparative studies of the 
variation of this muscle in early diverging clades 
of Anura and Caudata are required to test the 
hypothesis of Ribbing (1911). These studies 
would require evaluation of, minimally, the rela-
tive position of the neighboring muscles, the dif-
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ferences and homology between the m. 
contrahentium caput longum in anuran and cau-
dates, and innervation.

Identities of the Hand Mm. flexores breves 
superficiales and Mm. Lumbricales in Anura: A 
Provisional Solution

Some recent contributions are unclear as to the 
total or partial correspondence of the anuran mm. 
lumbricales breves and longi of classical terminol-
ogy to the mm. flexores breves superficiales of 
other tetrapods. Additionally, there is confusion 
with respect to the correspondence between the 
anuran mm. lumbricales breves and longi. This 
section discusses and establishes a tentative name 
for the anuran mm. lumbricales breves and longi 
of classical terminology, evaluating the names and 
homology of potentially equivalent muscles in 
other tetrapods, especially Caudata.

Most conflict revolves around the assertions 
of Manzano et al. (2008), Abdala and Diogo 
(2010), Diogo and Abdala (2010), Diogo and 
Ziermann (2014), and Diogo et al. (2018). We 
begin by describing each muscle involved in the 
problem and clarifying their names and identi-
ties, as inferred from the abovementioned stud-
ies. We then delimit the alternative hypotheses 
and discuss the evidence and operational consid-
erations that lead us to favor one of them.

Description of the muscles: The description 
is arranged following the layers as defined in 
Results. Special comments are made for the condi-
tions in Pelophylax cf. esculenta, because this is the 
model species of Ecker (1864) and Gaupp (1896), 
frequently cited as providing support for the asser-
tions of the different authors discussed here. Addi-
tionally, we discuss the variation in these muscles 
across the phylogeny and comment on the plesio-
morphic condition in Anura when relevant.

M. flexor indicis superficialis proprius 
(layer 1; pls. 2A, 6B–D): This muscle was 
described for the model species Triprion petasa-
tus and in Character 1, and the ACSR is given in 
appendix 5. It is present in Pelophylax cf. escu-
lenta and plesiomorphically absent in Anura 
(this study).

M. caput profundum digiti III (layer 1; pls. 
2A, 6B–D): This muscle is very similar to the 
preceding one. It originates on the distal carpals 
and inserts on the dorsal surface of the tendo 
superficialis digiti III, forming a common tendon 
of insertion that attaches to the distal phalanx. It 
is present in Pelophylax cf. esculenta and plesio-
morphically absent in Anura (Burton, 1998b; 
this study).

Mm. lumbricales longi digitorum III–V 
(layer 1; pls. 2A, 6A–D): These muscles originate 
on the flexor plate and/or tendines superficiales of 
their corresponding digit. They insert on the basal 
phalanx (muscle of digit III; pl. 6C) or proximal 
interphalangeal joint (muscles of digits IV–V; pl. 
6A–D). The main variation involves the differen-
tiation into a medial and lateral slip and insertion 
via one or two tendons (e.g., Burton, 1996, 1998a, 
1998b; this study). The muscle of digit III was 
described in Character 2 and the ACSR is given in 
appendix 5; it is plesiomorphically absent in 
Anura. The muscles of digits IV and V are present 
in almost all anurans (including Pelophylax cf. 
esculenta) and are plesiomorphically present in 
Anura (Burton, 1998b; this study).

Mm. lumbricales breves digitorum II–V 
(layer 2; pls. 2B, 6A–D, 7): These muscles are 
almost invariably present in Anura; they origi-
nate on the distal carpals, flexor plate, and/or 
tendines superficiales of their respective digit, 
and insert on the metacarpophalangeal joint 
and/or the proximal end of basal phalanx (in 
arboreal clades a single or additional insertion 
on the distal end of their respective metacarpal 
may occur in digits IV and V; this study). In 
Pelophylax cf. esculenta, at least partial portions 
or slips of the muscles of digits II–V originate on 
the flexor plate (Gaupp, 1896).

The muscles of digits II–V originate plesio-
morphically from the dorsal surface of the flexor 
plate in Anura (this study; see chars. 3–6 for the 
muscles of digit II and III). The identity of the 
lateral m. lumbricalis brevis digiti V is conflictive 
in several species (see appendix 3).

The flexor plate is absent or reduced in arbo-
real clades (e.g., Allophrynidae + Centrolenidae, 
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Hemiphractidae, Hylidae, Hyperolius, Leptopeli-
nae, and Rhacophoridae; Liem, 1970; Burton, 
1996; Faivovich, 2002: fig. 13; Manzano et al., 
2008; Araujo-Vieira et al., 2019; this study) and 
the mm. lumbricales breves of digit IV originate 
on tendo superficiales digiti IV instead. In those 
clades, the medial and lateral muscles of digit IV 
are usually reduced in volume, and one of them 
may be absent (usually the lateral; e.g., see pl. 2B).

Discussion of the problem: Two partially 
independent problems regarding the identities of 
this group of muscles are addressed in this sec-
tion. First, we discuss the identities of the mm. 
lumbricales breves and longi of digit IV in arbo-
real clades in light of Manzano et al.’s (2008) 
reports. Second, we address whether the mm. 
flexores breves superficiales and/or mm. lumbri-
cales of other tetrapods are present in Anura, 
discussing the positions of Abdala and Diogo 
(2010), Diogo and Abdala (2010), Diogo and 
Ziermann (2014), and Diogo et al. (2018) in this 
respect.

The identities of the mm. lumbricales breves 
and longi of digit IV in arboreal clades: Man-
zano et al. (2008) described the m. lumbrica-
lis longus digiti IV as comprising two internal 
branches (inserting on penultimate phalanx 
IV) and two external (inserting on distal end of 
metacarpal IV). However, we consider that their 
internal and external branches correspond to 
the m. lumbricalis longus and mm. lumbricales 
breves, respectively. The problems with the cor-
respondence between the mm. lumbricales longi 
and the mm. lumbricales breves arise when the 
lumbricales breves originate on the tendo super-
ficiales and not the flexor plate, as usual. How-
ever, the origin of the mm. lumbricales breves 
on the tendo superficialis of digit IV in arboreal 
clades (like the species studied by Manzano et al., 
2008) is common (see description above), and is 
discussed below.

According to our interpretation, in the non-
arboreal clades that are closely related to the 
arboreal Allophrynidae + Centrolenidae, Hemi-
phractidae, Hylidae, Hyperolius, Leptopelinae, 
and Rhacophoridae, respectively, the medial and 

lateral m. lumbricales brevis of digit IV originate 
on the flexor plate (this study). In these arbo-
real clades, the mm. lumbricales breves of digit 
IV maintains the origin in the same topological 
region (i.e., the tendo superficialis, due to the 
reduction of the flexor plate), as well as simi-
lar morphologies, connectivities, and presumed 
functions, as in the non-arboreal clades to which 
each of them are related.

An alternative hypothesis, consistent with the 
interpretation of Manzano et al. (2008), is that the 
mm. lumbricales breves of digit IV of the hylids 
studied by Manzano et al. (2008) are lost and the 
m. lumbricalis longus is differentiated into addi-
tional medial and lateral slips inserting on the 
distal end of metacarpal IV. However, this is a less 
parsimonious explanation, requiring the simulta-
neous (i.e., on the same phylogenetic branch) loss 
of the mm. lumbricales breves of digit IV and the 
origin of novel supplementary medial and lateral 
slips of the m. lumbricalis longus in approxi-
mately the same region, with similar origins, 
insertions, and presumed functions as the m. 
lumbricalis brevis of other species/clades. Fur-
thermore, this would need to be postulated not 
only for Hylidae (as the species studied by Man-
zano et al., 2008), but also for all the arboreal 
clades mentioned above, for which these novelties 
would have had to evolve independently.

The identities of the anuran mm. lumbricales 
breves and longi: The purpose of this section is to 
analyze in detail the several, sometimes contradic-
tory, comments on these muscle groups by Abdala 
and Diogo (2010), Diogo and Abdala (2010), 
Diogo and Ziermann (2014), and Diogo et al. 
(2018). Abdala and Diogo (2010) make confusing 
statements about the identity of the mm. flexores 
breves superficiales and mm. lumbricales. First, 
they state that “the flexores breves superficiales are 
consistently present in limbed amphibians and 
reptiles, forming a muscular complex that often 
originates from the flexor retinaculum and/or car-
pal bones and inserts onto the distal phalanges” 
(Abdala and Diogo, 2010: 31). However, neither 
the mm. lumbricales longi nor the mm. lumbrica-
les breves attach to the distal phalanges. The only 
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palmar muscles attaching to the distal phalanges 
are the m. flexor indicis superficialis proprius and 
the m. caput profundum digiti III, both hypothe-
sized here to be derived from the m. flexor acces-
sorius (see above).

Furthermore, Abdala and Diogo (2010: 31) 
state that “in amphibians the flexores breves 
superficiales have a particular conformation 
because they are often markedly reduced and 
mainly associated to the structure that is often 
designated as ‘palmar aponeurosis’ in the litera-
ture (e.g. Ecker, 1889; Walthall and Ashley-Ross, 
2006).” The reference to Ecker (1889) and its ori-
gin on the “palmar aponeurosis” (= flexor plate) 
suggest they are referring to the mm. lumbricales 
breves, although, as mentioned above, those 
muscles do not insert on the distal phalanges.

Regarding the mm. lumbricales, Abdala and 
Diogo (2010: 32) state that “the lumbricales are 
small muscles that often run from the tendons of 
the flexors of the forearm to the distal phalanges 
of the digits, and which are usually present in 
anurans, turtles, lepidosaurs and crocodylians, 
but absent in most urodeles and seemingly also 
in birds.” However, the mm. lumbricales (breves 
and longi) do not attach to the distal phalanges. 
Subsequently, on the same page, they state more 
specifically that “anurans often have lumbricales 
and, in at least some cases, including the Phyl-
lomedusa bicolor specimens dissected by us, 
these muscles are differentiated into ‘lumbricales 
breves’ and ‘lumbricales longi’ (e.g., Gaupp, 1896; 
Manzano, 1996; this work).” This statement is 
incongruent with the presence of the mm. flexo-
res breves superficiales, because if the mm. lum-
bricales breves and longi of Gaupp (1896) are 
considered both to be mm. lumbricales, then 
there is no other muscle group attributable to the 
mm. flexores breves superficiales.

Diogo and Abdala (2010: 379) explicitly 
accept the presence of the mm. flexores breves 
superficiales in Anura by listing them in their 
table 10.1, but they are not described, and it is 
not indicated to which muscles of other authors 
they correspond. Next, regarding the mm. lum-
bricales, Diogo and Abdala (2010: 380) state that 

“our dissections of anurans such as Phyllomedusa 
bicolor show that these anurans have both ‘lum-
bricales breves’ and ‘lumbricales longi’: see also, 
e.g., Gaupp 1896 and Manzano 1996.” As dis-
cussed above for Abdala and Diogo (2010), if the 
mm. lumbricales breves and longi of Gaupp 
(1896) are both considered to be mm. lumbrica-
les, then there is no other muscle group attribut-
able to the mm. flexores breves superficiales. 
Furthermore, their mm. flexores breves superfi-
ciales were not described, precluding the identi-
fication of their concept of this muscle group.

In contrast, Diogo and Ziermann (2014: table 
2) are clear with respect to their concept of the 
mm. flexores breves superficiales. They consider 
the mm. lumbricales breves and longi of 
Duellman and Trueb (1986), who followed 
Gaupp (1896), to correspond to their mm. flexo-
res breves superficiales and mm. lumbricales, 
respectively. However, the mm. lumbricales longi 
of Gaupp (1896) are superficial to the mm. lum-
bricales breves of Gaupp (1896), which contra-
dicts the assertions of Diogo and Abdala (2010: 
410) and Diogo et al. (2018: 477) that the mm. 
flexores breves superficiales are superficial to the 
mm. lumbricales.

Diogo et al. (2018: 477) also comment on the 
mm. flexores breves superficiales in Anura, 
duplicating a paragraph of Abdala and Diogo 
(2010; see above). Diogo et al. (2018: 452) stated 
that the mm. flexores breves superficiales in 
Anura are:

part of flexores digitorum breves superficiales 
sensu McMurrich (1903a,b); flexores breves 
sublimes sensu Holmes (1977); flexores digiti 
brevis superficialis sensu Abdala and Moro 
(2006) (they are often subdivided into bun-
dles as shown by Ecker 1864; four muscles 
attaching to digits 2–5, respectively, in the 
Rana specimens observed by us and as 
described by, e.g., Ecker 1864).

Their concept of the mm. flexores breves 
superficiales in anurans is unclear, since McMur-
rich (1903a, 1903b) did not deal with anuran 
musculature. Similarly, Holmes (1977) and 
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Abdala and Moro (2006) did not study anuran 
muscles or make any explicit statements on their 
identities. While citing Ecker (1864), Diogo et al. 
(2018) did not mention to which specific mus-
cles of this author they were referring; at most, 
two muscle groups of Ecker (1864) might fit their 
characterization: (1) the m. flexor digiti longus s. 
sublimis of digits II–V and (2) the m. flexor 
digiti brevis profundi of digits II–IV and (prob-
ably) the flexor digiti V brevis. The first group 
corresponds to the m. flexor indicis superficialis 
proprius, m. caput profundum digiti III, and 
mm. lumbricales longi digitorum IV–V, and the 
second to the mm. lumbricales breves (see 
appendix 3). Since Diogo et al. (2018; see below) 
considered that the first group corresponds to 
their mm. lumbricales, we infer that their con-
cept of the mm. flexores breves superficiales 
might correspond to the mm. lumbricales breves.

Concerning the mm. lumbricales, Diogo et al. 
(2018: 453) stated that they

mainly correspond to flexor digiti longus sub-
limi 2, 3, 4, and 5 sensu Ecker (1864) (our 
dissections of anurans such as Phyllomedusa 
bicolor show that these anurans have both 
‘lumbricales breves’ and ‘lumbricales longi’: 
see also, e.g., Gaupp [1896] and Manzano 
[1996]; however, it is possible that part of the 
‘lumbricales’ correspond to bundles of the 
flexores breves superficiales sensu the present 
work; four muscles attaching to digits 2–5 in 
the Rana specimens we dissected).

There are two problems with this statement. 
First, the mm. flexor digiti longus sublimi of dig-
its II–V of Ecker are the most superficial mus-
cles, contradicting Diogo and Abdala (2010: 410) 
and their own assertion on p. 477, where it is 
stated that the mm. flexores breves superficiales 
are superficial with respect to the mm. lumbrica-
les. Second, the mm. flexor digiti longus sublimi 
of digits II–V of Ecker are a composite of two (if 
the muscles of digits II and III are derived from 
the m. flexor accessorius, as hypothesized here) 
or three unrelated muscle groups: the m. flexor 
indicis superficialis proprius, m. caput profun-

dum digiti III, and mm. lumbricales longi digi-
torum IV–V. Furthermore, as discussed above 
for Abdala and Diogo (2010) and Diogo and 
Abdala (2010), if the mm. lumbricales breves and 
longi of Gaupp (1896) correspond to their mm. 
lumbricales, there is no other superficial muscle 
group attaching to the four digits to be identified 
as the mm. flexores breves superficiales.

Similar problems are implicit in Diogo et al. 
(2018: table 19.19). In this table they establish 
topological correspondences between the foot 
and hand muscles of a representative of Anura 
(Xenopus laevis) and Caudata (Ambystoma 
mexicanum). They explicitly consider the mm. 
lumbricales of the hand to be composed of 
mm. lumbricales breves and longi, while the 
identity of the flexores breves superficiales is 
not clearly stated, besides the indication of its 
topological correspondence with the homonym 
muscle of the foot. However, the mm. flexores 
breves superficiales of the foot are, despite its 
plural designation, usually a single, large mus-
cle with a single tendon of insertion (even in 
Xenopus laevis) that splits into the tendines 
superficiales of digits III–V that attach to the 
distal phalanges of these digits. The only topo-
logically similar muscle of the hand, if any, is 
the m. flexor digitorum communis, which usu-
ally inserts via tendons that split into the ten-
dines superficiales of digits III–V, that, as in the 
foot, attach to the distal phalanges either 
directly (as in Triprion petasatus and most 
arboreal clades) or indirectly through the for-
mation of a flexor plate; that plate is a strong 
tendon of insertion of this muscle as well as the 
m. flexor accessorius, and serves as origin for 
the tendines superficiales.

In light of our last statement, a new possibility 
emerges: the mm. flexores breves superficiales of 
Diogo and associates are the m. flexor digitorum 
communis. However, this is rejected in all the 
statements referring to this muscle in all their 
studies, since their m. flexor digitorum commu-
nis is clearly identified as such and corresponds 
to our homonym muscle. Again, it is not clear 
which muscles of the hand can be attributed to 
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the mm. flexores breves superficiales sensu 
Diogo et al. (2018) in Anura.

Synthesizing, it is not clear whether the mm. 
flexores breves superficiales and/or the mm. lum-
bricales are present in Anura, and it is mandatory 
to define the names for the two muscle groups in 
conflict: the mm. lumbricales breves and mm. 
lumbricales longi (sensu both Gaupp, 1896, and 
this study). Their homologies and correspon-
dences within Anura are clear and beyond discus-
sion. The problem can be circumscribed by the 
following four competing hypotheses: (1) the mm. 
lumbricales breves and longi are part of the mm. 
lumbricales of other tetrapods, implying the 
absence of the mm. flexores breves superficiales in 
Anura; (2) the mm. lumbricales breves and longi 
are part of the mm. flexores breves superficiales 
and mm. lumbricales of other tetrapods, respec-
tively (as proposed by Diogo and Ziermann, 
2014); (3) the mm. lumbricales breves and longi 
are part of the mm. flexores breves superficiales of 
other tetrapods, implying the absence of the mm. 
lumbricales in Anura; (4) the mm. lumbricales 
breves and longi are part of the mm. lumbricales 
and mm. flexores breves superficiales, respectively. 
Below we discuss the pros and cons of adopting 
each of these possible solutions.

Possible solutions: All four hypotheses 
have important consequences regarding homol-
ogy. Hypothesis (1) implies the absence of mm. 
flexores breves superficiales in Anura and pres-
ence of both the mm. lumbricales breves and 
longi, consistent with classical terminology (e.g., 
Gaupp, 1896). However, the mm. flexores breves 
superficiales of Caudata (e.g., see Walthall and 
Ashley-Ross, 2006) are similar in position, mor-
phology, and attachments to the anuran mm. 
lumbricales breves (particularly to the early 
diverging clades), providing evidence for their 
homology. This putative homology was previ-
ously suggested by Burton (1998b: 4).

Hypothesis (2) is rejected because it is in con-
flict with the relative layer positions of the mm. 
flexores breves superficiales and mm. lumbrica-
les (see Diogo and Abdala, 2010: 410; Diogo et 
al., 2018: 477).

Hypothesis (3) implies the absence of mm. 
lumbricales in Anura, with the mm. lumbricales 
breves and longus corresponding to different 
portions of the mm. flexores breves superficia-
les. In this case, the mm. flexores breves super-
ficiales of Caudata would correspond to the 
anuran mm. lumbricales breves and the mm. 
lumbricales longi would be absent or undiffer-
entiated in Caudata (but see Burton, 1998b: 4, 
for a caudate muscle that might be interpreted 
as homologous to the anuran m. lumbricalis 
longus of digit IV).

Hypothesis (4) is heterodox, since it was never 
suggested directly or indirectly in the literature. 
However, assuming terminology is intended to 
represent homology, it implies that the mm. flex-
ores breves superficiales of Caudata correspond 
to the mm. lumbricales longi and not the mm. 
lumbricales breves of Anura, which is unlikely, as 
discussed above.

In summary, none of the hypotheses enjoys 
strong empirical support and all are undercut by 
either a lack of evidence or contradictory evi-
dence, and we believe it to be both unjustified 
and counterproductive to rename these muscles 
without evidence to put the question to rest deci-
sively. Consequently, although we readily 
acknowledge the shortcomings of Hypothesis 1, 
we prefer to retain it as our working hypothesis 
and employ the corresponding classical termi-
nology (i.e., presence of mm. lumbricales breves 
and longi in Anura, absence of mm. flexores 
breves superficiales) until a general revision of 
these problematic identities is conducted across 
tetrapods, and especially in the extremely poorly 
studied cryptobranchoid caudates. Among the 
several problems to be addressed, the report of 
putative mm. lumbricales in the third and fourth 
digit in the caudate Ambystoma by McMurrich 
(1903a: fig. 10) is especially relevant. Finally, it 
must be noted that if the putative correspon-
dence suggested here between the mm. lumbri-
cales breves of Anura and the mm. flexores 
breves superficiales of Caudata is accepted, their 
homology should be transferred to a separate 
homology statement (i.e., the mm. lumbricales 



46 BULLETIN AMERICAN MUSEUM OF NATURAL HISTORY NO. 443

breves of Anura are homologous to the mm. 
flexores breves superficiales of Caudata).

Hand Mm. contrahentes digitorum: An Over-
looked Muscle Group in Anura

This muscle group has not been identified as 
such in the classical terminology (see appendix 
3). It belongs to the third layer (pls. 2C, 8, 10A) 
and is characterized by an origin on the distal 
carpals and insertion on the basal phalanx (but 
see discussion below for the muscle of digit V). 
Historically, some of these muscles were grouped 
among the mm. flexores digitorum minimi 
(under the synonym of “flexores teretes,” see 
appendix 3). We believe that a combination of 
the following points explains the lack of recogni-
tion of these muscles as a group.

First, the models for the classical studies are 
species of Neobatrachia, in which these muscles 
do not form the complete muscle group found in 
early diverging clades. The mm. contrahentes are 
restricted to digits II and V in most neobatrachi-
ans (see pls. 2C and 8C), while some species of 
Ranoides also have an m. contrahentis in digit IV 
(this study). This lack of a complete muscle sheet 
might have led the mm. contrahentes to be 
included in other muscle groups.

Second, the absence of an m. flexor minimus 
in digit II in almost all Neobatrachia (see further 
discussion below) might have led the m. contra-
hentis of digit II to be treated as part of the mm. 
flexores digitorum minimi. However, the origin 
on the distal carpals is characteristic of the mm. 
contrahentes and not the mm. flexores digitorum 
minimi (defined by its origin on the 
metacarpals).

Third, the m. contrahentis of digit IV (present 
in some Ranoides, including the model species 
of Pelophylax of classical terminology) was also 
considered part of the mm. flexores digitorum 
minimi group, possibly because it converges into 
a common insertion with the true m. flexor min-
imus of digit IV (appendix 3). Accordingly, Bur-
ton (1998b) identified two mm. flexores minimi 
in digit IV in some ranoids, the ventral muscle 
actually being the m. contrahentis digiti IV.

Finally, the m. contrahentis of digit V is mod-
ified in Neobatrachia, acquiring a more signifi-
cant component of adduction. This fact might 
have led it to be identified as an unrelated muscle 
named the m. adductor proprius digiti V (see 
further discussion in next section).

Distinctly, in an article that was overlooked by 
most studies of anuran hand musculature, Rib-
bing (1907) identified the mm. contrahentes as a 
group, describing their presence in the four dig-
its of Discoglossus (a non-neobatrachian) and 
digits II, IV, and V in the neobatrachian Pelophy-
lax. Abdala and Diogo (2010: 32) and Diogo et 
al. (2018: 454; but see comments in appendix 3) 
followed Ribbing’s (1907) concept of the mm. 
contrahentes, as do we.

Hand M. contrahentis digiti V: Functional 
Changes across Anura Obscure its Identity

Abdala and Diogo (2010: 32) argued that the 
m. adductor proprius digiti V of Gaupp (1896), a 
name widely employed in the literature (see 
appendix 3), might be the m. contrahentis of 
other tetrapods. We follow this hypothesis here 
and discuss briefly the variation of this muscle 
within Anura, which is relevant for identifying it 
as part of the mm. contrahentes digitorum group.

The origin of the m. contrahentis digiti V is 
similar to those of the mm. contrahentes digito-
rum II–IV. The mm. contrahentes usually have 
an adjacent or superimposed origin from the 
mediodistal region of the distal carpals (i.e., from 
the medial portion of distal carpal 3-4-5 or from 
the medialmost distal carpals if they are unfused), 
usually at the level of metacarpal III. The tendons 
of insertion of the mm. contrahentes II–IV con-
verge with those of the m. flexor minimus of 
each respective digit on the basal phalanx, with 
an adjacent or common insertion.

However, the insertion of the m. contrahen-
tis digiti V frequently deviates from the general 
morphology of the remaining mm. contrahen-
tes. In most anurans, the m. contrahentis digiti 
V inserts on the lateropalmar surface of meta-
carpal V (Burton, 1996, 1998a; this study). 
Interestingly, we found up to three distinct, 
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sometimes co-occurring, points of insertion in 
the early diverging clades of Anura: (1) medi-
ally on the distal and medial region of the pal-
mar surface of metacarpal V, a fleshy insertion 
just medial to the m. flexor minimus digiti V 
(pl. 8A–B); (2) intermediary, inserting on the 
basal phalanx of digit V via a tendon that either 
converges or is shared with that of the m. flexor 
minimus digiti V (pl. 8C); and (3) laterally on 
the lateropalmar region of metacarpal V, with a 
fleshy insertion lateral to the m. flexor minimus 
digiti V (pls. 2C, 8A–B, 9B); this lateropalmar 
insertion is present in almost all Acosmanura 
(Burton, 1996, 1998a; this study).

We observed the insertion on the basal pha-
lanx, as in plate 8C of Heleophryne orientalis, in 
Ascaphidae, Leiopelmatidae, some Costata, Rhi-
nophrynidae (polymorphic), and Sooglossidae. 
The presence of the insertion on the basal pha-
lanx (as in the mm. contrahentes digitorum II–
IV) in these clades supports the correspondence 
of the m. adductor proprius digiti V to the mm. 
contrahentes group, as suggested by Abdala and 
Diogo (2010). A switch of the insertion to the 
distal and lateropalmar portion of metacarpal V 
(or the loss of the medial and intermediate inser-
tion) might have occurred in Acosmanura 
(except for Sooglossidae and Heleophryne orien-
talis, in which only an intermediate insertion on 
the basal phalanx is present). Based on the posi-
tion, connection, and direction of the muscle, 
this transformation of the insertion point to the 
lateropalmar region of the metacarpal results in 
greater adduction than flexion, as opposed to an 
insertion on basal phalanx with the m. flexor 
minimus of digit V (in which case it mainly 
flexes the basal phalanx). As discussed above, 
this change in function and morphology might 
have led it to be considered an adductor muscle 
unrelated to the mm. contrahentes.

Is the M. adductor pollicis a Distal Differentia-
tion of the M. pronator quadratus?

According to Abdala and Diogo (2010: 12), 
Diogo and Abdala (2010: 381), and Diogo et al. 
(2018: 454), the m. adductor pollicis of anurans 

probably corresponds to the m. contrahentis of 
other tetrapods. Diogo and Ziermann (2014: 92 
and table 2) state that the m. adductor pollicis of 
anurans might correspond to part or the totality 
of the group of the mm. contrahentes, although 
they do not discard the possibility of it being part 
of the m. pronator quadratus instead.

Consistent with the latter possibility, the m. 
adductor pollicis in the early diverging clades of 
Anura is almost completely undifferentiated from 
the m. pronator quadratus (pl. 9A, B, D). This is 
the case for Ascaphidae, Leiopelmatidae, Costata, 
Rhinophrynidae, and part of Anomocoela (the m. 
adductor pollicis is apparently absent in Pipidae, 
in which there is no muscular portion from the 
distal carpals to the prepollex; see pl. 9C). In those 
clades, the orientation of the fibers of the muscle 
identified as m. adductor pollicis (origin from the 
distal carpals) and m. pronator quadratus (origin 
from the ulnare and distal portion of the radio-
ulna) form an almost uniform sheet of parallel 
fibers attaching to the prepollex. This morphologi-
cal configuration suggests that the portion from 
the distal carpals (identified as m. adductor pol-
licis) and that from the ulnare + radioulna (identi-
fied as the m. pronator quadratus) are derived 
from the same muscle (i.e., the portion from the 
distal carpals being a distal differentiation of the 
m. pronator quadratus), as hypothesized by Diogo 
and Ziermann (2014).

In the apomorphic condition, the portion 
from the carpals is slightly differentiated from 
the m. pronator quadratus in some anomo-
coelans, such as Megophryidae (pl. 10A), and 
well differentiated in Neobatrachia (e.g., Gaupp, 
1896: figs. 89, 92–93; Burton, 1998a: fig. 1; pls. 
2D, 10B). In the latter clade, the m. adductor pol-
licis acquires a more distal origin from the car-
pals, originating from the medial portion of the 
distal carpals (usually from the medial region of 
distal carpal 3-4-5) and inserts ventrad and dis-
tad to the m. pronator quadratus on the prepol-
lex. This configuration determines notable 
differences in fiber orientation between the m. 
adductor pollicis and the m. pronator quadratus. 
In this case, the position, connection, and direc-
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tion suggest that the m. adductor pollicis gener-
ates some degree of adduction of the prepollex. 
This function is concordant with the “adductor” 
name given to this muscle by Ecker (1864) and 
Gaupp (1896), who only studied exemplars of 
Ranidae (Neobatrachia). In light of the contro-
versies regarding the homology of this muscle, 
we continue using the name m. adductor pollicis 
as a working hypothesis but recognize that it 
might not be homologous with the homonym 
muscle of other tetrapods (Diogo and Ziermann, 
2014: 102).

Similarly, the m. adductor pollicis and the 
medial m. flexor indicis brevis profundus are 
morphologically similar, particularly in early 
diverging clades (pls. 9A, B, D, 10A) and to a 
lesser degree in Neobatrachia (pls. 2D, 10B). In 
the non-neobatrachian clades, a partially undif-
ferentiated muscular mass radiates from the dis-
tal carpals, diverging only distally into distinct 
muscles as they reach their respective insertion 
points (m. adductor pollicis on the prepollex, 
and the medial m. flexor indicis brevis profundus 
on metacarpal II). This curious morphological 
configuration provides additional evidence that 
the medial m. flexor indicis brevis profundus 
might be part of the same group as the m. adduc-
tor pollicis (which might, in turn, be part of the 
mm. contrahentes digitorum group or a differen-
tiation of the m. pronator quadratus). Addition-
ally, since the m. adductor pollicis and medial m. 
flexor indicis brevis profundus are proximally 
undifferentiated in some early diverging clades 
(see pl. 9A, B, D), the correspondence of the for-
mer to the mm. flexores breves profundi cannot 
be discarded. The variation, identity, and homol-
ogy of the medial m. flexor indicis brevis profun-
dus are further discussed below.

Homology of the M. flexor brevis profundus of 
Digit II (Index)

In digit II of Ascaphus and Leiopelma we 
observed a muscle that is clearly part of the mm. 
flexores breves profundi group (pl. 9A). This 
unreported muscle has a similar morphology 
and origin as the mm. flexores breves profundi 

of the remaining digits. It originates from the 
distal carpals, adjacent to the mm. flexores breves 
profundi of digits III and IV, and has a fleshy 
insertion on the lateropalmar surface of metacar-
pal II (like the mm. flexores breves profundi of 
digits III and IV). Of special relevance is that this 
m. flexor brevis profundus co-occurs with the m. 
opponens indicis of classical terminology.

According to Abdala and Diogo (2010), Diogo 
and Abdala (2010), Diogo and Ziermann (2014), 
and Diogo et al. (2018), the m. opponens indicis 
is probably part of the mm. flexores breves pro-
fundi group. In contrast, on the basis of innerva-
tion and relative layer position Gaupp (1895: 
199–200) considered the m. opponens indicis 
not to be part his mm. flexores ossium metacarpi 
III and IV (our mm. flexores breves profundi). 
Nevertheless, we tentatively follow the sugges-
tion of Diogo and associates and consider the m. 
opponens indicis of classical terminology to be 
the medial (radial) muscle of the m. flexor brevis 
profundus of digit II, resulting in the name 
“medial m. flexor indicis brevis profundus.” 
However, the identity of this medial muscle 
requires further study (e.g., assessment of taxo-
nomic variation on its innervation, development, 
more detailed account of its topological varia-
tion), particularly in relation to the m. adductor 
pollicis, m. contrahentis, and m. pronator qua-
dratus, as discussed above.

A medial (radial) and lateral (ulnar) muscle of 
the m. flexor brevis profundus is present in the 
second digit of Caudata (Francis, 1934; Walthall 
and Ashley-Ross, 2006; Diogo et al., 2018), con-
sidered to be digit II (see Fabrezi and Alberch, 
1996) of five-fingered tetrapods. If the lateral mus-
cle of the m. flexor indicis brevis profundus is ple-
siomorphically present in digit II of Anura, then 
its loss is a putative synapomorphy of Lalagoba-
trachia (sister taxon of Ascaphus + Leiopelma). 
Nevertheless, this hypothesis is contingent on 
three points. First, there is controversy regarding 
the digit-to-digit correspondence between anurans 
and caudates (e.g., Diogo and Ziermann, 2014). 
Second, detailed studies describing the palmar 
musculature of cryptobranchoid caudates are 
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lacking (the descriptions of Humphry, 1972: 40, 
for Andrias, and Ribbing, 1907: 634, for Crypto-
branchus, are not detailed enough to understand 
the condition of this muscle). Third, the muscula-
ture of the most radial (preaxial) and ulnar (post-
axial) digits might be highly modified to adopt 
some specific functions required on these digits, 
such as adduction and abduction, obscuring the 
identities (i.e., muscles of the most radial digit of 
Caudata are expected to be more similar to the 
most radial digit of Anura, despite being the non-
homologous digits I and II, respectively; see 
Abdala and Diogo, 2010, and “M. abductor polli-
cis longus and attachments: position versus digit 
identity,” below). 

Hand Mm. flexores breves profundi and flexores 
digitorum minimi Groups

The mm. flexores breves profundi are usually 
composed of a single muscle in digits II–V. In 
digit II, only Ascaphus and Leiopelma have two 
muscles (see previous section and pl. 9A), while 
in digit V the m. flexor brevis profundus may be 
absent in some species (Burton, 1998a; this 
study; see pl. 2D as example of its absence).

The number of muscles that comprise the 
mm. flexores breves profundi of Anura is confus-
ing in the literature. On the basis of our analysis 
of the studies that employed the term mm. flexo-
res breves profundi, we conclude that most dif-
ferences or inconsistencies are the result of the 
inclusion or exclusion of the mm. flexores digi-
torum minimi within it. The inclusion of the lat-
ter group as part of the mm. flexores breves 
profundi might have led some authors to con-
sider the presence of eight muscles, composed of 
a medial (radial) and a lateral (ulnar) muscle in 
each digit (the medial usually corresponding to 
the mm. flexores digitorum minimi); this 
hypothesis is justified and discussed in chrono-
logical order below.

Although McMurrich (1903a, 1903b) did not 
study any anurans, he described the mm. flexores 
breves profundi in his amphibian sample, the 
caudate Ambystoma, in the context of a compara-
tive study of the forearm flexor muscles of tetra-

pods. McMurrich (1903b: 465) described the 
medial and lateral muscles of the mm. flexores 
breves profundi that originate on the carpals 
(corresponding to our concept of this muscle 
group) and additional muscles that originate on 
the metacarpals. These latter muscles correspond 
to our mm. flexores digitorum minimi, a relation 
that highlights a historical association between 
both groups of muscles.

Later, Ribbing (1907) described the mm. flex-
ores breves profundi (p. 635) and flexores digito-
rum minimi (p. 643) as distinct muscle groups, 
corresponding entirely or almost entirely to our 
concepts and names. However, in his figure 13 of 
Discoglossus and figure 14 of Pelophylax, the mm. 
flexores breves profundi are depicted as having 
two muscles on digits III–IV and digits III–V, 
respectively. The medial muscle of digits III–V 
depicted in both figures corresponds to the 
description of the mm. flexores digitorum min-
imi of Ribbing (1907: 643), which might have 
been a labeling mistake or, alternatively, an 
implicit (i.e., not stated) higher hierarchic level 
of arrangement for both groups of muscles, 
resulting in a more inclusive group of mm. flexo-
res breves profundi sensu lato (i.e., including the 
mm. flexores digitorum minimi).

Our conjecture that Ribbing (1907) either 
mislabeled or implicitly grouped the mm. flexo-
res digitorum minimi under the mm. flexores 
breves profundi is supported by our current 
knowledge of the topological variation of the 
mm. flexores minimi of digits III and IV across 
Anura (Gaupp, 1896; Burton, 1998a, 1998b; 
char. 9). First, it can be interpreted from his fig-
ure 13 of Discoglossus that the medial muscles 
of digits III and IV have a more distal origin 
(apparently from the metacarpals, which is a 
characteristic of the mm. flexores minimi; illus-
trations are not detailed enough to be conclu-
sive about the exact point of origin) ventral to 
their corresponding m. intermetacarpalis. Sec-
ond, Pelophylax is figured with the origins of 
the medial muscles of digits III and IV dorsal to 
their corresponding m. intermetacarpalis. These 
descriptions are fully congruent with the mm. 
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flexores minimi of digits III and IV in Disco-
glossus and Pelophylax. The mm. flexores min-
imi of digits III and IV of D. pictus have a 
ventral origin (or position) relative to the mm. 
intermetacarpales I and II, respectively (Burton, 
1998b; this study), whereas the mm. flexores 
minimi of digits III and IV of Pelophylax have a 
dorsal origin relative to the mm. intermetacar-
pales I and II (see Gaupp, 1896: fig. 94).

The interpretation of the mm. flexores minimi 
of digits III–V as the medial muscles of the mm. 
flexores breves profundi, as shown in Ribbing’s 
(1907) figures was apparently accepted and rep-
licated by Diogo and associates, although with 
some inconsistencies. Abdala and Diogo (2010: 
33) and Diogo and Abdala (2010: 382–383) con-
sidered that the mm. flexores digitorum minimi 
probably correspond to/derive from the mm. 
flexores breves profundi and described their mm. 
flexores breves profundi as being composed of 
eight muscles. Considering this, the medial mus-
cles of digits III–V are our mm. flexores digito-
rum minimi, while the lateral muscles are our 
mm. flexores breves profundi. 

The identities of the two muscles of the m. 
flexor brevis profundus described by Abdala and 
Diogo (2010) and Diogo and Abdala (2010) as 
occurring in digit II are unclear. The only pub-
lished record of an m. flexor minimus in digit II 
is in the overlooked study of Ribbing (1911) in 
Pipa cf. pipa (corroborated here for our Pipa pipa 
specimen and also observed in a few additional 
species; see char. 8). Furthermore, digit II is 
characterized by having a single m. flexor brevis 
profundi (the medial one), with the only excep-
tion of Ascaphus and Leiopelma (pl. 9A), species 
not studied by them.

Diogo and Ziermann (2014), unlike Abdala 
and Diogo (2010) and Diogo and Abdala (2010), 
recognized the mm. flexores digitorum minimi 
as distinct from the mm. flexores breves pro-
fundi (their table 2). However, Diogo and Zier-
mann (2014: 92–93) also described eight muscles 
of the mm. flexores breves profundi in Eleuthero-
dactylus coqui, with a medial and lateral muscle 
in each digit. The mm. flexores breves profundi 

are not clearly defined or visible in their figures. 
Additionally, Diogo and Ziermann (2014: 93) 
stated that they “could not find (the mm. flexores 
digitorum minimi) in the adults and froglets 
examined, either because they are very deep and/
or deeply blended with other hand muscles, or 
because they are absent.” Our interpretation is 
that Diogo and Ziermann (2014) probably con-
sidered the mm. flexores digitorum minimi to be 
the medial muscles of the mm. flexores breves 
profundi in digits III–V, since the mm. flexores 
digitorum minimi of digits III–V are present and 
well developed in this species (Burton, 1998a, 
1998b; pl. 10B). Furthermore, of the two muscles 
of the mm. flexores breves profundi reported to 
occur in digit II, only the medial one is clearly 
described, and it corresponds to our medial m. 
flexor indicis brevis profundus (see pl. 10B).

Diogo et al. (2018: 455–456; see also Diogo 
and Ziermann, 2014), considered the mm. flexo-
res digitorum minimi to be a distinct group, and 
they reported them separately from the mm. 
flexores breves profundi in their table 18.1 (p. 
456). However, they continued listing eight mus-
cles of the mm. flexores breves profundi in this 
table (p. 455). Given that the book by Diogo et 
al. (2018) is partially a compilation and update of 
their previous contributions (e.g., Abdala and 
Diogo, 2010; Diogo and Abdala, 2010; Diogo and 
Ziermann, 2014), a possible explanation is that 
the text in their table 18.1 was not updated when 
referring to the mm. flexores breves profundi. In 
this case, from the point in which the mm. flexo-
res digitorum minimi are considered to be a dis-
tinct muscle group, the mm. flexores breves 
profundi need to be reinterpreted as being com-
posed of a single lateral muscle, at least in digits 
III–V (where the mm. flexores digitorum minimi 
are almost invariably present across Anura). 

Finally, the identity of the lateral muscle of the 
two mm. flexores breves profundi of digit II 
reported by Diogo et al. (2018) is not clear. The 
species explicitly studied by them is Lithobates 
pipiens (Ranidae), which we did not study but 
predict to have a single m. flexor brevis profun-
dus (the medial muscle) and lack the m. flexor 
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minimus indicis, given that medial and lateral 
mm. flexores breves profundi were observed only 
in Ascaphus and Leiopelma (see section above), 
while an m. flexor minimus indicis (which might 
have been considered an m. flexor brevis profun-
dus) is extremely uncommon in Neobatrachia 
(see char. 8).

Homology and Identity of the M. contrahentium 
caput longum in Anura

Ribbing (1907: 625–626; 1911: 13) considered 
his anuran m. caput longum muscularum contra-
hentium to correspond to the m. intercarpalis and 
m. ulnocarpalis of Gaupp (1896), hypothesizing 
that it is divided into a proximal and distal por-
tion in Anura. Abdala and Diogo (2010: 9), Diogo 
and Abdala (2010: 375), Diogo and Ziermann 
(2014: table 2), and Diogo et al. (2018: 447) fol-
lowed this hypothesis, employing a slightly modi-
fied name: m. contrahentium caput longum.

We tentatively follow the hypotheses of Rib-
bing (1907) and Diogo and associates, adding the 
terms “distalis” and “proximalis” to distinguish 
between the m. intercarpalis and m. ulnocarpalis 
of classical terminology, resulting in the names m. 
contrahentis caput longus distalis and m. contra-
hentis caput longus proximalis, respectively. The 
m. contrahentis caput longus distalis originates 
from the ulnare and inserts on the distal carpals 
(char. 10; pls. 2D, 9A–C, 10B), while the m. con-
trahentis caput longus proximalis originates from 
the radioulna and inserts on the ulnare (e.g., 
Gaupp, 1896; Ribbing, 1907; pls. 2D, 9A, B).

The fiber orientation and connections 
observed in Ascaphidae + Leiopelmatidae and 
Costata (Ribbing 1907: fig. 11; pl. 9A, B) might 
support the division of the m. contrahentium 
caput longum into a distal and proximal portion 
in Anura. In those clades, the mm. contrahentis 
caput longus distalis and proximalis have similar 
fiber orientation, and some fibers of the former 
arise from the tendon of insertion of the m. con-
trahentis caput longus proximalis as it attaches to 
the ulnare (Ribbing, 1907: 626; pl. 9A, B). As a 
derived condition, more markedly expressed in 
Neobatrachia, the distal portion acquires a more 

oblique orientation with respect to the proximal 
portion, and the tendinous connection is par-
tially or completely lost (pl. 2D). Furthermore, 
and also possibly supporting a subsequent dif-
ferentiation into a proximal and distal portion in 
Anura, both portions are innervated by the same 
nerve in, at least, Pelophylax cf. esculenta (see 
Gaupp, 1899: 179–180, fig. 52).

Finally, under the name of m. contrahentium 
caput longum, Diogo and Ziermann (2014: 91) 
described for Eleutherodactylus coqui a muscle 
that “runs from the distal radio‐ulna to the 
ulnare.” This description corresponds to our m. 
contrahentis caput longus proximalis (m. ulnocar-
palis of classical terminology). They did not 
describe a muscle running from the ulnare to the 
distal carpals, which corresponds to our m. con-
trahentis caput longus distalis (m. intercarpalis of 
classical terminology). However, a typical m. con-
trahentis caput longus distalis is present in the 
specimen of E. coqui examined by us (pl. 10B).

M. abductor pollicis longus and Attachments: 
Position versus Digit Identity

The first question to be raised here is the 
change of the name from classical anuran termi-
nology (m. abductor indicis longus) to the new 
proposal of Diogo and associates (m. abductor 
pollicis longus). This implies both that Anura 
lacks digit I (the pollex, which results in the term 
pollicis of the muscle name of the new proposal) 
and that this muscle is present and inserts on 
digit II (the index, which results in the term indi-
cis of the classical muscle name) instead.

Accordingly, Abdala and Diogo (2010: 34) and 
Diogo et al. (2015: 526) suggested that the m. 
abductor pollicis longus attaches to the radial-
most digit, and since anurans are considered to 
have lost digit I, the attachment is instead to digit 
II. Possibly supporting this heterotopic shift, the 
m. abductor pollicis longus in Ascaphidae + Leio-
pelmatidae inserts on the prepollex (this study), 
with a shift in the attachment to digit II in its sis-
ter clade, Lalagobatrachia. However, the direction 
of change is unclear, since the insertion on the 
prepollex in Ascaphidae + Leiopelmatidae could 
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be the novelty instead. Although the prepollex is 
absent in caudates, a well-defined transformation 
series including the relevant variation in Caudata 
for comparison would enable the hypothesis that 
the attachment occurs on the radialmost element 
to be tested.

Homology of the Foot M. flexor brevis profun-
dus of Digit I

Diogo and Ziermann (2014) introduced the 
name m. flexor hallucis accessorius for the m. 
opponens hallucis of classical terminology. 
Diogo and Molnar (2014: table 8) and Diogo et 
al. (2018: 507, 579, 585) discussed the identity of 
the m. flexor hallucis accessorius of anurans, 
considering that it might be derived from the 
mm. contrahentes (as suggested by Dunlap, 
1960) or from the mm. flexores breves profundi 
(as suggested by Perrin, 1892). However, Perrin 
(1892) associated the m. opponens hallucis with 
the mm. flexores digitorum minimi and not with 
the mm. flexores breves profundi. Alternatively, 
Ribbing (1909, 1911) associated the m. flexor 
hallucis accessorius with the mm. flexores breves 
profundi group. We discuss below the putative 
relationship of m. flexor hallucis accessorius with 
other muscle groups.

We found in Ascaphus a muscle attached to 
digit I that clearly corresponds to the mm. flexo-
res breves profundi (named here m. flexor hal-
lucis brevis profundus) and co-occurs with the 
m. flexor hallucis accessorius, as shown in plate 
11B. The presence of the m. flexor hallucis brevis 
profundus might vary intraspecifically in Asca-
phus, since a muscle with these characteristics 
was not described or figured by Dunlap (1960).

The problem that remains is whether the m. 
flexor hallucis accessorius corresponds to the 
medial/tibial muscle of the mm. flexores breves 
profundi of digit I, in a curious analogy with 
the same muscle group of the hand. However, 
contrary to the hand, there is evidence that the 
m. flexor hallucis accessorius is a differentiated 
portion of the m. contrahentis pedis hallucis, 
given that there are species in which it is diffi-
cult to differentiate both muscles (Dunlap, 

1960: 41; this study; see also their complemen-
tary morphological configuration in pl. 4D). On 
this basis, and considering that a muscle that 
clearly corresponds to the mm. flexores breves 
profundi was identified here in Ascaphus, we 
follow Diogo and Ziermann (2014) in referring 
to the m. opponens hallucis of classical termi-
nology as the m. flexor hallucis accessorius, and 
not as the medial muscle of the m. flexor brevis 
profundus of digit I.

Foot Mm. abductores breves dorsales of Digits II 
and III: Recurrent Simultaneous Origin of Nov-
elties in Adjacent Digits

These previously unreported muscles are con-
sidered here to form their own muscle group, 
together with the m. abductor brevis dorsalis 
hallucis. They share notably similar morpholo-
gies, attachments, functions, and position rela-
tive to other muscles; below we discuss the basis 
for this grouping.

The m. abductor brevis dorsalis hallucis origi-
nates on the prehallux and/or element Y. It has 
a fleshy insertion on the dorsomedial surface of 
metatarsal I, producing abduction of digit I (Gaupp, 
1896; Dunlap, 1960; Burton, 2004; this study; pls. 
5D, 12C, 14). In most species a slip of the medial 
m. dorsometatarsalis hallucis proximalis originates 
on the same region on the prehallux and/or ele-
ment Y, resulting in proximal fusion or a common 
origin in some species (Burton, 1983; this study). 
This is precisely the morphology observed in the 
mm. abductores breves dorsales digitorum II and 
III, with the difference that their origins are located 
on the proximal end of metatarsals I and II, respec-
tively (see chars. 19 and 20; pl. 14), and they abduct 
metatarsals II and III, respectively.

The taxonomic distribution of the presence 
of these two muscles is striking. Both muscles 
evolved simultaneously and independently in 
some Megophryidae, Sooglossidae, Laurentoba-
trachia, and Neobatrachus. Leptobrachella bour-
reti (Megophryidae) is the only species of these 
clades in which one of these two muscles is 
missing (although this observation requires 
corroboration to discard a false negative). This 
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pattern of convergences is further discussed in 
the section “Origin of novelties in the anuran 
hand and foot musculature.”

Since the mm. abductores breves dorsales digi-
torum II and III connect the metatarsals, it might 
be argued that they are portions of the mm. inter-
metatarsales. However, we reject this hypothesis 
because (1) they co-occur with typical mm. inter-
metatarsales; (2) their origins are restricted to the 
proximal end of the metatarsals (the mm. inter-
metatarsales usually have broad origins and inser-
tions, resulting in more transversal muscles); and 
(3) their position is more dorsally located than the 
mm. intermetatarsales.

The Mm. flexores minimi of Digit I of the Foot 
(Hallux) and Digit II of the Hand (Index)

An m. flexor minimus occurring on digit II of 
Anura was first reported as such by Ribbing 
(1911) in Pipa cf. pipa. We corroborated the pres-
ence of this muscle in our sample of Pipa pipa (it 
is absent in the other congeneric species) and 
other species of different clades (see char. 8). The 
morphology of this muscle is identical to that of 
the mm. flexores minimi digitorum III–V, being a 
deep muscle characterized by a fleshy origin from 
metacarpal II and a proximal insertion on the pal-
mar surface of the basal phalanx, in common or 
adjacent to the insertion of the m. contrahentis 
indicis (pl. 8C). Similarly to the hand, Burton 
(2004: 210) found a true m. flexor teres in the hal-
lux (“true” because it was previously confused 
with the m. contrahentis pedis), opening the ques-
tion of which name should be applied to this 
“flexor teres” in the new terminology.

Following the terminology of Diogo and associ-
ates, particularly Diogo and Ziermann (2014) and 
Diogo et al. (2018), the mm. flexores teretes of clas-
sical terminology are their mm. flexores digitorum 
minimi of the hand and foot (but see confusion 
with the hand mm. flexores breves profundi dis-
cussed above). We adopt their terminology here, 
which results in the configuration of the terms mm. 
flexor minimus hallucis and flexor minimus indicis, 
in reference to the muscle of digit I of the foot and 
digit II of the hand, respectively. 

Mm. dorsometacarpales and dorsometatarsales: 
Recurrent Muscular Differentiation as Novelties?

Although without assigning a new name, 
Dunlap (1960) first described the mm. dorso-
metatarsales distales of the foot as a morpho-
logical variant of the mm. dorsometatarsales 
proximales (see details in appendix 3). These 
muscles were later defined as a distinct mus-
cle group by Burton (1996) for the hand and 
subsequently by Faivovich (2002) for the foot 
(both under the name of mm. extensores breves 
distales). The muscles of the hand were consid-
ered to be adaptations for arboreal life by Bur-
ton (1998c), and we extend this hypothesis to 
the muscles of the foot on the same grounds 
he cited.

The mm. dorsometacarpales/dorsometatarsales 
distales have a fleshy origin on the latero- and 
mediodistal surface of the metacarpals/metatarsals 
(a few species also have additional origins on the 
phalanges; this study). Their fibers extend along the 
phalanges (the length of the fleshy portion varies) 
and insert via a tendon on the distal interphalan-
geal joints and distal phalanges (Burton, 1996: figs. 
2–3; 1998c: fig. 1; 2004: fig. 2; pls. 3 and 5). Burton 
(1996) suggested that the mm. dorsometacarpales 
distales might have evolved from the mm. dorso-
metacarpales proximales. We found substantial evi-
dence supporting this hypothesis and further 
extend it to the mm. dorsometatarsales distales (in 
which case they derive from the mm. dorsometa-
tarsales proximales). Supporting this hypothesis, 
some species lack a gap or different orientation of 
the fibers between the mm. dorsometacarpales/
dorsometatarsales distales and the mm. dorsometa-
carpales/dorsometatarsales proximales, forming a 
continuous origin from the proximal region of the 
metacarpal/metatarsal to the distal portion of this 
bone (this study). Additionally, the fibers of the 
mm. dorsometacarpales/dorsometatarsales proxi-
males reach the phalanges in some species, which 
is characteristic of the mm. dorsometacarpales/
dorsometatarsales distales (Burton, 1998a, 1998c, 
2004). These two facts suggest that a partial differ-
entiation of the mm. dorsometacarpales/dorso-
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metatarsales proximales into the mm. 
dorsometacarpales/dorsometatarsales distales 
occurs in some species.

Furthermore, there is a great variation in the 
number of tendons of insertion and points of inser-
tion in the mm. dorsometacarpales/dorsometatar-
sales proximales. These muscles usually insert via a 
tendon on the distal interphalangeal joint/distal pha-
lanx and frequently (in the same species and some 
digits) have additional tendons to more proximal 
interphalangeal joints and/or metacarpophalangeal/
metatarsophalangeal joints (this study; see also Dun-
lap, 1960; Burton, 2004). In several species, we 
observed that when the m. dorsometacarpalis/dor-
sometatarsalis distalis (which invariably inserts on 
the distal interphalangeal joint/distal phalanx) is 
present, the m. dorsometacarpalis/dorsometatarsalis 
proximalis inserts on more proximal interphalangeal 
joints instead of the distal one. In this specific case, 
the fleshy portion with the tendon of insertion on 
the distal interphalangeal joint/distal phalanx might 
have differentiated into what is termed an m. dorso-
metacarpalis/dorsometatarsalis distalis (i.e., the por-
tion with latero- or mediodistal origin on the 
metacarpal/metatarsal), while the m. dorsometacar-
palis/dorsometatarsalis proximalis (with more proxi-
mal origin) inserts on a more proximal joint.

The fact mentioned above of the multiple and 
changing points of insertions of the mm. dorso-
metacarpales/dorsometatarsales proximales 
leads to a question to be further investigated: 
does the presence of m. dorsometacarpalis/dor-
sometatarsalis distalis relax functional con-
straints on the m. dorsometacarpalis/dorsometa-
tarsalis proximalis, enabling its insertion point to 
vary? The four digits of the hand and the five of 
the foot have these muscle groups, allowing a 
robust test of this hypothesis in the several unre-
lated arboreal anuran clades in which they occur.

Origin of Novelties in the Anuran Hand 
and Foot Musculature

This section briefly addresses the origin of nov-
elties—by which we mean apomorphic structures 
(muscles and slips)—in anuran hand and foot mus-

culature (for discussions of competing definitions 
of evolutionary novelty, see Moczek, 2008; Pigli-
ucci, 2008; Peterson and Müller, 2013). Specifically, 
we are interested in (1) distinguishing between 
apomorphic structures that arose de novo without 
a plesiomorphic antecedent and apomorphic struc-
tures that are transformations of plesiomorphic 
structures (i.e., between Type II and Type III novel-
ties of Müller, 2010), and, in the latter case, (2) 
identifying the classes of transformations (e.g., divi-
sions, topological rearrangements) that gave rise to 
the new structures. This account is presented in a 
narrative form (i.e., without quantitative analysis); 
as such, it should be considered a preliminary 
approximation whose main objective is to suggest 
possible paths for future studies and potential tests 
of the hypotheses of transformations.

Muscle Splitting without Topological Changes

Examples of splitting of preexisting muscles 
without modifications in the position of the 
muscle occur in the large palmar and plantar 
flexors: the m. flexor digitorum communis and 
the mm. flexores breves superficiales, respec-
tively. Both are plesiomorphically single muscles 
with a single tendon of insertion, as exemplified 
for the palmar m. flexor digitorum communis in 
plate 6A–D. Plesiomorphically and in nonarbo-
real clades, these palmar and plantar flexors 
attach indirectly to the distal phalanges of all or 
the more ulnar/fibular (postaxial) digits through 
either the flexor plate in the hand or by a contri-
bution of the aponeurosis plantaris in the foot 
(e.g., Dunlap, 1960; Burton, 1996, 1998a, 2004; 
pl. 6A–D).

The tendon of insertion of the palmar m. 
flexor digitorum communis is divided in arbo-
real clades, which is accompanied by different 
degrees of muscular differentiation into discrete 
slips (e.g., pl. 2B; Burton, 1996, 1998a; this 
study). In some species, the muscular splitting is 
complete, resulting in two or three almost totally 
independent slips from origin to insertion.

Whereas the palmar flexor is divided simulta-
neously with the origin of arboreality in each 
anuran clade, the division of the plantar mm. 
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flexores breves superficiales deviates somewhat 
from this pattern (Burton, 2004; this study). 
There are species of arboreal clades with the 
plantar muscle undivided, and a detailed study 
with broader taxon sampling is required at this 
point to establish if its division occurs simultane-
ously with the origin of the arboreality in each 
clade. Nevertheless, the division of the plantar 
mm. flexores breves superficiales only occurs in 
or within arboreal clades, suggesting that, like 
the division of the palmar flexor, it is a novelty 
related to climbing.

Muscle Splitting with Topological Changes 

Three examples from the palmar surface and 
a fourth example involving equivalent muscles of 
the dorsal surfaces of the hand and the foot 
involve muscle splitting accompanied by changes 
in the origin, insertion, and/or fiber orientation 
of the muscles. The first case refers to the m. 
flexor indicis superficialis proprius and m. caput 
profundum digiti III, which are hypothesized to 
derive from slips differentiated from the m. 
flexor accessorius. In this case we hypothesize 
that the distal portion of the m. flexor accesso-
rius with origin on the distal carpals and inser-
tion on the dorsal surface of the flexor plate at 
level of the bases of the tendines superficiales of 
digits II and III (plesiomorphically observed in 
early diverging clades) were distally developed as 
a derived condition, forming discrete and inde-
pendent muscular bodies in those digits. These 
modifications resulted in the m. flexor indicis 
superficialis proprius and m. caput profundum 
digiti III (see further comments in the section, 
above, M. flexor indicis superficialis proprius, m. 
caput profundum digiti III, and m. flexor acces-
sorius: Novelties from Splitting?). 

The second example refers to the m. adductor 
pollicis, which probably evolved as a distal differ-
entiation of the m. pronator quadratus, resulting 
in a moderate topological modification but a clear 
functional change. We suggest that the distal por-
tion of the large and single muscle with a continu-
ous origin on the radioulna, ulnare, and distal 
carpals observed in early diverging clades were 

differentiated into a proximal portion from the 
radioulna and ulnare (m. pronator quadratus) and 
a distal portion from the distal carpals (m. adduc-
tor pollicis), with a markedly change in fiber ori-
entation (see further comments in section, above, 
Is the M. adductor pollicis a Distal Differentiation 
of the m. pronator quadratus?”).

The third example is similar to the second one 
and refers to the hypothesized division of the m. 
contrahentium caput longum (as it is present in 
Caudata) into a proximal and distal portion in 
Anura. Furthermore, a more markedly positional 
change of the distal portion (the m. contrahentis 
caput longus distalis) is observed in Neobatrachia.

The fourth example comes from the equiva-
lent muscles of the dorsal surface of the hand 
and foot: the mm. dorsometacarpales distales 
and mm. dorsometatarsales distales, respectively. 
These muscle groups, with the function of 
detaching the adhesive disc, evolved simultane-
ously in different digits of the hand and the foot 
in unrelated arboreal clades (Burton, 1998c, 
2004; this study). The underlying hypothesis is 
that these muscles evolved as a distal differentia-
tion and distal displacement of the mm. dorso-
metacarpales proximales and mm. 
dorsometatarsales proximales.

Neomorphic Elements, Replication, and/or Mus-
cle Splitting?

De novo evolution of character states (Type II 
novelty) is probably the most striking kind of 
novelty and is usually difficult to distinguish 
from the differentiation of preexisting structures 
(e.g., Hurley et al., 2005). We find two examples 
here: the mm. abductores breves dorsales of dig-
its II and III (see chars. 19 and 20 and section, 
above, Foot Mm. abductores breves dorsales of 
Digits II and III: Recurrent Simultaneous Origin 
of Novelties in Adjacent Digits), and the supple-
mentary slips of the mm. lumbricales breves of 
the foot described by Blotto et al. (2017).

There are several aspects to be considered 
when discussing whether these novel muscles 
evolved by splitting of preexisting muscles by 
an independent process in each digit (resulting 
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in identical morphologies), from independent, 
de novo innovation in each digit, or by split-
ting in one digit and subsequent replication of 
this developmental and genetic machinery in 
the adjacent digits. We briefly describe the two 
muscle groups and their taxonomic distribu-
tion, and then discuss alternative preliminary 
hypotheses.

The mm. abductores breves dorsales of digits 
II and III are named as such on the basis of their 
morphological, topological, connective, and 
functional similarities with the m. abductor bre-
vis dorsalis of digit I, which is plesiomorphically 
and almost invariably present in Anura (Dunlap, 
1960; this study). The muscles of digits II and III 
arose together and separately in multiple, dis-
tantly related clades, including Megophryidae, 
Sooglossidae, Laurentobatrachia, and Neobatra-
chus aquilonius. The m. abductor brevis dorsalis 
of digit I is plesiomorphically present in these 
taxa as well.

Blotto et al. (2017) described a similar situ-
ation for a set of novel, identical slips occur-
ring on adjacent digits on the plantar surface 
of Macrogenioglottus + Odontophrynus (Odon-
tophrynidae). They described supplementary 
slips of the mm. lumbricales breves digitorum 
II, III, and IV with fleshy insertions on the 
ventral surface of their respective metatarsal. 
Although some intraspecific variation was 
observed, most species presented the supple-
mentary slips of digits III and IV. Considering 
the ACSRs, the supplementary slips of digits 
III and IV arose simultaneously in the ancestor 
of Macrogenioglottus + Odontophrynus, 
whereas the slip of digit II arose within inter-
nal clades (in Macrogenioglottus and part of 
Odontophrynus).

The more general question underlying these 
two examples is whether a preexisting genetic 
regulatory network responsible for the develop-
ment of a muscle in one digit is replicated for the 
development of identical muscles in adjacent 
digits. In the example of the mm. abductores 
breves dorsales, the muscle of digit I is plesio-
morphically present in the clades in which the 

muscles of digits II and III arose later. In this 
case, a replication of the developmental and 
genetic regulatory network might have given rise 
to the muscles of digits II and III.

Similarly, the genetic machinery that resulted 
in the development of the supplementary slips of 
digits III and/or IV (both evolved simultaneously 
in the ancestor of Macrogenioglottus + Odon-
tophrynus) might have been replicated to give 
rise to the supplementary slip of digit II (which 
evolved in less inclusive clades). If the hypothesis 
of a replication of a novelty in adjacent digits is 
accepted, a main difference emerges with respect 
to the previous example of the mm. abductores 
breves dorsales: at least one of these supplemen-
tary slips of the mm. lumbricales breves must 
have evolved first, since all these supplementary 
slips are novelties restricted to Odontophryni-
dae. In contrast, in the case of the mm. abducto-
res breves dorsales, the muscle of digit I is present 
plesiomorphically.

In conclusion, this account of the novelties in 
the anuran hand and foot musculature leaves a 
series of open questions. Whereas evidence for 
the transformations involved in the origin of 
some novelties is strong in some cases, multiple 
alternative hypotheses can be invoked to explain 
others. The examples presented here provide a 
diverse and rich source of novelties that warrant 
further investigation employing approaches from 
different fields of evolutionary biology.

CONCLUSIONS

This study shed light on the still insufficiently 
explored diversity of amphibians. Although this 
study fills important gaps in knowledge of the 
early diverging clades of anurans, detailed stud-
ies of the musculature of cryptobranchoid cau-
dates are required to understand the homologies 
between anuran and caudate muscles and deter-
mine character polarity. Moreover, our results 
serve as a starting point to clarify diverse, inter-
related problems, including (1) the synapomor-
phies for Anura and its early diverging clades; 
(2) muscle homology among anurans, caudates, 
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and other tetrapods; (3) the implications of the 
hypotheses of the specific finger lost in anurans 
and caudates; and (4) the underlying mecha-
nisms involved in the origin of novelties, such 
as the striking simultaneous evolution of identi-
cal muscles in adjacent digits.
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APPENDIX 1

Specimens Examined

Collection Codes

Collection abbreviations are as follow: BB 
(Boris Blotto field series; to be accessioned in 
MACN); CAS (California Academy of Sciences); 
CENAI (Centro Nacional de Investigaciones 
Iológicas, Buenos Aires, Argentina; housed in 
MACN); CFBH (Collection Célio F.B. Haddad, 
Universidade Estadual Paulista, Rio Claro, São 
Paulo, Brazil); CM (Carnegie Museum, Pitts-
burgh, Pennsylvania); FMNH (Field Museum, 
Chicago); ICN (Universidad Nacional de Colom-
bia, Instituto de Ciencias Naturales, Museo de 
Historia Natural, Bogotá, Colombia); KU (Univer-
sity of Kansas Natural History Museum, Law-
rence, Kansas); LGE (Laboratorio de Genética 
Evolutiva, Universidad Nacional de Misiones); 
MACN (Museo Argentino de Ciencias Naturales 
“Bernardino Rivadavia,” Buenos Aires, Argen-
tina); MNRJ (Universidade Federal de Rio de 
Janeiro, Museu Nacional do Rio de Janeiro, Rio de 
Janeiro, Brazil); MZUSP (Museu de Zoologia, 
Universidade de São Paulo, São Paulo, Brazil); SB 
(Sebastián Barrionuevo field series; to be acces-
sioned in Fundación Miguel Lillo); TG (Taran 
Grant field series); UFMT (Universidade Federal 
de Mato Grosso); UMMZ (University of Michi-
gan, Museum of Zoology, Michigan); ZUEC 
(Museu de História Natural, Universidade Estad-
ual de Campinas, Campinas, Brazil).

Specimens and Locality Data

Acris crepitans: MACN 39139: United States: 
New Jersey: Cape May: Cape May, 1 mi S Erma 
(Lake Laurie Camp). Adelotus brevis: KU 179907: 
Australia: Queensland: Jimna St Forest, Central 
Burnett hwy at jct with Marumbah 4 road. Adel-
phobates galactonotus: MZUSP 147784: Brazil: 
Para: Porto de Moz. Afrixalus fulvovittatus: KU 
291836: Guinea: vicinity of stream by hotel Sala, 
ca. 2.5 km S Labe. Allophryne ruthveni: MZUSP 
78207: Brazil: Rondonia: UHE Samuel; Brazil: 

Mato Grosso: Apiacás. Alsodes neuquensis: 
MACN 41370: Argentina: Neuquén: Aluminé: 
Volcán Batea Mahuida; MACN 48996: Argen-
tina: Neuquén: Aluminé: Pampa de Lonco Luan 
on Provincial Route 13; MACN 49005: Argen-
tina: Neuquén: Aluminé: stream around 10 km 
W Primeros Pinos. Alytes obstetricans: CM 
60824: Spain: Asturias: Asturias: Oviedo, Lago de 
la Ercina, east side. MZUSP 11472: Belgium. 
Amazophrynella minuta: ICN 46770: Colombia: 
Amazonas: Leticia: Km. 13.8 Leticia - Tarapaca. 
Anaxyrus woodhousii: MACN 42131, MACN 
42132: No data (pet trade). Aplastodiscus perviri-
dis: CFBH 11206: Brazil: Minas Gerais: Caman-
ducaia: Monte Verde; MACN 35170: Argentina: 
Misiones: Guaraní: INTA cuartel Río Victoria. 
Arthroleptis variabilis: KU 204646: Gabon: Ogo-
oue-Ivindo: M’Passa Field Station (IRET), ca. 10 
km WSW Makokou. Ascaphus truei: CENAI s/
nº: No data; KU 153228: United States: Washing-
ton: Pierce: Narada Falls. Atelognathus patagoni-
cus: MACN 37881, MACN 37883: Argentina: 
Neuquén: Catán Lil: Laguna del Burro. Atelopus 
pastuso: ICN 55481: Colombia, Nariño. Barbou-
rula busuangensis: KU 324606: Philippines: Pala-
wan: Narra: Barangay Estrella, Estrella Falls Park. 
Barycholos ternetzi: CFBH 13451: Brazil: São 
Paulo: Pedregulho: Parque Estadual das Furnas 
do Bom Jesus. Batrachyla leptopus: MACN 
48995, MACN 52416: Argentina: Chubut: near 
Desemboque; MACN 42534: Argentina: Río 
Negro: Bariloche: 3 to 4 km from Pampa Linda 
in direction to Cerro Tronador. Boana cordobae: 
MACN 37696: Argentina: San Luis: Chacabuco: 
Cortaderas, Villa Elena, La Calera stream. 
MACN 48999: Argentina: Córdoba: near Pam-
pilla. Bombina bombina: KU 68137: Austria: 
Wien-Stadlau: Innundationsgebiet der Donau. 
Bombina orientalis: KU 38654: Korea: 2 mi N 
Yongdae-ri. MACN 42130: No data (pet trade). 
Bombina variegata: FMNH 62475: Germany. 
Breviceps adspersus: CAS 170339: Swaziland: 
Lubombo Dist.: top of Lebombo Mtns., above 
Big Bend; CENAI 5832: South Africa: KwaZulu-
Natal: Durban. Cacosternum capense: CENAI 
6426: South Africa: Cape Town: Durbanville. 
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Calyptocephalella gayi: CENAI 636, CENAI s/nº: 
No data. Cornufer guentheri: KU 307395: Solo-
mon Islands: Guadalcanal Province: Guadalcanal 
Island: Tadai District, Mt. Austen, Village of 
Barana (on tributary of Lunga River). Ceratoph-
rys cranwelli: MACN 42339, MACN 49007: 
Argentina: Santa Fe: Vera: Estancia “Las Gamas.” 
Chacophrys pierottii: CENAI 10940: Argentina: 
Córdoba: Totoralejos. MACN 48997: Argentina: 
Salta: km 1786 RN81, near Dragones. Chalteno-
batrachus grandisonae: BB 2341: Argentina: 
Santa Cruz: Salto del Anillo, near Lago del Desi-
erto. Chaperina fusca: KU 319440: Philippines: 
Agusan del Sur Province: Municipality of San 
Francisco: Barangay Bagusan II, Mt. Magdiwata. 
Chiromantis xerampelina: KU 195919: South 
Africa: Natal: 3 km W Mtubatuba. Craugastor 
fitzingeri: MACN 39163: Panamá: La Chorrera: 
Barro Colorado. Crinia signifera: KU 56641: Aus-
tralia: New South Wales: 55 mi NE Armidale, 
Point Lookout. Crossodactylus schmidti: MACN 
35124, MACN 48998: Argentina: Misiones: 
Guaraní: INTA cuartel Río Victoria. Ctenophryne 
geayi: KU 167376: Venezuela: Bolivar: 13 km S, 
1 km E Puente Cuyuni. Cycloramphus boraceien-
sis: CFBH 17297: Brazil: RJ: Paraty: Estrada 
Paraty-Cunha. CFBH 17308: Brazil: RJ: Paraty: 
Estrada Paraty-Cunha. Dendrophryniscus leuco-
mystax: CFBH 22328: Brazil: SP: Cananéia: Ilha 
de Cananéia. Dendropsophus luddeckei: ICN 
12586: Colombia: Boyacá: Duitama: Paramo La 
Rusia, Km. 19-21 de la carretera Duitama-
Charala. Dendropsophus minutus: MACN 41973: 
Argentina: Misiones: San Pedro: Access to 
Parque Provincial Cruce Caballero. MACN 
43286, MACN 45095, MACN 45097: Argentina: 
Misiones: Guaraní: San Vicente, INTA, Cuartel 
Río Victoria. Discoglossus galganoi: CM 52531: 
Spain: Andalucía: Cádiz: 3.3–7.2 mi SW Arcos 
de la Frontera, C-343. Discoglossus pictus: 
MZUSP 94898: Tunisia: Bizerta. Elachistocleis 
bicolor: BB 1790: Argentina: Santa Fe: near Alto 
Verde. Eleutherodactylus coqui: KU 180490: 
Puerto Rico: Humacao: Caribbean National For-
est, Big Tree Trail, El Yunque. Espadarana pro-
soblepon: ICN 19657: Colombia: Antioquia: 

Urrao: Parque Natural Nacional Las Orquideas, 
Vereda Calles, Quebrada Honda. Eupsophus 
roseus: MACN 52414: Argentina: Neuquén: Lago 
Currhue Grande, margin S; MACN 49594: 
Argentina: Neuquén: Huiliches: Trail to Lago 
Paimún, próx. Paso Carirriñe. Fejervarya vittig-
era: KU 326281: Philippines: Antique Province: 
Municipality of San Jose. Flectonotus pygmaeus: 
KU 133363: Venezuela: Aragua: Estación 
Biológica Rancho Grande. Gastrotheca christiani: 
CENAI 3204: Argentina: Jujuy: Ledesma – Valle 
Grande. Geocrinia victoriana: KU 186877: Aus-
tralia: Victoria: 96 km NW Melbourne, Mt Erica. 
Glyphoglossus guttulatus: KU 328346: Thailand: 
Nakhon Ratchisma Province: Nakhon Ratchisma 
District: Sakaerat Environmental Research Sta-
tion (SERS). Haddadus binotatus: MACN 17042, 
MACN 17048: Brazil: Alto da Serra Paranapia-
caba. Hadromophryne natalensis: FMNH 82388: 
South Africa: Natal. Heleophryne orientalis: 
FMNH 187311: South Africa: Cape. Heleophryne 
purcelli: FMNH 250016: South Africa. Hemi-
phractus proboscideus: KU 123141: Ecuador: 
Sucumbios: Santa Cecilia. Hemisus marmoratus: 
MACN 39130: Tanzania: Mara: Serengeti: Taran-
gire National Park. Hoplobatrachus rugulosus: 
KU 305458: Philippines: Occidental Mindoro 
Province: Municipality of Calintaan: Barangay 
Malpalon. Hylodes phyllodes: MACN 17252: Bra-
zil: São Paulo: Boracéia. Hylorina sylvatica: 
MACN 42530: Argentina: Neuquén: Laguna 
Pire. Hymenochirus boettgeri: FMNH 109254: 
Democratic Republic of the Congo: Kivu. 
Hymenochirus curtipes: KU 204143: Democratic 
Republic of the Congo: Kinshasa. Hyperolius 
semidiscus: KU 195874: South Africa: Natal: Ash-
burton. Insuetophrynus acarpicus: CENAI 6898: 
Chile: IX Región: Valdivia: Mehuín. Ischnocnema 
guentheri: MACN 17058: Brazil: Alto da Serra 
Paranapiacaba. Kalophrynus sinensis: KU 309647: 
Philippines: Camiguin: Mambajao: Barangay 
Pandan, sitio Kampana. Kaloula pulchra: MACN 
39169: No data (pet trade). Kassina senegalensis: 
CENAI 5932: South Africa: Natal: Durban. 
Lechriodus melanopyga: KU 133626: Papua New 
Guinea: Central: Brown River, 25 mi NW Port 



66 BULLETIN AMERICAN MUSEUM OF NATURAL HISTORY NO. 443

Moresby. Leiopelma hochstetteri: UMMZ 177464: 
New Zealand. Lepidobatrachus laevis: MACN 
52418: Argentina: RN 81 entre Dragones (pro-
vincia de Salta) e Ingeniero Juarez (provincia de 
Formosa). Leptobrachium lumadorum: KU 
334644: Philippines: Pasonanca Natural Park, 
Sitio Lawin, Labuya Outpost. Leptodactylus lati-
nasus: MACN 40726, MACN 49001: Argentina: 
Formosa: Laguna Yema. Leptobrachella bourreti: 
KU 331621: Vietnam: Dien Bien: Sin Thau Vil-
lage, Muong Nhe Nature Reserve, Camp 1. Lep-
topelis natalensis: CENAI 5983: South Africa: 
Natal: Durban. Limnodynastes peronii: CENAI 
8537: Australia: New South Wales: Normanhust. 
KU 179939: Australia: Queensland: Jimna State 
Forest, Central Burnett Hwy at jct Marumbah 4 
Rd. Limnomedusa macroglossa: MACN 49006, 
MACN 52424: Argentina: Misiones: Aristóbulo 
del Valle: Cuña Pirú. Limnonectes woodworthi: 
KU 306143: Philippines: Quezon Province: Taya-
bas City: Barangay Kamaisa. Lithobates warsze-
witschii: KU 36318: Costa Rica: San Jose: La 
Palma. Macrogenioglottus alipioi: CFBH 12722, 
CFBH 13118: Brazil: São Paulo: Ubatuba: Picin-
guaba. CFBH 24476, CFBH 24477: Brazil: 
Espírito Santo: Santa Teresa: Reserva Biológica 
Augusto Ruschi. CFBH 36087: Brazil: Bahia: 
Uruçuca: Fazenda Bom Fim. MZUSP 126264: 
Brazil: Bahia: Una. Mannophryne herminae: 
CENAI 2616, CENAI 2621: Venezuela: Reserva 
Rancho Grande. Megophrys aceras: KU 327892: 
Thailand: Nakhon Si Thammarat: Khao Luang 
National Park, Krung Ching Waterfall. Megoph-
rys carinense: FMNH 175473: Thailand: Chiang 
Mai. Megophrys edwardinae: FMNH 250931: 
Malaysia: Sabah: Ranau Dist. Melanophryniscus 
klappenbachi: LGE 16644, MACN 49593: Argen-
tina: Chaco: San Fernando: Club Sixty Resisten-
cia. Microbatrachella capensis: KU 207864: South 
Africa: Cape: 3 km E Kleinmond. Microhyla hey-
monsi: KU 311926: China: Guizhou: Libo 
County: Shuipu Village. Micryletta inornata: KU 
328192: Thailand: Nakhon Ratchisma Province: 
Nakhon Ratchisma District: Sakaerat Environ-
mental Research Station. Mixophyes iteratus: KU 
179963: Australia: Queensland: Bellthorpe State 

Forest, Stony Creek at Sunday Creek-Bellthorpe 
Rd. Nannophryne variegata: MACN 41475, 
MACN 52417: Argentina: Santa Cruz: Lago 
Argentino: Lago del Desierto. Neobatrachus 
aquilonius: KU 93576: Australia: Northern Terri-
tory Tennant Creek. Notaden bennettii: KU 
175516: Australia: New South Wales Coonamble. 
Occidozyga laevis: KU 320181: Philippines: Occi-
dental Mindoro Province: Municipality of 
Lubang: Barangay Vigo, Sitio Dangay. Odon-
tophrynus achalensis: CENAI 2973: Argentina: 
Córdoba: Pampa de Achala; MACN 49009: 
Argentina: Córdoba: Cruz Del Eje: Los Gigantes. 
Odorrana versabilis: KU 311679: China: Guangxi: 
Shiwan Dashang Nature Reserve (Near town of 
Fulong). Oreobates barituensis: MACN 52411: 
Argentina: Salta: Quebrada El Lapachar, near Río 
Sidras, Parque Nacional Baritú. Oreolalax 
omeimontis: FMNH 272567: China: Sichuan: 
Hongya Xian. Osteopilus septentrionalis: KU 
222212: Puerto Rico: Trujillo: Alto Cooperativa 
de Vivienda, Av. Periferal, Ciudad Univ. Paratel-
matobius poecilogaster: CFBH 9879: Brazil: São 
Paulo: São Luis do Paraitinga: Núcleo Santa Vir-
gínia - PESM. Pelobates cultripes: CM 53273: 
Spain: Andalucía: Cádiz: Puerto Real. Pelobates 
fuscus: CENAI 7548: No data. Pelobates varaldii: 
FMNH 109663: Morocco. Pelodytes ibericus: CM 
52151: Spain: Andalucía: Cádiz: On C-440 
[A-381], 3.9 – 13.7 Km SE of intersection with 
C-343 at Medina Sidonia. Philoria frosti: KU 
186907: Australia: Victoria: Mt Baw Baw, 108.8 
km NE Melbourne. Phrynobatrachus krefftii: 
CENAI 7623: Tanzania: Amani, Mt Usambara. 
Phrynomantis bifasciatus: MACN 42120: No data 
(pet trade). Phyllodytes luteolus: CFBH 890, 
CFBH 891: Brazil: Espírito Santo: Guaraparí: 
Restinga de Setiba; MNRJ 23274: Brazil: Bahia: 
Nova Viçosa. Phyllomedusa sauvagii: MACN 
38136: Argentina: Formosa: Ramón Lista: María 
Cristina. MACN 42277: Argentina: Salta: 
National Route 81 between Dragones and Pluma 
de Pato. Physalaemus biligonigerus: MACN 
52412: Argentina: Salta: km 1780 RN81, near 
Dragones. MACN 52413: Argentina: Salta: 
National Route 81 between km 1745 (Morillo) 
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and km 1780. Pipa arrabali: KU 167442: Venezu-
ela: Bolivar: Km 112, El Dorado-Santa Elena de 
Uairen rd. Pipa carvalhoi: MZUSP 81992, 
MZUSP 82005: Brazil: Bahia: Itapetinga. Pipa 
parva: KU 303252: Venezuela: Zulia: Santa Cruz 
del Zulia. Pipa pipa: MZUSP 142753: Brazil: 
Amazonas: São Sebastião: Margem esquerda do 
Rio Abacaxis. Platymantis guentheri: KU 333500: 
Philippines: Agusan del Norte Province: Munici-
pality of Remedios T. Romualdez: Eye Falls, 
Intersection of Dayhopan and Agan Rivers, Mt. 
Hilong-hilong, 470 m. Platyplectrum ornatum: 
CENAI 8544: Australia: Queensland: Coen Cape 
York. Pleurodema kriegi: MACN 38740: Argen-
tina: Córdoba: Punilla: near Parador El Cóndor. 
Polypedates leucomystax: MACN 39174: No data 
(pet trade). Pristimantis buckleyi: KU 189961: 
Ecuador: Sucumbios: Santa Barbara. Procera-
tophrys boiei: CFBH 23193: Brazil: Paraná: Anto-
nina: Fazenda Gervásio, Reserva Natural Rio 
Cachoeira. MZUSP 143563: Brazil: São Paulo: 
Parque Estadual de Carlos Botelho. Pseudhy-
menochirus merlini: KU 207823: Sierra Leone: 
Southern: Kasewe Forest Reserve. Pseudis 
minuta: CFBH 30003: Brazil: Rio Grande do Sul: 
Jaguarão; MACN 39253: Argentina: Entre Ríos: 
Islas del Ibicuy: Old National Route 12, at its 
intersection with the railway; MACN 40417, 
MACN 40418: Argentina: Entre Ríos: Islas del 
Ibicuy: Old National Route 12, next to its inter-
section with the railway; MACN 52409: Argen-
tina: Entre Ríos: Islas del Ibicuy: Antigua Ruta 12 
and Luciano stream. Pseudopaludicola falcipes: 
MACN 37875, MACN 37880: Argentina: Entre 
Ríos: Islas del Ibicuy: Old National Route 12, 
next to its intersection with Luciano stream. 
MACN 44616: Argentina: Buenos Aires: Cam-
pana: Bajos del Cazador, near Escobar. Pseu-
dophryne coriacea: KU 179979: Australia: 
Queensland: Sunday Creek State Forest, W 
branch Kilcoy Crk at Bellthorpe-Jimna Rd. 
Ptychadena nilotica: MACN 39150: Tanzania: 
Mara: Serengeti: Tarangire National Park, Head-
quarters Pond No 2. Ranoidea eucnemis: MZUSP 
36185: Papua New Guinea: Karimui, S. High-
lands. Rhacophorus pardalis: KU 309826: Philip-

pines: Camiguin Province: Municipality of 
Mambajao: Barangay Pandan, sitio Pamahawan. 
Rheobatrachus silus: KU 179995: Australia: 
Queensland: Sunday Creek State Forest, Kilcoy 
Creek. Rhinella fernandezae: MACN 39345: 
Argentina: Entre Ríos: Islas del Ibicuy: Old 
National Route 12, at its intersection with the 
railway. Rhinoderma darwinii: CENAI 5370: 
Chile: VIII Región: Concepción; CENAI 5469, 
CENAI 5491: Chile: IX Región: Valdivia: Mehuín. 
Rhinophrynus dorsalis: KU171202: Mexico: 
Campeche: 5 km N Escarcega; MACN 39131: 
Mexico: Tamaulipas: Altamira: Tamaulipas, 2,6 
mi NW of Altamira. Sanguirana sanguinea: KU 
309020: Philippines: Palawan Province: Munici-
pality of Puerto Princessa: Barangay Irawan: 
Irawan Watershed. Scaphiopus couchii: KU 
47023: Mexico: Coahuila: 2–6 mi W Sacramento. 
KU 200878: Mexico: Nuevo Leon: 15.4 km N 
Ciénega de Flores on Mex Rt 85. Scaphiopus hol-
brookii: KU 90079: United States: Missouri: 
Dunklin: Kennett. MZUSP 5699: United States: 
Georgia: Savannaah. Scaphiopus hurterii: KU 
187903: United States: Texas: Brazos: 1.6 km W 
College Station. Scarthyla goinorum: CFBH 
24813: Brazil: Acre: Cruzeiro do Sul: Comuni-
dade da Praia Grande. TG 2512: Brazil: Acre: 
Cruzeiro do Sul. Scinax granulatus: MACN 
38218, MACN 38223: Argentina: Entre Ríos: 
Islas del Ibicuy: Old National Route 12, next to 
its intersection with the railway; MACN 41197: 
Argentina: Ciudad Autónoma de Buenos Aires: 
Reserva Ecológica Costanera Sur. Scutiger mam-
matus: FMNH 282284: China: Western Szech-
wan. Sooglossus sechellensis: UMMZ 146293: 
Seychelles: Mahe. Sooglossus thomasseti: UMMZ 
144473: Seychelles: Mahe. Spea bombifrons: KU 
79355: United States: Wyoming: Goshen: 7 mi 
SW La Grange. MACN 39156: United States: 
New Mexico: Hidalgo: Cochise, 6 mi ESE Portal. 
Spea hammondii: CM 73782: United States: Cali-
fornia: San Diego: Vicinity Lower Otay Lake, 
between Lake and Cal 94 on Otay Lake Road. 
Spea intermontana: KU 297558: United States: 
Arizona: Coconino. Spea multiplicata: KU 86656: 
Mexico: Morelos: 3.5 km W Cuautlixco. Sphaeno-



68 BULLETIN AMERICAN MUSEUM OF NATURAL HISTORY NO. 443

APPENDIX 2

Comments on Phalanx Terminology

Most contributions on anuran hand and foot 
musculature employ two terminologies when 
referring to the phalanges, one that we call 
“descriptive” (e.g., for a species with the typical 
four phalanges in digit IV of the foot, they are 
called: basal phalanx of digit IV, second phalanx 
of digit IV, third phalanx of digit IV, and distal 
phalanx of digit IV), and the other “technical” 
(e.g., for the same phalanges, the names are thus: 
Basal Phalanx IV, Antepenultimate Phalanx IV, 
Penultimate Phalanx IV, and Ultimate Phalanx 
IV). In some studies, the former terminology is 
employed (e.g., Dunlap, 1960), while in others, 
both are combined (e.g., Burton, 2004). Both ter-
minologies are compared in the table below.

We employ here the descriptive terminology 
for two reasons. First, it is easier and less techni-
cal for the purpose of the present contribution, 
which is to describe to which specific phalanx 
each muscle attaches. Second, some anurans 
have digital reductions, and so a technical 
approach may obscure putative homologous 
insertions points. In this case, by employing the 
technical terminology, some of their homologies 
would require an additional, separate statement, 
as detailed below.

Exemplifying this second point, a putative 
homologous insertion on the same second pha-
lanx of digit V of the foot could be described as 
(1) an insertion on Penultimate Phalanx V in a 
species with no phalanx reduction (i.e., three 
phalanges present), and (2) an insertion on Ulti-
mate Phalanx V (if the distal phalanx is lost).
Furthermore, the reader would need to know the 
phalangeal formula of each species to interpret 
the specific phalanx referred to by the respective 
technical term, as shown in this example.

There are two drawbacks against the descrip-
tive terminology, however. First, in species with 
digital reduction it poses problems similar to 
those encountered with technical terminology. 
However, these problems are restricted to the 
“distal phalanx” and are easily remedied by indi-

rhynchus lacteus: ZUEC 5853: Brazil: Acre: Mân-
cio Lima: Lagoa da Cobra. Sphaerotheca 
breviceps: KU 200460: India: Orissa: Samblapur, 
Barpali. Staurois natator: KU 310055: Philip-
pines: Dinagat Islands Province: Municipality of 
Loreto: Barangay Santiago, sitio Cambinlia (Sud-
lon). Stefania evansi: MZUSP 150734: Guyana: 
Potaro-Siparuni, Vecinity of Kuribrong River. 
Taudactylus diurnus: KU 179999: Australia: 
Queensland: Sunday Creek State Forest, Kilcoy 
Creek. Telmatobius oxycephalus: MACN 49004: 
Argentina: Jujuy: Tilcara. SB 16: Argentina: 
Jujuy: Tilcara: Garganta del Diablo, Río Huasa-
mayo. Thoropa taophora: CFBH 12734: Brazil: 
São Paulo: Ubatuba: Cachoeira da Casa da 
Farinha, Picinguaba. Tomopterna delalandii: KU 
207900: South Africa: Cape: vic Stellenbosch. 
Trachycephalus typhonius: CFBH 4969: Brazil: 
São Paulo: Presidente Epitácio: UHE - Porto Pri-
mavera; MACN 40540: Argentina: Santa Fe: 
Vera: Malabrigo. MACN 49595: Argentina: Salta: 
km 1765 RN 81, near Pluma de Pato. Triprion 
petasatus: KU 296231: Mexico: Yucatan: 3.6 km 
S. Dzitas. Uperodon systoma: KU 193677: India: 
Orissa: Puri: Bhubaneswar, Regional Research 
Lab Campus. Uperoleia laevigata: KU 180019: 
Australia: Queensland: Cooloola State Forest, 
Lake Cooloomera. Vitreorana uranoscopa: 
MACN 49000: Argentina: Misiones: San Pedro: 
Parque Provincial Esmeralda: Pozo Preto. Xeno-
hyla truncata: CFBH 23533, MNRJ 33268: Brazil: 
Rio de Janeiro: Maricá: Restiga de Maricá. Xeno-
pus borealis: KU 216442, KU 216458: Kenya: 
Maralal. Xenopus epitropicalis: KU 208520, KU 
208527: Democratic Republic of Congo: Kin-
shasa. Xenopus laevis: KU 172920: Kenya: Rift 
Valley: Laikipia: 1.5 km W Naro Moru, Naro 
Moru River. Xenopus muelleri: KU 175228: 
Kenya: West Pokot: Kongelai: Suam River.
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cating the specific phalanx to which the term 
“distal” is referring when applied to species with 
digital reduction. A second problem with 
descriptive terminology is the economy, or lack 
thereof, given the number of characters and 
words required for clear expression. If the con-
text is insufficient to infer the specific digit 

intended by “phalanx,” more words may be 
required (e.g., if “distal phalanx” does not explic-
itly point to the correct digit, one might need to 
clarify by noting “distal phalanx of digit IV”). 
The table shows the equivalences between both 
terminologies.

Descriptive Technical

Hand

Digit II
Phalanx I Basal phalanx of digit II Basal Phalanx II

Phalanx II Distal phalanx of digit II Ultimate Phalanx II

Digit III
Phalanx I Basal phalanx of digit III Basal Phalanx III

Phalanx II Distal phalanx of digit III Ultimate Phalanx III

Digit IV

Phalanx I Basal phalanx of digit IV Basal Phalanx IV

Phalanx II Second phalanx of digit IV Penultimate Phalanx IV

Phalanx III Distal phalanx of digit IV Ultimate Phalanx IV

Digit V

Phalanx I Basal phalanx of digit V Basal Phalanx V

Phalanx II Second phalanx of digit V Penultimate Phalanx V

Phalanx III Distal phalanx of digit V Ultimate Phalanx V

Foot

Digit I
Phalanx I Basal phalanx of digit I Basal Phalanx I

Phalanx II Distal phalanx of digit I Ultimate Phalanx I

Digit II
Phalanx I Basal phalanx of digit II Basal Phalanx II

Phalanx II Distal phalanx of digit II Ultimate Phalanx II

Digit III

Phalanx I Basal phalanx of digit III Basal Phalanx III

Phalanx II Second phalanx of digit III Penultimate Phalanx III

Phalanx III Distal phalanx of digit III Ultimate Phalanx III

Digit IV

Phalanx I Basal phalanx of digit IV Basal Phalanx IV

Phalanx II Second phalanx of digit IV Antepenultimate Phalanx IV

Phalanx III Third phalanx of digit IV Penultimate Phalanx IV

Phalanx IV Distal phalanx of digit IV Ultimate Phalanx IV

Digit V

Phalanx I Basal phalanx of digit V Basal Phalanx V

Phalanx II Second phalanx of digit V Penultimate Phalanx V

Phalanx III Distal phalanx of digit V Ultimate Phalanx V
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APPENDIX 3

Anuran Hand and Foot Musculature: 
Synonym List 

As a general rule, we interpret authors’ concept 
for each muscle based on their descriptions, figures, 
and/or explicit reference linking their concept to 
that of other authors. In the absence of these refer-
ences, the names of the muscles mentioned are not 
included in the synonym list. For each muscle, the 
list of synonyms starts with the authors that employ 
the same name and concept as used in this study, 
and is denoted by “Same”; the remaining names of 
the list follow a chronological order on the first use 
of each alternative name.

Until the recent contributions of Diogo and 
associates, most literature followed the terminol-
ogy of Gaupp (1896), with few modifications 
introduced by Dunlap (1960), Burton (1996, 
2004), and Faivovich (2002). Considering this, 
we also include the most common synonym 
employed in the literature for each muscle group 
(e.g., the group of mm. transversi metacarporum 
of classical terminology is the group of the mm. 
intermetacarpales sensu this study), except for 
the m. flexor accessorius of the foot (see below). 
This indication of common synonyms for the 
muscle groups allows a faster, albeit superficial, 
use of the table, being operationally similar to 
tables 2 and 4 of Diogo and Ziermann (2014).

A special mention is required for the m. flexor 
accessorius (and synonyms) of the foot. This 
muscle is referred to a single muscle in the litera-
ture (m. flexor accessorius), or divided into a 
proximal and distal portion (m. flexor accesso-
rius proximalis and distalis, respectively). There 
are species in which the m. flexor accessorius 
distalis is absent while in others it is topologi-
cally present, although undifferentiated from the 
proximalis (Dunlap, 1960; this study). For this 
reason some authors mention only “flexor acces-
sorius,” which may imply one of the following 
situations: (1) the proximal and distal portions 
are present and distinct (although not specified); 
(2) both portions are present but undifferenti-
ated; or (3) the distal portion is absent. Consid-

ering this, and with the idea of recovering all the 
information from the literature in the synonym 
list, we include all the mentions of the term 
“flexor accessorius” (sensu lato), separately from 
the mentions of “flexor accessorius proximalis” 
and “flexor accessorius distalis.”

Some muscle groups of some digits are com-
posed of a medial and a lateral muscle (e.g., 
medial and lateral m. lumbricalis brevis digiti V 
of the foot). We consider both muscles together 
for the elaboration of the synonym list. When 
some authors employ different names for the 
medial and lateral muscle of the group, we spec-
ify their correspondence with the medial and 
lateral muscle (sensu this study) in the discus-
sion below, and not in the synonym list. The only 
exception is the m. flexor indicis brevis profun-
dus, since the correspondence of its medial mus-
cle to the mm. flexores breves profundi group is 
controversial (see Discussion), and it is only ten-
tatively adopted here.

Superscript “a” denotes muscles whose names 
and/or concepts require further discussion, and 
are addressed here. The use of “part.” (abbrevia-
tion for partially) means that only a portion of 
the muscle named by an author is equivalent to 
our concept and name. As an example, the hand 
m. flexor teres digiti IV of Gaupp (1896) includes 
our m. contrahentis digiti IV and m. flexor mini-
mus digiti IV. Consequently, we indicate it in the 
synonym list of both muscles as “flexor teres 
digiti IV (Gaupp, 1896: part.).” A question mark 
follows any muscle name whose identity is 
unclear as used by the author, and the reasons for 
our doubts are also provided here.

Superscript “b” denotes under the same mus-
cle name reports from the literature of similar 
names, unless the authors’ minimal terminologi-
cal variation could affect its interpretation; it 
simplifies the lists and reduces redundancies. 
However, in this regard two situations require 
clarification: (1) reports that do not include 
within the name the specific digit to which the 
muscle belongs or attaches, and (2) reports that 
include the terms “digiti I” instead of “hallucis,” 
and “digiti II” instead of “indicis.”
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As an example of (1), if an author describes 
two “lumbricales breves” in the foot, one attach-
ing to digit I (hallux) and the other to digit II, we 
include this report within the synonym list of the 
muscle named “lumbricalis brevis hallucis” and 
“lumbricalis brevis digiti II,” respectively. Con-
cerning (2), when an author employs “digiti I” 
instead of “hallucis,” and digiti II instead of 
“indicis” for the construction of the name, we list 
it under both the name that includes the term 
“hallucis” and the other that includes “indicis.” 
We employ these two shortcuts only if there are 
precedents of another author employing the 
names “lumbricalis brevis hallucis” and “lumbri-
calis brevis digiti II,” or names including the 
term “hallucis” and “indicis.” Otherwise (no 
author ever used the terms “lumbricalis brevis 
hallucis,” “lumbricalis brevis digiti II,” or names 
including “indicis” and “hallucis”), they are listed 
separately and as employed by the author in 
question. In this case, the names of the first 
example are listed separately as “lumbricalis bre-
vis [of digit I]” and “lumbricalis brevis [of digit 
II],” denoting within brackets to which digit the 
generic name employed by the author refers to.

A few authors employ a numbering system 
I–IV for the digits of the hand (instead of the 
most common usage of II–V). To prevent confu-
sion, we list the muscle names precisely as men-
tioned, avoiding the shortcuts mentioned above. 
Reports that differ only in the use of Roman or 
Arabic numbers (e.g., transversus metacarpi 1, 2, 
3 instead of I, II, III, respectively) and those that 
do not includes “digiti” within the name (e.g., 
“flexor ossis metacarpi II” instead of “flexor ossis 
metacarpi digiti II”) are considered fully equiva-
lent for the purpose of the synonym list, and are 
not denoted with a superscript “b.”

As detailed in Materials and Methods, the tar-
geted muscles of the hand are those with origin 
and/or insertion on prepollex, metacarpals and/
or phalanges, except for the m. contrahentis 
caput longus distalis (which joins the ulnare and 
distal carpals). Besides this exception, two mus-
cles of the forearm do not attach to these pre-
defined regions and are mentioned across the 

study: the m. extensor carpi radialis and m. 
extensor carpi ulnaris. For the latter, there is no 
change in its concept and name between the clas-
sical and new terminology. Distinctly, the iden-
tity of the different portions assigned to the m. 
extensor carpi radialis is controversial, and we 
follow Diogo et al. (2018: 459–460) for its name 
and concept.

Two studies were not included in the syn-
onym list: Hoffman (1878) and Perrin (1891). 
The former has many descriptive inaccuracies 
(Perrin, 1891, 1892), it is considered to be a com-
pilation of previous studies (Perrin, 1892: 5), and 
it went almost unmentioned in the literature of 
anuran hand and foot musculature. The study of 
Perrin (1891) does not assign names to the mus-
cles, and it is mostly restricted to review, com-
pare, and indicate descriptive inaccuracies in the 
contributions of Dugès (1834), Hoffmann (1878), 
and Ecker (1864).

The table is arranged in the following order: 
ventral forearm muscles included in this study, 
ventral hand, dorsal forearm/hand, ventral leg, 
ventral foot, and dorsal leg/foot. Except for the 
ventral forearm and ventral leg, muscles follow 
the order of plates 2–5 (from superficial to deep 
layers and, within each layer, from proximal to 
distal and from radial/tibial to ulnar/fibular side.
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Terminology used in this study Synonyms

VENTRAL FOREARM

Flexor digitorum communis

Same (Ecker, 1864; Abdala and Diogo, 2010; Diogo and Abdala, 2010; Diogo and Zier-
mann, 2014; Diogo et al., 2018; Fratani et al., 2018, 2020; Soliz et al., 2020); épitrochlo-
sous-phalangettien (Dugès, 1834); palmaris longus (Gaupp, 1895, 1896; Kändler, 1924; 
Liem, 1970, 1973; Liem and Hosmer, 1973; Davies and Burton, 1982; Burton, 1983; Oka et 
al., 1984; Duellman and Trueb, 1986; Burton, 1996, 1998a; Faivovich, 2002; Faivovich et al., 
2005; Manzano et al., 2008; Salgar et al., 2009; Hoyos et al., 2014; Hoyos and Salgar, 2016); 
flexor primordialis communis (Ribbing, 1907: part.a, 1911: part.a); flexor digitorum com-
munis longus (Manzano et al., 2008; Oliveira-Lagôa et al., 2019); flexor digitorum longus 
(Abdala et al., 2018; Oliveira-Lagôa et al., 2019)

Flexor accessorius

Same (Ribbing, 1907; 1911; Abdala and Diogo, 2010; Diogo and Abdala, 2010; Diogo and Zier-
mann, 2014; Diogo et al., 2018); cubito-palmaire (Dugès, 1834); palmaris brevis (Ecker, 1864; 
Salgar et al., 2009; Hoyos et al., 2014; Hoyos and Salgar, 2016); palmaris profundus (Gaupp, 
1895, 1896; Kändler, 1924; Liem, 1970; Davies and Burton, 1982; Burton, 1983; Duellman and 
Trueb, 1986; Burton, 1996, 1998a; Faivovich, 2002; Manzano et al., 2008; Salgar et al., 2009); 
flexor accessorius lateralis (Ribbing, 1911a); flexor accessorius medialis (Ribbing, 1911a)

Pronator quadratus

Same (Abdala and Diogo, 2010; Diogo and Abdala, 2010; Diogo and Ziermann, 2014; Diogo et 
al., 2018); cubito-pollicien (Dugès, 1834); abductor pollicis (Ecker, 1864; Gaupp, 1895, 1896; 
Kändler, 1924; Davies and Burton, 1982; Burton, 1983a; Duellman and Trueb, 1986; Burton, 1996, 
1998a; Manzano et al., 2008; Salgar et al., 2009; Hoyos et al., 2014; Hoyos and Salgar, 2016); pro-
nator profundus (Ribbing, 1907, 1911); adductor pollicis (Burton, 1983: part.a)

VENTRAL HAND

Superficial cutaneous tendons This study

Tendines superficiales group No significant change

Tendo superficialis indicis
This study. Flexor primordialis communis (Ribbing, 1907: part.a, 1911: part.a); first tendo 
superficialis (Liem, 1970: part.a); flexor `indicis superficialis proprius (Kändler, 1924: 
part.?a; Burton, 1983: part.); flexor tendon of digit II (Oliveira-Lagôa et al., 2019)

Tendo superficialis digiti III

Same (Gaupp, 1895b, 1896; Burton, 1983b, 1996, 1998a, 1998b; Faivovich, 2002; Manzano et 
al., 2008b; Salgar et al., 2009b; Hoyos et al., 2014; Barrionuevo, 2017b); épitrochlo-sous-
phalangettien (Dugès, 1834: part.a); flexor digiti III longus s. sublimis (Ecker, 1864: 
part.a); flexor primordialis communis (Ribbing, 1907: part.a, 1911: part.a); second tendo 
superficialis (Liem, 1970); tendo superficialis of second finger (Liem and Hosmer, 1973); 
superficial tendon III (Manzano et al., 2008); flexor tendon of digit III (Manzano et al., 
2008; Fratani et al., 2018; Oliveira-Lagôa et al., 2019)

Tendo superficialis digiti IV

Same (Gaupp, 1895b; Burton, 1996b, 1998a; Faivovich, 2002; Manzano et al., 2007b; Hoyos 
et al., 2014); épitrochlo-sous-phalangettien (Dugès, 1834: part.a); flexor digiti IV longus s. 
sublimis (Ecker, 1864: part.a); tendo superficialis Aponeurosis palmaris pro digiti IV 
(Gaupp, 1896; Davies and Burton, 1982; Burton, 1983, 1998a; Salgar et al., 2009; Hoyos et 
al., 2014); flexor primordialis communis (Ribbing, 1907: part.a, 1911: part.a); third tendo 
superficialis (Liem, 1970); tendo superficialis of third finger (Liem and Hosmer, 1973; 
Hanna and Barnes, 1991); superficial tendon IV (Manzano et al., 2008); flexor tendon of 
digit IV (Manzano et al., 2008; Dos Santos et al., 2014; Abdala et al., 2018; Fratani et al., 
2018; Oliveira-Lagôa et al., 2019)

Tendo superficialis digiti V

Same (Gaupp, 1895b; Burton, 1996b, 1998a; Faivovich, 2002; Hoyos et al., 2014); épitrochlo-
sous-phalangettien (Dugès, 1834: part.a); flexor digiti V longus s. sublimis (Ecker, 1864: 
part.a); tendo superficialis Aponeurosis palmaris pro digiti V (Gaupp, 1896; Davies and Bur-
ton, 1982; Burton, 1983, 1998a; Hoyos and Salgar, 2016); flexor primordialis communis (Rib-
bing, 1907: part.a, 1911: part.a); fourth tendo superficialis (Liem, 1970); tendo superficialis of 
fourth finger (Liem and Hosmer, 1973); superficial tendon V (Manzano et al., 2008); flexor 
tendon of digit V (Manzano et al., 2008; Fratani et al., 2018; Oliveira-Lagôa et al., 2019)

APPENDIX 3 continued
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Terminology used in this study Synonyms

Flexor indicis superficialis  
proprius

Same (Gaupp, 1895b, 1896; Kändler, 1924: part.a; Burton, 1983: part., 1998a; Manzano et al., 
2008; Salgar et al., 2009; Hoyos et al., 2014; Hoyos and Salgar, 2016; Fratani et al., 2018a; 
Oliveira-Lagôa et al., 2019); épitrochlo-sous-phalangettien (Dugès, 1834: part.a); sous-carpo-
phalangettien de l’index (Dugès, 1834: part.a); flexor digiti II longus s. sublimis (Ecker, 1864); 
flexor brevis superficialis proprius (Gaupp, 1895); flexor brevis superficialis (Ribbing, 1907: 
part.); first tendo superficialis (Liem, 1970: part.a); flexor indicis superficialis (Davies and 
Burton, 1982); flexor superficialis proprius (Duellman and Trueb, 1986); flexor indicis supe-
rior proprius (Burton, 1996); tendo superficialis [of digit II] (Manzano et al., 2007a); flexor 
proprius digiti II (Manzano et al., 2008); lumbricalis [of digit II] (Diogo et al., 2018?a)

Caput profundum digiti III

Same (Gaupp, 1895b; Burton, 1998ab, 1998bb; Manzano et al., 2008; Salgar et al., 2009; 
Hoyos et al., 2014; Fratani et al., 2018b); sous-carpo-phalangettien du médius (Dugès, 
1834); flexor digiti III longus s. sublimis (Ecker, 1864: part.a); caput profundum tendonis 
superficialis digiti III (Gaupp, 1896; Kändler, 1924; Davies and Burton, 1982?a,b; Burton, 
1983, 1998a); flexor brevis superficialis (Ribbing, 1907: part.b); caput profundus III (Bur-
ton, 1996); lumbricalis [of digit III] (Diogo et al., 2018?a)

Lumbricales longi group No change

Lumbricalis longus digiti III Same (Burton, 1998a, 1998ba; Barrionuevo, 2017a); lumbricalis brevis digiti III (Burton, 
1998a: part.a); lumbricalis longi [of second digit] (Aguilar and Valencia, 2009: part.a)

Lumbricalis longus digiti IV 

Same (Gaupp, 1895b, 1896; Kändler, 1924; Davies and Burton, 1982; Burton, 1983, 1996, 
1998a, 1998b; Manzano et al., 2008: part.a; Salgar et al., 2009; Hoyos et al., 2014; Hoyos and 
Salgar, 2016); tendini-phalanginien de l’annulaire (Dugès, 1834); flexor digiti IV longus 
s. sublimis (Ecker, 1864: part.a); flexor brevis superficialis (Ribbing, 1907: part.b); lumbri-
calis longus digiti III (Duellman and Trueb, 1986); lumbricalis [of digit IV] (Diogo and 
Ziermann, 2014a; Diogo et al., 2018?a)

Lumbricalis longus digiti V 

Same (Gaupp, 1895b, 1896; Kändler, 1924; Davies and Burton, 1982; Burton, 1983, 1996, 
1998a; Manzano et al., 2008b; Hoyos et al., 2014); tendini-phalanginien du digitule 
(Dugès, 1834); flexor digiti V longus s. sublimis (Ecker, 1864: part.a); flexor brevis super-
ficialis (Ribbing, 1907: part.b); lumbricalis longus digiti IV (Duellman and Trueb, 1986b); 
lumbricalis [of digit V] (Diogo and Ziermann, 2014a; Diogo et al., 2018?a)

Flexor plate

Same (Abdala and Diogo, 2010; Diogo and Abdala, 2010; Diogo et al., 2018; Fratani et al., 
2018; Oliveira-Lagôa et al., 2019); aponeurosis palmaris (Ecker, 1864; Gaupp, 1895, 1896; 
Kändler, 1924; Liem, 1970, 1973; Liem and Hosmer, 1973; Duellman and Trueb, 1986; Bur-
ton, 1996, 1998a, 1998b; Faivovich, 2002; Salgar et al., 2009; Hoyos et al., 2014; Barrionuevo, 
2017; Araujo-Vieira et al., 2019); flexor primordialis communis (Ribbing, 1907: part.a, 1911: 
part.a); palmar aponeurosis (Davies and Burton, 1982; Burton, 1983, 1986, 1998b; Manzano 
et al., 2008; Diogo and Ziermann, 2014); superficial aponeurosis (Burton, 1983?)

Burton’s ligament Same (Faivovich, 2002; Araujo-Vieira et al., 2019)

Lumbricales breves group No change

Lumbricalis brevis indicis 

Same (Gaupp, 1895b, 1896; Kändler, 1924; Davies and Burton, 1982: part.?a; Burton, 1983?a, 
1996, 1998a; Salgar et al., 2009; Hoyos et al., 2014); tendini-phalangien de l’index (Dugès, 
1834); flexor digiti II brevis s. profundus (Ecker, 1864); flexor brevis superficialis [of 
digit II] (Ribbing, 1907; Diogo and Ziermann, 2014a; Diogo et al., 2018?a); m. flexor indi-
cis superficialis proprius (Kändler, 1924: part.?a)

Lumbricalis brevis digiti III

Same (Gaupp, 1895, 1896; Kändler, 1924; Davies and Burton, 1982; Burton, 1983, 1996, 
1998a, 1998b; Manzano et al., 2008; Salgar et al., 2009; Hoyos et al., 2014; Barrionuevo, 
2017a; Garg and Biju, 2019a); tendini-phalangien du médius (Dugès, 1834); flexores digiti 
III breves s. profundi I, II (Ecker, 1864a); interosseus volaris [of digit III] (Ecker, 1864?a); 
flexor brevis superficialis [of digit III] (Ribbing, 1907, 1911; Diogo and Ziermann, 2014a; 
Diogo et al., 2018?a); caput profundum tendonis superficialis digiti III (Davies and Bur-
ton, 1982a); lumbricalis longi [of digit III] (Aguilar and Valencia, 2009: part.a)

APPENDIX 3 continued
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Terminology used in this study Synonyms

Lumbricalis brevis digiti IV 

Same (Gaupp, 1895b, 1896; Kändler, 1924; Davies and Burton, 1982; Burton, 1983, 1986, 
1996, 1998a: part.a; Salgar et al., 2009; Hoyos et al., 2014; Hoyos and Salgar, 2016; Araujo-
Vieira et al., 2019; Garg and Biju, 2019a); tendini-phalangien de l’annulaire (Dugès, 1834); 
flexores digiti IV breves s. profundi I, II (Ecker, 1864a); flexor brevis superficialis [of 
digit IV] (Ribbing, 1907, 1911; Diogo and Ziermann, 2014a; Diogo et al., 2018?a); lumbri-
calis brevis digiti III (Duellman and Trueb, 1986b); lumbricalis longus digiti IV (Man-
zano et al., 2008: part.a)

Lumbricalis brevis digiti V 

Same (Gaupp, 1895, 1896; Kändler, 1924; Davies and Burton, 1982; Burton, 1983: part.a, 
1996, 1998a; Faivovich, 2002; Manzano et al., 2008; Salgar et al., 2009; Hoyos et al., 2014; 
Araujo-Vieira et al., 2019); sous-carpo-métacarpo-phalangien du digitule (Dugès, 
1834?a); tendini-phalangien du digitule (Dugès, 1834a); flexor digiti V brevis (Ecker, 
1864a); abductor primus digiti V (Ecker, 1864?a); flexor brevis superficialis [of digit V] 
(Ribbing, 1907; Diogo and Ziermann, 2014a; Diogo et al., 2018?a); lumbricalis brevis digiti 
IV (Duellman and Trueb, 1986b); lumbricalis longus digiti V (Faivovich, 2002a)

Contrahentes group No unified name across the literature; digit II: flexor teres; digit IV: flexor teres, head 
from distal carpals; digit V: adductor proprius

Contrahentis indicis 

Same (Ribbing, 1907b; Abdala and Diogo, 2010 a,b; Diogo and Abdala, 2010a,b; Diogo and Zier-
mann, 2014a,b; Diogo et al., 2018b); sous-carpo-phalangien de l’index (Dugès, 1834); flexor 
digiti II tertius (Ecker, 1864); flexor teres indicis (Gaupp, 1895b, 1896; Kändler, 1924; Davies 
and Burton, 1982; Burton, 1996, 1998a, 1998b; Salgar et al., 2009; Hoyos et al., 2014; Hoyos and 
Salgar, 2016); lumbricalis brevis indicis (Davies and Burton, 1982: part.?a; Burton, 1983?a)

Contrahentis digiti III
Same (Ribbing, 1907b; Abdala and Diogo, 2010b; Diogo and Abdala, 2010b; Diogo and 
Ziermann, 2014?a,b; Diogo et al., 2018?a,b); sous-carpo-phalangiens du médius (Dugès, 
1834: part.?a) 

Contrahentis digiti IV

Same (Ribbing, 1907a,b; Abdala and Diogo, 2010a,b; Diogo and Abdala, 2010a,b; Diogo and 
Ziermann, 2014?a,b; Diogo et al., 2018a,b); sous-carpo-phalangien de l’annulaire (Dugès, 
1834: part.?a); interosseus volaris [of digit IV] (Ecker, 1864); flexor teres digiti IV 
(Gaupp, 1895: part.a, 1896: part.a; Burton, 1998b: part.a).

Contrahentis digiti V

Same (Ribbing, 1907b; Abdala and Diogo, 2010b; Diogo and Abdala, 2010b; Diogo and Zier-
mann, 2014a,b; Diogo et al., 2018b); premier sous-carpo-métacarpien du digitule (Dugès, 
1834); interosseus volaris pro digiti V (Ecker, 1864); adductor proprius digiti V (Gaupp, 
1895, 1896; Kändler, 1924; Davies and Burton, 1982; Burton, 1996, 1998a; Hoyos and Salgar, 
2016); opponens digiti V (Burton, 1983a); abductor proprius digiti V (Faivovich, 2002)

Contrahentis caput longus 
distalis

This study. Intercarpalis (Gaupp, 1895, 1896; Kändler, 1924; Davies and Burton, 1982; Burton, 
1983, 1996, 1998a; Salgar et al., 2009); caput longum muscularum contrahentium (Ribbing, 
1907: part.a, 1911: part.a); contrahentium caput longum (Abdala and Diogo, 2010: part.; Diogo 
and Abdala, 2010: part.; Diogo and Ziermann, 2014: part.; Diogo et al., 2018: part.)

Adductor pollicis

Same (Ecker, 1864; Gaupp, 1895, 1896; Kändler, 1924: part.?a; Davies and Burton, 1982; 
Burton, 1983a; Duellman and Trueb, 1986; Burton, 1996, 1998a; Manzano et al., 2008; Sal-
gar et al., 2009; Hoyos et al., 2014; Hoyos and Salgar, 2016); sous-carpo-pollicien (Dugès, 
1834); flexor brevis superficialis [of prepollex] (Ribbing, 1907?a); contrahentis [of pre-
pollex] (Abdala and Diogo, 2010?a; Diogo and Abdala, 2010?a; Diogo and Ziermann, 
2014?a; Diogo et al., 2018?a); pronator quadratus (Diogo and Ziermann, 2014?a)

Flexores breves profundi group Flexores ossum metacarporum (digits III–IV); opponens (digits II and V)

Flexor indicis brevis profundus, 
medial muscle

Same (Ribbing, 1907b, 1911b; Abdala and Diogo, 2010a,b; Diogo and Abdala, 2010a,b; Diogo 
and Ziermann, 2014a,b; Diogo et al., 2018a,b); sous-carpo-métacarpien de l’index (Dugès, 
1834); opponens indicis (Ecker, 1864b; Gaupp, 1895, 1896; Kändler, 1924; Davies and Bur-
ton, 1982; Burton, 1983; Duellman and Trueb, 1986; Burton, 1996, 1998a; Salgar et al., 
2009; Hoyos et al., 2014; Hoyos and Salgar, 2016; Oliveira-Lagôa et al., 2019b); lumbricalis 
brevis indicis (Davies and Burton, 1982: part.?a)
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Flexor indicis brevis profundus, 
lateral muscle This study

Flexor brevis profundus digiti 
III

Same (Ribbing, 1907: part.?a,b, 1911b; Abdala and Diogo, 2010: part.?a,b; Diogo and Abdala, 
2010: part.a,b; Diogo and Ziermann, 2014: part.?a,b; Diogo et al., 2018: part.?a,b); sous-carpo-
phalangiens du médius (Dugès, 1834: part.a); flexor metacarpi digiti III (Ecker, 1864); 
flexor ossis metacarpi digiti III (Gaupp, 1895b, 1896; Kändler, 1924; Davies and Burton, 
1982; Burton, 1983, 1996, 1998a; Salgar et al., 2009; Hoyos and Salgar, 2016)

Flexor brevis profundus digiti 
IV

Same (Ribbing, 1907: part.?a,b, 1911b; Abdala and Diogo, 2010: part.?a,b; Diogo and Abdala, 
2010: part.a,b; Diogo and Ziermann, 2014: part.?a,b; Diogo et al., 2018: part.?a,b); Sous-carpo-
phalangien de l’annulaire (Dugès, 1834: part.a); flexor metacarpi digiti IV (Ecker, 1864); 
flexor ossis metacarpi digiti IV (Gaupp, 1895b, 1896; Kändler, 1924; Davies and Burton, 
1982; Burton, 1983, 1996, 1998a; Salgar et al., 2009; Hoyos and Salgar, 2016)

Flexor brevis profundus digiti 
V

Same (Ribbing, 1907: part.?a,b, 1911?a,b; Abdala and Diogo, 2010: part.?a.b; Diogo and 
Abdala, 2010: part.?a,b; Diogo and Ziermann, 2014: part.?a,b; Diogo et al., 2018: part.?a,b); 
deuxième sous-carpo-métacarpien du digitule (Dugès, 1834); opponens digiti V (Ecker, 
1864; Gaupp, 1895, 1896; Kändler, 1924; Davies and Burton, 1982; Burton, 1996, 1998a; 
Salgar et al., 2009?a); lumbricalis brevis digiti V (Burton, 1983: part.a)

Abductor digiti minimi

Same (Abdala and Diogo, 2010; Diogo and Abdala, 2010; Diogo and Ziermann, 2014; 
Diogo et al., 2018); sous-pyro-pré-métacarpien du digitule (Dugès, 1834?a); abductor 
primus digiti V (Ecker, 1864?a; Gaupp, 1895, 1896; Kändler, 1924; Davies and Burton, 
1982: part.?a; Burton, 1983?a, 1996, 1998a; Salgar et al., 2009; Hoyos and Salgar, 2016); 
flexor brevis profundus [of digit V] (Ribbing, 1907?a); flexor brevis superficialis [of digit 
V] (Ribbing, 1907?a); abductor primus digiti IV (Duellman and Trueb, 1986)

Abductor secundus digiti V

Same (Ecker, 1864b; Gaupp, 1895, 1896; Kändler, 1924: part.?a; Davies and Burton, 1982: 
part.?a; Burton, 1983?a, 1996, 1998a; Manzano et al., 2008; Salgar et al., 2009; Hoyos and 
Salgar, 2016); sous-pyro-post-métacarpien du digitule (Dugès, 1834); abductor digiti V 
(Ribbing, 1907, 1911?a); abductor secundus digiti IV (Duellman and Trueb, 1986); flexor 
brevis profundus [of digit V] (Abdala and Diogo, 2010?a; Diogo and Abdala, 2010?a; 
Diogo et al., 2018?a); abductor digiti minimi (Diogo and Ziermann, 2014?a)

Flexores digitorum minimi 
group Flexores teretes with exception of digit II

Flexor minimus indicis Same (Ribbing, 1911b)

Flexor minimus digiti III

Same (Ribbing, 1907a,b, 1911; Diogo and Ziermann, 2014b; Diogo et al., 2018a,b); sous-
carpo-phalangiens du médius (Dugès, 1834: part.?a); flexor teres digiti III (Gaupp, 1895, 
1896; Kändler, 1924; Davies and Burton, 1982; Burton, 1983, 1996, 1998a, 1998b; Blotto et 
al., 2013; Hoyos and Salgar, 2016; Garg and Biju, 2019); flexor brevis profundus [of digit 
III] (Abdala and Diogo, 2010: part.?a; Diogo and Abdala, 2010: part.a; Diogo and Zier-
mann, 2014: part.? a; Diogo et al., 2018: part.?a)

Flexor minimus digiti IV

Same (Ribbing, 1907a,b; 1911, Diogo and Ziermann, 2014b; Diogo et al., 2018b); flexor teres 
digiti IV (Gaupp, 1895: part.a, 1896: part.a; Kändler, 1924; Davies and Burton, 1982; Bur-
ton, 1983, 1996, 1998a, 1998b: part.a; Salgar et al., 2009; Blotto et al., 2013; Hoyos and Sal-
gar, 2016); flexor brevis profundus [of digit IV] (Abdala aºnd Diogo, 2010: part.?a; Diogo 
and Abdala, 2010: part.a; Diogo and Ziermann, 2014: part.?a; Diogo et al., 2018: part.?a)

Flexor minimus digiti V

Same (Ribbing, 1907a,b, 1911; Diogo and Ziermann, 2014b; Diogo et al., 2018b); flexor teres 
digiti V (Gaupp, 1895, 1896; Davies and Burton, 1982; Burton, 1983, 1996, 1998a, 1998b; 
Hoyos and Salgar, 2016; Araujo-Vieira et al., 2019); flexor brevis profundus [of digit V] 
(Abdala and Diogo, 2010: part.?a; Diogo and Abdala, 2010: part.a; Diogo and Ziermann, 
2014: part.?a; Diogo et al., 2018: part.?a)

Intermetacarpales group Transversi metacarporum
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Intermetacarpalis I

Same (Abdala and Diogo, 2010b; Diogo and Abdala, 2010b; Diogo and Ziermann, 2014b; 
Diogo et al., 2018b); métacarpo-métacarpien de l’index (Dugès, 1834); adductor digiti II 
(Ecker, 1864); transversus metacarpi I (Gaupp, 1895b, 1896; Kändler, 1924; Davies and 
Burton, 1982; Burton, 1983a, 1996, 1998a, 1998b; Salgar et al., 2009; Blotto et al., 2013; 
Hoyos and Salgar, 2016; Garg and Biju, 2019); interosseus (Ribbing, 1907, 1911)

Intermetacarpalis II

Same (Abdala and Diogo, 2010b; Diogo and Abdala, 2010b; Diogo and Ziermann, 2014b; 
Diogo et al., 2018b); transversus metacarpi II (Ecker, 1864b; Gaupp, 1895b, 1896; Kändler, 
1924; Davies and Burton, 1982; Burton, 1983, 1996, 1998a, 1998b; Salgar et al., 2009; Blotto 
et al., 2013; Hoyos and Salgar, 2016); interosseus (Ribbing, 1907, 1911)

Intermetacarpalis III

Same (Abdala and Diogo, 2010b; Diogo and Abdala, 2010b; Diogo and Ziermann, 2014b; 
Diogo et al., 2018b); transversus metacarpi III (Ecker, 1864b; Gaupp, 1895b, 1896; Kändler, 
1924; Davies and Burton, 1982; Burton, 1983, 1996, 1998a, 1998b; Salgar et al., 2009; Hoyos 
and Salgar, 2016); interosseus (Ribbing, 1907, 1911)

Interphalangei group Interphalangeales

Interphalangeus indicis This study

Interphalangeus digiti III This study

Interphalangeus digiti IV

Same (Ribbing, 1907b, 1911?a,b; Diogo and Ziermann, 2014; Diogo et al., 2018); phalango-
phalanginien de l’annulaire (Dugès, 1834); flexor proprius phalangum digiti IV (Ecker, 
1864); interphalangealis digiti IV (Gaupp, 1895b, 1896; Kändler, 1924; Davies and Burton, 
1982; Burton, 1983, 1996, 1998a); flexor interphalangealis [of digit IV] (Gaupp, 1895b); 
interphalangealis digiti III (Duellman and Trueb, 1986b)

Interphalangeus digiti V

Same (Ribbing, 1907b, 1911a,b; Diogo and Ziermann, 2014; Diogo et al., 2018); phalango-
phalanginien du digitule (Dugès, 1834); flexor proprius phalangum digiti V (Ecker, 
1864); interphalangealis digiti V (Gaupp, 1895b, 1896; Kändler, 1924; Davies and Burton, 
1982; Burton, 1983, 1996, 1998a); flexor interphalangealis [of digit V] (Gaupp, 1895b)

DORSAL FOREARM/HAND

Extensor digitorum

Same (Abdala and Diogo, 2010; Diogo and Abdala, 2010; Diogo and Ziermann, 2014; 
Diogo et al., 2018; Soliz et al., 2020); huméro-sus-digital (Dugès, 1834); extensor digito-
rum communis longus (Ecker, 1864; Gaupp, 1895, 1896; Kändler, 1924; Davies and Bur-
ton, 1982; Burton, 1983; Oka et al., 1984; Duellman and Trueb, 1986; Burton, 1996, 1998a; 
Faivovich, 2002; Manzano et al., 2008; Salgar et al., 2009; Hoyos et al., 2014; Hoyos and 
Salgar, 2016; Araujo-Vieira et al., 2019); extensor digitorum communis (Ribbing, 1907: 
part.a, 1911: part.a; Burton, 1983); humerodorsalis (Haines, 1939; Liem, 1970, 1973; Inger, 
1972; Liem and Hosmer, 1973; Fabrezi et al., 2017)

Abductor pollicis longus

Same (Abdala and Diogo, 2010; Diogo and Abdala, 2010; Diogo and Ziermann, 2014; 
Diogo et al., 2015; Diogo et al., 2018); cubito-métacarpien (Dugès, 1834); abductor indi-
cis longus (Ecker, 1864b; Gaupp, 1896; Kändler, 1924: part.a; Davies and Burton, 1982; 
Burton, 1983; Oka et al., 1984; Duellman and Trueb, 1986; Burton, 1996, 1998a; Manzano 
et al., 2008a; Salgar et al., 2009; Hoyos and Salgar, 2016); extensor digitorum communis 
(Ribbing, 1907: part.a, 1911: part.a); abductor digiti II (Ribbing, 1907: part.a); supinator 
manus (Haines, 1939; Liem, 1970, 1973; Inger, 1972; Liem and Hosmer, 1973)

Extensores breves superficiales 
group No significant change

Extensor indicis brevis superfi-
cialis

Same (Gaupp, 1895b, 1896: part.?a; Kändler, 1924: part.?a; Ribbing, 1907: part.a,b, 1911: 
part.a,b; Haines, 1939a,b; Liem, 1970a,b; Davies and Burton, 1982; Burton, 1983; Duellman 
and Trueb, 1986a; Burton, 1996, 1998a: part.?a; Manzano et al., 2008; Salgar et al., 2009; 
Diogo and Ziermann, 2014b; Hoyos and Salgar, 2016); cubito-radio-sus-phalangien de 
l’index (Dugès, 1834); extensor digiti II proprius longus (Ecker, 1864: part.a); abductor 
indicis longus (Kändler, 1924a)
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Extensor brevis superficialis 
digiti III

Same (Gaupp, 1895, 1896; Kändler, 1924; Ribbing, 1907: part.a,b, 1911: part.a,b; Haines, 
1939a,b; Davies and Burton, 1982; Burton, 1983, 1996, 1998a; Faivovich, 2002; Salgar et al., 
2009; Diogo and Ziermann, 2014b; Hoyos and Salgar, 2016); sus-pyro-phalangien du 
médius (Dugès, 1834); sus-pyro-phalangettien du médius (Dugès, 1834); extensor digito-
rum communis brevis (Ecker, 1864); externus digitorum brevis superficialis (Liem and 
Hosmer, 1973)

Extensor brevis superficialis 
digiti IV

Same (Gaupp, 1895, 1896; Kändler, 1924; Ribbing, 1907: part.a,b, 1911: part.a,b; Haines, 
1939a,b; Davies and Burton, 1982; Burton, 1983, 1996, 1998a; Faivovich, 2002; Salgar et al., 
2009; Diogo and Ziermann, 2014b; Hoyos and Salgar, 2016; Araujo-Vieira et al., 2019); 
sus-pyro-phalangien de l’annulaire (Dugès, 1834); sus-pyro-phalangettien de l’annulaire 
(Dugès, 1834); extensor digitorum communis brevis (Ecker, 1864); extensor brevis pro-
fundus digiti IV (Burton, 1983: part.a)

Extensor brevis superficialis 
digiti V

Same (Gaupp, 1895, 1896; Kändler, 1924: part.?a; Ribbing, 1907b, 1911a,b; Haines, 1939a,b; 
Davies and Burton, 1982; Burton, 1983; Duellman and Trueb, 1986; Burton, 1996, 1998a; 
Salgar et al., 2009; Diogo and Ziermann, 2014b; Hoyos et al., 2014; Hoyos and Salgar, 
2016); sus-pyro-phalangien du digitule (Dugès, 1834); sus-pyro-phalangettien du digi-
tule (Dugès, 1834); extensor digitorum communis brevis (Ecker, 1864); extensor brevis 
profundus digiti V (Burton, 1983: part.a,b)

Extensores breves medii group No change

Extensor indicis brevis medius

Same (Gaupp, 1895b, 1896; Kändler, 1924a; Haines, 1939a,b; Davies and Burton, 1982; Bur-
ton, 1983b; Duellman and Trueb, 1986; Burton, 1996, 1998a; Salgar et al., 2009; Diogo and 
Ziermann, 2014b; Hoyos and Salgar, 2016); sus-luno-phalangettien de l’index (Dugès, 
1834); extensor digiti II proprius brevis (Ecker, 1864: part.a); extensor indicis brevis 
superficialis (Ribbing, 1907: part.a,b, 1911: part.?a,b; Kändler, 1924: part.?a)

Extensor brevis medius digiti 
III

Same (Gaupp, 1895, 1896; Kändler, 1924; Haines, 1939a,b; Davies and Burton, 1982; Burton, 
1983; Duellman and Trueb, 1986b; Burton, 1996, 1998a; Salgar et al., 2009; Diogo and Zier-
mann, 2014b; Hoyos and Salgar, 2016); sus-luno-phalangettien du médius (Dugès, 1834); 
extensor digiti III proprius (Ecker, 1864: part.a); extensor brevis superficialis [of digit 
III] (Ribbing, 1907: part.a, 1911: part.a)

Extensor brevis medius digiti 
IV

Same (Gaupp, 1895b, 1896; Kändler, 1924; Haines, 1939a,b; Davies and Burton, 1982; Bur-
ton, 1983, 1996, 1998a; Faivovich, 2002; Faivovich et al., 2005; Salgar et al., 2009; Diogo 
and Ziermann, 2014b; Hoyos and Salgar, 2016); sus-carpo-phalangettien de l’annulaire 
(Dugès, 1834); extensor digiti IV proprius (Ecker, 1864: part.a); interosseus dorsalis [of 
digit IV] (Ecker, 1864: part.?a); extensor brevis superficialis [of digit IV] (Ribbing, 1907: 
part.a, 1911: part.a)

Abductor indicis brevis dorsalis

Same (Gaupp, 1895, 1896; Kändler, 1924; Davies and Burton, 1982; Burton, 1983a; 
Duellman and Trueb, 1986; Burton, 1996, 1998a; Salgar et al., 2009); sus-luno-métacarpien 
de l’index (Dugès, 1834); abductor digiti II brevis (Ecker, 1864); abductor digiti II (Rib-
bing, 1907: part.a)

Abductor brevis digiti V Same (Davies and Burton, 1982; Burton, 1983, 1996, 1998a; Salgar et al., 2009; Hoyos et al., 
2014; Hoyos and Salgar, 2016); abductor secundus digiti V? (Kändler, 1924a)

Dorsometacarpales proximales 
group Extensores breves profundi

Dorsometacarpalis indicis 
proximalis

This study. Sus-métacarpo-phalango-phalangettien de l’index (Dugès, 1834a); extensor 
digiti II proprius longus (Ecker, 1864: part.a); extensor dig. II proprius brevis (Ecker, 
1864: part.a); extensor indicis brevis profundus (Gaupp, 1895b, 1896; Ribbing, 1907b, 
1911b; Davies and Burton, 1982; Burton, 1983, 1996, 1998a, 1998c; Fabrezi and Langone, 
2000: part.a,b; Manzano et al., 2007b; Salgar et al., 2009; Hoyos and Salgar, 2016; Araujo-
Vieira et al., 2019b); dorsometacarpalis [of digit II] (Haines, 1939a; Diogo and Ziermann, 
2014; Diogo et al., 2018); extensor brevis distalis digiti II (Faivovich, 2002: part.a)
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Dorsometacarpalis proximalis 
digiti III

This study. Sus-métacarpo-phalango-phalangettien du médius (Dugès, 1834a); sus-
métacarpo-phalangettien du médius (Dugès, 1834a); interosseus dorsalis [of digit III] 
(Ecker, 1864); extensor digiti III proprius (Ecker, 1864: part.a); extensor brevis profundus 
digiti III (Gaupp, 1895b, 1896; Ribbing, 1907b, 1911b; Davies and Burton, 1982; Burton, 
1983, 1996, 1998a, 1998c; Fabrezi and Langone, 2000: part.a,b; Manzano et al., 2007b; Salgar 
et al., 2009; Hoyos and Salgar, 2016: part.a); dorsometacarpalis [of digit III] (Haines, 
1939a; Diogo and Ziermann, 2014; Diogo et al., 2018); extensor brevis distalis digiti III 
(Faivovich, 2002: part.a)

Dorsometacarpalis proximalis 
digiti IV

This study. Sus-métacarpo-phalangettien de l’annulaire (Dugès, 1834a); sus-métacarpo-
phalango-phalangettien de l’annulaire (Dugès, 1834a); interosseus dorsalis [of digit IV] 
(Ecker, 1864: part.a); extensor digiti IV proprius (Ecker, 1864: part.a); extensor brevis 
profundus digiti IV (Gaupp, 1895b, 1896; Kändler, 1924; Ribbing, 1907b, 1911b; Davies and 
Burton, 1982; Burton, 1983: part.a; Duellman and Trueb, 1986b; Hanna and Barnes, 
1991?a,b; Burton, 1996, 1998a, 1998c; Fabrezi and Langone, 2000: part.a,b; Manzano et al., 
2007b; Salgar et al., 2009; Hoyos and Salgar, 2016: part.a); dorsometacarpalis [of digit IV] 
(Haines, 1939a; Diogo and Ziermann, 2014; Diogo et al., 2018)

Dorsometacarpalis proximalis 
digiti V

This study. Sus-métacarpo-phalangettien du digitule (Dugès, 1834a); sus-métacarpo-
phalango-phalangettien du digitule (Dugès, 1834a); interosseus dorsalis [of digit V] 
(Ecker, 1864); extensor brevis profundus digiti V (Gaupp, 1895b, 1896; Kändler, 1924: 
part.a; Ribbing, 1907b, 1911b; Davies and Burton, 1982; Burton, 1983: part.a; Duellman and 
Trueb, 1986b; Burton, 1996, 1998a, 1998c; Fabrezi and Langone, 2000: part.a,b; Manzano et 
al., 2007b; Salgar et al., 2009; Hoyos and Salgar, 2016; Araujo-Vieira et al., 2019); extensor 
brevis superficialis digiti V? (Kändler, 1924); dorsometacarpalis [of digit V] (Haines, 
1939a; Diogo and Ziermann, 2014; Diogo et al., 2018); extensor brevis distalis digiti V 
(Salgar et al., 2009a)

Dorsometacarpales distales 
group

Part of extensores breves profundi (before Burton, 1996) and extensores breves distales 
(after)

Dorsometacarpalis indicis dis-
talis

This study. Extensor brevis distalis digiti II (Burton, 1998c; Faivovich, 2002: part.a; Man-
zano et al., 2007b; Hoyos and Salgar, 2016; Araujo-Vieira et al., 2019); extensor brevis pro-
fundus [of digit II] (Fabrezi and Langone, 2000: part.a)

Dorsometacarpalis distalis 
digiti III

This study. Extensor brevis distalis digiti III (Burton, 1996, 1998c; Faivovich, 2002: part.a; 
Manzano et al., 2007b); extensor brevis profundus digiti III (Fabrezi and Langone, 2000: 
part.a,b; Hoyos and Salgar, 2016: part.a)

Dorsometacarpalis distalis 
digiti IV

This study. Extensor brevis profundus digiti IV (Hanna and Barnes, 1991?a,b; Fabrezi and 
Langone, 2000: part.a,b; Hoyos and Salgar, 2016: part.a); extensor brevis distalis digiti IV 
(Burton, 1996, 1998c; Manzano et al., 2007b; Araujo-Vieira et al., 2019)

Dorsometacarpalis distalis 
digiti V

This study. Extensor brevis distalis digiti V (Burton, 1996, 1998c; Manzano et al., 2007b; 
Hoyos and Salgar, 2016); extensor brevis profundus digiti V (Kändler, 1924a; Fabrezi and 
Langone, 2000: part.a,b)

VENTRAL LEG

Flexor accessorius 

Same (Ribbing, 1909: part., 1911: part.; Diogo and Molnar, 2014; Diogo and Ziermann, 
2014; Blotto et al., 2017; Diogo et al., 2018); tarso-sous-phalangettien des trois premiers 
doigts (Dugès 1834: part.a); transversus plantae (Ecker, 1864; Gaupp, 1895, 1896; Dunlap, 
1960; Nussbaum, 1982); tarso-fléchisseur des doigts (Perrin, 1892)

Flexor accessorius proximalis

Same (Blotto et al., 2017); tarso-sous-phalangettien des trois premiers doigts (Dugès 
1834: part.); transversus plantae anterior (Ecker, 1864); tarso-fléchisseur des doigts (Per-
rin, 1892: part.a); transversus plantae proximalis (Gaupp, 1895, 1896; Dunlap, 1960; 
Duellman and Trueb, 1986; Burton, 2001, 2004); transversus [proximal] (Davies and Bur-
ton, 1982); transversus plantae proximus (Burton, 1983); flexor accessorius (Diogo and 
Ziermann, 2014: part.; Diogo et al., 2018: part.)
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Flexor accessorius distalis

Same (Blotto et al., 2017); tarso-sous-phalangettien des trois premiers doigts (Dugès, 1834: 
part.); transversus plantae posterior (Ecker, 1864); tarso-fléchisseur des doigts (Perrin, 
1892: part.a); transversus plantae distalis (Gaupp, 1895, 1896; Dunlap, 1960; Burton, 1983; 
Duellman and Trueb, 1986; Burton, 2001, 2004; Faivovich et al., 2005; Salgar et al., 2009; 
Hoyos et al., 2014; Araujo-Vieira et al., 2019); transversus [distal] (Davies and Burton, 1982); 
flexor accessorius (Diogo and Ziermann, 2014: part.; Diogo et al., 2018: part.)

Tibialis posterior

Same (Diogo and Molnar, 2014; Diogo and Ziermann, 2014; Dos Santos et al., 2017; Diogo 
et al., 2018); tibio-sous-tarsien (Dugès, 1834: part.a); plantaris (Ecker, 1864); fléchisseur 
interne des doigts (Perrin, 1892: part.a); plantaris profundus (Gaupp, 1895, 1896; Dunlap, 
1960; Dunlap, 1966; Davies and Burton, 1982; Nussbaum, 1982; Burton, 1983; Duellman 
and Trueb, 1986; Burton, 2001, 2004); flexor accessorius (Ribbing, 1909: part., 1911: part.)

Contrahentium caput longum

Same (Diogo and Molnar, 2014; Diogo and Ziermann, 2014; Dos Santos et al., 2017; Diogo 
et al., 2018); tibio-sous-astragalien (Dugès, 1834); extensor tarsi (Ecker, 1864); rotateur 
direct du pied (Perrin, 1892: part.a); tarsalis posticus (Gaupp, 1896; Dunlap, 1960; Dun-
lap, 1966; Davies and Burton, 1982; Nussbaum, 1982; Burton, 1983; Duellman and Trueb, 
1986; Burton, 2001, 2004; Salgar et al., 2009); pronator profundus (Ribbing, 1909: part., 
1911: part.)

Interosseus cruris

Same (Diogo and Molnar, 2014; Diogo and Ziermann, 2014; Diogo et al., 2018); calcanéo-
scaphoïdien (Dugès, 1834); adductor longus digiti I (Ecker, 1864); rotateur direct du 
pied (Perrin, 1892: part.a); intertarsalis (Gaupp, 1895, 1896; Dunlap, 1960; Dunlap, 1966; 
Davies and Burton, 1982; Burton, 1983; Duellman and Trueb, 1986; Burton, 2001, 2004); 
pronator profundus (Ribbing, 1909: part., 1911: part.)

VENTRAL FOOT

Superficial cutaneous tendons Same (Burton, 2004a)

Tendines superficiales group No significant change

Tendo superficialis praehallucis
Same (Gaupp, 1895b; Dunlap, 1960a; Burton, 2004); tendon fléchisseur de la phalangette 
de Tergot (Perrin, 1892); flexor primordialis communis (Ribbing, 1909: part.); superficial 
flexor tendon of prehallux (Dunlap, 1960)

Tendo superficialis hallucis

Same (Gaupp, 1895b, 1896; Dunlap, 1960; Davies and Burton, 1982; Burton, 1983, 2001, 
2004; Faivovich et al., 2005; Salgar et al., 2009; Hoyos et al., 2014; Hoyos and Salgar, 2016; 
Blotto et al., 2017); tarso-sous-phalangettien des trois premiers doigts (Dugès 1834: 
part.a); flexor digiti I longus (Ecker, 1864); tendon fléchisseur de la première phalangette 
(Perrin, 1992); flexor primordialis communis (Ribbing, 1909: part., 1911: part.); flexor 
tendon of digit I (Dos Santos et al., 2017; Fratani et al., 2018b)

Tendo superficialis digiti II

Same (Gaupp, 1895b, 1896b; Davies and Burton, 1982b; Dunlap, 1960; Burton, 2001b, 2004b; 
Faivovich et al., 2005b; Salgar et al., 2009b; Hoyos et al., 2014; Hoyos and Salgar, 2016b; 
Blotto et al., 2017); tarso-sous-phalangettien des trois premiers doigts (Dugès, 1834: 
part.a); flexor digiti II longus (Ecker, 1864); tendon fléchisseur de la deuxième phalan-
gette (Perrin, 1892); flexor primordialis communis (Ribbing, 1909: part., 1911: part.); 
superficial flexor tendon of digit II (Dunlap, 1960); flexor tendon of digit II (Dos Santos 
et al., 2017; Fratani et al., 2018b)

Tendo superficialis digiti III

Same (Gaupp, 1895b, 1896b; Dunlap, 1960; Davies and Burton, 1982b; Liem, 1973b; Liem 
and Hosmer, 1973b; Burton, 1983b, 2001b, 2004b; Faivovich et al., 2005; Salgar et al., 2009b; 
Hoyos et al., 2014; Hoyos and Salgar, 2016b; Blotto et al., 2017); péronéo-sous-
phalangettien des trois derniers doigts + tarso-sous-phalangettien des trois premiers 
doigts (Dugès, 1834: part.a); flexor digitorum III, IV, V longus (Ecker, 1864: part.); ten-
don fléchisseur de la troisième phalangette (Perrin, 1892); flexor primordialis communis 
(Ribbing, 1909: part., 1911: part.); superficial flexor tendon of digit III (Dunlap, 1960; 
Diogo and Ziermann 2014); flexor tendon of digit III (Dos Santos et al., 2017; Fratani et 
al., 2018b)
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Tendo superficialis digiti IV

Same (Gaupp, 1895b, 1896b; Dunlap, 1960; Davies and Burton, 1982; Burton, 1983b, 2001b, 
2004b; Salgar et al., 2009b; Hoyos and Salgar, 2016b; Blotto et al., 2017); péronéo-sous-
phalangettien des trois derniers doigts (Dugès, 1834: part.); flexor digitorum III, IV, V 
longus (Ecker, 1864: part.); tendon fléchisseur de la quatriènie phalangette (Perrin, 
1892); flexor primordialis communis (Ribbing, 1909: part., 1911: part.); superficial flexor 
tendon of digit IV (Dunlap, 1960; Diogo and Ziermann 2014); flexor tendon of digit IV 
(Dos Santos et al., 2017; Fratani et al., 2018, 2020)

Tendo superficialis digiti V

Same (Gaupp, 1895b, 1896b; Dunlap, 1960; Davies and Burton, 1982; Burton, 1983b, 2001b, 
2004b; Salgar et al., 2009b; Blotto et al., 2017); péronéo-sous-phalangettien des trois derniers 
doigts (Dugès, 1834: part.); flexor digitorum III, IV, V longus (Ecker, 1864: part.); tendon 
fléchisseur de la cinquième phalangette (Perrin, 1892); flexor primordialis communis 
(Ribbing, 1909: part., 1911: part.); superficial flexor tendon of digit V (Dunlap, 1960; Diogo 
and Ziermann 2014); flexor tendon of digit V (Dos Santos et al., 2017; Fratani et al., 2018b)

Lumbricales longi group No significant change

Lumbricalis longus digiti II Same (Liem, 1973?a,b; Liem and Hosmer, 1973?a,b; Burton, 2001); flexor brevis superficialis 
[of digit II] (Ribbing, 1911: part.a); lumbricalis brevis digiti II (Dunlap, 1960: part.a)

Lumbricalis longus digiti III

Same (Gaupp, 1895, 1896; Dunlap, 1960; Davies and Burton, 1982; Burton, 1983, 2001, 
2004; Faivovich et al., 2005; Salgar et al., 2009; Diogo and Molnar, 2014b; Diogo and Zier-
mann, 2014b; Hoyos and Salgar, 2016; Blotto et al., 2017; Diogo et al., 2018b); tendini-sous-
phalanginien du médius (Dugès, 1834); lumbricalis digiti III (Ecker, 1864: part.a); 
fléchisseur de la troisième phalangine (Perrin, 1892); flexor brevis superficialis [of digit 
III] (Ribbing, 1909: part., 1911: part.a)

Lumbricalis longus digiti IV

Same (Gaupp, 1895, 1896; Dunlap, 1960; Davies and Burton, 1982; Burton, 1983, 2001, 
2004; Faivovich et al., 2005; Salgar et al., 2009; Diogo and Molnar, 2014b; Diogo and Zier-
mann, 2014b; Hoyos and Salgar, 2016; Blotto et al., 2017; Diogo et al., 2018b); tendini-sous-
phalanginien du quatrième doigt (Dugès, 1834); lumbricalis digiti IV (Ecker, 1864: 
part.a); fléchisseur de la quatrième phalanginette (Perrin, 1892); flexor brevis superficia-
lis [of digit IV] (Ribbing, 1909: part., 1911: part.?a)

Lumbricalis longissimus digiti 
IV

Same (Gaupp, 1895b, 1896; Dunlap, 1960; Davies and Burton, 1982; Burton, 1983, 2001, 
2004; Faivovich et al., 2005; Salgar et al., 2009; Diogo and Molnar, 2014b; Diogo and Zier-
mann, 2014b; Hoyos et al., 2014; Blotto et al., 2017; Diogo et al., 2018b); tendini-sous-pha-
langinettiens du quatrième doigt (Dugès, 1834: part.?a); lumbricalis digiti IV (Ecker, 
1864: part.a); fléchisseur de la quatrième phalangine (Perrin, 1892); flexor brevis superfi-
cialis [of digiti IV] (Ribbing, 1909: part., 1911: part.a)

Lumbricalis longus digiti V

Same (Gaupp, 1895b, 1896; Dunlap, 1960; Davies and Burton, 1982; Burton, 1983, 2001, 
2004; Faivovich et al., 2005; Salgar et al., 2009; Diogo and Molnar, 2014b; Diogo and Zier-
mann, 2014b; Blotto et al., 2017; Diogo et al., 2018b); tendini-sous-phalanginiens du digitule 
(Dugès, 1834); lumbricalis digiti V (Ecker, 1864); fléchisseur de la cinquième phalangine 
(Perrin, 1892); flexor brevis superficialis [of digit V] (Ribbing, 1909: part., 1911: part.a)

Lumbricales breves group No change

Lumbricalis brevis hallucis

Same (Gaupp, 1895b, 1896; Dunlap, 1960; Davies and Burton, 1982; Burton, 1983, 2001, 
2004; Faivovich et al., 2005; Salgar et al., 2009; Diogo and Ziermann, 2014b; Hoyos et al., 
2014; Blotto et al., 2017; Diogo et al., 2018b); tendini-sous-phalangien du pouce (Dugès, 
1834); lumbricalis digiti I (Ecker, 1864); fléchisseur de la première phalange (Perrin, 
1892); flexor brevis superficialis [of digit I] (Ribbing, 1909: part., 1911?a)

Lumbricalis brevis digiti II

Same (Gaupp, 1895b, 1896; Dunlap, 1960; Davies and Burton, 1982; Burton, 1983, 2001, 
2004; Salgar et al., 2009; Diogo and Molnar, 2014b; Diogo and Ziermann, 2014b; Hoyos et 
al., 2014; Blotto et al., 2017; Diogo et al., 2018b); tendini-sous-phalangien du deuxième 
doigt (Dugès, 1834); lumbricalis digiti II (Ecker, 1864); fléchisseur de la deuxième pha-
lange (Perrin, 1892); flexor brevis superficialis [of digit II] (Ribbing, 1909: part., 1911: 
part.a); lumbricalis longus digiti II (Liem, 1973a,b)
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Lumbricalis brevis digiti III

Same (Gaupp, 1895b, 1896; Dunlap, 1960; Davies and Burton, 1982; Burton, 1983, 2001, 
2004; Salgar et al., 2009; Diogo and Molnar, 2014b; Diogo and Ziermann, 2014b; Hoyos et 
al., 2014; Blotto et al., 2017; Diogo et al., 2018b); tendini-phalangien du médius (Dugès, 
1834); lumbricalis digiti III (Ecker, 1864: part.a); fléchisseur de la troisième phalange 
(Perrin, 1892); flexor brevis superficialis [of digit III] (Ribbing, 1909: part., 1911: part.a)

Lumbricalis brevis digiti IV

Same (Gaupp, 1895, 1896; Dunlap, 1960; Davies and Burton, 1982; Burton, 1983, 1986, 
2001a, 2004; Salgar et al., 2009; Diogo and Molnar, 2014b; Diogo and Ziermann, 2014b; 
Hoyos et al., 2014; Blotto et al., 2017; Diogo et al., 2018b); tendini-phalangien du 
quatrième doigt (Dugès, 1834a); tendini-sous-phalanginien du quatrième doigt (Dugès, 
1834a); flexor brevis digiti IV (Ecker, 1864a); lumbricalis digiti IV (Ecker, 1864a); 
fléchisseur de la quatrième phalange (Perrin, 1892); flexor brevis superficialis [of digit 
IV] (Ribbing, 1909: part., 1911: part.a)

Lumbricalis brevis digiti V

Same (Gaupp, 1895b, 1896; Dunlap, 1960; Davies and Burton, 1982; Burton, 1983, 1986, 
2001, 2004; Faivovich et al., 2005; Salgar et al., 2009; Diogo and Molnar, 2014b; Diogo and 
Ziermann, 2014b; Hoyos et al., 2014; Hoyos and Salgar, 2016; Blotto et al., 2017; Diogo et 
al., 2018b; Araujo-Vieira et al., 2019); sous-tarso-ex-phalangien du digitule (Dugès, 
1834a); sous-tarso-in-phalangien du digitule (Dugès, 1834a); adductor digiti V (Ecker, 
1864a); flexor brevis digiti V (Ecker, 1864a); fléchisseur de la cinquième phalange (Perrin, 
1892); flexor brevis superficialis [of digit V] (Ribbing, 1909: part., 1911: part.a)

Aponeurosis plantaris

Same (Ecker, 1864; Gaupp, 1896; Dunlap, 1960; Liem, 1973; Liem and Hosmer, 1973; Nuss-
baum, 1982; Burton, 1983; Duellman and Trueb, 1986; Burton, 2001, 2004; Faivovich et al., 
2005; Salgar et al., 2009; Diogo and Ziermann, 2014; Hoyos et al., 2014; Hoyos and Salgar, 
2016; Blotto et al., 2017; Dos Santos et al., 2017; Diogo et al., 2018; Fratani et al., 2018); 
flexor primordialis communis (Ribbing, 1909: part., 1911: part.); plantar aponeurosis 
(Davies and Burton, 1982; Burton, 1983, 1986; Diogo and Molnar, 2014; Diogo and Zier-
mann, 2014; Diogo et al., 2018)

Flexores breves superficiales

Same (Diogo and Molnar, 2014; Diogo and Ziermann 2014; Blotto et al., 2017; Dos Santos et 
al., 2017; Diogo et al., 2018; Fratani et al., 2018); péronéo-sous-phalangettien des trois der-
niers doigts (Dugès, 1834: part.a); flexor digitorum III, IV, V longus (Ecker, 1864: part.); 
fléchisseur externe des doigts (Perrin, 1892: part.a); flexor digitorum brevis superficialis 
(Gaupp, 1895, 1896; Dunlap, 1960; Dunlap, 1966; Liem, 1973; Burton, 1983; Duellman and 
Trueb, 1986; Burton, 2001, 2004; Faivovich et al., 2005; Hoyos and Salgar, 2016; Fabrezi et al., 
2017; Araujo-Vieira et al., 2019); flexor accessorius (Ribbing, 1909: part., 1911: part.); flexor 
digitorum communis (Davies and Burton, 1982); flexor digitorum communis longus 
(Davies and Burton, 1982); flexor brevis superficialis (Duellman and Trueb, 1986; Burton, 
2001); flexor digitorum (Burton, 2001); flexor digiti brevis superficialis (Hoyos et al., 2014)

Contrahentes pedis group Contrahentes

Contrahentis pedis hallucis

Same (Diogo and Molnar, 2014b; Diogo and Ziermann, 2014b; Blotto et al., 2017; Diogo et 
al., 2018b); sous-métatarso-phalangien du pouce (Dugès, 1834); flexor brevis digiti I 
(Ecker, 1864); fléchisseur profond de la première phalange (Perrin, 1892); flexor teres 
hallucis (Gaupp, 1895b, 1896; Davies and Burton, 1982; Burton, 2001); contrahentis hal-
lucis (Ribbing, 1909b, 1911b; Dunlap, 1960: part.a,b; Burton, 2004; Faivovich et al., 2005; 
Hoyos and Salgar, 2016); opponens hallucis (Salgar et al., 2009?a)

Contrahentis pedis digiti II
Same (Diogo and Molnar, 2014b; Diogo and Ziermann, 2014b; Diogo et al., 2018b); 
fléchisseur profond de la deuxième phalange (Perrin, 1892); contrahentis digiti II (Rib-
bing, 1909b, 1911b; Dunlap, 1960; Salgar et al., 2009; Hoyos and Salgar, 2016)

Contrahentis pedis digiti III
Same (Diogo and Molnar, 2014b; Diogo and Ziermann, 2014b; Diogo et al., 2018b); 
fléchisseur profond de la troisième phalange (Perrin, 1892); contrahentis digiti III (Rib-
bing, 1909b, 1911b; Dunlap, 1960)

Contrahentis pedis digiti IV Same (Diogo and Molnar, 2014b; Diogo and Ziermann, 2014b; Diogo et al., 2018b); contra-
hentis digiti IV (Dunlap, 1960)
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Contrahentis pedis digiti V

Same (Diogo and Molnar, 2014b; Diogo and Ziermann, 2014b; Blotto et al., 2017; Diogo et 
al., 2018b); adducteur accessoire du cinquième métatarsien + fléchisseur profond de la 
cinquième phalange (Perrin, 1892); flexor brevis superficialis [of digit V] (Ribbing, 1911: 
part.?a); flexor brevis profundus [of digit V] (Ribbing, 1911: part.?a); contrahentis digiti 
V (Ribbing, 1909b, 1911a,b; Dunlap, 1960)

Abductor praehallucis

Same (Gaupp, 1895, 1896; Dunlap, 1960; Liem, 1973; Davies and Burton, 1982a; Nussbaum, 
1982; Burton, 1983, 2001, 2004; Salgar et al., 2009; Diogo and Molnar, 2014; Diogo and Zier-
mann, 2014; Hoyos et al., 2014; Hoyos and Salgar, 2016; Blotto et al., 2017; Diogo et al., 
2018); tibio-sous-tarsien (Dugès, 1834: part.a); abductor hallucis (Ecker, 1864); adducteur 
de la phalangette de l’ergot (Perrin, 1892); adducteur du métatarsien de l’ergot (Perrin, 
1892); flexor brevis superficialis (Ribbing, 1909: part.); abductor praehallucis dorsalis 
(Liem and Hosmer, 1973); abductor praehallucis ventralis (Liem and Hosmer, 1973)

Adductor praehallucis Same (Burton, 2001; Blotto et al., 2017); abductor brevis plantaris hallucis (Dunlap, 1960: part.a)

Abductor brevis plantaris hal-
lucis

Same (Gaupp, 1895b, 1896; Dunlap, 1960: part.a; Liem, 1973; Liem and Hosmer, 1973; Davies 
and Burton, 1982; Burton, 1983, 2001, 2004; Faivovich et al., 2005; Salgar et al., 2009; Diogo and 
Molnar, 2014; Hoyos et al., 2014; Hoyos and Salgar, 2016; Blotto et al., 2017; Diogo et al., 2018); 
tibio-sous-tarsien (Dugès, 1834: part.a); abductor longus digiti I (Ecker, 1864); adducteur 
postérieur du premier métatarsien (Perrin, 1892); flexor brevis superficialis (Ribbing, 1909: 
part., 1911: part.); abductor plantaris hallucis (Burton, 2001, 2004); flexor accessories 
(Hayashi et al., 2015)

Flexor hallucis accessorius

Same (Diogo and Ziermann, 2014; Blotto et al., 2017); sous-tarso-métatarso-phalangien 
du pouce (Dugès, 1834); opponens hallucis (Ecker, 1864b; Gaupp, 1895b, 1896; Dunlap, 
1960; Davies and Burton, 1982; Burton, 1983, 1986, 2001, 2004; Salgar et al., 2009?a; Diogo 
and Molnar, 2014; Diogo et al., 2018); fléchisseur primitif du premier métatarsien (Per-
rin, 1892); flexor brevis profundus [of digit I] (Ribbing, 1909, 1911)

Flexores breves profundi group Flexores ossum metatarsorum

Flexor hallucis brevis profun-
dus This study

Flexor brevis profundus digiti 
II

Same (Ribbing, 1909b, 1911b; Diogo and Molnar, 2014b; Diogo and Ziermann, 2014b; Blotto 
et al., 2017; Diogo et al., 2018b); sous-tarso-métatarsien du deuxième doigt (Dugès, 1834); 
métatarso-métatarsien [of digit II] (Dugès, 1834?a); flexor metatarsi digiti II (Ecker, 
1864); déducteur du deuxième doigt (Perrin, 1892); flexor ossis metatarsi digiti II 
(Gaupp, 1895b, 1896; Dunlap, 1960; Davies and Burton, 1982; Burton, 1983, 2001, 2004; 
Faivovich et al., 2005; Salgar et al., 2009; Hoyos et al., 2014; Hoyos and Salgar, 2016; 
Araujo-Vieira et al., 2019)

Flexor brevis profundus digiti 
III

Same (Ribbing, 1909b, 1911b; Diogo and Molnar, 2014b; Diogo and Ziermann, 2014b; Blotto 
et al., 2017; Diogo et al., 2018b); Sous-calcanéo-métatarsien du médius (Dugès, 1834); 
métatarso-métatarsien [of digit III] (Dugès, 1834?a); flexor metatarsi digiti III (Ecker, 
1864); déducteur du troisième doigt (Perrin, 1892); flexor ossis metatarsi digiti III 
(Gaupp, 1895b, 1896; Dunlap, 1960; Davies and Burton, 1982; Burton, 1983, 2001, 2004; 
Faivovich et al., 2005; Salgar et al., 2009; Hoyos and Salgar, 2016)

Flexor brevis profundus digiti 
IV

Same (Ribbing, 1909b; Diogo and Ziermann, 2014b; Blotto et al., 2017; Diogo et al., 2018b); 
métatarso-métatarsien [of digit IV] (Dugès, 1834: part.?a); flexor metatarsi digiti IV 
(Ecker, 1864); déducteur du quatrième doigt (Perrin, 1892); flexor ossis metatarsi digiti 
IV (Gaupp, 1895b, 1896; Dunlap, 1960; Davies and Burton, 1982; Burton, 1983, 2001, 2004; 
Faivovich et al., 2005; Salgar et al., 2009; Hoyos and Salgar, 2016; Araujo-Vieira et al., 2019)

Abductor brevis plantaris digiti 
V

Same (Gaupp, 1895, 1896; Dunlap, 1960; Davies and Burton, 1982; Burton, 1983, 2001, 2004; 
Salgar et al., 2009; Diogo and Molnar, 2014; Diogo and Ziermann, 2014; Hoyos and Salgar, 2016; 
Blotto et al., 2017; Diogo et al., 2018); calcanéo-ex-métatarsien du digitule (Dugès, 1834); 
abductor digiti V (Ecker, 1864); flexor brevis profundus [of digit V] (Ribbing, 1909, 1911)
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Flexores digitorum minimi 
group Flexores teretes, with exception of digit I

Flexor minimus hallucis
contrahentis digiti I (Dunlap, 1960: part.a); flexor teres hallucis (Burton, 1983, 2004; 
Faivovich et al., 2005; Hoyos and Salgar, 2016; Araujo-Vieira et al., 2019); opponens hal-
lucis (Salgar et al., 2009?a); flexor digiti hallucis (Blotto et al., 2017)

Flexor minimus digiti II

Same (Ribbing, 1909b; Diogo and Ziermann, 2014b; Blotto et al., 2017; Diogo et al., 
2018a,b); sous-métatarso-phalangien du second doigt (Dugès, 1834); flexor digiti II pro-
prius (Ecker, 1864); fléchisseur primitif de la deuxième phalange (Perrin, 1892); flexor 
teres digiti II (Gaupp, 1895b, 1896; Dunlap, 1960; Davies and Burton, 1982; Burton, 1983, 
2001, 2004; Salgar et al., 2009)

Flexor minimus digiti III

Same (Ribbing, 1909b; Diogo and Molnar, 2014a,b; Diogo and Ziermann, 2014b; Blotto et 
al., 2017; Diogo et al., 2018a,b); sous-métatarso-phalangien du médius (Dugès, 1834); 
flexor digiti III proprius (Ecker, 1864); fléchisseur primitif de la troisième phalange 
(Perrin, 1892); flexor teres digiti III (Gaupp, 1895b, 1896; Dunlap, 1960; Davies and Bur-
ton, 1982; Burton, 1983, 2001, 2004; Salgar et al., 2009)

Flexor minimus digiti IV

Same (Ribbing, 1909b, 1911a,b; Diogo and Molnar, 2014a,b; Diogo and Ziermann, 2014b; 
Blotto et al., 2017; Diogo et al., 2018a,b); sous-métatarso-phalangien du quatrième doigt 
(Dugès, 1834); flexor digiti IV proprius (Ecker, 1864); fléchisseur primitif de la 
quatrième phalange (Perrin, 1892); flexor teres digiti IV (Gaupp, 1895b, 1896; Dunlap, 
1960; Davies and Burton, 1982; Burton, 1983, 2001, 2004; Salgar et al., 2009)

Flexor minimus digiti V

Same (Ribbing, 1909b; Diogo and Ziermann, 2014b; Blotto et al., 2017; Diogo et al., 
2018a,b); sous-métatarso-phalangien du digitule (Dugès, 1834); flexor digiti V proprius 
(Ecker, 1864); fléchisseur primitif de la cinquième phalange (Perrin, 1892); flexor teres 
digiti V (Gaupp, 1895b, 1896; Dunlap, 1960; Davies and Burton, 1982; Burton, 1983, 2001, 
2004; Salgar et al., 2009)

Intermetatarsales group Transversi metatarsorum

Intermetatarsalis I

Same (Diogo and Molnar, 2014b; Diogo and Ziermann, 2014b; Blotto et al., 2017; Diogo et 
al., 2018b); premier intermétatarsien (Dugès, 1834); interosseus (Ecker, 1864a; Ribbing, 
1909, 1911); transversus metatarsus I (Ecker, 1864a,b; Gaupp, 1895b, 1896b; Dunlap, 1960b; 
Davies and Burton, 1982; Burton, 1983, 2001, 2004; Salgar et al., 2009); premier 
intermétatarsien (Perrin, 1892); opponens hallucis (Salgar et al., 2009?a)

Intermetatarsalis II

Same (Diogo and Molnar, 2014b; Diogo and Ziermann, 2014b; Blotto et al., 2017; Diogo et 
al., 2018b); deuxième intermétatarsien (Dugès, 1834); interosseus (Ecker, 1864a; Ribbing, 
1909, 1911); transversus metatarsus II (Ecker, 1864a,b; Gaupp, 1895b, 1896b; Dunlap, 1960b; 
Davies and Burton, 1982; Burton, 1983, 2001, 2004; Faivovich et al., 2005; Salgar et al., 
2009; Hoyos and Salgar, 2016); deuxième intermétatarsien (Perrin, 1892); transversus 
(Burton, 2001)

Intermetatarsalis III

Same (Diogo and Molnar, 2014b; Diogo and Ziermann, 2014b; Blotto et al., 2017; Diogo et 
al., 2018b); troisième intermétatarsien (Dugès, 1834: part.a); interosseus (Ecker, 1864: 
part.a; Ribbing, 1909, 1911); transversus metatarsus III (Ecker, 1864: part.a,b; Gaupp, 
1895b, 1896b; Dunlap, 1960b; Davies and Burton, 1982; Burton, 1983, 2001, 2004; Faivovich 
et al., 2005; Salgar et al., 2009; Hoyos and Salgar, 2016); troisième intermétatarsien (Per-
rin, 1892)

Intermetatarsalis IV

Same (Diogo and Molnar, 2014b; Diogo and Ziermann, 2014b; Blotto et al., 2017; Diogo et 
al., 2018b); troisième intermétatarsien (Dugès, 1834: part.a); interosseus (Ecker, 1864: 
part.a; Ribbing, 1909, 1911: part.a); transversus metatarsi III (Ecker, 1864: part.a,b); 
quatrième intermétatarsien (Perrin, 1892); transversus metatarsus IV (Gaupp, 1895b, 
1896b; Dunlap, 1960b; Davies and Burton, 1982; Burton, 1983, 2001, 2004; Faivovich et al., 
2005; Hoyos and Salgar, 2016; Araujo-Vieira et al., 2019)

Interphalangei group Interphalangeales
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Terminology used in this study Synonyms

Interphalangeus digiti II This study

Interphalangeus digiti III

Same (Ribbing, 1909b, 1911b; Diogo and Molnar, 2014; Diogo and Ziermann, 2014b; Blotto 
et al., 2017; Hayashi et al., 2015b; Diogo et al., 2018); phalango-phalanginien du médius 
(Dugès, 1834); flexor phalangum proprius digiti III (Ecker, 1864); fléchisseur primitif de 
la troisième phalangine (Perrin, 1892); interphalangealis digiti III (Gaupp, 1895b, 1896; 
Dunlap, 1960; Davies and Burton, 1982; Burton, 1983, 2001, 2004; Salgar et al., 2009)

Interphalangeus proximalis 
digiti IV

Phalango-phalanginien du quatrième doigt (Dugès, 1834); flexor phalangum proprius 
dig. IV anterior (Ecker, 1864); fléchisseur primitif de la quatrième phalanginette (Perrin, 
1892); interphalangealis proximalis digiti IV (Gaupp, 1895b, 1896; Dunlap, 1960; Davies 
and Burton, 1982; Burton, 1983, 2001, 2004; Salgar et al., 2009); interphalangeus digit IV 
(Ribbing, 1909: part.b, 1911a,b,; Diogo and Molnar, 2014: part.; Diogo and Ziermann, 2014: 
part.b; Hayashi et al., 2015b; Diogo et al., 2018: part.)

Interphalangeus distalis digiti 
IV

Phalangino-phalanginettien du quatrième doigt (Dugès, 1834); flexor phalangum pro-
prius digiti IV posterior (Ecker, 1864); fléchisseur primitif de la quatrième phalangine 
(Perrin, 1892); interphalangealis distalis digiti IV (Gaupp, 1895b, 1896; Dunlap, 1960; 
Davies and Burton, 1982; Burton, 2001, 2004; Salgar et al., 2009); interphalangeus digit IV 
(Ribbing, 1909: part.b; Diogo and Molnar, 2014: part.; Diogo and Ziermann, 2014: part.b; 
Hayashi et al., 2015b; Diogo et al., 2018: part.)

Interphalangeus proximalis 
digiti V

This study. Phalango-phalanginien du digitule (Dugès, 1834); flexor phalangum pro-
prius (Ecker, 1864); fléchisseur primitif de la cinquième phalangine (Perrin, 1892); inter-
phalangealis digiti V (Gaupp, 1895b, 1896; Dunlap, 1960; Davies and Burton, 1982; 
Burton, 1983, 2001, 2004; Salgar et al., 2009); interphalangeus digit V (Ribbing, 
1909b,1911b; Diogo and Molnar, 2014; Diogo and Ziermann, 2014b; Diogo et al., 2018)

Interphalangeus distalis digiti 
V This study

DORSAL LEG/FOOT

Extensor digitorum longus

Same (Gaupp, 1895; Liem, 1970; Diogo and Molnar, 2014; Diogo and Ziermann, 2014; 
Blotto et al., 2017; Dos Santos et al., 2017; Diogo et al., 2018); péronéo-sus-phalangien du 
quatrième doigt (Dugès, 1834); extensor longus digiti IV (Ecker, 1864; Gaupp, 1896; 
Davies and Burton, 1982; Burton, 1983; Duellman and Trueb, 1986; Burton, 2001); 
extenseur commun des doigts (Perrin, 1892); extensor brevis superficialis (Ribbing, 1909: 
part., 1911: part.); extensor digitorum communis longus (Gaupp, 1895; Dunlap, 1960, 
1966; Liem, 1970, 1973; Inger, 1972; Liem and Hosmer, 1973; Burton, 2004; Faivovich et al., 
2005; Hoyos et al., 2014; Hoyos and Salgar, 2016; Araujo-Vieira et al., 2019); extensor com-
munis longus (Liem, 1970)

Abductor digiti minimi

Same (Diogo and Molnar, 2014; Diogo and Ziermann, 2014; Dos Santos et al., 2017; 
Diogo et al., 2018); calcanéo-sus-métatarsien du digitule (Dugès, 1834); déducteur 
du cinquième métatarsien (Perrin, 1892); abductor brevis dorsalis digiti V (Gaupp, 
1895, 1896; Dunlap, 1960; Dunlap, 1966; Davies and Burton, 1982; Burton, 1983; 
Duellman and Trueb, 1986; Burton, 2001, 2004; Faivovich et al., 2005; Salgar et al., 
2009; Hoyos and Salgar, 2016); extensor brevis superficialis (Ribbing, 1909: part., 
1911: part.)

Tarsalis anticus

Same (Gaupp, 1896; Dunlap, 1960, 1966; Liem, 1970; Davies and Burton, 1982; Burton, 
1983; Duellman and Trueb, 1986; Burton, 2001, 2004; Faivovich et al., 2005; Salgar et al., 
2009; Diogo and Molnar, 2014; Diogo and Ziermann, 2014; Hoyos and Salgar, 2016; Dos 
Santos et al., 2017; Diogo et al., 2018); péronéo-sus-astragalien (Dugès, 1834); flexor tarsi 
posterior (Ecker, 1864); rotateur inverse du pied (Perrin, 1892: part.a); extensor brevis 
superficialis (Ribbing, 1909: part., 1911: part.)

Extensores breves superficiales 
group No change with exception of digit IV
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Terminology used in this study Synonyms

Extensor brevis superficialis 
hallucis

Same (Gaupp, 1895b, 1896; Ribbing, 1909: part.b, 1911: part.b; Dunlap, 1960; Davies and 
Burton, 1982; Burton, 1983, 2001, 2004: part.a; Faivovich et al., 2005: part.a; Diogo and 
Molnar, 2014b; Diogo and Ziermann, 2014b; Hoyos et al., 2014; Blotto et al., 2017; Diogo et 
al., 2018b; Araujo-Vieira et al., 2019); calcanéo-sus-métatarsien du pouce (Dugès, 1834); 
extensor longus digiti I (Ecker, 1864: part.a); extenseur superficiel de l’ergot (Perrin, 
1892a); extenseur superficiel de la première phalange (Perrin, 1892a); extensor brevis 
profundus hallucis (Hoyos and Salgar, 2016a)

Extensor brevis superficialis 
digiti II

Same (Gaupp, 1895b, 1896; Ribbing, 1909: part.b, 1911: part.b; Dunlap, 1960; Davies and 
Burton, 1982; Burton, 1983, 2001, 2004: part.a; Faivovich et al., 2005: part.a; Salgar et al., 
2009; Diogo and Molnar, 2014b; Diogo and Ziermann, 2014b; Hoyos et al., 2014; Hoyos and 
Salgar, 2016; Blotto et al., 2017; Diogo et al., 2018b); astragalo-sus-phalangien du 
deuxième doigt (Dugès, 1834a); extensor digiti II longus (Ecker, 1864); extenseur superfi-
ciel de la deuxième phalange (Perrin, 1892)

Extensor brevis superficialis 
digiti III

Same (Gaupp, 1895, 1896; Ribbing, 1909: part.b, 1911: part.b; Dunlap, 1960; Davies and 
Burton, 1982; Burton, 1983, 2001, 2004; Faivovich et al., 2005; Diogo and Molnar, 2014b; 
Diogo and Ziermann, 2014b; Hoyos et al., 2014; Hoyos and Salgar, 2016; Blotto et al., 2017; 
Diogo et al., 2018b; Araujo-Vieira et al., 2019); sus-astragalo-phalanginien du médius 
(Dugès, 1834); astragalo-sus-phalangien du médius (Dugès, 1834?a); extensor digiti III 
longus (Ecker, 1864); extenseur superficiel de la troisième phalange (Perrin, 1892)

Extensor brevis superficialis 
digiti IV

Same (Ribbing, 1909: part.b, 1911: part.a,b; Dunlap, 1960; Liem and Hosmer, 1973; Burton, 
1983?a; Burton, 2004; Faivovich et al., 2005; Diogo and Molnar, 2014b; Diogo and Zier-
mann, 2014b; Hoyos et al., 2014; Hoyos and Salgar, 2016; Blotto et al., 2017; Diogo et al., 
2018b); calcanéo-sus-phalangien du quatrième doigt (Dugès, 1834a); sus-calcanéo-
phalanginien du quatrième doigt (Dugès, 1834a); extensores digiti IV breves (Ecker, 
1864); extenseur de la quatrième phalange (Perrin, 1892a); extenseur de la quatrième 
phalanginette (Perrin, 1892a); extensor brevis medius digiti IV (Gaupp, 1895a, 1896a; 
Davies and Burton, 1982a; Burton, 1983a, 2001a; Diogo and Ziermann, 2014?a,b)

Extensor brevis superficialis 
digiti V

Same (Gaupp, 1895b, 1896; Ribbing, 1909: part.b, 1911: part.b; Dunlap, 1960; Liem, 1973b; 
Liem and Hosmer, 1973b; Burton, 1983, 2001: part.a, 2004; Hoyos et al., 2014; Blotto et al., 
2017; Diogo et al., 2018b); calcanéo-sus-phalangien du digitule (Dugès, 1834); extensor 
digiti V brevis (Ecker, 1864); extenseur de la cinquième phalange (Perrin, 1892)

Extensores breves medii group No change with the exception of digit IV

Extensor brevis medius hallucis

Same (Gaupp, 1896; Dunlap, 1960; Liem, 1973b; Liem and Hosmer, 1973b; Davies and Bur-
ton, 1982; Burton, 1983, 2001, 2004: part.a; Faivovich et al., 2005: part.a; Salgar et al., 2009; 
Diogo and Molnar, 2014b; Diogo and Ziermann, 2014?a,b; Hoyos et al., 2014; Blotto et al., 
2017; Diogo et al., 2018b); extensor longus digiti I (Ecker, 1864: part.a); extenseur de la 
première phalange (Perrin, 1892); extensor brevis superficialis [of digit I] (Ribbing, 1909: 
part., 1911: part.)

Extensor brevis medius digiti II

Same (Gaupp, 1896; Dunlap, 1960; Liem, 1973b; Liem and Hosmer, 1973b; Davies and Burton, 
1982; Burton, 1983, 2001, 2004: part.a; Faivovich et al., 2005: part.a; Salgar et al., 2009; Diogo 
and Molnar, 2014b; Diogo and Ziermann, 2014b; Diogo et al., 2018b); calcanéo-sus-phalangien 
du deuxième doigt (Dugès, 1834?a); astragalo-sus-phalangettien du second doigt (Dugès, 
1834?a); extensor digiti II brevis (Ecker, 1864); extenseur de la deuxième phalange (Perrin, 
1892); extensor brevis superficialis [of digit II] (Ribbing, 1909: part., 1911: part.)

Extensor brevis medius digiti 
III

Same (Gaupp, 1896; Dunlap, 1960; Liem, 1973b; Liem and Hosmer, 1973b; Davies and Bur-
ton, 1982; Burton, 1983, 2001, 2004; Faivovich et al., 2005; Diogo and Molnar, 2014b; Diogo 
and Ziermann, 2014b; Hoyos and Salgar, 2016; Diogo et al., 2018b); astragalo-sus-pha-
langien du médius (Dugès, 1834?a); extensor digiti III brevis (Ecker, 1864); extenseur de 
la troisième phalange (Perrin, 1892); extensor brevis superficialis [of digit III] (Ribbing, 
1909: part., 1911: part.)

APPENDIX 3 continued



86 BULLETIN AMERICAN MUSEUM OF NATURAL HISTORY NO. 443

Terminology used in this study Synonyms

Extensor brevis medius digiti 
IV

Same (Dunlap, 1960; Diogo and Ziermann, 2014?a,b; Diogo et al., 2018?a,b); extensor brevis 
superficialis [of digit IV] (Ribbing, 1909?a)

Dorsometatarsales proximales 
group Extensores breves profundi

Dorsometatarsalis hallucis 
proximalis 

This study. Deux métatarso-sus-phalangettiens du pouce (Dugès, 1834); interosseus 
dorsalis II (Ecker, 1864a); extenseur profond du premier doigt (Perrin, 1892); extensor 
brevis profundus hallucis (Gaupp, 1895b, 1896; Ribbing, 1909b, 1911b; Dunlap, 1960: 
part.a; Davies and Burton, 1982; Burton, 1983; Duellman and Trueb, 1986b; Fabrezi and 
Langone, 2000a,b; Burton, 2001; Faivovich, 2002b; Burton, 2004; Salgar et al., 2009; Hoyos 
and Salgar, 2016); extensor brevis dorsalis hallucis (Salgar et al., 2009?a); dorsometatarsa-
lis [of digit I] (Diogo and Molnar, 2014; Diogo and Ziermann, 2014; Diogo et al., 2018)

Dorsometatarsalis proximalis 
digiti II

This study. Métatarso-sus-phalangien du deuxième doigt (Dugès, 1834a); métatarso-sus-
phalangettien du second doigt (Dugès, 1834a); interosseus dorsalis III (Ecker, 1864a); 
interosseus dorsalis IV (Ecker, 1864a); extenseur profond du deuxième doigt (Perrin, 
1892); extensor brevis profundus digiti II (Gaupp, 1895b, 1896; Ribbing, 1909b, 1911b; 
Dunlap, 1960: part.a; Davies and Burton, 1982; Burton, 1983; Duellman and Trueb, 1986b; 
Fabrezi and Langone, 2000: part.a,b; Burton, 2001, 2004; Salgar et al., 2009; Hoyos and Sal-
gar, 2016); dorsometatarsalis [of digit II] (Diogo and Molnar, 2014; Diogo and Ziermann, 
2014; Diogo et al., 2018)

Dorsometatarsalis proximalis 
digiti III

This study. Deux métatarso-sus-phalangettiens du médius (Dugès, 1834); interosseus 
dorsalis V (Ecker, 1864a); interosseus dorsalis VI (Ecker, 1864a); extenseur profond du 
troisième doigt (Perrin, 1892); extensor brevis profundus digiti III (Gaupp, 1895b, 1896; 
Ribbing, 1909b, 1911b; Dunlap, 1960: part.a; Davies and Burton, 1982; Burton, 1983; 
Duellman and Trueb, 1986b; Fabrezi and Langone, 2000: part.a,b; Burton, 2001, 2004; Salgar 
et al., 2009; Hoyos and Salgar, 2016); dorsometatarsalis [of digit III] (Diogo and Molnar, 
2014; Diogo and Ziermann, 2014; Diogo et al., 2018)

Dorsometatarsalis proximalis 
digiti IV

This study. Deux métatarso-sus-phalangettiens du quatrième doigt (Dugès, 1834); inter-
osseus dorsalis VII (Ecker, 1864a); interosseus dorsalis VIII (Ecker, 1864a); extenseur 
profond du quatrième doigt (Perrin, 1892); extensor brevis profundus digiti IV (Gaupp, 
1895, 1896; Ribbing, 1909b, 1911a,b; Dunlap, 1960: part.a; Davies and Burton, 1982; Burton, 
1983; Duellman and Trueb, 1986b; Fabrezi and Langone, 2000: part.a,b; Burton, 2001, 2004; 
Salgar et al., 2009; Hoyos and Salgar, 2016: part.a); dorsometatarsalis [of digit IV] (Diogo 
and Molnar, 2014; Diogo and Ziermann, 2014; Diogo et al., 2018)

Dorsometatarsalis proximalis 
digiti V

This study. Deux métatarso-sus-phalangettiens du digitule (Dugès, 1834); interosseus 
dorsalis IX (Ecker, 1864a); interosseus dorsalis X (Ecker, 1864a); abductor digiti V brevis 
(Ecker, 1864a); extenseur profond du cinquième doigt (Perrin, 1892); extensor brevis 
profundus digiti V (Gaupp, 1895b, 1896; Ribbing, 1909b, 1911b; Dunlap, 1960: part.a; 
Davies and Burton, 1982; Davies and Burton, 1982; Burton, 1983; Duellman and Trueb, 
1986b; Fabrezi and Langone, 2000: part. a,b; Burton, 2001, 2004; Faivovich et al., 2005; Salgar 
et al., 2009; Hoyos and Salgar, 2016); extensor brevis superficialis digiti V (Davies and 
Burton, 1982a; Burton, 2001: part.a; Hoyos and Salgar, 2016a); dorsometatarsalis [of digit 
V] (Diogo and Molnar, 2014; Diogo and Ziermann, 2014; Diogo et al., 2018)

Dorsometatarsales distales 
group

Part of the extensores breves profundi (before Faivovich, 2002) and extensores breves 
distales (after)

Dorsometatarsalis hallucis 
distalis

This study. Extensor brevis profundus hallucis (Dunlap, 1960: part.a); extensor brevis 
distalis hallucis (Faivovich, 2002b; Burton, 2004)

Dorsometatarsalis distalis digiti 
II

This study. Extensor brevis profundus digiti II (Dunlap, 1960: part.a; Fabrezi and Lan-
gone, 2000: part.a,b); extensor brevis distalis digiti II (Faivovich, 2002; Burton, 2004; 
Araujo-Vieira et al., 2019)
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Comments on Some Synonyms

We discuss the names included in the synonym 
list that require clarifications or justifications and 
are arranged in the following sections: (1) palmar 
surface and the forearm muscles; (2) dorsal surface 
of the hand and the forearm muscles; (3) plantar 
surface; and (4) dorsal surface of the foot. The 
comments for each muscle are headed by the name 
of the muscle, as listed in the synonym list. Finally 
(section 5), we make comments and define names 
for some novel muscles and tendons that are not 
addressed in Results and Discussion.

Palmar Surface of the Hand

Dugès (1834)

M. epitrochlo-sous-phalangettien: The 
portions that correspond to our tendines superfi-

ciales digitorum III–V are the tendons depicted 
with number 118 in Dugès (1834: fig. 51) on digits 
III–V, respectively. The tendon of digit II of that 
figure corresponds to the tendon of insertion of 
our m. flexor indicis superficialis proprius.

M. sous-carpo-phalangettien de l’index: 
Probably corresponds to the fleshy portion of 
our m. flexor indicis superficialis proprius.

M. sous-carpo-métacarpo-phalangien du 
digitule: Might correspond to our lateral m. 
lumbricalis brevis digiti V; the figures and descrip-
tions are not detailed enough to unequivocally 
separate it from our m. abductor digiti minimi.

M. tendini-phalangien du digitule: Cor-
responds to our medial m. lumbricalis brevis 
digiti V.

M. sous-carpo-phalangien du médius: The 
identity of the medial muscle, depicted as “107” in 
Dugès (1834: fig. 51), is unclear (while the lateral 

Terminology used in this study Synonyms

Dorsometatarsalis distalis digiti 
III

This study. Extensor brevis profundus digiti III (Dunlap, 1960: part.a; Fabrezi and Lan-
gone, 2000: part.a,b); extensor brevis distalis digiti III (Faivovich, 2002; Burton, 2004)

Dorsometatarsalis distalis digiti 
IV

This study. Extensor brevis profundus digiti IV (Dunlap, 1960: part.a; Fabrezi and Lan-
gone, 2000: part.a,b; Hoyos and Salgar, 2016: part.a); extensor brevis distalis digiti IV 
(Faivovich, 2002; Burton, 2004; Araujo-Vieira et al., 2019)

Dorsometatarsalis distalis digiti 
V

This study. Extensor brevis profundus digiti V (Dunlap, 1960: part.a; Fabrezi and Lan-
gone, 2000: part.a,b); extensor brevis distalis digiti V (Faivovich, 2002; Burton, 2004; 
Araujo-Vieira et al., 2019)

Abductores breves dorsales 
group Digit I: no uniform name; digits II–III: first reported here

Abductor brevis dorsalis hal-
lucis

Same (Gaupp, 1895b, 1896; Dunlap, 1960; Davies and Burton, 1982; Burton, 1983a, 2001a, 
2004; Salgar et al., 2009; Diogo and Molnar, 2014; Diogo and Ziermann, 2014; Diogo et al., 
2018b); astragalo-ex-métatarsien du pouce (Dugès, 1834a); ex-tarso-métatarsien du 
pouce (Dugès, 1834a); abductor brevis digiti I (Ecker, 1864a); extensor brevis digiti I 
(Ecker, 1864a); adducteur antérieur du premier métatarsien (Perrin, 1892); extensor bre-
vis superficialis (Ribbing, 1909: part., 1911: part.); extensor brevis dorsalis hallucis 
(Davies and Burton, 1982?a; Burton, 1983a, 2001a; Salgar et al., 2009?a)

Abductor brevis dorsalis digiti 
II This study

Abductor brevis dorsalis digiti 
III This study

Abductor proprius digiti IV

Same (Gaupp, 1895, 1896; Dunlap, 1960; Davies and Burton, 1982; Burton, 1983; Burton, 
2001, 2004; Salgar et al., 2009; Diogo and Molnar, 2014; Diogo and Ziermann, 2014; Diogo 
et al., 2018); métatarso-métatarsien (Dugès, 1834: part.?a); quatrième intermétatarsien 
accessoire (Perrin, 1892); interosseus [of digit IV] (Ribbing, 1909: part.a, 1911: part.a)
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muscle, depicted as “106,” corresponds to our m. 
flexor brevis profundus digiti III). It might corre-
spond to (1) our m. flexor minimus digiti III; 
however, the origin shown in his figure 51 seems 
to be from a distal carpal, while our m. flexor 
minimus digiti III originates from the metacarpal; 
(2) our m. contrahentis digiti III; or (3) an atypical 
portion of the m. flexor brevis profundus digiti III. 
We consider the first option more probable since 
the m. contrahentis digiti III was not reported in 
Pelophylax, studied by Dugès (1834; see Ecker, 
1864; Gaupp, 1896), nor in the family Ranidae to 
which it belongs (this study). However, it requires 
postulating that the origin of the m. flexor mini-
mus is erroneously figured (it should be on meta-
carpal III, and dorsally to our m. intermetacarpalis 
I). In line with the problems highlighted here, 
Gaupp (1896: 163) stated that the description of 
Dugès (1834) was incorrect.

M. sous-carpo-phalangien de l’annu-
laire: The muscle depicted as “111” in Dugès 
(1834: fig. 51) corresponds topologically to our 
m. flexor minimus digiti IV. However, in his 
figure 51 it seems to originate from the dis-
tal carpals, not from metacarpal IV, as it is 
characteristic of this muscle. Alternatively, it 
might be the m. contrahentis digiti IV, char-
acterized by an origin on the distal carpals. 
In such a case, the m. flexor minimus digiti 
IV was overlooked and not figured by Dugès 
(1834). The problem here is partially equiva-
lent to the one discussed above for the m. 
sous-carpo-phalangien du médius, with the 
difference that the m. contrahentis digiti IV is 
present in Pelophylax (Gaupp, 1896: his caput 
volare of the m. flexor teres digiti IV), as well 
as in other ranids (this study). We consider it 
more likely that this muscle of Dugès (1834) 
corresponds to our m. contrahentis digiti IV. 
The muscle depicted as “110” in his figure 51 
corresponds to our m. flexor brevis profundus 
digiti IV, for which it is discarded to be our m. 
flexor minimus digiti IV.

M. sous-pyro-pré-métacarpien du digi-
tule: This muscle probably corresponds to our 
m. abductor digiti minimi, although the figures 

and descriptions are not detailed enough to 
unequivocally separate it from our lateral m. 
lumbricalis brevis digiti V.

Ecker (1864)

M. flexor digiti III longus s. sublimis: 
This muscle includes our tendo superficialis 
digiti III and our m. caput profundum digiti III. 
See Discussion for further comments.

M. flexor digiti IV longus s. sublimis: 
This muscle includes our tendo superficialis 
digiti IV and our m. lumbricalis longus digiti IV. 
Gaupp (1896: 163) stated that Ecker (1864) did 
not describe the m. lumbricalis longus digiti IV. 
However, it was partially and superficially 
described, and also figured by Ecker (1864: 105, 
fig. 78), under the name m. flexor digiti IV lon-
gus s. sublimis (see also Gaupp, 1895: 196, who 
supports our interpretation). See Discussion for 
further comments.

M. flexor digiti V longus s. sublimis: This 
muscle includes our tendo superficialis digiti V and 
our m. lumbricalis longus digiti V. Gaupp (1896: 
165) stated that Ecker (1864) did not describe the 
m. lumbricalis longus digiti V. However, it was par-
tially and superficially described, and also figured 
by Ecker (1864: 106, fig. 78), under the name m. 
flexor digiti V longus s. sublimis (see also Gaupp, 
1895: 196, who supports our interpretation). See 
Discussion for further comments.

Mm. flexores digiti III breves s. profundi 
I and II, and m. interosseus volaris (of 
digit III): The mm. flexores digiti III breves s. 
profundi I and II correspond to our slip of the m. 
lumbricalis brevis digiti III with origin on the 
distal carpals (but see below) and to our slip of 
this muscle with origin on the flexor plate. How-
ever, the m. interosseus volaris, described and 
figured for digit III, cannot be discarded to be 
part of our m. lumbricalis brevis digiti III with 
origin on the distal carpals.

Furthermore, with the available figures and 
descriptions, the m. interosseus volaris of digit III 
cannot also be discarded to correspond to our m. 
contrahentis digiti III. The fact that neither Gaupp 
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(1896), who studied the same species as Ecker 
(1864), nor we in our ranoid sample (the only 
exception is the microhylid Ctenophryne geayi) 
found an m. contrahentis digiti III turns the inter-
pretation of this m. interosseus as our m. contra-
hentis digiti III an implausible hypothesis.

Mm. flexores digiti IV breves s. profundi 
I and II: These two muscles correspond to our 
medial and lateral m. lumbricalis brevis digiti IV.

M. abductor primus digiti V and m. 
flexor digiti V: The latter corresponds to our 
medial m. lumbricalis brevis digiti V. Concern-
ing the m. abductor primus digiti V, the descrip-
tion of Ecker (1864: 106) reporting an insertion 
on the phalanx is compatible with its identity as 
our lateral m. lumbricalis brevis digiti V. How-
ever, the morphology and position evidenced in 
his figures 78–79 are also compatible with our m. 
abductor digiti minimi. The fact may be that the 
m. abductor digiti minimi is totally or partially 
fused with the lateral m. lumbricalis brevis digiti 
V, as occurs in many species of different clades 
(this study; see also Gaupp, 1896: 166–167, for a 
close relationship between both muscles in Pelo-
phylax, which is the same taxon studied by Ecker, 
1864). Thus, the m. abductor primus digiti V of 
Ecker (1864) might be a combination of our m. 
abductor digiti minimi and our lateral m. lum-
bricalis brevis digiti V.

Gaupp (1895, 1896)

M. flexor teres digiti IV: The portion of 
this muscle that corresponds to our m. contra-
hentis digiti IV is his “caput volare,” while the 
portion that corresponds to our m. flexor mini-
mus digiti IV is his “caput dorsale.”

Ribbing (1907)

M. flexor primordialis communis: This 
muscle is essentially our m. flexor digitorum com-
munis, and includes our flexor plate and tendines 
superficiales digitorum II–V, which Ribbing 
(1907) considers to be the tendons of insertion of 
this muscle. This is partially in agreement with 
our study, with the difference that our flexor plate 
is considered a strong tendon of insertion (follow-

ing Abdala and Diogo, 2010) product also from 
the contribution of the m. flexor accessorius (see 
further comments about the relationship between 
these elements in Discussion).

A particular comment is required for the 
inclusion of our tendo superficialis indicis as 
part of the m. flexor primordialis communis of 
Ribbing (1907). Most neobatrachians do not 
have a tendo superficialis indicis (sensu this 
study) and have instead an m. flexor indicis 
superficialis proprius, which inserts by a long 
palmar flexor tendon on the distal phalanx, as do 
the tendo superficialis indicis. Differently, the 
tendo superficialis indicis is present in Discoglos-
sus pictus (one of the species studied by Ribbing, 
1907), and we consider the m. flexor primordia-
lis communis a synonym of our tendo superficia-
lis indicis on this basis.

M. flexor brevis superficialis (of pre-
pollex): Our m. adductor pollicis probably cor-
responds to the portion of the mm. flexores 
breves superficiales of Ribbing (1907: 597) that 
inserts on prepollex.

M. contrahentis digiti IV: Ribbing (1907: 
632), in an apparent typing error regarding the 
digit number of this muscle, wrote “caput volare 
des M. flexor teres digiti V” quoting Gaupp 
(1896), instead of “caput volare des M. flexor 
teres digiti IV,” as Gaupp (1896: 164–165, fig. 
94) refers to it. Further support for this putative 
typing error is the fact that (1) the description 
given by Ribbing (1907: 632) refers to the mus-
cle of digit IV (and not digit V); and (2) it is 
correctly mentioned later by Ribbing (1911: 13) 
as the “caput volare des Flexor teres digiti IV.” 
Abdala and Diogo (2010), Diogo and Abdala 
(2010), and Diogo et al. (2018) replicated this 
typing error, probably originated by Ribbing 
(1907).

Mm. flexores minimi digitorum III and 
IV: The muscles depicted (in error?) as the 
medial/radial portion of m. flexor brevis pro-
fundus of digits III and IV in Ribbing (1907: 
figs. 13–14) are probably our mm. flexores min-
imi digitorum III and IV; see Discussion for 
further comments.
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M. flexor minimus digiti V: The muscle 
depicted as m. flexor brevis profundus in his fig-
ure 13 probably corresponds to our m. flexor 
minimus digiti V, based on position and mor-
phology; see Discussion for further comments.

M. flexor brevis profundus and m. 
flexor brevis superficialis (of digit V): It 
is not possible to unequivocally identify to 
which muscles of our terminology they corre-
spond. Ribbing (1907: 596) equals the m. 
abductor primus digiti V of Gaupp (1896) to his 
m. flexor brevis superficialis. However, based on 
morphology and position, the muscle depicted 
in his figure 14 of Pelophylax as the lateral mus-
cle of his m. flexor brevis profundus resembles 
more the m. abductor primus digiti V of Gaupp 
(which is our m. abductor digiti minimi), than 
the m. opponens digiti V of Gaupp (which is 
our m. flexor brevis profundus digiti V). Fol-
lowing this, we include it with question marks 
within the synonym list of our m. abductor 
digiti minimi and our m. flexor brevis profun-
dus digiti V.

M. caput longum muscularum contra-
hentium: The proximal and distal portions of 
this muscle correspond to our m. contrahentis 
caput longus proximalis and m. contrahentis 
caput longus distalis, respectively; see Discussion 
further comments. 

Ribbing (1911)

General comments: Some identities inter-
preted here must be considered with caution 
since the musculature of Pipa is highly modified, 
obscuring their identities and correspondences 
with muscles of other clades. Furthermore, Rib-
bing (1911) did not present figures supporting 
his descriptions.

A problematic point is that the species of Pipa 
studied by Ribbing (1911) is not clearly identi-
fied. However, based on a comparison of some 
peculiar characteristics described by Ribbing 
(1911) with our data (mainly for the possession 
of the m. flexor minimus indicis), we conclude 
that he probably studied Pipa pipa. We employ 
this putative taxonomic identification (men-

tioned as Pipa cf. pipa) as a partial guide for the 
preparation of the synonym list.

M. flexor primordialis communis: Same 
considerations as above for Ribbing (1907).

M. interphalangeus digiti IV: Ribbing 
(1911: 14) considered that there is probably a 
remnant of this muscle in Pipa cf. pipa, without 
further comments. This muscle is absent in the 
single specimen of Pipa pipa studied by us.

M. interphalangeus digiti V: Ribbing 
(1911: 14) described a muscle that he tentatively 
assigned to the m. interphalangeus of digit V. His 
doubts may have arisen from its atypical morphol-
ogy, as well as from his comparisons of Pipa cf. 
pipa with Discoglossus pictus and Pelophylax cf. 
esculenta (and probably other species listed by 
Ribbing, 1907, but not clearly stated). Discoglossus 
(this study) and Pelophylax (Gaupp, 1896: 166, 
figs. 92–94) have a medial and a lateral slip, with 
their fleshy origins over the basal phalanx of digit 
V, and lack an intermediate slip. Distinctly, the m. 
interphalangeus digiti V of Pipa pipa is repre-
sented only by an intermediate slip. It arises on the 
distal end of metacarpal V (thus, proximally in 
comparison to most species; e.g., Burton, 1996, 
1998a; this study), and its origin is on the tendon 
of insertion of the m. flexor minimus digiti V, as 
described by Ribbing (1911) and corroborated in 
this study. Despite both conditions being uncom-
mon for the m. interphalangeus digiti V, we con-
sider it as such for this study.

M. flexor brevis profundus digiti V: It is 
tentatively considered to be our homonym mus-
cle. We observed this muscle in Pipa pipa, and it 
corresponds to the m. flexor brevis profundus 
digiti V figured for Pipa carvalhoi (see muscle 
number 6 in pl. 9C).

M. abductor digiti V: See muscle label 7–8 
in plate 9C of Pipa carvalhoi. The same prob-
lems regarding the identities of the abductor 
muscles of digit V discussed for Pipa carvalhoi 
applies to our sample of Pipa pipa and P. cf. pipa 
of Ribbing (1911).

M. caput longum muscularum contra-
hentium: Same comments as above for Ribbing 
(1907).
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M. flexor accessorius (lateralis and 
medialis): See Discussion.

Kändler (1924)

Tendo superficialis indicis, m. flexor 
indicis superficialis proprius, and m. lumbri-
calis brevis indicis: Kändler (1924: fig. 23a) 
indicates that in Bombina bombina (as Bombina-
tor igneus) there is a fleshy portion corresponding 
to the m. flexor indicis superficialis proprius. 
However, this muscle is absent in our examined 
specimen (see char. 1). The fleshy portion he 
refers to probably corresponds to our m. lumbri-
calis brevis indicis, while the tendinous attach-
ment to the palmar surface of the distal phalanx 
corresponds to our tendo superficialis indicis.

M. adductor pollicis: Kändler (1924: fig. 
23a) indicated a tendinous portion as corre-
sponding to the m. adductor pollicis in Bombina 
bombina. This portion probably corresponds to a 
tendinous connection between the flexor plate 
and the prepollex (similar to the tendines super-
ficiales of the digits). The m. adductor pollicis of 
B. bombina is very different to the element 
labeled as such by Kändler (1924), as exemplified 
in plate 9B by B. orientalis.

M. abductor secundus digiti V: The mus-
cle labeled as such by Kändler (1924: fig. 21a) for 
Bufo bufo (as Bufo vulgaris) probably corresponds 
to our m. abductor brevis digiti V, which is pres-
ent in the Bufonidae studied by us. The muscle 
labeled only as “abd” (abbreviation for abductor) 
in his figure 23a of Hyla arborea clearly corre-
sponds to our m. abductor brevis digiti V.

Liem (1970)

First tendo superficialis: As inferred from 
the description of Liem (1970: 14), his “first 
tendo superficialis” is a combination of our tendo 
superficialis indicis and our m. flexor indicis 
superficialis proprius.

Davies and Burton (1982)

General comments: The study of Davies 
and Burton (1982) is restricted to Rheobatrachus 
silus (Myobatrachidae). In the following discus-

sion, we compare their descriptions with our 
observations from this species.

M. caput profundum tendonis superfi-
cialis digiti III: This name corresponds to our 
m. caput profundum digiti III. However, the 
specimen studied by us has an extremely reduced 
m. caput profundum digiti III, which has a typi-
cal origin from the distal carpals (contra Davies 
and Burton, 1982). The description given by 
Davies and Burton (1982) for his m. caput pro-
fundum tendonis superficialis digiti III fits with 
our slip of the m. lumbricalis brevis digiti III 
with origin on the flexor plate.

M. lumbricalis brevis indicis: The muscle 
described by Davies and Burton (1982: 512) 
under this name is probably composed of por-
tions of our (1) m. lumbricalis brevis indicis; (2) 
medial m. flexor indicis brevis profundus; and 
(3) m. contrahentis indicis. 

The specimen studied by us has a complete 
fusion between the m. lumbricalis brevis indicis 
and the medial m. flexor indicis brevis profun-
dus. The portion inserting on the metacarpopha-
langeal joint is inferred to correspond to the 
former, while the penniform insertion on meta-
carpal II is assignable to the m. flexor indicis 
brevis profundus. This explains the penniform 
insertion along the entire lateral surface of meta-
carpal II described by Davies and Burton (1982) 
for their m. lumbricalis brevis indicis. 

We also observed the m. contrahentis indicis 
with origin from the distal carpals (which is typi-
cal for this muscle) and from the adjoining prox-
imal end of metacarpal III. This might explain 
the origin from metacarpal III described by 
Davies and Burton (1982) for their m. lumbrica-
lis brevis indicis.

M. abductor primus digiti V and m. 
abductor secundus digiti V: Davies and Bur-
ton (1982: 512) considered the former to be pres-
ent, but it went undescribed. The m. abductor 
secundus digiti V was described as arising from 
the distal carpals (as centrale postaxiale) and 
inserting on the laterodistal surface of metacar-
pal V. This origin and insertion is characteristic 
of our m. abductor digiti minimi instead, while 
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the m. abductor secundus digiti V usually arises 
from the ulnare (and from the distal end of 
radioulna in some species) and has a very proxi-
mal insertion on the base of metacarpal V (Bur-
ton, 1998a; this study). We observed in this 
species a muscle that we interpreted as a fused 
m. abductor digiti minimi and m. abductor 
secundus digiti V, since its origin covers the 
region of origin of these two muscles.

Finally, we observed an additional abductor 
muscle inserting on the metacarpophalangeal 
joint of digit V, similar to the one depicted for 
Pipa carvalhoi (pl. 9C, muscle labeled 7–8). The 
identity of this muscle is controversial, as com-
mented for P. carvalhoi in the legend of plate 9C. 
It is unclear whether the reference of an “abduc-
tor primus digiti V” of Davies and Burton (1982) 
corresponds to this abductor muscle since they 
did not describe it.

Burton (1983)

Superficial aponeurosis: It is unclear 
whether this aponeurosis is part of a differenti-
ated portion of the flexor plate (sensu this study), 
or if it corresponds to another kind of connective 
tissue located between the tegument and the 
flexor plate.

M. lumbricalis brevis indicis: The charac-
teristics of the muscle labeled by Burton (1983: 
fig. 6B) under this name fit better with our m. 
contrahentis indicis. This assertion is based on 
its relatively lateral position over metacarpal II 
and lateropalmar insertion on the basal phalanx 
of digit II. However, Burton (1983) stated that 
the m. flexor teres indicis (a name that usually 
corresponds to our m. contrahentis indicis) is 
absent. At this point, it is unclear whether the m. 
lumbricalis brevis indicis of Burton (1983) cor-
responds to our homonym muscle (with an atyp-
ical lateral position and insertion) or our m. 
contrahentis indicis.

M. lumbricalis brevis digiti V: The “medial 
m. lumbricalis brevis digiti V” of Burton (1983) 
probably corresponds to our m. flexor brevis pro-
fundus digiti V, based on position and morpho-
logical similarity, as evidenced in his figure 6C.

M. opponens digiti V: This muscle corre-
sponds to our m. contrahentis digiti V, based on 
position and morphological similarity, as evi-
denced in his figure 6C.

M. abductor primus digiti V and m. 
abductor secundus digiti V: Following Bur-
ton (1983: fig. 6E), the m. abductor primus digiti 
V corresponds to our m. abductor secundus 
digiti V, and his m. abductor secundus digiti V 
corresponds to our m. abductor digiti minimi. 
However, a cross error in the labeling of his fig-
ure 6C may be inferred from the description of 
Burton (1983: 317). This description suggests 
that (1) his m. abductor primus digiti V corre-
sponds to our m. abductor digiti minimi, and (2) 
his m. abductor secundus digiti V corresponds 
to our homonym muscle.

M. abductor pollicis and m. adductor 
pollicis: A cross error in the labeling of Burton 
(1983: fig. 6C) may be inferred from the descrip-
tion (Burton, 1983: 315). Following the figure, 
the proximal element labeled as “adductor pol-
licis” corresponds to our m. pronator quadratus, 
while the distal element labeled as “abductor pol-
licis” corresponds to our m. adductor pollicis. 
However, considering his description, his m. 
abductor pollicis corresponds entirely to our m. 
pronator quadratus, while the portion of his m. 
adductor pollicis from the centrale preaxiale cor-
responds to our homonym muscle. The deeper 
portion described under the name of m. adduc-
tor pollicis (with origin on the ulnare; not fig-
ured by him) corresponds to our m. pronator 
quadratus as well. This muscle usually originates 
from the distal end of radioulna and the ulnare 
(e.g., Burton, 1996, 1998a; this study).

M. transversus metacarpi I and muscle 
“M.”: This unnamed muscle “M” corresponds to 
a distal portion of our m. intermetacarpalis I, in 
agreement with Burton (1998b).

Burton (1998a, 1998b)

M. lumbricalis brevis of Burton (1998a: 
char. 7): In his character 7, Burton (1998a) 
scored the presence of a muscle described as 
“slips from the dorsal surface of the tendo super-
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ficialis digiti III to the basal phalanx.” In another 
passage, Burton (1998a: 69) mentioned this mus-
cle as part of the m. lumbricalis brevis digiti III, 
and commented that this issue would be further 
studied in a coming contribution (in reference to 
Burton, 1998b). From the comparison of the 
taxonomic distributions and descriptions, it is 
clear that the muscle of character 7 of Burton 
(1998a) is the m. lumbricalis longus digiti III of 
Burton (1998b), which corresponds to our m. 
lumbricalis longus digiti III. Additionally, the m. 
lumbricalis longus digiti III described for Hele-
ophrynidae (Burton, 1998a: 66) corresponds to 
our homonym muscle.

M. flexor teres digiti IV: Burton (1998b) 
reported this muscle as composed of a ventral 
and dorsal portion/head in several ranoids. 
However, the ventral portion of all or most of 
them corresponds to our m. contrahentis digiti 
IV, while the dorsal portion to our m. flexor 
minimus digiti IV.

Faivovich (2002)

M. lumbricalis longus digiti V: The “lum-
bricalis longus digiti V” of Faivovich (2002: 373, 
375, 383) is a misspelling for m. “lumbricalis bre-
vis digiti V” (J.F., personal obs.), and corresponds 
to the m. lumbricalis brevis digiti V of Faivovich 
(2002: fig. 13). His m. lumbricalis brevis digiti V 
corresponds to our homonym muscle.

Manzano et al. (2007)

Tendo superficialis (of digit II): The 
tendo superficialis of digit II indicated for Pseu-
dis minuta by Manzano et al. (2007: fig. 5C) cor-
responds to the tendon of insertion of our m. 
flexor indicis superficialis proprius. According to 
our observations, our tendo superficialis indicis 
is absent in P. minuta.

Manzano et al. (2008)

M. lumbricalis longus digiti IV: The 
branches of this muscle reported as inserting on 
Penultimate Phalanx IV correspond to our m. 
lumbricalis longus digiti IV, while the branches 
inserting on the distal extremity of metacarpal 

IV correspond to our m. lumbricalis brevis digiti 
IV. See Discussion for further comments. 

Aguilar and Valencia (2009)

M. lumbricalis longi (of digit III): All the 
references to this muscle probably correspond to 
our m. lumbricalis brevis digiti III, with the 
exception of its report in T. macrostermum. In 
this species it probably corresponds to our m. 
lumbricalis longus digiti III, as discussed by Bar-
rionuevo (2017).

Salgar et al. (2009)

M. opponens digiti V: This muscle probably 
corresponds to our m. flexor brevis profundus 
digiti V. Its identity requires corroboration 
because Salgar et al. (2009) reported this muscle 
to be partially fused with the abductor muscles 
of digit V.

Abdala and Diogo (2010), and Diogo and Abdala 
(2010)

General comments: We discuss these two 
contributions together since similar comments 
apply to them. A conflict between the identities 
of (1) the mm. flexores breves profundi and the 
mm. flexores digitorum minimi, and (2) the mm. 
flexores breves superficiales and the mm. lumbri-
cales is addressed in Discussion.

M. contrahentis (of prepollex): Abdala 
and Diogo (2010: 12) and Diogo and Abdala 
(2010: 381) considered that the m. adductor pol-
licis (sensu this study) is probably part of their 
mm. contrahentes. Following this, we include 
this association with a question mark in the syn-
onym list.

M. contrahentis indicis: Abdala and 
Diogo (2010: 32) and Diogo and Abdala (2010: 
381) mentioned the m. contrahentis on digit II, 
which corresponds to the concept of our hom-
onym muscle. However, Abdala and Diogo 
(2010: 33) and Diogo and Abdala (2010: 382–
383), in the discussion of the mm. flexores digi-
torum minimi sensu Ribbing (1907), included 
within this group the “flexor teres I” of Burton 
(1998b). This implies an apparent typing error 
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for “flexor teres II” or the equivalent “flexor teres 
indicis” (this last term is the effectively employed 
by Burton, 1998b). Furthermore, the m. flexor 
teres indicis of Burton (1998b) corresponds to 
our m. contrahentis indicis, and not to our m. 
flexor minimus indicis.

M. contrahentis digiti IV: They stated that 
the “caput volare des m. flexor teres digiti V” of 
Gaupp (1896) corresponds to their m. contra-
hentis of digit IV. This is in agreement with our 
concept and name, although it must be stated 
that Gaupp’s correct name for it is “caput volare 
des m. flexor teres digiti IV”; see further com-
ments for this muscle above under Ribbing’s 
(1907) section.

M. flexor brevis profundus (of digit V): 
Abdala and Diogo (2010: 33) and Diogo and 
Abdala (2010: 382) considered that the m. 
abductor secundus digiti V is probably part of 
their mm. flexores breves profundi. Following 
this, we express this association with question 
marks in the synonym list.

Diogo and Ziermann (2014)

General comments: The hand terminology 
of Diogo and Ziermann (2014) is largely based 
on their table 2, which follows Diogo and Abdala 
(2010) and Diogo and Tanaka (2012). We con-
sider these two articles, as well as the descrip-
tions of Eleutherodactylus coqui given by Diogo 
and Ziermann (2014), for the elaboration of the 
synonym list and discussion of the relevant 
points. Note that some muscles are absent in this 
species, but we add them to the synonym list if 
their concepts are clearly established in the men-
tioned articles. A conflict between the identities 
of (1) the mm. flexores breves profundi and the 
mm. flexores digitorum minimi, and (2) the mm. 
flexores breves superficiales and the mm. lumbri-
cales is addressed in Discussion.

M. contrahentis (of prepollex): Diogo 
and Ziermann (2014: 92, table 2) considered the 
m. adductor pollicis (their concept of this muscle 
equals ours) probably part of their mm. contra-
hentes or their m. pronator quadratus. Following 
this, we denote both associations with question 

marks in the synonym list. See Discussion for 
further comments.

Mm. contrahentes digitorum: Diogo and 
Ziermann (2014) did not explicitly state to which 
names from the literature their mm. contrahentes 
digitorum correspond, and they are not clearly 
described nor unequivocally figured. There is a 
single mention in their section of results (p. 92) 
while describing Eleutherodactylus coqui: “The 
contrahentes digitorum constitute the second 
layer of intrinsic hand muscles and run from the 
carpal region to the proximal region of digits 2, 
3, 4, and 5.” The only figure with a label show-
ing mm. contrahentes is their figure 2D for the 
developmental stage 11, and denotes “Anlage 
hand muscle (mainly seem intermetacarpales 
and/or contrahentes).” The identity of their mm. 
contrahentes cannot be established from that fig-
ure. Similarly, comments in their discussion are 
also inconclusive regarding the identity of the 
involved muscles.

We also studied Eleutherodactylus coqui and, 
as in most nobleobatrachians, only the mm. con-
trahentes of digits II and V are present. Despite 
the lack of an explicit description and figures 
that unequivocally define the concept of the mm. 
contrahentes of Diogo and Ziermann (2014), we 
include these muscles in the synonym list 
because their identity is clearly stated in the 
explicit reference to Diogo and Abdala (2010). 
We denote the probable absence of the mm. con-
trahentes of digits III and IV in E. coqui with 
question marks in the synonym list.

M. flexor indicis brevis profundus: 
Diogo and Ziermann (2014: 92–93, table 2) refer 
to the m. opponens pollicis sensu Ecker (1889) 
and Duellman and Trueb (1986), and consider it 
as being part of their mm. flexores breves pro-
fundi. The use of “pollicis” is probably a lapsus 
for “indicis,” since Ecker (1889) and Duellman 
and Trueb (1986) employed the terms m. oppo-
nens digiti II and m. opponens indicis, respec-
tively. Additionally, Gaupp (1896), whose 
terminology is generally followed by Duellman 
and Trueb (1986: 350), refers to this muscle as 
the m. opponens indicis.
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M. abductor digiti minimi: Diogo and 
Ziermann (2014: table 2) considered the m. 
abductor secundus digiti V (their concept of this 
muscle equals ours) as probably part of the m. 
abductor digiti minimi. We include this associa-
tion with question marks in the synonym list.

Barrionuevo (2017)

M. lumbricalis brevis digiti III: It corre-
sponds to our homonym muscle, which typically 
inserts on the metacarpophalangeal joint and/or 
basal phalanx. It was described as inserting on 
the “distal phalanx” and on “basal phalanx” in 
different parts of the paragraph where it is dis-
cussed by Barrionuevo (2017: 48). Nevertheless, 
the mention of “distal phalanx” is a lapsus for 
“basal phalanx” (J.S. Barrionuevo, personal com-
mun.), confirming its identity as m. lumbricalis 
brevis.

Diogo et al. (2018)

General comments: A conflict between the 
identities of (1) the mm. flexores breves profundi 
and the mm. flexores digitorum minimi, and (2) 
the mm. flexores breves superficiales and the 
mm. lumbricales is addressed in Discussion.

M. contrahentis digiti III: Diogo et al. 
(2018: 454) stated that there are apparently four 
mm. contrahentes attaching to digits II–V (one 
for each digit) in their sample of Lithobates pipi-
ens. The presence of the m. contrahentis in digit 
III is extremely uncommon within Neobatrachia 
(this study). The slip of digit III mentioned by 
Diogo et al. (2018) probably corresponds to our 
m. lumbricalis brevis originating from the car-
pals, which co-occurs with the slip from the 
flexor plate in several ranoids (including our 
sample of Lithobates; see chars. 5–6 and appen-
dices 4–5).

M. contrahentis digiti IV: See comments 
for this muscle above in Ribbing’s (1907) section.

M. flexor brevis profundus digiti V: 
Their m. abductor secundus digiti V (which con-
cept equals ours) is considered as being probably 
part of their mm. flexores breves profundi (2018: 

455). Denoting this possibility, we include it in 
the synonym list of the m. abductor secundus 
digiti V with question marks.

M. contrahentis (of prepollex): Diogo et 
al. (2014: 454) considered their m. adductor pol-
licis (which concept equals ours) to be probably 
part of their mm. contrahentes digitorum. Fol-
lowing this, we denote this association with 
question marks in the synonym list of the m. 
adductor pollicis.

Fratani et al. (2018)

M. flexor indicis superficialis proprius: 
The flexor tendon described by Fratani et al. 
(2018) is the tendon of insertion of our m. flexor 
indicis superficialis proprius, and it is not homol-
ogous with our tendo superficialis indicis.

Garg and Biju (2019)

M. lumbricalis brevis digiti III: The muscle 
labeled as “1” by Garg and Biju (2019) is probably 
part of our m. lumbricalis brevis digiti III.

M. lumbricalis brevis digiti IV: The 
muscle labeled as “2” by Garg and Biju (2019) 
is probably part of our m. lumbricalis brevis 
digiti IV.

Dorsal Surface of the Hand

Dugès (1834)

M. sus-métacarpo-phalango-phalanget-
tien de l’index: This muscle corresponds to our 
lateral m. dorsometacarpalis indicis proximalis; 
the medial m. dorsometacarpalis indicis proxi-
malis was not described by Dugès (1834).

M. sus-métacarpo-phalango-phalanget-
tien du médius and m. sus-métacarpo-pha-
langettien du médius: Both muscles probably 
correspond to our medial m. dorsometacarpalis 
proximalis digiti III. However, its correspon-
dence to part of our m. extensor brevis medius 
digiti III cannot be discarded.

M. sus-métacarpo-phalangettien de 
l’annulaire: Corresponds to our medial m. 
dorsometacarpalis proximalis digiti IV.
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M. sus-métacarpo-phalango-phalanget-
tien de l’annulaire: Corresponds to our lat-
eral m. dorsometacarpalis proximalis digiti IV.

M. sus-métacarpo-phalangettien du dig-
itule: Corresponds to our medial m. dorso-
metacarpalis proximalis digiti V.

M. sus-métacarpo-phalango-phalanget-
tien du digitule: Corresponds to our lateral m. 
dorsometacarpalis proximalis digiti V.

Ecker (1864)

M. extensor digiti II proprius longus: 
The portion of this muscle with origin on meta-
carpal II corresponds to our m. dorsometacar-
palis proximalis digiti II. Additionally, this 
muscle is described as having two heads, one 
that corresponds to our m. extensor indicis bre-
vis superficialis, and a second one originating 
from the distal end of radioulna. This second 
head is only tentatively assigned to our m. exten-
sor indicis brevis superficialis (see description of 
Triprion petasatus for further comments regard-
ing this head from the radioulna as the “extensor 
brevis-like” muscle).

M. extensor digiti II proprius brevis: The 
portion of this muscle with origin on metacarpal 
II corresponds to our m. dorsometacarpalis 
proximalis digiti II.

M. extensor digiti III proprius: The por-
tion of this muscle with origin on metacarpal III 
corresponds to our m. dorsometacarpalis proxi-
malis digiti III.

M. extensor digiti IV proprius: The por-
tion of this muscle with origin on metacarpal IV 
corresponds to our m. dorsometacarpalis proxi-
malis digiti IV.

M. interosseus dorsalis (of digit IV): The 
portion of this muscle with origin on the carpal 
elements probably corresponds to our m. exten-
sor brevis medius digiti IV.

Gaupp (1895, 1896)

M. extensor indicis brevis superficialis: 
As Ecker (1864), Gaupp (1895, 1896) described 
a head from the distal end of radioulna that 
probably corresponds to a portion of our hom-

onym muscle; the comments above for Ecker 
(1864) apply here as well.

Ribbing (1907)

M. extensor digitorum communis: This 
muscle corresponds to our m. extensor digito-
rum and to the head of our m. abductor pollicis 
longus with origin on the humerus.

M. abductor digiti II: The portion of this 
muscle with origin on the radioulna corresponds 
to our m. abductor pollicis longus, while the por-
tion with origin on the carpals corresponds to our 
m. abductor indicis brevis dorsalis, as evidenced 
by the description of Ribbing (1907: 667).

Mm. extensores breves superficiales (of 
digits II–IV): The superficial muscles of this 
group described by Ribbing (1907: 668) corre-
spond to our mm. extensores breves superficiales 
digitorum II–V, while the deep muscles to our 
mm. extensores breves medii digitorum II–IV.

Ribbing (1911)

M. extensor digitorum communis: Same 
comments as above for Ribbing (1907).

Mm. extensores breves superficiales (of 
digits II–IV): Almost the same comments as above 
for Ribbing (1907). The exception is the presence of 
the m. extensor indicis brevis medius. This muscle 
is apparently absent in the species of Pipa examined 
by us (Pipa pipa was not studied for the dorsal sur-
face of the hand). This fact suggests that the identity 
of mm. extensores breves of digit II referred by Rib-
bing (1911: 17) requires confirmation.

Kändler (1924)

M. abductor indicis longus: Kändler (1924: 
212, fig. 23) described two heads of his m. abductor 
indicis longus for Hyla arborea, a “Caput inferius” 
and a “Caput breve.” The former corresponds to our 
m. abductor pollicis longus, while his “Caput breve” 
corresponds to our m. extensor indicis brevis 
superficialis that, as it is common in Hylidae (this 
study), inserts partially on metacarpal II.

Similarly, Kändler (1924: 213) described 
two heads of his m. abductor indicis longus in 
Alytes obstetricans, one from the radioulna and 
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other from the radiale. The former corre-
sponds to our m. abductor pollicis longus, 
while the head from the radiale corresponds to 
a portion of our mm. extensores breves of digit 
II (probably part of our m. extensor indicis 
brevis superficialis).

M. extensor indicis brevis superficialis 
and m. extensor indicis brevis medius: Kän-
dler (1924: 200–201) mentioned a portion of the 
m. extensor indicis brevis superficialis with ori-
gin on the element Y (as Centrale) in Rana tem-
poraria. This portion probably corresponds to 
our m. extensor indicis brevis medius.

M. extensor brevis superficialis digiti V: 
Based on position and fibers orientation, the 
muscle labeled as such by Kändler (1924: fig. 
23a) for Hyla arborea probably corresponds to a 
portion of our medial m. dorsometacarpalis 
proximalis digiti V.

M. extensor brevis profundus digiti V: 
Based on position and attachments, the portion 
of the muscle labeled as such by Kändler (1924: 
fig. 23a) for Hyla arborea corresponds to our 
medial m. dorsometacarpalis distalis digiti V.

Haines (1939)

General comments: The number system 
employed for the hand digits is I–IV.

Liem (1970)

General comments: The number system 
employed for the hand digits is I–IV.

M. extensor indicis brevis superficialis: 
Our m. extensor indicis brevis superficialis is 
mentioned by Liem (1970) as “externus digito-
rum brevis superficialis” (in his fig. 9), as “exten-
sor brevis superficialis of the 1st digit” (in table 
5), and as “extensor digitorum superficialis of the 
first finger.”

Burton (1983)

Extensor brevis profundus digiti IV: 
The accessory head described by Burton (1983) 
with origin on the centrale postaxiale is prob-
ably part of our m. extensor brevis superficialis 
digiti IV.

Extensor brevis profundus digiti V: The 
accessory head described by Burton (1983) with 
origin on the centrale postaxiale is probably part 
of our m. extensor brevis superficialis digiti V.

Abductor indicis brevis dorsalis: Also 
mentioned as m. abductor indicis brevis.

Duellman and Trueb (1986)

M. extensor indicis brevis superficialis: 
Also mentioned as m. extensor indicis brevis.

Hanna and Barnes (1991)

M. extensor brevis profundus digiti IV: 
Hanna and Barnes (1991: fig. 9) referred to the 
“third digit” in Osteopilus septentrionalis; we 
interpret it as corresponding to our digit IV. 
Since the distinction between the mm. exten-
sores breves distales and extensores breves pro-
fundi (our mm. dorsometacarpales distales and 
proximalis, respectively) was subsequently done 
by Burton (1996), we try below to establish the 
identity of their muscles for digit IV.

The medial m. dorsometacarpalis distalis 
digiti IV is absent in the Osteopilus septentriona-
lis examined by us, for which the medial tendon 
of insertion of their figure 9 might correspond to 
our medial m. dorsometacarpalis proximalis 
digiti IV. The correspondence of the lateral ten-
don of insertion of that figure is unclear, since 
this species has two tendons attaching to the dis-
tal interphalangeal joint/distal phalanx, one cor-
responding to our lateral m. dorsometacarpalis 
proximalis digiti IV and the other to our lateral 
m. dorsometacarpalis distalis digiti IV.

Burton (1998a)

M. extensor indicis brevis superficialis: 
As Ecker (1864) and Gaupp (1896), Burton 
(1998a) described a head from the distal end of 
radioulna under this name. It probably corre-
sponds to part of our homonym muscle.

Fabrezi and Langone (2000)

General comments: Fabrezi and Langone 
(2000) studied the mm. extensores breves pro-
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fundi (generically corresponding to our mm. 
dorsometacarpales proximales) in Allophryne 
ruthveni. They described these muscles as having 
elongated fibers, and illustrated them in their fig-
ure 7. They also stated that the mm. extensores 
breves distales are absent (generically corre-
sponding to our mm. dorsometacarpales dis-
tales). We studied Allophryne ruthveni and found 
the presence of mm. dorsometacarpales distales. 
We discuss below the presence of mm. dorso-
metacarpales proximales with elongated fibers 
reaching the phalanx and the presence of mm. 
dorsometacarpales distales in each digit.

M. extensor indicis brevis profundus: We 
observed a medial and lateral m. dorsometacar-
palis indicis proximalis with fibers reaching the 
phalanx (agreeing with Fabrezi and Langone, 
2000) and also a medial and lateral m. dorso-
metacarpalis indicis distalis.

M. extensor brevis profundus digiti III: We 
observed a medial and lateral m. dorsometacarpalis 
proximalis digiti III with fibers reaching the pha-
lanx (agreeing with Fabrezi and Langone, 2000) 
and a lateral m. dorsometacarpalis distalis digiti III.

M. extensor brevis profundus digiti IV: 
We observed a medial m. dorsometacarpalis 
proximalis digiti IV with fibers reaching the pha-
lanx (agreeing with Fabrezi and Langone, 2000) 
and a lateral dorsometacarpalis distalis digiti IV.

M. extensor brevis profundus digiti V: We 
observed a medial m. dorsometacarpalis proximalis 
digiti V with fibers reaching the phalanx (agreeing 
with Fabrezi and Langone, 2000) and medial and 
lateral m. dorsometacarpalis distalis digiti V.

Faivovich (2002)

Mm. extensores breves distales digitorum 
II–III: The muscles described under this name by 
Faivovich (2002) in his state 1 of characters 55 and 
57 probably correspond to our lateral m. dorso-
metacarpalis proximalis of digits II and III, respec-
tively. The muscles described in his state 0 of 
characters 55 and 57 correspond to our lateral m. 
dorsometacarpalis distalis of digits II an III, respec-
tively. This conclusion is based on the fact that when 
the mm. dorsometacarpales proximales have fibers 

reaching the phalanx (thus, emulating the mm. dor-
sometacarpales distales), they can be differentiated 
from the mm. dorsometacarpales distales by the 
more proximal origin on the metacarpals, while the 
mm. dorsometacarpales distales have their origins 
restricted to the distal end of the metacarpals (Bur-
ton, 1996, 1998c; this study). Nevertheless, there are 
cases in which this distinction is not clear, as further 
addressed in Discussion.

Manzano et al. (2008)

M. abductor indicis longus: Also as m. 
adductor indicis longus (a misspelling).

Salgar et al. (2009)

M. extensor brevis distalis digiti V: It 
corresponds to our lateral m. dorsometacarpalis 
proximalis digiti V, based on the fact that it has a 
more proximal origin than the mm. dorsometa-
carpales distales, and the fibers do not reach the 
basal phalanx, as it is also characteristic of the 
mm. dorsometacarpales proximales.

Hoyos and Salgar (2016)

M. extensor brevis profundus digiti III: 
The muscle over the lateral surface of the basal 
phalanx of digit III labeled as such in their fig-
ure 3, and one of the three heads they discuss 
(p. 150) corresponds to our lateral m. dorso-
metacarpalis distalis digiti III. This muscle is 
also present, with the same morphology and 
topology, in the specimen of Dendropsophus 
luddeckei studied by us. Furthermore, the fibers 
of the lateral m. dorsometacarpalis proximalis 
digiti III do not reach the phalanges in our 
specimen, preventing confusion with the m. 
dorsometacarpalis distalis digiti III.

M. extensor brevis profundus digiti IV: 
The muscle labeled as such in their figure 3 over the 
lateral surface of the basal phalanx of digit IV cor-
responds to our lateral m. dorsometacarpalis dista-
lis digiti IV. This muscle is also present, with the 
same morphology and position, in the specimen of 
Dendropsophus luddeckei studied by us. Further-
more, the fibers of the lateral m. dorsometacarpalis 
proximalis digiti IV do not reach the phalanges in 
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our specimen, preventing its confusion with the m. 
dorsometacarpalis distalis digiti IV.

Plantar Surface of the Foot

Dugès (1834)

M. tendini-sous-phalanginettiens du 
quatrième doigt: This name refers to his mus-
cles number 207 and 208. The latter clearly cor-
responds to our m. lumbricalis longissimus digiti 
IV, while the identity of the former is unclear. It 
might correspond to our m. lumbricalis longissi-
mus digiti IV (as interpreted by Gaupp, 1896: 
209), or to an additional atypical tendon of inser-
tion of our m. lumbricalis longus digiti IV (in 
common with the m. lumbricalis longissimus 
digiti IV). Additionally, muscle number 208 might 
be a distal fleshy portion of our m. lumbricalis 
longissimus digiti IV (sensu Burton, 2001), while 
the muscle 207 might be the main fleshy portion 
of our m. lumbricalis longissimus digiti IV.

M. métatarso-métatarsien (of digit II): 
This name refers to his muscle number 177 and 
probably corresponds to the slip or portion of 
our m. flexor brevis profundus digiti II inserting 
dorsally to our m. intermetatarsalis II (see also 
Gaupp, 1896: 206, who argues along the same 
line). Our interpretation is reinforced by the fact 
that the m. flexor brevis profundus digiti IV (for 
which only the dorsal portion to the m. inter-
metatarsalis is present; see his fig. 55) is also 
named “métatarso-métatarsien.”

M. métatarso-métatarsien (of digit III): 
This name refers to his muscle number 176 and 
probably corresponds to the slip or portion of 
our m. flexor brevis profundus digiti III inserting 
dorsally to our m. intermetatarsalis III; the dis-
cussion above for “Métatarso-métatarsien (of 
digit II)” also applies here.

M. métatarso-métatarsien (of digit IV): 
This name refers to his muscle number 175 and 
corresponds to our m. flexor brevis profundus 
digiti IV. Dugès (1834) probably included our m. 
abductor proprius digiti IV within this name as 
both muscles are morphologically and topologi-

cally similar, and no specific comments were 
made for a muscle attributable to our m. abduc-
tor proprius digiti IV.

M. troisième intermétatarsien: See dis-
cussion below under the “Mm. interossei” of 
Ecker (1864), which applies here as well.

M. tibio-sous-tarsien: The portion of this 
muscle inserting on the prehallux corresponds to 
our m. abductor praehallucis, while the portion 
inserting on metatarsal I corresponds to our m. 
abductor brevis plantaris hallucis. The remaining 
portion corresponds to our m. tibialis posterior.

M. tendini-phalangien du quatrième 
doigt: This muscle corresponds to our medial 
m. lumbricalis brevis digiti IV.

M. tendini-sous-phalanginien du 
quatrième doigt: This muscle corresponds to 
our lateral m. lumbricalis brevis digiti IV.

M. sous-tarso-in-phalangien du digi-
tule: This muscle corresponds to our medial m. 
lumbricalis brevis digiti V.

M. sous-tarso-ex-phalangien du digi-
tule: This muscle corresponds to our lateral m. 
lumbricalis brevis digiti V.

M. péronéo-sous-phalangettien des trois 
derniers doigts and m. tarso-sous-phalan-
gettien des trois premiers doigts: Dugés 
(1834) considered our tendines superficiales of 
digits I and II to be the tendons of insertion of the 
tarso-sous-phalangettien des trois premiers doigts 
(our m. flexor accessorius). Similarly, Dugés 
(1834) considered our tendo superficialis digiti III 
to be the fusion of the tendons of insertion of his 
péronéo-sous-phalangettien des trois derniers 
doigts (our mm. flexores breves superficiales) and 
his tarso-sous-phalangettien des trois premiers 
doigts (our m. flexor accessorius).

An alternative treatment (e.g., Burton, 2004; 
this study) is to consider that the tendines super-
ficiales digitorum I–II arise from the aponeurosis 
plantaris while the tendo superficialis digiti III 
originates from the aponeurosis plantaris and/or 
the mm. flexores breves superficiales (depending 
on the species). The question that arises here is 
that our m. flexor accessorius distalis (= the dis-
tal portion of the tarso-sous-phalangettien des 
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trois premiers doigts of Dugès) usually has a 
fleshy insertion on the dorsal surface of the apo-
neurosis plantaris in the region of origin of the 
tendines superficiales digitorum I–III, without 
forming any discrete tendon of insertion (which 
is the case of the species studied by Dugès, 1834). 
Nevertheless, a few species have the m. flexor 
accessorius distalis modified into discrete mus-
cular slips that contribute to the formation of the 
tendo superficialis of digits I and/or II (Burton, 
2004: characters 28 and 31; this study).

Ecker (1864)

M. lumbricalis digiti III: The portion of 
this muscle that corresponds to our m. lumbri-
calis longus digiti III is the one that attaches to 
the second phalanx of digit III, depicted as l3’ in 
the figures of Ecker (1864). The portion that cor-
responds to our m. lumbricalis brevis digiti III is 
the slip that attaches to the basal phalanx of digit 
III, depicted as 13 in his figures.

M. lumbricalis digiti IV: This muscle com-
bines our m. lumbricalis longus digiti IV, m. 
lumbricalis longissimus digiti IV, and the medial 
m. lumbricalis brevis digiti IV.

Mm. interossei: Ecker (1864) described 
three muscles under this generic name, but 
without assigning specific numbers in his fig-
ures. However, in his figure 91, he used the 
names “mm. transversi metatarsi 1, 2, 3” in ref-
erence to these same set of muscles, which unite 
metatarsal II with I, III with II, and V with III, 
respectively. While his mm. transversi metatarsi 
1 and 2 are our mm. intermetatarsales I and II, 
respectively, his m. transversus 3 requires fur-
ther comments.

Ecker (1864) described a single m. interos-
seus uniting metatarsals III–V (= his m. trans-
versus 3 of his fig. 91). This muscle is, in fact, 
our m. intermetatarsalis III and our m inter-
metatarsalis IV, which are partially fused. In 
several ranoids (this study), these two mm. 
intermetatarsales are ventrally (i.e., superfi-
cially) fused, only separated by a thin raphe. 
This raphe is extremely reduced in some speci-
mens to the extent that it appears to be a single 

muscle uniting metatarsals III and V. Further-
more, both muscles (our mm. intermetatarsales 
III and IV) are attached to metatarsal IV dor-
sally to this raphe (Gaupp, 1895: 216, 1896: 214 
[he refers to this raphe as an “inscriptio ten-
dinea”]; this study). Considering this, the por-
tion with origin on metatarsal V and insertion 
on metatarsal IV plus the raphe corresponds to 
our m. intermetatarsalis IV, while the portion 
with origin on metatarsal IV plus the raphe and 
insertion on metatarsal III corresponds to our 
m. intermetatarsalis III. In agreement with Per-
rin (1891: 20), this peculiar morphology may 
have led Dugès (1834) and Ecker (1864) to con-
sider only a single m. intermetatarsalis uniting 
metatarsals III and V.

M. lumbricalis digiti IV: This muscle cor-
responds to our medial m. lumbricalis brevis 
digiti IV.

M. flexor brevis digiti IV: This muscle cor-
responds to our lateral m. lumbricalis brevis 
digiti IV.

M. adductor digiti V: This muscle corre-
sponds to our medial m. lumbricalis brevis digiti V.

M. flexor brevis digiti V: This muscle cor-
responds to our lateral m. lumbricalis brevis 
digiti V.

Perrin (1892)

M. fléchisseur externe des doigts: The 
portion of this muscle that corresponds to our 
mm. flexores breves superficiales is the lateral 
muscle of his figure 18, labeled as 9.e.

M. fléchisseur interne des doigts: The por-
tion of this muscle that corresponds to our m. tibi-
alis posterior is the medial muscle, labeled as 9.d.

M. rotateur direct du pied: The portion of 
this muscle that corresponds to our m. contrahen-
tium caput longum is the medial muscle, while the 
lateral muscle corresponds to our m. interosseus 
cruris; both muscles are labeled as 73.

M. tarso-fléchisseur des doigts: The 
proximal and distal portions described by Perrin 
(1892) correspond to our m. flexor accessorius 
proximalis and m. flexor accessorius distalis, 
respectively.
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Ribbing (1909)

M. interosseus (of digit IV): Ribbing (1909: 
72–73) considered our m. abductor proprius digiti 
IV as part of our m. intermetatarsalis IV.

Ribbing (1911)

M. flexor brevis superficialis (of digit I): 
Ribbing (1911: 19) described a portion of his mm. 
flexores breves superficiales on digit I (which might 
correspond to our m. lumbricalis brevis hallucis). 
However, the superficial description along with the 
absence of figures precludes a confident interpreta-
tion of its identity. Furthermore, the data for Pipa 
pipa presented by Dunlap (1960: 35) and our 
observations in other species of the genus are con-
clusive regarding the absence of our m. lumbricalis 
brevis hallucis in Pipa (see char. 14).

M. flexor brevis superficialis (of digit 
II): Ribbing (1911: 19) described a portion of this 
muscle that inserts on the distal phalanx of digit 
II and other portion that inserts on the basal 
phalanx of digit II. They correspond to our m. 
lumbricalis longus digiti II and our m. lumbrica-
lis brevis digiti II, respectively.

M. flexor brevis superficialis (of digit 
III): Ribbing (1911: 19) described a portion of this 
muscle that inserts on the second phalanx of digit 
III and other portion that inserts on metatarsal 
III. They correspond to our m. lumbricalis longus 
digiti III and our m. lumbricalis brevis digiti III, 
respectively. The identity of the muscle that inserts 
on metatarsal III agrees with the description of 
Dunlap (1960: 36) for Pipa pipa, and with our 
observations of other species of the genus.

M. flexor brevis superficialis (of digit 
IV): Ribbing (1911: 19) described a portion of 
this muscle that inserts on the third phalanx of 
digit IV; it corresponds to our m. lumbricalis 
longissimus digiti IV. It must be noted that this 
muscle may also be interpreted as the distal 
fleshy portion of the m. lumbricalis longissimus 
digiti IV sensu Burton (2001) or as the main por-
tion of the m. lumbricalis longissimus digiti IV 
(in which case it is distally displaced). This par-
ticular morphology of the m. lumbricalis longis-

simus digiti IV agrees with the descriptions of 
Dunlap (1960: 38) for Pipa pipa, and our obser-
vations of other species of the genus.

A portion of this muscle corresponding to 
our m. lumbricalis longus digiti IV was not 
specifically described by Ribbing (1911: 19). 
However, he stated that the same elements of 
this muscle group described by Gaupp (1896) 
for Pelophylax are also present in digit IV of 
Pipa (Pelophylax has our m. lumbricalis longus 
digiti IV present). Furthermore, our m. lum-
bricalis longus digiti IV is present in Pipa pipa 
(Dunlap, 1960: 37–38) and other species of the 
genus (this study). Based on this, we denote it 
with a question mark in the synonym list of the 
m. lumbricalis longus digiti IV. 

The portion inserting on the basal phalanx of 
digit IV corresponds to our medial m. lumbrica-
lis brevis digiti IV, while the portion inserting on 
metatarsal IV corresponds to our lateral m. lum-
bricalis brevis digiti IV. This description agrees 
with Dunlap (1960: 36) for Pipa pipa, and with 
our observations in other species of the genus.

M. flexor brevis superficialis (of digit 
V): The portion described by Ribbing (1911: 19) 
inserting on the second phalanx corresponds to 
our m. lumbricalis longus digiti V. Similar to the 
case for the m. lumbricalis longissimus digiti IV 
(see discussion above), this muscle may be inter-
preted as the distal fleshy portion of the m. lum-
bricalis longus digiti V sensu Burton (2001) or, 
alternatively, as the main portion of the m. lum-
bricalis longus digiti V (in which case it is dis-
tally displaced). This particular morphology 
described by Ribbing (1911) agrees with Dunlap 
(1960: 38–39) for Pipa pipa, and with our obser-
vations in other species of the genus.

The portion of this muscle that inserts on 
metatarsal V and the basal phalanx of digit V 
probably correspond to our lateral m. lumbricalis 
brevis digiti V, while the medial m. lumbricalis 
brevis digiti V is probably absent. The presence 
of a single muscle of the mm. lumbricales breves 
in digit V agrees with the descriptions of Dunlap 
(1960: 37) for Pipa pipa and with our observa-
tions in other species of the genus.
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M. flexor minimus digiti IV: The name and 
concept of the mm. flexores digitorum minimi of 
Ribbing (1911) is equivalent to those employed 
in our study. However, Ribbing (1911: 20) stated 
that only the m. flexor minimus of digit IV is 
present in his sample of Pipa cf. pipa, while Dun-
lap (1960: 42) reported it as absent in Pipa pipa. 
Although we did not study the foot musculature 
of Pipa pipa, the m. flexor minimus digiti IV is 
present in the other four species of the genus 
studied by us. At this point, further investigation 
is required to evaluate both the identity of the 
species studied by Ribbing (1911) as well as pos-
sible intraspecific variation.

M. interphalangeus digiti IV: Ribbing 
(1911: 20) generically stated that parts of the 
three interphalangei are present in Pipa cf. pipa. 
This statement refers to the three digits where 
these muscles usually occur: digits III–V. Our m. 
interphalangeus distalis digiti IV is absent in 
Pipa pipa (see Dunlap, 1960: 44), and it is also 
missing in other species of the genus (this study). 
Following this, the presence indicated by Ribbing 
(1911) might correspond to our interphalangeus 
proximalis digiti IV.

M. interosseus (portion uniting meta-
tarsals IV and V): Ribbing (1911) combined 
our m. intermetatarsalis IV and m. abductor pro-
prius digiti IV under this single name “interos-
seus”; both muscles are present in Pipa pipa (see 
Dunlap, 1960: 43, 45).

M. contrahentis pedis digiti V: The m. 
contrahentis pedis digiti V is present in Pipa pipa 
(see Dunlap, 1960: 39–40), as well as in all non-
neobatrachian species so far studied (see Char-
acter 16). The descriptions of Ribbing (1911) are 
not detailed enough to assess the identity of this 
muscle with confidence. Although considered 
absent by him, it might have been described 
under his m. flexor brevis superficialis or m. 
flexor brevis profundus. Possibly, the fact that the 
m. contrahentis pedis digit V has a wide, fleshy 
insertion on metatarsal V (different to those of 
digits I–IV, characterized by a tendinous inser-
tion on the basal phalanx) might have led Rib-
bing (1911) to consider it as part of his m. flexor 

brevis profundus, since this type of insertion 
characterizes this muscle group.

Dunlap (1960)

Tendo superficialis praehallucis: A simi-
lar term was employed by Dunlap (1960) only 
once (p. 33), “tendo superficialis praehallicus,” 
possibly a misspelling.

M. lumbricalis brevis digiti II: Dunlap 
(1960: 35) described in Heleioporus albopuncta-
tus a lateral belly of this muscle that inserts on 
the distal interphalangeal joint of digit II. It cor-
responds to our m. lumbricalis longus digiti II; 
see Burton (2001) for further comments.

M. contrahentis hallucis: This muscle cor-
responds to our m. contrahentis pedis hallucis, 
with the exception of its report in Megaelosia goel-
dii and possibly in Hylodes cf. nasus (as Elosia 
nasus; see Dunlap, 1960: 39). The muscle described 
for the former originates on metatarsal I (and not 
on the distal tarsals, a characteristic of the mm. 
contrahentes pedis), and corresponds to our m. 
flexor minimus hallucis; see Burton (2004: 210) 
and Discussion for further comments.

The identity of the muscle in Hylodes nasus 
described with this name is unclear. It might cor-
respond to our m. flexor minimus hallucis, to 
our m. contrahentis pedis hallucis (in both situ-
ations with an atypical origin on metatarsal II), 
or to a novel muscle.

M. abductor brevis plantaris hallucis: 
Dunlap (1960: 35) described, under the name m. 
abductor brevis plantaris hallucis, a muscle with 
fleshy insertion on metatarsal I in Heleioporus 
albopunctatus and Limnodynastes peronii. Poste-
riorly, Burton (2001) defined and described the 
m. adductor praehallucis as a muscle distinct 
from m. abductor brevis plantaris hallucis. Along 
this line, Burton (2001: 555) pointed out the par-
ticular insertion described by Dunlap (1960) in 
these two species, indicating that the m. abduc-
tor brevis plantaris hallucis usually inserts via a 
tendon, which is in agreement with Burton 
(2004), Blotto et al. (2017), and this study. 

Since Heleioporus albopunctatus has the m. 
abductor brevis plantaris hallucis absent and the 
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m. adductor praehallucis present (Burton, 2001), 
the mention of Dunlap (1960) might correspond 
entirely to our m. adductor praehallucis. Limno-
dynastes peronii has both muscles present (Bur-
ton, 2001; Blotto et al., 2017; this study), for 
which the portion with fleshy insertion described 
by Dunlap (1960) might correspond to our m. 
adductor praehallucis. 

At this point, it must be stated that the 
characteristic that unequivocally differenti-
ates both muscles is the point of origin and 
not the type of insertion on metatarsal I. The 
origin of the m. abductor brevis plantaris hal-
lucis is restricted to the aponeurosis plantaris, 
while the origin of the m. adductor praehal-
lucis to the prehallux. The m. abductor brevis 
plantaris hallucis may also have a fleshy 
insertion on metatarsal I, although less 
extended (this study).

Liem (1973)

M. lumbricalis longus digiti II: Liem 
(1973: 466) stated that Rheobatrachus silus has 
“only one slip of M. lumbricalis longus on 2nd 
toe.” This reference might correspond to our m. 
lumbricalis brevis digiti II instead, since R. silus 
does not possess m. lumbricalis longus digiti II 
(Davies and Burton, 1982; Burton, 2001; this 
study). Furthermore, the mention of “only one 
slip” by Liem (1973) suggests that he is referring 
to our m. lumbricalis brevis, since more than one 
slip was described for this muscle (Dunlap, 
1960), and not for the m. lumbricalis longus. 
Furthermore, the m. lumbricalis longus was first 
defined and named as such only posteriorly by 
Burton (2001). 

Liem and Hosmer (1973)

M. lumbricalis longus digiti II: Liem and 
Hosmer (1973: 440) stated that Taudactylus does 
not have the m. lumbricalis longus digiti II, 
agreeing with Burton (2001) and our observa-
tions. Considering the possible confusion 
between the m. lumbricalis brevis and m. lum-
bricalis longus, noted above for Liem (1973), it is 
relevant to state here that the m. lumbricalis bre-

vis digiti II is present in Taudactylus (Burton, 
2001; this study).

Davies and Burton (1982)

M. abductor praehallucis: Also men-
tioned as “adductor brevis praehallucis” by 
Davies and Burton (1982: fig. 7d) and as “abduc-
tor brevis praehallucis” in their text.

Burton (2001)

M. lumbricalis brevis digiti IV: The medial 
m. lumbricalis brevis digiti IV is also named as 
“lumbricalis brevis medius digiti IV.”

Burton (2004)

Superficial cutaneous tendons: We take 
this expression partially from Burton (2004), 
referring to a set of tendons that extend from the 
aponeurosis plantaris and/or proximal ends of 
the tendines superficiales and insert on the con-
nective tissue joining the integument of the sub-
articular tubercles to the medial and/or lateral 
metatarsophalangeal joints and/or the interpha-
langeal joints. These superficial cutaneous ten-
dons vary in presence, distinctiveness (from thin 
or flat to sturdy, strong discrete tendons), in the 
specific digits in which they occur, and in their 
presence over the medial and/or lateral side of 
each digit (this study).

Burton (2004) made two references to these 
tendons. First (p. 212), under his section of 
“Superficial tendons,” he says, “From a narrow, 
slightly raised strip of tendon in the aponeurosis 
plantaris, near the base of digit III, arises a set of 
three slender tendons. These pass distally along 
digits III–V, and insert on the dorsal surface of 
the skin of the subarticular tubercles at the meta-
tarso-phalangeal joints.” The second mention to 
these tendons is made under his state 2 of char-
acter 32 (p. 220), where he states “Tendo super-
ficialis pro digiti III arising in part from m. flexor 
digitorum brevis superficialis or the tendo super-
ficialis pro digiti IV, and in part by a superficial 
tendon (from which also cutaneous tendons 
arise) that emerges from centrally on the plantar 
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surface of the aponeurosis plantaris.” We inter-
pret that with the “cutaneous tendons” Burton 
(2004: 212) referred to the superficial tendons 
inserting on the skin, and we combine the 
expressions to form the term superficial cutane-
ous tendons.

Salgar et al. (2009)

M. opponens hallucis: Salgar et al. (2009: 
60, fig. 6) described for Pristimantis bogotensis 
the presence of an m. opponens hallucis with 
pennate origin from the proximal end of meta-
tarsal II and an insertion on the basal phalanx of 
digit I. Salgar et al. (2009: 66–67) recognized this 
morphology as unusual. 

Based on its origin (metatarsal II), position 
(laterally located on metatarsal I), and insertion 
(short tendon on the base of basal phalanx), it is 
not an m. opponens hallucis (= our m. flexor hal-
lucis accessorius). The m. flexor hallucis acces-
sorius is characterized by a more medial position, 
an origin from distal tarsals, aponeurosis plan-
taris, distal fused end of tibiale and fibulare, and/
or element Y, and by a fleshy insertion on the 
plantar surface of metatarsal I (e.g., Dunlap, 
1960; Burton, 1986, 2001, 2004; Blotto et al., 
2017; this study). 

The m. opponens hallucis of Salgar et al. (2009) 
probably corresponds to our m. flexor minimus 
hallucis or to our m. contrahentis pedis hallucis, 
in both cases with an atypical origin on metatarsal 
II. The m. flexor minimus hallucis originates from 
metatarsal I, while the m. contrahentis pedis hal-
lucis originates from the distal tarsals, aponeurosis 
plantaris, distal fused end of tibiale and fibulare, 
and/or element Y (Burton, 2004; Blotto et al., 
2017; this study). Interestingly, Dunlap (1960: 39) 
reported a muscle with similar morphology in 
Hylodes cf. nasus (as Elosia nasus).

Diogo and Molnar (2014)

Mm. flexores minimi digitorum II–V: 
Diogo and Molnar (2014), following Dunlap 
(1960) for the musculature of Xenopus laevis, 
stated in table 8: “Flexores digitorum minimi 
(‘flexores teretes digitorum’; 2 muscles to d.2-5).” 

This statement does not specify which digits in 
this species have these mm. flexores digitorum 
minimi. Muscles of this group are present in the 
digits III and IV of X. laevis and absent in the 
remaining digits (Dunlap, 1960: 42; this study); 
we follow this interpretation for the elaboration 
of the synonym list.

Diogo et al. (2018)

Mm. flexores minimi digitorum II–V: 
Same comments as above for Diogo and Molnar 
(2014) apply here in regard to their statement in 
table 19.8. Furthermore, in their table 19.13 (p. 
568) they stated that X. laevis has mm. flexores 
minimi in digits II and IV. However, these mus-
cles are present in digits III and IV (Dunlap, 
1960: 42; this study).

Dorsal Surface of the Foot

Dugès (1834)

M. astragalo-sus-phalangien du deu-
xième doigt: We consider this muscle (number 
183 of Dugès, 1834) to correspond to our m. 
extensor brevis superficialis digiti II. However, 
Gaupp (1896: 218) considered that the calcanéo-
sus-phalangien du deuxième doigt of Dugès 
(1834: muscle number 182) corresponds to the 
m. extensor brevis superficialis digiti II (sensu 
both Gaupp, 1896, and our study); the descrip-
tions and figures are not detailed enough for fur-
ther interpretation.

M. astragalo-sus-phalangien du médius: 
This muscle (number 181 of Dugès, 1834) might 
correspond to part of our m. extensor brevis 
superficialis digiti III or our m. extensor brevis 
medius digiti III; descriptions and figures are not 
detailed enough at this point.

M. calcanéo-sus-phalangien du quatrième 
doigt and m. sus-calcanéo-phalanginien du 
quatrième doigt: These muscles correspond to 
our medial and lateral m. extensor brevis superfi-
cialis digiti IV, respectively.

M. astragalo-sus-phalangettien du sec-
ond doigt: This muscle (number 217 of Dugès, 
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1834) might correspond to a portion of our m. 
extensor brevis medius digiti II, but it cannot be 
discarded a correspondence with part of our 
medial m. dorsometatarsalis proximalis digiti II. 
Gaupp (1896: 218) considered that the astragalo-
sus-phalangien du deuxième doigt (number 183 
of Dugès, 1834) corresponds to our m. extensor 
brevis medius digiti II; descriptions and figures 
are not detailed enough for further evaluation.

M. astragalo-ex-métatarsien du pouce 
and m. ex-tarso-métatarsien du pouce: 
These muscles correspond to the heads from ele-
ment Y and prehallux of our m. abductor brevis 
dorsalis hallucis, respectively.

M. métatarso-sus-phalangien du deuxième 
doigt and m. métatarso-sus-phalangettien 
du second doigt: These muscles correspond to 
our medial and lateral m. dorsometatarsalis proxi-
malis digiti II, respectively.

M. métatarso-métatarsien (of digit IV): See 
discussion above in the plantar surface section.

Ecker (1864)

M. extensor longus digiti I: The portion 
of this muscle that corresponds to our m. exten-
sor brevis superficialis hallucis is the one 
described by Ecker (1864: 132–133) as the “long 
head”; his “short head” corresponds to our m. 
extensor brevis medius hallucis.

M. abductor brevis digiti I and m. exten-
sor brevis digiti I: These muscles correspond to 
the heads of the prehallux and element Y of our 
m. abductor brevis dorsalis hallucis, respectively.

M. interosseus dorsalis II: This muscle 
corresponds to our lateral m. dorsometatarsa-
lis hallucis proximalis. The medial muscle of 
our m. dorsometatarsalis hallucis proximalis 
went undescribed.

Mm. interossei dorsales III and IV: These 
muscles correspond to our medial and lateral 
m. dorsometatarsalis proximalis digiti II, 
respectively.

Mm. interossei dorsales V and VI: These 
muscles correspond to our medial and lat-
eral m. dorsometatarsalis proximalis digiti III, 
respectively.

Mm. interossei dorsales VII and VIII: 
These muscles correspond to our medial and lat-
eral m. dorsometatarsalis proximalis digiti IV, 
respectively.

Mm. interossei dorsales IX and X, and m. 
abductor digiti V brevis: The former two 
muscles correspond to our medial and lateral m. 
dorsometatarsalis proximalis digiti V, respec-
tively. Ecker (1864) also refers to our lateral m. 
dorsometatarsalis proximalis digiti V as the m. 
abductor digiti V brevis.

Perrin (1892)

M. extenseur superficiel de l’ergot and 
m. extenseur superficiel de la première 
phalange: Both muscles correspond to our m. 
extensor brevis superficialis hallucis. The former 
corresponds to the portion inserting on the pre-
hallux, while the m. extenseur superficiel de la 
première phalange to the portion inserting on 
metatarsal I and metatarsophalangeal joint/basal 
phalanx of digit I.

M. extenseur de la quatrième phalange 
and m. extenseur de la quatrième phalang-
inette: These muscles correspond to our medial 
and lateral m. extensor brevis superficialis digiti 
IV, respectively.

M. rotateur inverse du pied: The portion 
that corresponds to our m. tarsalis anticus is the 
“posterior” portion, labeled as 92’ in figures 
22–23 of Perrin (1892).

Gaupp (1895, 1896)

M. extensor brevis medius digiti IV: It cor-
responds to our m. extensor brevis superficialis 
digiti IV; see further comments in character 18.

Ribbing (1909)

Extensor brevis superficialis (of digit 
IV): Ribbing (1909) studied Discoglossus, a genus 
in which our m. extensor brevis medius digiti IV 
is present (see char. 18). Considering this, part of 
the muscle described for Discoglossus as the m. 
extensor brevis superficialis with insertion on 
digit IV might correspond to our m. extensor 
brevis medius digiti IV. See comments for his 
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concept of the mm. extensores breves superficia-
les and profundi below under Ribbing’s (1911) 
section.

Ribbing (1911)

General comments: For the elaboration of 
the synonym list, we interpret that Ribbing (1909, 
1911) considered the mm. extensores breves 
superficiales and medii of Gaupp (1896) as the 
mm. extensores breves superficiales (thus, not 
establishing an explicit terminological distinction 
between both muscle groups), and the mm. exten-
sores breves profundi of Gaupp (1896) as his mm. 
extensores breves profundi (thus, not modifying 
Gaupp’s concept, but see below for a possible 
problem regarding the identities in digit IV).

M. extensor brevis profundus digiti IV: 
Some clarifications are required regarding the 
identity of m. extensor brevis medius, as inferred 
from the footnotes 1 and 2, of Ribbing (1911: 
22). First, the m. extensor brevis medius from 
the fibulare (sensu Ribbing; listed in his footnote 
1) corresponds to our m. extensor brevis super-
ficialis; only a single muscle is present in Pipa 
pipa and other species of the genus (Dunlap, 
1960: 50; this study). Second, the m. extensor 
brevis medius from the tibiale (sensu Ribbing; 
footnote 2) might correspond to our medial m. 
dorsometatarsalis proximalis digiti IV with ori-
gin on the tibiale. The identity of the m. extensor 
brevis medius of digit IV with origin on the tib-
iale (sensu Ribbing) does not correspond to our 
m. extensor brevis medius digiti IV. The m. 
extensor brevis medius digiti IV is absent in Pipa 
pipa (see Dunlap, 1960: 55), and it is also absent 
in other species of the genus (see Character 18).

M. interosseus (of digit IV): See com-
ments above in the plantar surface section.

Dunlap (1960)

General comments: All discussion below 
refers to the presence or absence of mm. dorso-
metatarsales distales in Chiromantis xerampelina 
and Espadarana prosoblepon (studied by Dun-
lap), since these muscles were only formally 

defined as a distinct muscle group later by Bur-
ton (1996) for the analogous muscles of the hand 
and by Faivovich (2002) for the muscles of the 
foot. Based on the description of the morphology 
of the mm. extensores breves profundi done by 
Dunlap (1960) and the comparison with avail-
able data from these two species, it is possible to 
determine whether the muscles in some digits 
described by Dunlap (1960) correspond to our 
mm. dorsometatarsales proximales or our mm. 
dorsometatarsales distales.

Comparisons with data from Burton (2004) 
for Chiromantis xerampelina and Espadarana 
prosoblepon regarding the presence of mm. dor-
sometatarsales distales are restricted to the digits 
III–V. For digits I–II, Burton (2004: 227) 
recorded together (i.e., within the same character 
state) the mm. extensores breves distales (= our 
mm. dorsometatarsales distales) and the mm. 
extensores breves profundi (= our mm. dorso-
metatarsales proximales) with elongated fibers 
reaching the phalanx (which emulate the former; 
see Burton, 1998c: 614; Burton, 2004: 227). In 
consequence, it is not possible to make the dis-
tinction for the presence of mm. dorsometatar-
sales distales and the mm. dorsometatarsales 
proximales with elongated fibers in these two 
digits from Burton’s (2004) data. Discussions for 
digits I–II are restricted to our observations in 
these two species.

M. extensor brevis profundus hallucis: 
Dunlap (1960: 55) reported a portion of the lat-
eral m. extensor brevis profundus hallucis with 
the fibers reaching the interphalangeal joint of 
digit I in Chiromantis xerampelina and Espada-
rana prosoblepon (as Centrolene). According to 
our observations in these two species, this por-
tion corresponds to our lateral m. dorsometatar-
salis hallucis distalis.

M. extensor brevis profundus digiti II: 
Dunlap (1960: 56) reported a portion of the lat-
eral m. extensor brevis profundus digiti II with 
the fibers reaching the interphalangeal joint of 
digit II in Espadarana prosoblepon. According 
to our observations, this portion corresponds to 
our lateral m. dorsometatarsalis distalis digiti II. 
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Dunlap (1960: 56) reported a portion of the 
lateral m. extensor brevis profundus digiti II with 
the fibers reaching the interphalangeal joint of 
digit II in Chiromantis xerampelina. However, 
the specimen of C. xerampelina studied by us 
does not possess a lateral m. dorsometatarsalis 
distalis digiti II, and the fibers of the lateral m. 
dorsometatarsalis proximalis digiti II do not 
reach the phalanx. In consequence, it is not clear 
if the observation of Dunlap (1960) may be 
attributed to the presence of a lateral m. dorso-
metatarsalis distalis digiti II, or to the presence 
of fibers of the lateral m. dorsometatarsalis prox-
imalis digiti II reaching the phalanx (implying 
polymorphism, since both conditions are absent 
in the specimen studied by us).

M. extensor brevis profundus digiti III: 
Dunlap (1960: 57) described a portion of the lateral 
m. extensor brevis profundus digiti III with origin 
“from the tendon of the lateral profundus and in 
part from the metatarso-digital joint” in Chiroman-
tis xerampelina and Espadarana prosoblepon. This 
description corresponds to our lateral m. dorso-
metatarsalis distalis digiti III, which is present in 
these two species (Burton, 2004; this study).

M. extensor brevis profundus digiti IV: 
Dunlap (1960: 57) described a portion of the lat-
eral m. extensor brevis profundus digiti IV that 
“extends along the basal phalanx and tapes into a 
tendon only at the proximal interphalangeal joint” 
in Chiromantis xerampelina (“tapes” is probably a 
misspelling for “tapers,” which is employed by 
Dunlap, 1960, in other equivalent descriptions). 
This portion corresponds to our lateral m. dorso-
metatarsalis distalis digiti IV, which is present in 
this species (Burton, 2004; this study).

Dunlap (1960: 57) described a “digital” 
muscle associated with the lateral m. extensor 
brevis profundus digiti IV for Espadarana pro-
soblepon. This “digital” muscle corresponds to 
our lateral m. dorsometatarsalis distalis digiti 
IV, which is present in this species (Burton, 
2004; this study).

M. extensor brevis profundus digiti V: 
Dunlap (1960: 58) described a fleshy portion of the 
medial m. extensor brevis profundus digiti V over 

the basal phalanx of digit V in Chiromantis xer-
ampelina. This portion corresponds to our medial 
m. dorsometatarsalis distalis digiti V, which is pres-
ent in this species (Burton, 2004; this study).

Dunlap (1960: 58) described in Espadarana 
prosoblepon a “digital” muscle associated with the 
medial m. extensor brevis profundus digiti V. 
This “digital” muscle corresponds to our medial 
m. dorsometatarsalis distalis digiti V, which is 
present in this species (Burton, 2004; this study).

Davies and Burton (1982)

M. extensor brevis medius digiti IV: It cor-
responds to our m. extensor brevis superficialis 
digiti IV; see comments above for Gaupp (1896).

M. extensor brevis superficialis digiti 
V: Davies and Burton (1982: 516) described a 
muscle under this name with origin on meta-
tarsal V in Rheobatrachus silus; this origin fits 
with our m. dorsometatarsalis proximalis 
digiti V. However, a long tendon of insertion 
to the basal phalanx of digit V is not a charac-
teristic of the mm. dorsometatarsales proxi-
males (e.g., Dunlap, 1960; Burton, 2004; this 
study). The specimen studied by us does not 
possess m. extensor brevis superficialis digiti 
V, while the mm. dorsometatarsales proxi-
males of digit V are typical and without a long 
tendon of insertion as the one described by 
Davies and Burton (1982).

M. extensor brevis dorsalis hallucis: 
Davies and Burton (1982: 516) described it as 
a muscle that “originates from distal tarsalia 
and inserts penniform onto distal mediodorsal 
surface of metatarsus I.” This insertion fits 
with our m. abductor brevis dorsalis hallucis. 
However, an origin from a distal tarsal in the 
m. abductor brevis dorsalis hallucis is unre-
ported in the literature, and it was not observed 
in any specimen studied by us. A possible 
explanation is that the origin referred by 
Davies and Burton (1982) is not from the dis-
tal tarsalia, but from the element Y instead. 
The origin of part or the totality of the m. 
abductor brevis dorsalis hallucis from element 
Y is very common (e.g., Dunlap, 1960: 58; this 
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study), and it is present in the specimen of 
Rheobatrachus silus studied by us.

Burton (1983)

M. extensor brevis superficialis digiti 
IV and m. extensor brevis medius digiti IV: 
Burton (1983: 321) mentioned an m. extensor 
brevis superficialis on digit IV, and labeled it in 
his figure 14. Although it is not described and 
the figure is not detailed enough for us to iden-
tify it unequivocally, it possibly corresponds to 
our m. extensor brevis superficialis digiti IV. The 
mm. extensores breves medii of digit IV of Bur-
ton (1983) correspond to our mm. extensores 
breves superficiales.

M. extensor brevis dorsalis hallucis: 
Burton (1983: 321) described a muscle from:

the centrale preaxiale with a pinnate insertion 
distally onto metatarsus I and a long tendon 
of insertion to ultimate phalanx I. This muscle 
represents a fusion of the M. extensor brevis 
dorsalis hallucis and the medial slip of the M. 
e. b. profundi hallucis (Fig. 14B, EBDH). In 
some specimens these two muscles are sepa-
rate and typical.

His “M. e. b. profundi hallucis” corresponds 
to our medial m. dorsometatarsalis hallucis 
proximalis. His m. extensor brevis dorsalis hal-
lucis corresponds to the portion of our m. abduc-
tor brevis dorsalis hallucis with origin on element 
Y (as centrale preaxiale in Burton [1983]).

Fabrezi and Langone (2000)

General comments: Fabrezi and Langone 
(2000) studied the mm. extensores breves pro-
fundi (= our mm. dorsometatarsales proximales) 
in Allophryne ruthveni. They described these 
muscles as having elongated fibers (i.e., reaching 
the phalanx), and were illustrated in their figure 
7. They also stated that the mm. extensores 
breves distales are absent (= our mm. dorsometa-
tarsales distales). Their reference to the mm. 
extensores breves distales of the foot is probably 
analogous to the equivalent muscles described 

and defined for the hand by Burton (1996), since 
they were only formally defined as such for the 
foot by Faivovich (2002).

As done above for the hand, we evaluate here 
the presence of mm. extensores breves distales (= 
our mm. dorsometatarsales distales) and the 
presence of mm. extensores breves profundi (= 
our mm. dorsometatarsales proximales) with 
elongated fibers reaching the phalanx (which 
emulate the mm. dorsometatarsales distales; see 
Burton, 1998c: 614; 2004: 227). Comparisons 
and discussions are performed based on our 
observations of Allophryne ruthveni and from the 
report of Burton (2004) for this species. As dis-
cussed above under Dunlap (1960), the compari-
sons regarding the presence of mm. extensores 
breves distales (= our mm. dorsometatarsales 
distales) from Burton’s (2004) data are restricted 
to digits III–V.

M. extensor brevis profundus hallucis: 
We observed that the fibers of the medial m. dor-
sometatarsalis hallucis proximalis do not reach 
the phalanx (contra Fabrezi and Langone, 2000). 
The fibers of the lateral dorsometatarsalis hallu-
cis proximalis reach the phalanx and the mm. 
dorsometatarsales distales of digit I are absent 
(agreeing with Fabrezi and Langone, 2000).

M. extensor brevis profundus digiti II: 
We observed that the fibers of the medial and 
lateral m. dorsometatarsalis proximalis digiti II 
do not reach the phalanx (contra Fabrezi and 
Langone, 2000; however, our data are not conclu-
sive for the extension of the fibers of the lateral 
m. dorsometatarsalis proximalis). We also 
observed the lateral m. dorsometatarsalis distalis 
present (contra Fabrezi and Langone, 2000).

Furthermore, their figure 7 shows a muscular 
mass over the medial side of the basal phalanx 
of digit II. The identity of this muscular por-
tion needs corroboration, since no species of 
our sampling has a medial m. dorsometatarsalis 
proximalis with fibers reaching the phalanx, nor 
a medial m. dorsometatarsalis distalis digiti II.

M. extensor brevis profundus digiti III: 
We observed that the fibers of the medial and 
lateral m. dorsometatarsalis proximalis digiti III 
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do not reach the phalanx, and only the lateral m. 
dorsometatarsalis distalis digiti III is present 
(contra Fabrezi and Langone, 2000). This condi-
tion was reported by Burton (2004) and also 
observed by us. 

Additionally, their figure 7 shows a muscular 
mass over the medial side of the basal and second 
phalanges of digit III. The identity of this muscular 
portion needs corroboration since no species of our 
sampling has a medial m. dorsometatarsalis proxi-
malis digiti III with fibers reaching the phalanx or 
a medial m. dorsometatarsalis distalis digiti III. 
This suggests that this muscular mass of the figure 
of Fabrezi and Langone (2000) is not an m. dorso-
metatarsalis proximalis nor distalis. Except for 
intraspecific variation (unlikely in light of the previ-
ous comment), a putative and partial explanation is 
that the muscular mass on the medial side of the 
basal phalanx corresponds to the medial slip of the 
m. interphalangeus digiti III, which is dorsally vis-
ible because its origin is dorsally extended in this 
species, occupying the dorsomedial surface of the 
basal phalanx (this study).

M. extensor brevis profundus digiti IV: 
We observed that the fibers of the medial and 
lateral m. dorsometatarsalis proximalis digiti IV 
do not reach the phalanx, and only the lateral m. 
dorsometatarsalis distalis is present. This last 
muscle was also reported by Burton (2004). 

The figure of Fabrezi and Langone (2000) shows 
a muscular mass over the medial side of the basal 
and second phalanges of digit IV. The identity of this 
muscular portion needs corroboration since no spe-
cies of our sampling have a medial m. dorsometa-
tarsalis proximalis with fibers reaching the phalanx 
or a medial m. dorsometatarsalis distalis. This sug-
gests that the muscular mass of the figure of Fabrezi 
and Langone (2000) is not an m. dorsometatarsalis 
proximalis or an m. dorsometatarsalis distalis.

As discussed for digit III, and excluding intra-
specific variation (unlikely in light of the previ-
ous comment), a putative explanation is that the 
muscular mass over the medial side of the pha-
lanx corresponds to the medial slips of the mm. 
interphalangei proximalis and distalis. These 
slips are dorsally visible because their origins are 

dorsally extended in this species, occupying the 
dorsomedial surface of the basal and second 
phalanx of digit IV (this study).

M. extensor brevis profundus digiti V: 
We observed that the fibers of the medial and 
lateral m. dorsometatarsalis proximalis digiti V 
do not reach the phalanx, but the medial and 
lateral m. dorsometatarsalis distalis digiti V are 
present. This implies that the muscular mass 
figured by Fabrezi and Langone (2000) on the 
medial and lateral side of the phalanges may be 
interpreted as the medial and lateral mm. dor-
sometatarsales distales, respectively. Burton 
(2004) scored the medial m. dorsometatarsalis 
distalis digiti V present and the lateral m. dor-
sometatarsalis distalis digiti V absent, for which 
the lateral muscle might be subject to intraspe-
cific variation.

Burton (2001)

M. extensor brevis superficialis digiti 
V: The m. extensor brevis superficialis digiti V 
described by Burton (2001: 555) with origin 
from metatarsal V corresponds to our m. dor-
sometatarsalis proximalis digiti V; the muscle 
described as extensor brevis superficialis digiti 
V with a common origin with the m. abductor 
brevis dorsalis digiti V (our m. abductor digiti 
minimi) corresponds to our homonym muscle 
(Burton, 2001: 549, 555).

M. extensor brevis medius digiti IV: The 
concept of the mm. extensores breves medii of 
digit IV of Burton (2001) follows Gaupp (1896) 
and corresponds entirely to our mm. extensores 
breves superficiales of digit IV.

M. abductor brevis dorsalis hallucis: 
Misspelled as “m. adductor brevis dorsalis hal-
lucis” in its description (Burton, 2001: 548).

M. extensor brevis dorsalis hallucis: 
Burton (2001: 548) stated that this muscle is 
indistinguishable from the m. abductor brevis 
dorsalis hallucis. As discussed above for Burton 
(1983), we consider that their m. extensor bre-
vis dorsalis hallucis corresponds to a portion of 
our m. abductor brevis dorsalis hallucis.
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M. extensor brevis profundus digiti V: 
See comments above for the m. extensor brevis 
superficialis digiti V.

Burton (2004)

M. extensor brevis superficialis hallucis, 
m. extensor brevis medius hallucis, m. 
extensor brevis superficialis digiti II, and 
m. extensor brevis medius digiti II: Burton 
(2004: 214) stated that the m. extensor brevis 
superficialis hallucis and the m. extensor brevis 
medius hallucis are fused and difficult to distin-
guish. He distinguished both muscles based on 
their distinct insertions, stating that the former 
inserts on the prehallux, the fascia between the 
prehallux and hallux, and by a tendon on the dor-
sum of metatarsal I, while the m. extensor brevis 
medius hallucis inserts on the basal phalanx of 
digit I (note that we refer to the insertion on the 
basal phalanx described by Burton, 2004, as an 
insertion on the metatarsophalangeal joint).

Similarly, Burton (2004: 215) stated that the 
m. extensor brevis superficialis and m. extensor 
brevis medius of digit II are fused and difficult 
to distinguish. As for the muscles of the hallux, 
he differentiated the former by its insertion on 
metatarsal II, and the latter for its attachment to 
the basal phalanx of digit II (or metatarsopha-
langeal joint following our descriptive criteria).

We observed that the mm. extensores breves 
medii of digits I and II are absent in some species 
(including some species that were also studied by 
Burton) despite the presence of the insertions on 
the metatarsophalangeal joints of digits I and II. 
We interpret that these insertions on the meta-
tarsophalangeal joints correspond to the mm. 
extensores breves superficiales. We also observed 
the mm. extensores breves superficiales inserting 
on their respective metatarsophalangeal joint in 
the presence of the mm. extensores breves medii 
(e.g., pl. 5B). Furthermore, the m. extensor brevis 
medius digiti II also inserts on metatarsal II in 
some species (e.g., pl. 5C).

Consequently, the points of insertion are not 
appropriate to distinguish the mm. extensores 

breves superficiales from the medii in digits I and 
II in Hylidae. Additional research is required to 
differentiate these muscles within Hylidae consis-
tently and in a way that reflects homology.

Faivovich et al. (2005)

M. extensor brevis superficialis hallu-
cis, m. extensor brevis medius hallucis, m. 
extensor brevis superficialis digiti II, and 
m. extensor brevis medius digiti II: Same 
comments as above for Burton (2004).

Salgar et al. (2009)

M. extensor brevis dorsalis hallucis: 
This muscle is not described, and their figure 5 is 
not clear enough to state whether it corresponds 
to a portion of our medial m. dorsometatarsalis 
hallucis proximalis (in which case a discrete ten-
don of insertion on the metatarsophalangeal 
joint and/or on interphalangeal joint/distal pha-
lanx is expected), or to a portion of our m. 
abductor brevis dorsalis hallucis (in which case a 
fleshy insertion on metatarsal I is expected).

Diogo and Ziermann (2014)

M. extensor brevis medius hallucis: This 
muscle is considered present in Eleutherodactylus 
coqui by Diogo and Ziermann (2014: 98), as part 
of what they generically label as “Extensores 
breves medii + dorsometatarsales” in their fig-
ures 4C and 7C. Portions of the m. extensor bre-
vis medius are easily confused with the m. 
dorsometatarsalis proximalis and/or m. extensor 
brevis superficialis, and the nature of these fig-
ures precludes an unequivocal assertion regard-
ing its presence. The m. extensor brevis medius 
hallucis is absent in the specimen of Eleuthero-
dactylus coqui studied by us. Further studies are 
required to evaluate whether this muscle is pres-
ent in some specimens of E. coqui.

M. extensor brevis medius digiti IV: This 
muscle is considered to be present by Diogo and 
Ziermann (2014: 98) in Eleutherodactylus coqui. 
This interpretation requires revision, since (1) there 
is confusion in the literature between the identities 
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of this muscle and the m. extensor brevis superfi-
cialis digiti IV (see Dunlap [1960: 55] and several 
authors discussed here); and (2) the m. extensor 
brevis medius digiti IV is absent in the specimen of 
E. coqui studied by us (see also char. 18).

Hoyos and Salgar (2016)

M. extensor brevis profundus hallucis: 
This muscle corresponds to our m. dorsometa-
tarsalis hallucis proximalis. However, one of the 
muscles labeled as such in their figure 4 (the 
label on its left side) corresponds to our m. 
extensor brevis superficialis hallucis (possibly a 
labeling error). This incorrect label is the only 
mention attributable to the m. extensor brevis 
superficialis hallucis in their study.

M. extensor brevis profundus digiti IV: 
The muscle labeled as such over the lateral side of 
the basal phalanx of digit IV in their figure 4 cor-
responds to our lateral m. dorsometatarsalis dista-
lis digiti IV. We corroborated this in the specimen 
of Dendropsophus luddeckei studied by us.

M. extensor brevis superficialis digiti V: 
The description of the muscle termed m. extensor 
brevis superficialis digiti V (Hoyos and Salgar, 
2016: 147), and labeled in their figure 4 as such, fits 
with our medial m. dorsometatarsalis proximalis 
digiti V. This is also supported by the fact that our 
m. extensor brevis superficialis digiti V is absent in 
the specimen of D. luddeckei studied by us.

Diogo et al. (2018)

M. extensor brevis medius digiti IV: Same 
comments as done above for Diogo and Zier-
mann (2014) regarding this name.

Names for Novel Tendons and Muscles not 
Addressed in Results or Discussion

Superficial cutaneous tendons (palmar 
surface): Some species have a group of superfi-
cial cutaneous tendons, similar to those described 
for the foot by Burton (2004; see discussion and 
justification for the name above). We employ by 
analogy the same name as in the plantar surface.

M. interphalangeus indicis and m. inter-
phalangeus digiti III (of the hand): We 
observed muscles of this group in digits II and 
III: an intermediate slip of the mm. interpha-
langei indicis and digiti III in Pipa parva, and a 
lateral slip of the m. interphalangeus digiti III in 
Osteopilus septentrionalis.

M. interphalangeus digiti II (of the 
foot): We report for the first time the m. inter-
phalangeus digiti II of the foot. We observed a 
lateral slip in Geocrinia victoriana, and an inter-
mediate and lateral slip in one specimen of 
Odontophrynus americanus (MACN 48528; vis-
ible but not labeled in fig. 2 of Blotto et al., 2017).

M. interphalangeus distalis digiti V (of 
the foot): An intermediate slip with origin on 
the proximal interphalangeal joint and fleshy 
insertion on the distal half of the second phalanx 
of digit V was observed in Pipa carvalhoi. In 
analogy to the terminology of the mm. interpha-
langei of digit IV, the name of the muscle on 
basal phalanx is redefined to include the term 
“proximalis,” resulting in m. interphalangeus 
proximalis digiti V.
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APPENDIX 4

Data Matrix

Species/Character 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Ascaphus truei 0 1 1 0 1 0 0 1 0 1 0 – 1 1 0 1 1 0&1 0 0

Leiopelma hochstetteri 0 0 1 0 1 0 0 1 0 1 0 0 1 1 0 1 1 0 0 0

Barbourula busuangensis 0 0 1 0 1 0 0 0 2 1 0 0 0 1 0 1 1 0 0 0

Bombina orientalis 0 0 1 1 1 0 0 0 2 1 0 0 0 1 0 1 1 0 0 0

Bombina variegata 0 1 0 1 1 0 0 0 2 1 0 0 0 1 0 1 1 0 0 0

Bombina bombina 0 0 1 0 1 0 0 0 2 1 0 0 0 1 0 1 1 0 0 0

Alytes obstetricans 0 0 1 0 1 0 0 0 0 1 0 – 1 1 0 1 1 1 0 0

Discoglossus galganoi 0 0 1 0 1 0 0 0 0 1 0 0 1 1 0 1 1 1 0 0

Discoglossus pictus 0 0 1 0 1 0 0 0 0 1 0 0 1 1 0 1 1 1 0 0

Pipa parva 0 0 0 1 1 0 0 0 0 1 0 0 0 0 0 1 1 0 0 0

Pipa carvalhoi 0 0 0 1 1 0 0 0 0 1 0 0 0 0 0 1 1 0 0 0

Xenopus epitropicalis 0 0 0 1 1 0 0 0 0 1 0 0 0 0 0 1 1 0 0 0

Xenopus muelleri 0 0 1 1 1 0 0 0 0 1 0 0 0 0 0 1 1 0 0 0

Xenopus borealis 0 0 1 0 1 0 0 0 0 1 0 0 0 0 0 1 1 0 0 0

Xenopus laevis 0 0 1 0 1 0 0 0 0 1 0 1 0 0 0 1 1 0 0 0

Pseudhymenochirus merlini 0 0 1 0 1 0 0 0 1 1 0 – 0 0 0 1 1 0 0 0

Hymenochirus curtipes 0 0 1 0 1 0 0 0 1 1 0 0 0 0 0 1 1 0 0 0

Hymenochirus boettgeri 0 0 1 0 1 0 0 0 1 1 0 0 0 0 0 1 1 0 0 0

Rhinophrynus dorsalis 0 0 0 1 1 0 0 0 0 1 0 0 1 0 0 1 1 0 0 0

Scaphiopus couchii 1 0 0 1 0 1 0 0 0 0 0 0 1 1 1 1 1 0 0 0

Scaphiopus holbrookii 1 0 0 1 0 1 0 0 0 0 0 1 1 1 1 1 1 0 0 0

Scaphiopus hurterii 1 0 0 1 0 1 0 0 0 0 0 1 1 1 1 1 1 0 0 0

Spea intermontana 1 0 0 1 0 1 0 0 0 0 0 1 1 1 1 1 1 0 0 0

Spea bombifrons 1 0 0 1 0 1 0 0 0 0 0 1 1 1 1 1 1 0 0 0

Spea hammondii 1 0 0 1 0 1 0 0 0 0 0 0 1 1 1 1 1 0 0 0

Spea multiplicata 1 0 0 1 0 1 0 0 0 0 0 1 1 1 1 1 1 0 0 0

Pelodytes ibericus 1 0 0 1 0 1 0 0 0 0 1 1 1 1 0 1 1 0 0 0

Leptobrachella bourreti 1 0 0 1 0 1 1 0 0 0 1 1 1 1 0 1 1 0 1 0

Leptobrachium lumadorum 1 0 0 1 0 1 1 0 0 0 1 1 0 1 0 1 1 0 1 1

Oreolalax omeimontis 1 0 0 1 0 1 1 0 0 0 1 1 1 1 0 1 1 0 1 1

Scutiger mammatus 1 0 0 1 0 1 1 0 0 0 1 1 1 1 0 1 1 0 0 0

Megophrys carinense 1 0 0 1 0 1 1 0 0 0 1 1 1 1 0 1 1 0 0 0

Megophrys aceras 1 0 0 1 0 1 1 0 0 0 1 1 1 1 0 1 1 0 0 0

Megophrys edwardinae 1 0 0 1 0 1 1 0 0 0 1 1 1 1 0 1 1 0 0 0

Pelobates fuscus 1 0 0 1 0 1 0 0 0 0 1 1 1 1 0 1 1 0 0 0

Pelobates cultripes 1 0 0 1 1 1 0 0 0 0 1 1 1 1 0 1 1 0 0 0

Pelobates varaldii 1 0 0 1 1 1 0 0 0 0 1 1 1 1 0 1 1 0 0 0
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Species/Character 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Hadromophryne natalensis 1 1 1 0 1 0 0 0 0 1 0 1 1 1 0 0 1 0 0 0

Heleophryne orientalis 1 1 0 1 1 1 0 1 0 1 0 1 1 1 0 0 1 0 0 0

Heleophryne purcelli 1 1 1 1 1 0 0 1 0 1 0 0 1 1 0 0 1 0 0 0

Sooglossus sechellensis 1 0 0 1 0 1 0 1 0 1 0 1 1 1 0 0 0 0 1 1

Sooglossus thomasseti 1 0 0 1 0 1 0 1 0 1 0 1 1 1 0 0 0 0 1 1

Breviceps adspersus 1 0 0 1 0 1 0 0 0 1 0 1 1 1 0 0 1 0 0 0

Hemisus marmoratus 1 0 0 1 0 1 0 0 1 1 0 1 1 1 0 0 1 0 0 0

Arthroleptis variabilis 1 0 0 1 0 1 0 0 1 1 0 1 1 1 0 0 1 0 1 1

Leptopelis natalensis 1 ? 0 1 ? 1 0 0 1 1 0 1 1 1 0 0 1 0 1 1

Kassina senegalensis 1 0 0 1 1 1 0 0 1 1 0 1 1 1 0 0 1 0 1 1

Afrixalus fulvovittatus 1 0 0 1 1 1 0 0 1 1 0 1 1 1 0 0 1 0 1 1

Hyperolius semidiscus 1 0 0 1 1 1 0 0 1 1 0 1 1 1 0 0 1 0 1 1

Phrynomantis bifasciatus 1 0 0 1 1 1 0 0 0 1 0 1 0 1 0 0 1 0 0 0

Elachistocleis bicolor 1 0 0 1 0 1 0 0 0 1 0 1 1 1 0 0 1 0 0 0

Ctenophryne geayi 1 0 0 1 0 1 0 0 0 1 0 1 1 1 0 0 1 0 0 0

Kalophrynus sinensis 1 0 0 1 0 1 0 0 0 1 0 1 1 1 0 0 1 0 0 0

Chaperina fusca 1 0 0 1 0 1 0 1 0 1 0 1 1 1 0 0 1 0 0 0

Kaloula pulchra 1 0 0 1 1 1 0 0 0 1 0 1 1 1 0 0 1 0 0 0

Uperodon systoma 1 0 0 1 1 1 0 0 0 1 0 1 1 1 0 0 1 0 0 0

Micryletta inornata 1 0 0 1 0 1 0 0 0 1 0 1 1 1 0 0 1 0 0 0

Microhyla heymonsi 1 0 0 1 0 1 0 0 0 1 0 1 1 1 0 0 1 0 0 0

Glyphoglossus guttulatus 1 0 0 1 0 1 0 0 0 1 0 1 1 1 0 0 1 0 0 0

Ptychadena nilotica 1 0 0 1 0 1 0 0 1 1 0 1 1 1 0 0 1 0 0 0

Phrynobatrachus krefftii 1 0 0 1 0 1 0 0 1 1 0 1 1 1 0 0 1 0 0 0

Tomopterna delalandii 1 0 0 1 0 1 0 0 1 1 0 1 1 1 0 0 1 0 0 0

Cacosternum capense 1 0 0 1 0 1 0 0 1 1 0 1 1 1 0 0 1 0 0 0

Microbatrachella capensis 1 0 0 1 0 1 0 0 1 1 0 1 1 1 0 0 1 0 0 0

Cornufer guentheri 1 0 0 1 0 1 0 0 1 1 0 1 1 1 0 0 1 0 0 0

Platymantis guentheri 1 0 0 1 1 1 0 0 1 1 0 1 1 1 0 0 1 0 0 0

Occidozyga laevis 1 0 0 1 1 1 0 0 1 1 0 1 1 1 0 0 1 0 0 0

Limnonectes woodworthi 1 0 0 1 1 1 0 0 1 1 0 1 1 1 0 0 1 0 0 0

Hoplobatrachus rugulosus 1 0 0 1 1 1 0 0 1 1 0 1 1 1 0 0 1 0 0 0

Fejervarya vittigera 1 0 0 1 1 1 0 0 1 1 0 1 1 1 0 0 1 0 0 0

Sphaerotheca breviceps 1 0 0 1 1 1 0 0 1 1 0 1 1 1 0 0 1 0 0 0

Chiromantis xerampelina 1 0 0 1 1 1 0 0 1 1 0 1 1 1 0 0 1 0 0 0

Rhacophorus pardalis 1 0 0 1 1 1 0 0 1 1 0 1 1 1 0 0 1 0 0 0

Polypedates leucomystax 1 0 0 1 1 1 0 0 1 1 0 1 1 1 0 0 1 0 0 0

Staurois natator 1 0 0 1 1 1 0 0 1 1 0 1 1 1 0 0 1 0 0 0

Sanguirana sanguinea 1 0 0 1 1 1 0 0 1 1 0 1 1 1 0 0 1 0 0 0

APPENDIX 4 continued
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Species/Character 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Lithobates warszewitschii 1 0 0 1 1 1 0 0 2 1 0 1 1 1 0 0 1 0 0 0

Odorrana versabilis 1 0 0 1 1 1 0 0 1 1 0 1 1 1 0 0 1 0 0 0

Calyptocephalella gayi 1 1 1 1 1 1 0 0 0 1 0 1 1 1 0 0 1 0 0 0

Neobatrachus aquilonius 1 0 0 1 1 0 0 0 0 1 0 1 1 1 0 0 1 0 1 1

Adelotus brevis 1 0 0 1 1 0 0 0 0 1 0 1 1 1 0 0 1 0 0 0

Limnodynastes peronii 1 0 0 1 1 0 0 0 0 1 0 1 1 1 0 0 1 0 0 0

Philoria frosti 1 0 0 1 1 0 0 0 0 1 0 1 1 1 0 0 1 0 0 0

Notaden bennettii 1 0 0 1 1 0 0 0 0 1 0 1 1 1 0 0 1 0 0 0

Platyplectrum ornatum 1 0 0 1 1 1 0 0 0 1 0 1 1 1 0 0 1 0 0 0

Lechriodus melanopyga 1 0 0 1 1 1 0 0 0 1 0 1 1 1 0 0 1 0 0 0

Rheobatrachus silus 1 0 0 1 1 0 0 0 0 1 0 1 1 1 0 0 1 0 0 0

Mixophyes iteratus 1 0 0 1 1 0 0 0 0 1 0 1 1 1 0 0 1 0 0 0

Taudactylus diurnus 1 0 0 1 1 0 0 0 0 1 0 1 1 1 0 0 1 0 0 0

Uperoleia laevigata 1 0 0 1 1 0 0 0 0 1 0 1 1 1 0 0 1 0 0 0

Pseudophryne coriacea 1 0 0 1 1 0 0 0 0 1 0 1 0 1 0 0 1 0 0 0

Crinia signifera 1 0 0 1 1 0 0 0 0 1 0 1 0 1 0 0 1 0 0 0

Geocrinia victoriana 1 0 – – 1 0 0 0 0 1 0 1 1 1 0 0 1 0 0 0

Ischnocnema guentheri 1 0 0 1 0 1 0 0 1 1 0 1 1 1 0 0 1 0 0 0

Eleutherodactylus coqui 1 0 0 1 0 1 0 0 1 1 0 1 1 1 0 0 1 0 0 0

Craugastor fitzingeri 1 0 0 1 0 1 0 0 1 1 0 1 1 1 0 0 1 0 0 0

Haddadus binotatus 1 0 0 1 0 1 0 0 1 1 0 1 1 1 0 0 1 0 0 0

Barycholos ternetzi 1 0 0 1 0 1 0 0 1 1 0 1 1 1 0 0 1 0 0 0

Pristimantis buckleyi 1 0 0 1 0 1 0 0 1 1 0 1 1 1 0 0 1 0 0 0

Oreobates barituensis 1 0 0 1 0 1 0 0 2 1 0 1 1 1 0 0 1 0 0 0

Flectonotus pygmaeus 1 0 0 1 0 1 0 0 1 1 0 1 1 1 0 0 1 0 0 0

Hemiphractus proboscideus 1 0 0 1 0 1 0 0 1 1 0 1 1 1 0 0 1 0 0 0

Stefania evansi 1 0 0 1 0 1 0 0 1 1 0 1 1 1 0 0 1 0 0 0

Gastrotheca christiani 1 0 0 1 0 1 0 0 1 1 0 ? 1 1 0 0 1 0 0 0

Ceratophrys cranwelli 1 0 0 1 0 1 0 0 1 1 0 1 1 1 0 0 1 0 0 0

Chacophrys pierottii 1 0 0 1 0 1 0 0 1 1 0 1 1 1 0 0 1 0 0 0

Lepidobatrachus laevis 1 0 0 1 0 1 0 0 1 1 0 1 1 1 0 0 1 0 0 0

Proceratophrys boiei 1 0 0 1 0&1 1 0 0 1 1 0 1 1 1 0 0 1 0 0 0

Macrogenioglottus alipioi 1 0 0 1 0 1 0 0 1 1 0 1 1 1 0 0 1 0 0 0

Odontophrynus achalensis 1 0 0 1 1 1 0 0 1 1 0 1 1 1 0 0 1 0 0 0

Telmatobius oxycephalus 1 0 0 1 0 1 0 0 1 1 0 1 1 1 0 0 1 0 0 0

Rhinoderma darwinii 1 0 0 1 0 1 0 0 1 1 0 1 1 1 0 0 1 0 0 0

Insuetophrynus acarpicus 1 0 0 1 0 1 0 0 1 1 0 1 1 1 0 0 1 0 0 0

Cycloramphus boraceiensis 1 0 0 1 0 1 0 0 1 1 0 1 1 1 0 0 1 0 0 0

Thoropa taophora 1 0 0 1 0 1 0 0 1 1 0 1 1 1 0 0 1 0 0 0

Crossodactylus schmidti 1 0 0 1 0 1 0 0 1 1 0 1 1 1 0 0 1 0 0 0
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Species/Character 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Hylodes phyllodes 1 0 0 1 0 1 0 0 1 1 0 1 1 1 0 0 1 0 0 0

Limnomedusa macroglossa 1 0 0 1 0 1 0 0 1 1 0 1 1 1 0 0 1 0 0 0

Alsodes neuquensis 1 0 0 1 0 1 0 0 1 1 0 1 1 1 0 0 1 0 0 0

Eupsophus roseus 1 0 0 1 0 1 0 0 0 1 0 1 1 1 0 0 1 0 0 0

Hylorina sylvatica 1 0 0 1 0 1 0 0 1 1 0 1 1 1 0 0 1 0 0 0

Batrachyla leptopus 1 0 0 1 0 1 0 0 1 1 0 0 1 1 0 0 1 0 0 0

Chaltenobatrachus grandisonae 1 0 0 1 0 1 0 0 1 1 0 0 1 1 0 0 1 0 0 0

Atelognathus patagonicus 1 0 0 1 0 1 0 0 1&2 1 0 1 1 1 0 0 1 0 0 0

Phyllomedusa sauvagii 1 0 0 1 0 1 0 0 1 1 0 1 1 1 0 0 1 0 0 0

Ranoidea eucnemis 1 0 0 1 0 1 0 0 1 1 0 – 1 1 0 0 1 0 0 0

Aplastodiscus perviridis 1 0 0 1 0 1 0 0 1 1 0 1 1 1 0 0 1 0 0 0

Boana cordobae 1 0 0 1 0 1 0 0 1 1 0 1 1 1 0 0 1 0 0 0

Trachycephalus typhonius 1 0 0 1 0 1 0 0 1 1 0 1 1 1 0 0 1 0 0 0

Phyllodytes luteolus 1 0 0 1 0 1 0 0 1 1 0 1 1 1 0 0 1 0 0 0

Acris crepitans 1 0 0 1 0 1 0 0 1 1 0 – 1 1 0 0 1 0 0 0

Triprion petasatus 1 0 0 1 0 1 0 0 1 1 0 1 1 1 0 0 1 0 0 0

Sphaenorhynchus lacteus 1 0 0 1 0 1 0 0 1 1 0 1 1 1 0 0 1 0 0 0

Xenohyla truncata 1 0 0 1 0 1 0 0 1 1 0 1 1 1 0 0 1 0 0 0

Dendropsophus minutus 1 0 0 1 0 1 0 0 1 1 0 0&1 1 1 0 0 1 0 0 0

Scinax granulatus 1 0 0 1 0 1 0 0 1 1 0 1 1 1 0 0 1 0 0 0

Scarthyla goinorum 1 0 0 1 0 1 0 0 1 1 0 1 1 1 0 0 1 0 0 0

Pseudis minuta 1 0 0 1 0 1 0 0 1 1 0 1 1 1 0 0 1 0 0 0

Allophryne ruthveni 1 0 0 1 0 1 0 0 1 1 0 0 1 1 0 0 1 0 0 0

Espadarana prosoblepon 1 0 0 1 0 1 0 0 1 1 0 1 1 1 0 0 1 0 0 0

Vitreorana uranoscopa 1 0 0 1 0 1 0 0 1 1 0 0 1 1 0 0 1 0 0 0

Paratelmatobius poecilogaster 1 0 0 1 0 1 0 0 1 1 0 1 1 1 0 0 1 0 0 0

Leptodactylus latinasus 1 0 0 1 0 1 0 0 1 1 0 1 1 1 0 0 1 0 0 0

Pseudopaludicola falcipes 1 0 0 1 0 1 0 0 1 1 0 1 1 1 0 0 1 0 0 0

Physalaemus biligonigerus 1 0 0 1 0 1 0 0 1 1 0 1 1 1 0 0 1 0 0 0

Pleurodema kriegi 1 0 0 1 0 1 0 0 1 1 0 1 1 1 0 0 1 0 0 0

Mannophryne herminae 1 0 0 1 0 1 0 0 1 1 0 1 1 1 0 0 1 0 0 0

Adelphobates galactonotus 1 0 0 1 0 1 0 0 1 1 0 1 1 1 0 0 1 0 0 0
Melanophryniscus klappenba-
chi 1 0 0 1 0 1 0 0 1 1 0 1 1 1 0 0 1 0 0 0

Atelopus pastuso 1 0 0 1 1 1 0 0 1 1 0 0 1 1 0 0 1 0 0 0

Dendrophryniscus leucomystax 1 0 0 1 0 1 0 0 1 1 0 0 1 1 0 0 1 0 0 0

Amazophrynella minuta 1 0 0 1 0 1 0 1 1 1 0 0 1 1 0 0 1 0 0 0

Nannophryne variegata 1 0 0 1 0 1 0 0 2 1 0 1 1 1 0 0 1 0 0 0

Anaxyrus woodhousii 1 0 0 1 0 1 0 0 1 1 0 0&1 1 1 0 0 1 0 0 0

Rhinella fernandezae 1 0 0 1 0 1 0 0 1 1 0 1 1 1 0 0 1 0 0 0
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APPENDIX 5

Ancestral Character State Reconstructions

Character 1. M. flexor indicis superficialis proprius

Elachistocleis bicolor

Micryletta inornata
Microhyla heymonsi
Glyphoglossus guttulatus

Chaperina fusca

Kalophrynus sinensis
Ctenophryne geayi

Phrynomantis bifasciatus

Kaloula pulchra
Uperodon systoma

Polypedates leucomystax
Rhacophorus pardalis

Chiromantis xerampelina

Odorrana versabilis
Sanguirana sanguinea

Lithobates warszewitschii

Staurois natator

Sphaerotheca breviceps
Fejervarya vittigera

Hoplobatrachus rugulosus
Limnonectes woodworthi

Occidozyga laevis

Platymantis guentheri
Cornufer guentheri

Microbatrachella capensis
Cacosternum capense

Tomopterna delalandii
Phrynobatrachus krefftii

Ptychadena nilotica

Hemisus marmoratus
Breviceps adspersus

Leptopelis natalensis

Afrixalus fulvovittatus
Hyperolius semidiscus

Arthroleptis variabilis
Kassina senegalensis

Heleophryne orientalis
Heleophryne purcelli

Hadromophryne natalensis

Sooglossus thomasseti
Sooglossus sechellensis

Spea intermontana
Spea bombifrons

Spea multiplicata
Spea hammondii

Scaphiopus hurterii
Scaphiopus holbrookii

Scaphiopus couchii

Megophrys aceras
Megophrys edwardinae

Megophrys carinense

Leptobrachella bourreti
Leptobrachium lumadorum

Oreolalax omeimontis
Scutiger mammatus

Pelodytes ibericus
Pelobates fuscus

Pelobates varaldii
Pelobates cultripes

Barbourula busuangensis

Bombina bombina
Bombina variegata

Bombina orientalis

Alytes obstetricans
Discoglossus pictus
Discoglossus galganoi

Rhinophrynus dorsalis
Pipa carvalhoi
Pipa parva

Hymenochirus boettgeri
Hymenochirus curtipes

Pseudhymenochirus merlini

Xenopus laevis
Xenopus borealis

Xenopus muelleri
Xenopus epitropicalis

Leiopelma hochstetteri
Ascaphus truei

Caudata
absent
present
ambiguous/missing data

Rhinella fernandezae
Anaxyrus woodhousii

Nannophryne variegata

Amazophrynella minuta
Dendrophryniscus leucomystax

Atelopus pastuso
Melanophryniscus klappenbachi

Odontophrynus achalensis
Macrogenioglottus alipioi

Proceratophrys boiei

Vitreorana uranoscopa
Espadarana prosoblepon

Allophryne ruthveni

Leptodactylus latinasus
Paratelmatobius poecilogaster
Pseudopaludicola falcipes

Physalaemus biligonigerus
Pleurodema kriegi

Xenohyla truncata
Dendropsophus minutus
Pseudis minuta
Scarthyla goinorum

Sphaenorhynchus lacteus
Scinax granulatus

Phyllodytes luteolus
Trachycephalus typhonius
Acris crepitans
Triprion petasatus

Boana cordobae
Aplastodiscus perviridis

Phyllomedusa sauvagii
Ranoidea eucnemis

Eupsophus roseus
Alsodes neuquensis

Limnomedusa macroglossa

Hylodes phyllodes
Crossodactylus schmidti

Batrachyla leptopus
Hylorina sylvatica
Atelognathus patagonicus
Chaltenobatrachus grandisonae

Thoropa taophora
Cycloramphus boraceiensis

Telmatobius oxycephalus
Insuetophrynus acarpicus
Rhinoderma darwinii

Lepidobatrachus laevis
Chacophrys pierottii

Ceratophrys cranwelli

Gastrotheca christiani

Stefania evansi
Hemiphractus proboscideus

Flectonotus pygmaeus

Oreobates barituensis
Barycholos ternetzi

Pristimantis buckleyi

Haddadus binotatus
Craugastor fitzingeri

Ischnocnema guentheri
Eleutherodactylus coqui

Mannophryne herminae
Adelphobates galactonotus

Limnodynastes peronii
Philoria frosti
Adelotus brevis

Lechriodus melanopyga
Platyplectrum ornatum

Neobatrachus aquilonius
Notaden bennettii

Pseudophryne coriacea
Uperoleia laevigata
Geocrinia victoriana
Crinia signifera

Taudactylus diurnus
Mixophyes iteratus

Rheobatrachus silus

Calyptocephalella gayi
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Character 2. M. lumbricalis longus digiti III

Rhinella fernandezae
Anaxyrus woodhousii

Nannophryne variegata

Amazophrynella minuta
Dendrophryniscus leucomystax

Atelopus pastuso
Melanophryniscus klappenbachi

Odontophrynus achalensis
Macrogenioglottus alipioi

Proceratophrys boiei

Vitreorana uranoscopa
Espadarana prosoblepon

Allophryne ruthveni

Leptodactylus latinasus
Paratelmatobius poecilogaster
Pseudopaludicola falcipes

Physalaemus biligonigerus
Pleurodema kriegi

Xenohyla truncata
Dendropsophus minutus
Pseudis minuta
Scarthyla goinorum

Sphaenorhynchus lacteus
Scinax granulatus

Phyllodytes luteolus
Trachycephalus typhonius
Acris crepitans
Triprion petasatus

Boana cordobae
Aplastodiscus perviridis

Phyllomedusa sauvagii
Ranoidea eucnemis

Eupsophus roseus
Alsodes neuquensis

Limnomedusa macroglossa

Hylodes phyllodes
Crossodactylus schmidti

Batrachyla leptopus
Hylorina sylvatica
Atelognathus patagonicus
Chaltenobatrachus grandisonae

Thoropa taophora
Cycloramphus boraceiensis

Telmatobius oxycephalus
Insuetophrynus acarpicus
Rhinoderma darwinii

Lepidobatrachus laevis
Chacophrys pierottii

Ceratophrys cranwelli

Gastrotheca christiani

Stefania evansi
Hemiphractus proboscideus

Flectonotus pygmaeus

Oreobates barituensis
Barycholos ternetzi

Pristimantis buckleyi

Haddadus binotatus
Craugastor fitzingeri

Ischnocnema guentheri
Eleutherodactylus coqui

Mannophryne herminae
Adelphobates galactonotus

Limnodynastes peronii
Philoria frosti
Adelotus brevis

Lechriodus melanopyga
Platyplectrum ornatum

Neobatrachus aquilonius
Notaden bennettii

Pseudophryne coriacea
Uperoleia laevigata
Geocrinia victoriana
Crinia signifera

Taudactylus diurnus
Mixophyes iteratus

Rheobatrachus silus

Calyptocephalella gayi

Elachistocleis bicolor

Micryletta inornata
Microhyla heymonsi
Glyphoglossus guttulatus

Chaperina fusca

Kalophrynus sinensis
Ctenophryne geayi

Phrynomantis bifasciatus

Kaloula pulchra
Uperodon systoma

Polypedates leucomystax
Rhacophorus pardalis

Chiromantis xerampelina

Odorrana versabilis
Sanguirana sanguinea

Lithobates warszewitschii

Staurois natator

Sphaerotheca breviceps
Fejervarya vittigera

Hoplobatrachus rugulosus
Limnonectes woodworthi

Occidozyga laevis

Platymantis guentheri
Cornufer guentheri

Microbatrachella capensis
Cacosternum capense

Tomopterna delalandii
Phrynobatrachus krefftii

Ptychadena nilotica

Hemisus marmoratus
Breviceps adspersus

Leptopelis natalensis

Afrixalus fulvovittatus
Hyperolius semidiscus

Arthroleptis variabilis
Kassina senegalensis

Heleophryne orientalis
Heleophryne purcelli

Hadromophryne natalensis

Sooglossus thomasseti
Sooglossus sechellensis

Spea intermontana
Spea bombifrons

Spea multiplicata
Spea hammondii

Scaphiopus hurterii
Scaphiopus holbrookii

Scaphiopus couchii

Megophrys aceras
Megophrys edwardinae

Megophrys carinense

Leptobrachella bourreti
Leptobrachium lumadorum

Oreolalax omeimontis
Scutiger mammatus

Pelodytes ibericus
Pelobates fuscus

Pelobates varaldii
Pelobates cultripes

Barbourula busuangensis

Bombina bombina
Bombina variegata

Bombina orientalis

Alytes obstetricans
Discoglossus pictus
Discoglossus galganoi

Rhinophrynus dorsalis
Pipa carvalhoi
Pipa parva

Hymenochirus boettgeri
Hymenochirus curtipes

Pseudhymenochirus merlini

Xenopus laevis
Xenopus borealis

Xenopus muelleri
Xenopus epitropicalis

Leiopelma hochstetteri
Ascaphus truei

Caudata
absent
present
ambiguous/missing data
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Character 3. M. lumbricalis brevis indicis, origin from flexor plate

Rhinella fernandezae
Anaxyrus woodhousii

Nannophryne variegata

Amazophrynella minuta
Dendrophryniscus leucomystax

Atelopus pastuso
Melanophryniscus klappenbachi

Odontophrynus achalensis
Macrogenioglottus alipioi

Proceratophrys boiei

Vitreorana uranoscopa
Espadarana prosoblepon

Allophryne ruthveni

Leptodactylus latinasus
Paratelmatobius poecilogaster
Pseudopaludicola falcipes

Physalaemus biligonigerus
Pleurodema kriegi

Xenohyla truncata
Dendropsophus minutus
Pseudis minuta
Scarthyla goinorum

Sphaenorhynchus lacteus
Scinax granulatus

Phyllodytes luteolus
Trachycephalus typhonius
Acris crepitans
Triprion petasatus

Boana cordobae
Aplastodiscus perviridis

Phyllomedusa sauvagii
Ranoidea eucnemis

Eupsophus roseus
Alsodes neuquensis

Limnomedusa macroglossa

Hylodes phyllodes
Crossodactylus schmidti

Batrachyla leptopus
Hylorina sylvatica
Atelognathus patagonicus
Chaltenobatrachus grandisonae

Thoropa taophora
Cycloramphus boraceiensis

Telmatobius oxycephalus
Insuetophrynus acarpicus
Rhinoderma darwinii

Lepidobatrachus laevis
Chacophrys pierottii

Ceratophrys cranwelli

Gastrotheca christiani

Stefania evansi
Hemiphractus proboscideus

Flectonotus pygmaeus

Oreobates barituensis
Barycholos ternetzi

Pristimantis buckleyi

Haddadus binotatus
Craugastor fitzingeri

Ischnocnema guentheri
Eleutherodactylus coqui

Mannophryne herminae
Adelphobates galactonotus

Limnodynastes peronii
Philoria frosti
Adelotus brevis

Lechriodus melanopyga
Platyplectrum ornatum

Neobatrachus aquilonius
Notaden bennettii

Pseudophryne coriacea
Uperoleia laevigata
Geocrinia victoriana
Crinia signifera

Taudactylus diurnus
Mixophyes iteratus

Rheobatrachus silus

Calyptocephalella gayi

Elachistocleis bicolor

Micryletta inornata
Microhyla heymonsi
Glyphoglossus guttulatus

Chaperina fusca

Kalophrynus sinensis
Ctenophryne geayi

Phrynomantis bifasciatus

Kaloula pulchra
Uperodon systoma

Phrynobatrachus krefftii
Ptychadena nilotica

Hemisus marmoratus
Breviceps adspersus

Leptopelis natalensis

Afrixalus fulvovittatus
Hyperolius semidiscus

Arthroleptis variabilis
Kassina senegalensis

Heleophryne orientalis
Heleophryne purcelli

Hadromophryne natalensis

Sooglossus thomasseti
Sooglossus sechellensis

Spea intermontana
Spea bombifrons

Spea multiplicata
Spea hammondii

Scaphiopus hurterii
Scaphiopus holbrookii

Scaphiopus couchii

Megophrys aceras
Megophrys edwardinae

Megophrys carinense

Leptobrachella bourreti
Leptobrachium lumadorum

Oreolalax omeimontis
Scutiger mammatus

Pelodytes ibericus
Pelobates fuscus

Pelobates varaldii
Pelobates cultripes

Barbourula busuangensis

Bombina bombina
Bombina variegata

Bombina orientalis

Alytes obstetricans
Discoglossus pictus
Discoglossus galganoi

Rhinophrynus dorsalis
Pipa carvalhoi
Pipa parva

Hymenochirus boettgeri
Hymenochirus curtipes

Pseudhymenochirus merlini

Xenopus laevis
Xenopus borealis

Xenopus muelleri
Xenopus epitropicalis

Leiopelma hochstetteri
Ascaphus truei

Caudata
absent
present
ambiguous/missing data

Polypedates leucomystax
Rhacophorus pardalis

Chiromantis xerampelina

Odorrana versabilis
Sanguirana sanguinea

Lithobates warszewitschii

Staurois natator

Sphaerotheca breviceps
Fejervarya vittigera

Hoplobatrachus rugulosus
Limnonectes woodworthi

Occidozyga laevis

Platymantis guentheri
Cornufer guentheri

Microbatrachella capensis
Cacosternum capense

Tomopterna delalandii
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Character 4. M. lumbricalis brevis indicis, origin from distal carpals

Rhinella fernandezae
Anaxyrus woodhousii

Nannophryne variegata

Amazophrynella minuta
Dendrophryniscus leucomystax

Atelopus pastuso
Melanophryniscus klappenbachi

Odontophrynus achalensis
Macrogenioglottus alipioi

Proceratophrys boiei

Vitreorana uranoscopa
Espadarana prosoblepon

Allophryne ruthveni

Leptodactylus latinasus
Paratelmatobius poecilogaster
Pseudopaludicola falcipes

Physalaemus biligonigerus
Pleurodema kriegi

Xenohyla truncata
Dendropsophus minutus
Pseudis minuta
Scarthyla goinorum

Sphaenorhynchus lacteus
Scinax granulatus

Phyllodytes luteolus
Trachycephalus typhonius
Acris crepitans
Triprion petasatus

Boana cordobae
Aplastodiscus perviridis

Phyllomedusa sauvagii
Ranoidea eucnemis

Eupsophus roseus
Alsodes neuquensis

Limnomedusa macroglossa

Hylodes phyllodes
Crossodactylus schmidti

Batrachyla leptopus
Hylorina sylvatica
Atelognathus patagonicus
Chaltenobatrachus grandisonae

Thoropa taophora
Cycloramphus boraceiensis

Telmatobius oxycephalus
Insuetophrynus acarpicus
Rhinoderma darwinii

Lepidobatrachus laevis
Chacophrys pierottii

Ceratophrys cranwelli

Gastrotheca christiani

Stefania evansi
Hemiphractus proboscideus

Flectonotus pygmaeus

Oreobates barituensis
Barycholos ternetzi

Pristimantis buckleyi

Haddadus binotatus
Craugastor fitzingeri

Ischnocnema guentheri
Eleutherodactylus coqui

Mannophryne herminae
Adelphobates galactonotus

Limnodynastes peronii
Philoria frosti
Adelotus brevis

Lechriodus melanopyga
Platyplectrum ornatum

Neobatrachus aquilonius
Notaden bennettii

Pseudophryne coriacea
Uperoleia laevigata
Geocrinia victoriana
Crinia signifera

Taudactylus diurnus
Mixophyes iteratus

Rheobatrachus silus

Calyptocephalella gayi

Elachistocleis bicolor

Micryletta inornata
Microhyla heymonsi
Glyphoglossus guttulatus

Chaperina fusca

Kalophrynus sinensis
Ctenophryne geayi

Phrynomantis bifasciatus

Kaloula pulchra
Uperodon systoma

Phrynobatrachus krefftii
Ptychadena nilotica

Hemisus marmoratus
Breviceps adspersus

Leptopelis natalensis

Afrixalus fulvovittatus
Hyperolius semidiscus

Arthroleptis variabilis
Kassina senegalensis

Heleophryne orientalis
Heleophryne purcelli

Hadromophryne natalensis

Sooglossus thomasseti
Sooglossus sechellensis

Spea intermontana
Spea bombifrons

Spea multiplicata
Spea hammondii

Scaphiopus hurterii
Scaphiopus holbrookii

Scaphiopus couchii

Megophrys aceras
Megophrys edwardinae

Megophrys carinense

Leptobrachella bourreti
Leptobrachium lumadorum

Oreolalax omeimontis
Scutiger mammatus

Pelodytes ibericus
Pelobates fuscus

Pelobates varaldii
Pelobates cultripes

Barbourula busuangensis

Bombina bombina
Bombina variegata

Bombina orientalis

Alytes obstetricans
Discoglossus pictus
Discoglossus galganoi

Rhinophrynus dorsalis
Pipa carvalhoi
Pipa parva

Hymenochirus boettgeri
Hymenochirus curtipes

Pseudhymenochirus merlini

Xenopus laevis
Xenopus borealis

Xenopus muelleri
Xenopus epitropicalis

Leiopelma hochstetteri
Ascaphus truei

Caudata
absent
present
ambiguous/missing data

Polypedates leucomystax
Rhacophorus pardalis

Chiromantis xerampelina

Odorrana versabilis
Sanguirana sanguinea

Lithobates warszewitschii

Staurois natator

Sphaerotheca breviceps
Fejervarya vittigera

Hoplobatrachus rugulosus
Limnonectes woodworthi

Occidozyga laevis

Platymantis guentheri
Cornufer guentheri

Microbatrachella capensis
Cacosternum capense

Tomopterna delalandii

APPENDIX 5 continued



120 BULLETIN AMERICAN MUSEUM OF NATURAL HISTORY NO. 443

Character 5. M. lumbricalis brevis digiti III, slip from flexor plate and/or tendo superficialis digiti III

Rhinella fernandezae
Anaxyrus woodhousii

Nannophryne variegata

Amazophrynella minuta
Dendrophryniscus leucomystax

Atelopus pastuso
Melanophryniscus klappenbachi

Odontophrynus achalensis
Macrogenioglottus alipioi

Proceratophrys boiei

Vitreorana uranoscopa
Espadarana prosoblepon

Allophryne ruthveni

Leptodactylus latinasus
Paratelmatobius poecilogaster
Pseudopaludicola falcipes

Physalaemus biligonigerus
Pleurodema kriegi

Xenohyla truncata
Dendropsophus minutus
Pseudis minuta
Scarthyla goinorum

Sphaenorhynchus lacteus
Scinax granulatus

Phyllodytes luteolus
Trachycephalus typhonius
Acris crepitans
Triprion petasatus

Boana cordobae
Aplastodiscus perviridis

Phyllomedusa sauvagii
Ranoidea eucnemis

Eupsophus roseus
Alsodes neuquensis

Limnomedusa macroglossa

Hylodes phyllodes
Crossodactylus schmidti

Batrachyla leptopus
Hylorina sylvatica
Atelognathus patagonicus
Chaltenobatrachus grandisonae

Thoropa taophora
Cycloramphus boraceiensis

Telmatobius oxycephalus
Insuetophrynus acarpicus
Rhinoderma darwinii

Lepidobatrachus laevis
Chacophrys pierottii

Ceratophrys cranwelli

Gastrotheca christiani

Stefania evansi
Hemiphractus proboscideus

Flectonotus pygmaeus

Oreobates barituensis
Barycholos ternetzi

Pristimantis buckleyi

Haddadus binotatus
Craugastor fitzingeri

Ischnocnema guentheri
Eleutherodactylus coqui

Mannophryne herminae
Adelphobates galactonotus

Limnodynastes peronii
Philoria frosti
Adelotus brevis

Lechriodus melanopyga
Platyplectrum ornatum

Neobatrachus aquilonius
Notaden bennettii

Pseudophryne coriacea
Uperoleia laevigata
Geocrinia victoriana
Crinia signifera

Taudactylus diurnus
Mixophyes iteratus

Rheobatrachus silus

Calyptocephalella gayi

Elachistocleis bicolor

Micryletta inornata
Microhyla heymonsi
Glyphoglossus guttulatus

Chaperina fusca

Kalophrynus sinensis
Ctenophryne geayi

Phrynomantis bifasciatus

Kaloula pulchra
Uperodon systoma

Polypedates leucomystax
Rhacophorus pardalis

Chiromantis xerampelina

Odorrana versabilis
Sanguirana sanguinea

Lithobates warszewitschii

Staurois natator

Sphaerotheca breviceps
Fejervarya vittigera

Hoplobatrachus rugulosus
Limnonectes woodworthi

Occidozyga laevis

Platymantis guentheri
Cornufer guentheri

Microbatrachella capensis
Cacosternum capense

Tomopterna delalandii
Phrynobatrachus krefftii

Ptychadena nilotica

Hemisus marmoratus
Breviceps adspersus

Leptopelis natalensis

Afrixalus fulvovittatus
Hyperolius semidiscus

Arthroleptis variabilis
Kassina senegalensis

Heleophryne orientalis
Heleophryne purcelli

Hadromophryne natalensis

Sooglossus thomasseti
Sooglossus sechellensis

Spea intermontana
Spea bombifrons

Spea multiplicata
Spea hammondii

Scaphiopus hurterii
Scaphiopus holbrookii

Scaphiopus couchii

Megophrys aceras
Megophrys edwardinae

Megophrys carinense

Leptobrachella bourreti
Leptobrachium lumadorum

Oreolalax omeimontis
Scutiger mammatus

Pelodytes ibericus
Pelobates fuscus

Pelobates varaldii
Pelobates cultripes

Barbourula busuangensis

Bombina bombina
Bombina variegata

Bombina orientalis

Alytes obstetricans
Discoglossus pictus
Discoglossus galganoi

Rhinophrynus dorsalis
Pipa carvalhoi
Pipa parva

Hymenochirus boettgeri
Hymenochirus curtipes

Pseudhymenochirus merlini

Xenopus laevis
Xenopus borealis

Xenopus muelleri
Xenopus epitropicalis

Leiopelma hochstetteri
Ascaphus truei

Caudata absent
present
ambiguous/missing data
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Character 6. M. lumbricalis brevis digiti III, slip from distal carpals 

Rhinella fernandezae
Anaxyrus woodhousii

Nannophryne variegata

Amazophrynella minuta
Dendrophryniscus leucomystax

Atelopus pastuso
Melanophryniscus klappenbachi

Odontophrynus achalensis
Macrogenioglottus alipioi

Proceratophrys boiei

Vitreorana uranoscopa
Espadarana prosoblepon

Allophryne ruthveni

Leptodactylus latinasus
Paratelmatobius poecilogaster
Pseudopaludicola falcipes

Physalaemus biligonigerus
Pleurodema kriegi

Xenohyla truncata
Dendropsophus minutus
Pseudis minuta
Scarthyla goinorum

Sphaenorhynchus lacteus
Scinax granulatus

Phyllodytes luteolus
Trachycephalus typhonius
Acris crepitans
Triprion petasatus

Boana cordobae
Aplastodiscus perviridis

Phyllomedusa sauvagii
Ranoidea eucnemis

Eupsophus roseus
Alsodes neuquensis

Limnomedusa macroglossa

Hylodes phyllodes
Crossodactylus schmidti

Batrachyla leptopus
Hylorina sylvatica
Atelognathus patagonicus
Chaltenobatrachus grandisonae

Thoropa taophora
Cycloramphus boraceiensis

Telmatobius oxycephalus
Insuetophrynus acarpicus
Rhinoderma darwinii

Lepidobatrachus laevis
Chacophrys pierottii

Ceratophrys cranwelli

Gastrotheca christiani

Stefania evansi
Hemiphractus proboscideus

Flectonotus pygmaeus

Oreobates barituensis
Barycholos ternetzi

Pristimantis buckleyi

Haddadus binotatus
Craugastor fitzingeri

Ischnocnema guentheri
Eleutherodactylus coqui

Mannophryne herminae
Adelphobates galactonotus

Limnodynastes peronii
Philoria frosti
Adelotus brevis

Lechriodus melanopyga
Platyplectrum ornatum

Neobatrachus aquilonius
Notaden bennettii

Pseudophryne coriacea
Uperoleia laevigata
Geocrinia victoriana
Crinia signifera

Taudactylus diurnus
Mixophyes iteratus

Rheobatrachus silus

Calyptocephalella gayi

Elachistocleis bicolor

Micryletta inornata
Microhyla heymonsi
Glyphoglossus guttulatus

Chaperina fusca

Kalophrynus sinensis
Ctenophryne geayi

Phrynomantis bifasciatus

Kaloula pulchra
Uperodon systoma

Phrynobatrachus krefftii
Ptychadena nilotica

Hemisus marmoratus
Breviceps adspersus

Leptopelis natalensis

Afrixalus fulvovittatus
Hyperolius semidiscus

Arthroleptis variabilis
Kassina senegalensis

Heleophryne orientalis
Heleophryne purcelli

Hadromophryne natalensis

Sooglossus thomasseti
Sooglossus sechellensis

Spea intermontana
Spea bombifrons

Spea multiplicata
Spea hammondii

Scaphiopus hurterii
Scaphiopus holbrookii

Scaphiopus couchii

Megophrys aceras
Megophrys edwardinae

Megophrys carinense

Leptobrachella bourreti
Leptobrachium lumadorum

Oreolalax omeimontis
Scutiger mammatus

Pelodytes ibericus
Pelobates fuscus

Pelobates varaldii
Pelobates cultripes

Barbourula busuangensis

Bombina bombina
Bombina variegata

Bombina orientalis

Alytes obstetricans
Discoglossus pictus
Discoglossus galganoi

Rhinophrynus dorsalis
Pipa carvalhoi
Pipa parva

Hymenochirus boettgeri
Hymenochirus curtipes

Pseudhymenochirus merlini

Xenopus laevis
Xenopus borealis

Xenopus muelleri
Xenopus epitropicalis

Leiopelma hochstetteri
Ascaphus truei

Caudata
absent
present
ambiguous/missing data

Polypedates leucomystax
Rhacophorus pardalis

Chiromantis xerampelina

Odorrana versabilis
Sanguirana sanguinea

Lithobates warszewitschii

Staurois natator

Sphaerotheca breviceps
Fejervarya vittigera

Hoplobatrachus rugulosus
Limnonectes woodworthi

Occidozyga laevis

Platymantis guentheri
Cornufer guentheri

Microbatrachella capensis
Cacosternum capense

Tomopterna delalandii
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Character 7. Medial m. lumbricalis brevis digiti IV, supplementary medial slip from distal carpals

Rhinella fernandezae
Anaxyrus woodhousii

Nannophryne variegata

Amazophrynella minuta
Dendrophryniscus leucomystax

Atelopus pastuso
Melanophryniscus klappenbachi

Odontophrynus achalensis
Macrogenioglottus alipioi

Proceratophrys boiei

Vitreorana uranoscopa
Espadarana prosoblepon

Allophryne ruthveni

Leptodactylus latinasus
Paratelmatobius poecilogaster
Pseudopaludicola falcipes

Physalaemus biligonigerus
Pleurodema kriegi

Xenohyla truncata
Dendropsophus minutus
Pseudis minuta
Scarthyla goinorum

Sphaenorhynchus lacteus
Scinax granulatus

Phyllodytes luteolus
Trachycephalus typhonius
Acris crepitans
Triprion petasatus

Boana cordobae
Aplastodiscus perviridis

Phyllomedusa sauvagii
Ranoidea eucnemis

Eupsophus roseus
Alsodes neuquensis

Limnomedusa macroglossa

Hylodes phyllodes
Crossodactylus schmidti

Batrachyla leptopus
Hylorina sylvatica
Atelognathus patagonicus
Chaltenobatrachus grandisonae

Thoropa taophora
Cycloramphus boraceiensis

Telmatobius oxycephalus
Insuetophrynus acarpicus
Rhinoderma darwinii

Lepidobatrachus laevis
Chacophrys pierottii

Ceratophrys cranwelli

Gastrotheca christiani

Stefania evansi
Hemiphractus proboscideus

Flectonotus pygmaeus

Oreobates barituensis
Barycholos ternetzi

Pristimantis buckleyi

Haddadus binotatus
Craugastor fitzingeri

Ischnocnema guentheri
Eleutherodactylus coqui

Mannophryne herminae
Adelphobates galactonotus

Limnodynastes peronii
Philoria frosti
Adelotus brevis

Lechriodus melanopyga
Platyplectrum ornatum

Neobatrachus aquilonius
Notaden bennettii

Pseudophryne coriacea
Uperoleia laevigata
Geocrinia victoriana
Crinia signifera

Taudactylus diurnus
Mixophyes iteratus

Rheobatrachus silus

Calyptocephalella gayi

Elachistocleis bicolor

Micryletta inornata
Microhyla heymonsi
Glyphoglossus guttulatus

Chaperina fusca

Kalophrynus sinensis
Ctenophryne geayi

Phrynomantis bifasciatus

Kaloula pulchra
Uperodon systoma

Phrynobatrachus krefftii
Ptychadena nilotica

Hemisus marmoratus
Breviceps adspersus

Leptopelis natalensis

Afrixalus fulvovittatus
Hyperolius semidiscus

Arthroleptis variabilis
Kassina senegalensis

Heleophryne orientalis
Heleophryne purcelli

Hadromophryne natalensis

Sooglossus thomasseti
Sooglossus sechellensis

Spea intermontana
Spea bombifrons

Spea multiplicata
Spea hammondii

Scaphiopus hurterii
Scaphiopus holbrookii

Scaphiopus couchii

Megophrys aceras
Megophrys edwardinae

Megophrys carinense

Leptobrachella bourreti
Leptobrachium lumadorum

Oreolalax omeimontis
Scutiger mammatus

Pelodytes ibericus
Pelobates fuscus

Pelobates varaldii
Pelobates cultripes

Barbourula busuangensis

Bombina bombina
Bombina variegata

Bombina orientalis

Alytes obstetricans
Discoglossus pictus
Discoglossus galganoi

Rhinophrynus dorsalis
Pipa carvalhoi
Pipa parva

Hymenochirus boettgeri
Hymenochirus curtipes

Pseudhymenochirus merlini

Xenopus laevis
Xenopus borealis

Xenopus muelleri
Xenopus epitropicalis

Leiopelma hochstetteri
Ascaphus truei

Caudata absent
present
ambiguous/missing data

Polypedates leucomystax
Rhacophorus pardalis

Chiromantis xerampelina

Odorrana versabilis
Sanguirana sanguinea

Lithobates warszewitschii

Staurois natator

Sphaerotheca breviceps
Fejervarya vittigera

Hoplobatrachus rugulosus
Limnonectes woodworthi

Occidozyga laevis

Platymantis guentheri
Cornufer guentheri

Microbatrachella capensis
Cacosternum capense

Tomopterna delalandii
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Character 8. M. flexor minimus indicis

Rhinella fernandezae
Anaxyrus woodhousii

Nannophryne variegata

Amazophrynella minuta
Dendrophryniscus leucomystax

Atelopus pastuso
Melanophryniscus klappenbachi

Odontophrynus achalensis
Macrogenioglottus alipioi

Proceratophrys boiei

Vitreorana uranoscopa
Espadarana prosoblepon

Allophryne ruthveni

Leptodactylus latinasus
Paratelmatobius poecilogaster
Pseudopaludicola falcipes

Physalaemus biligonigerus
Pleurodema kriegi

Xenohyla truncata
Dendropsophus minutus
Pseudis minuta
Scarthyla goinorum

Sphaenorhynchus lacteus
Scinax granulatus

Phyllodytes luteolus
Trachycephalus typhonius
Acris crepitans
Triprion petasatus

Boana cordobae
Aplastodiscus perviridis

Phyllomedusa sauvagii
Ranoidea eucnemis

Eupsophus roseus
Alsodes neuquensis

Limnomedusa macroglossa

Hylodes phyllodes
Crossodactylus schmidti

Batrachyla leptopus
Hylorina sylvatica
Atelognathus patagonicus
Chaltenobatrachus grandisonae

Thoropa taophora
Cycloramphus boraceiensis

Telmatobius oxycephalus
Insuetophrynus acarpicus
Rhinoderma darwinii

Lepidobatrachus laevis
Chacophrys pierottii

Ceratophrys cranwelli

Gastrotheca christiani

Stefania evansi
Hemiphractus proboscideus

Flectonotus pygmaeus

Oreobates barituensis
Barycholos ternetzi

Pristimantis buckleyi

Haddadus binotatus
Craugastor fitzingeri

Ischnocnema guentheri
Eleutherodactylus coqui

Mannophryne herminae
Adelphobates galactonotus

Limnodynastes peronii
Philoria frosti
Adelotus brevis

Lechriodus melanopyga
Platyplectrum ornatum

Neobatrachus aquilonius
Notaden bennettii

Pseudophryne coriacea
Uperoleia laevigata
Geocrinia victoriana
Crinia signifera

Taudactylus diurnus
Mixophyes iteratus

Rheobatrachus silus

Calyptocephalella gayi

Elachistocleis bicolor

Micryletta inornata
Microhyla heymonsi
Glyphoglossus guttulatus

Chaperina fusca

Kalophrynus sinensis
Ctenophryne geayi

Phrynomantis bifasciatus

Kaloula pulchra
Uperodon systoma

Phrynobatrachus krefftii
Ptychadena nilotica

Hemisus marmoratus
Breviceps adspersus

Leptopelis natalensis

Afrixalus fulvovittatus
Hyperolius semidiscus

Arthroleptis variabilis
Kassina senegalensis

Heleophryne orientalis
Heleophryne purcelli

Hadromophryne natalensis

Sooglossus thomasseti
Sooglossus sechellensis

Spea intermontana
Spea bombifrons

Spea multiplicata
Spea hammondii

Scaphiopus hurterii
Scaphiopus holbrookii

Scaphiopus couchii

Megophrys aceras
Megophrys edwardinae

Megophrys carinense

Leptobrachella bourreti
Leptobrachium lumadorum

Oreolalax omeimontis
Scutiger mammatus

Pelodytes ibericus
Pelobates fuscus

Pelobates varaldii
Pelobates cultripes

Barbourula busuangensis

Bombina bombina
Bombina variegata

Bombina orientalis

Alytes obstetricans
Discoglossus pictus
Discoglossus galganoi

Rhinophrynus dorsalis
Pipa carvalhoi
Pipa parva

Hymenochirus boettgeri
Hymenochirus curtipes

Pseudhymenochirus merlini

Xenopus laevis
Xenopus borealis

Xenopus muelleri
Xenopus epitropicalis

Leiopelma hochstetteri
Ascaphus truei

Caudata
absent
present
ambiguous/missing data

Polypedates leucomystax
Rhacophorus pardalis

Chiromantis xerampelina

Odorrana versabilis
Sanguirana sanguinea

Lithobates warszewitschii

Staurois natator

Sphaerotheca breviceps
Fejervarya vittigera

Hoplobatrachus rugulosus
Limnonectes woodworthi

Occidozyga laevis

Platymantis guentheri
Cornufer guentheri

Microbatrachella capensis
Cacosternum capense

Tomopterna delalandii
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Character 9. M. flexor minimus digiti IV (FMD IV), position of the origin with respect to the m. 
intermetacarpalis II (IMC II)

Rhinella fernandezae
Anaxyrus woodhousii

Nannophryne variegata

Amazophrynella minuta
Dendrophryniscus leucomystax

Atelopus pastuso
Melanophryniscus klappenbachi

Odontophrynus achalensis
Macrogenioglottus alipioi

Proceratophrys boiei

Vitreorana uranoscopa
Espadarana prosoblepon

Allophryne ruthveni

Leptodactylus latinasus
Paratelmatobius poecilogaster
Pseudopaludicola falcipes

Physalaemus biligonigerus
Pleurodema kriegi

Xenohyla truncata
Dendropsophus minutus
Pseudis minuta
Scarthyla goinorum

Sphaenorhynchus lacteus
Scinax granulatus

Phyllodytes luteolus
Trachycephalus typhonius
Acris crepitans
Triprion petasatus

Boana cordobae
Aplastodiscus perviridis

Phyllomedusa sauvagii
Ranoidea eucnemis

Eupsophus roseus
Alsodes neuquensis

Limnomedusa macroglossa

Hylodes phyllodes
Crossodactylus schmidti

Batrachyla leptopus
Hylorina sylvatica
Atelognathus patagonicus
Chaltenobatrachus grandisonae

Thoropa taophora
Cycloramphus boraceiensis

Telmatobius oxycephalus
Insuetophrynus acarpicus
Rhinoderma darwinii

Lepidobatrachus laevis
Chacophrys pierottii

Ceratophrys cranwelli

Gastrotheca christiani

Stefania evansi
Hemiphractus proboscideus

Flectonotus pygmaeus

Oreobates barituensis
Barycholos ternetzi

Pristimantis buckleyi

Haddadus binotatus
Craugastor fitzingeri

Ischnocnema guentheri
Eleutherodactylus coqui

Mannophryne herminae
Adelphobates galactonotus

Limnodynastes peronii
Philoria frosti
Adelotus brevis

Lechriodus melanopyga
Platyplectrum ornatum

Neobatrachus aquilonius
Notaden bennettii

Pseudophryne coriacea
Uperoleia laevigata
Geocrinia victoriana
Crinia signifera

Taudactylus diurnus
Mixophyes iteratus

Rheobatrachus silus

Calyptocephalella gayi

Elachistocleis bicolor

Micryletta inornata
Microhyla heymonsi
Glyphoglossus guttulatus

Chaperina fusca

Kalophrynus sinensis
Ctenophryne geayi

Phrynomantis bifasciatus

Kaloula pulchra
Uperodon systoma

Lithobates warszewitschii

Phrynobatrachus krefftii
Ptychadena nilotica

Hemisus marmoratus
Breviceps adspersus

Leptopelis natalensis

Afrixalus fulvovittatus
Hyperolius semidiscus

Arthroleptis variabilis
Kassina senegalensis

Heleophryne orientalis
Heleophryne purcelli

Hadromophryne natalensis

Sooglossus thomasseti
Sooglossus sechellensis

Spea intermontana
Spea bombifrons

Spea multiplicata
Spea hammondii

Scaphiopus hurterii
Scaphiopus holbrookii

Scaphiopus couchii

Megophrys aceras
Megophrys edwardinae

Megophrys carinense

Leptobrachella bourreti
Leptobrachium lumadorum

Oreolalax omeimontis
Scutiger mammatus

Pelodytes ibericus
Pelobates fuscus

Pelobates varaldii
Pelobates cultripes

Barbourula busuangensis

Bombina bombina
Bombina variegata

Bombina orientalis

Alytes obstetricans
Discoglossus pictus
Discoglossus galganoi

Rhinophrynus dorsalis
Pipa carvalhoi
Pipa parva

Hymenochirus boettgeri
Hymenochirus curtipes

Pseudhymenochirus merlini

Xenopus laevis
Xenopus borealis

Xenopus muelleri
Xenopus epitropicalis

Leiopelma hochstetteri
Ascaphus truei

Caudata
FMD IV ventral to the IMC II
FMD IV dorsal to the IMC II
FMD IV ventral and dorsal to the IMC II
ambiguous/missing data

Polypedates leucomystax
Rhacophorus pardalis

Chiromantis xerampelina

Odorrana versabilis
Sanguirana sanguinea

Staurois natator

Sphaerotheca breviceps
Fejervarya vittigera

Hoplobatrachus rugulosus
Limnonectes woodworthi

Occidozyga laevis

Platymantis guentheri
Cornufer guentheri

Microbatrachella capensis
Cacosternum capense

Tomopterna delalandii
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Character 10. M. contrahentis caput longus distalis

Rhinella fernandezae
Anaxyrus woodhousii

Nannophryne variegata

Amazophrynella minuta
Dendrophryniscus leucomystax

Atelopus pastuso
Melanophryniscus klappenbachi

Odontophrynus achalensis
Macrogenioglottus alipioi

Proceratophrys boiei

Vitreorana uranoscopa
Espadarana prosoblepon

Allophryne ruthveni

Leptodactylus latinasus
Paratelmatobius poecilogaster
Pseudopaludicola falcipes

Physalaemus biligonigerus
Pleurodema kriegi

Xenohyla truncata
Dendropsophus minutus
Pseudis minuta
Scarthyla goinorum

Sphaenorhynchus lacteus
Scinax granulatus

Phyllodytes luteolus
Trachycephalus typhonius
Acris crepitans
Triprion petasatus

Boana cordobae
Aplastodiscus perviridis

Phyllomedusa sauvagii
Ranoidea eucnemis

Eupsophus roseus
Alsodes neuquensis

Limnomedusa macroglossa

Hylodes phyllodes
Crossodactylus schmidti

Batrachyla leptopus
Hylorina sylvatica
Atelognathus patagonicus
Chaltenobatrachus grandisonae

Thoropa taophora
Cycloramphus boraceiensis

Telmatobius oxycephalus
Insuetophrynus acarpicus
Rhinoderma darwinii

Lepidobatrachus laevis
Chacophrys pierottii

Ceratophrys cranwelli

Gastrotheca christiani

Stefania evansi
Hemiphractus proboscideus

Flectonotus pygmaeus

Oreobates barituensis
Barycholos ternetzi

Pristimantis buckleyi

Haddadus binotatus
Craugastor fitzingeri

Ischnocnema guentheri
Eleutherodactylus coqui

Mannophryne herminae
Adelphobates galactonotus

Limnodynastes peronii
Philoria frosti
Adelotus brevis

Lechriodus melanopyga
Platyplectrum ornatum

Neobatrachus aquilonius
Notaden bennettii

Pseudophryne coriacea
Uperoleia laevigata
Geocrinia victoriana
Crinia signifera

Taudactylus diurnus
Mixophyes iteratus

Rheobatrachus silus

Calyptocephalella gayi

Elachistocleis bicolor

Micryletta inornata
Microhyla heymonsi
Glyphoglossus guttulatus

Chaperina fusca

Kalophrynus sinensis
Ctenophryne geayi

Phrynomantis bifasciatus

Kaloula pulchra
Uperodon systoma

Phrynobatrachus krefftii
Ptychadena nilotica

Hemisus marmoratus
Breviceps adspersus

Leptopelis natalensis

Afrixalus fulvovittatus
Hyperolius semidiscus

Arthroleptis variabilis
Kassina senegalensis

Heleophryne orientalis
Heleophryne purcelli

Hadromophryne natalensis

Sooglossus thomasseti
Sooglossus sechellensis

Spea intermontana
Spea bombifrons

Spea multiplicata
Spea hammondii

Scaphiopus hurterii
Scaphiopus holbrookii

Scaphiopus couchii

Megophrys aceras
Megophrys edwardinae

Megophrys carinense

Leptobrachella bourreti
Leptobrachium lumadorum

Oreolalax omeimontis
Scutiger mammatus

Pelodytes ibericus
Pelobates fuscus

Pelobates varaldii
Pelobates cultripes

Barbourula busuangensis

Bombina bombina
Bombina variegata

Bombina orientalis

Alytes obstetricans
Discoglossus pictus
Discoglossus galganoi

Rhinophrynus dorsalis
Pipa carvalhoi
Pipa parva

Hymenochirus boettgeri
Hymenochirus curtipes

Pseudhymenochirus merlini

Xenopus laevis
Xenopus borealis

Xenopus muelleri
Xenopus epitropicalis

Leiopelma hochstetteri
Ascaphus truei

Caudata
absent
present
ambiguous/missing data

Polypedates leucomystax
Rhacophorus pardalis

Chiromantis xerampelina

Odorrana versabilis
Sanguirana sanguinea

Lithobates warszewitschii

Staurois natator

Sphaerotheca breviceps
Fejervarya vittigera

Hoplobatrachus rugulosus
Limnonectes woodworthi

Occidozyga laevis

Platymantis guentheri
Cornufer guentheri

Microbatrachella capensis
Cacosternum capense

Tomopterna delalandii
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Character 11. M. extensor brevis medius digiti III, slip from the mediodistal end of radioulna

Rhinella fernandezae
Anaxyrus woodhousii

Nannophryne variegata

Amazophrynella minuta
Dendrophryniscus leucomystax

Atelopus pastuso
Melanophryniscus klappenbachi

Odontophrynus achalensis
Macrogenioglottus alipioi

Proceratophrys boiei

Vitreorana uranoscopa
Espadarana prosoblepon

Allophryne ruthveni

Leptodactylus latinasus
Paratelmatobius poecilogaster
Pseudopaludicola falcipes

Physalaemus biligonigerus
Pleurodema kriegi

Xenohyla truncata
Dendropsophus minutus
Pseudis minuta
Scarthyla goinorum

Sphaenorhynchus lacteus
Scinax granulatus

Phyllodytes luteolus
Trachycephalus typhonius
Acris crepitans
Triprion petasatus

Boana cordobae
Aplastodiscus perviridis

Phyllomedusa sauvagii
Ranoidea eucnemis

Eupsophus roseus
Alsodes neuquensis

Limnomedusa macroglossa

Hylodes phyllodes
Crossodactylus schmidti

Batrachyla leptopus
Hylorina sylvatica
Atelognathus patagonicus
Chaltenobatrachus grandisonae

Thoropa taophora
Cycloramphus boraceiensis

Telmatobius oxycephalus
Insuetophrynus acarpicus
Rhinoderma darwinii

Lepidobatrachus laevis
Chacophrys pierottii

Ceratophrys cranwelli

Gastrotheca christiani

Stefania evansi
Hemiphractus proboscideus

Flectonotus pygmaeus

Oreobates barituensis
Barycholos ternetzi

Pristimantis buckleyi

Haddadus binotatus
Craugastor fitzingeri

Ischnocnema guentheri
Eleutherodactylus coqui

Mannophryne herminae
Adelphobates galactonotus

Limnodynastes peronii
Philoria frosti
Adelotus brevis

Lechriodus melanopyga
Platyplectrum ornatum

Neobatrachus aquilonius
Notaden bennettii

Pseudophryne coriacea
Uperoleia laevigata
Geocrinia victoriana
Crinia signifera

Taudactylus diurnus
Mixophyes iteratus

Rheobatrachus silus

Calyptocephalella gayi

Elachistocleis bicolor

Micryletta inornata
Microhyla heymonsi
Glyphoglossus guttulatus

Chaperina fusca

Kalophrynus sinensis
Ctenophryne geayi

Phrynomantis bifasciatus

Kaloula pulchra
Uperodon systoma

Phrynobatrachus krefftii
Ptychadena nilotica

Hemisus marmoratus
Breviceps adspersus

Leptopelis natalensis

Afrixalus fulvovittatus
Hyperolius semidiscus

Arthroleptis variabilis
Kassina senegalensis

Heleophryne orientalis
Heleophryne purcelli

Hadromophryne natalensis

Sooglossus thomasseti
Sooglossus sechellensis

Spea intermontana
Spea bombifrons

Spea multiplicata
Spea hammondii

Scaphiopus hurterii
Scaphiopus holbrookii

Scaphiopus couchii

Megophrys aceras
Megophrys edwardinae

Megophrys carinense

Leptobrachella bourreti
Leptobrachium lumadorum

Oreolalax omeimontis
Scutiger mammatus

Pelodytes ibericus
Pelobates fuscus

Pelobates varaldii
Pelobates cultripes

Barbourula busuangensis

Bombina bombina
Bombina variegata

Bombina orientalis

Alytes obstetricans
Discoglossus pictus
Discoglossus galganoi

Rhinophrynus dorsalis
Pipa carvalhoi
Pipa parva

Hymenochirus boettgeri
Hymenochirus curtipes

Pseudhymenochirus merlini

Xenopus laevis
Xenopus borealis

Xenopus muelleri
Xenopus epitropicalis

Leiopelma hochstetteri
Ascaphus truei

Caudata
absent
present
ambiguous/missing data

Polypedates leucomystax
Rhacophorus pardalis

Chiromantis xerampelina

Odorrana versabilis
Sanguirana sanguinea

Lithobates warszewitschii

Staurois natator

Sphaerotheca breviceps
Fejervarya vittigera

Hoplobatrachus rugulosus
Limnonectes woodworthi

Occidozyga laevis

Platymantis guentheri
Cornufer guentheri

Microbatrachella capensis
Cacosternum capense

Tomopterna delalandii
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Character 12. M. extensor brevis medius digiti IV, origin from the radiale

Rhinella fernandezae
Anaxyrus woodhousii

Nannophryne variegata

Amazophrynella minuta
Dendrophryniscus leucomystax

Atelopus pastuso
Melanophryniscus klappenbachi

Odontophrynus achalensis
Macrogenioglottus alipioi

Proceratophrys boiei

Vitreorana uranoscopa
Espadarana prosoblepon

Allophryne ruthveni

Leptodactylus latinasus
Paratelmatobius poecilogaster
Pseudopaludicola falcipes

Physalaemus biligonigerus
Pleurodema kriegi

Xenohyla truncata
Dendropsophus minutus
Pseudis minuta
Scarthyla goinorum

Sphaenorhynchus lacteus
Scinax granulatus

Phyllodytes luteolus
Trachycephalus typhonius
Acris crepitans
Triprion petasatus

Boana cordobae
Aplastodiscus perviridis

Phyllomedusa sauvagii
Ranoidea eucnemis

Eupsophus roseus
Alsodes neuquensis

Limnomedusa macroglossa

Hylodes phyllodes
Crossodactylus schmidti

Batrachyla leptopus
Hylorina sylvatica
Atelognathus patagonicus
Chaltenobatrachus grandisonae

Thoropa taophora
Cycloramphus boraceiensis

Telmatobius oxycephalus
Insuetophrynus acarpicus
Rhinoderma darwinii

Lepidobatrachus laevis
Chacophrys pierottii

Ceratophrys cranwelli

Gastrotheca christiani

Stefania evansi
Hemiphractus proboscideus

Flectonotus pygmaeus

Oreobates barituensis
Barycholos ternetzi

Pristimantis buckleyi

Haddadus binotatus
Craugastor fitzingeri

Ischnocnema guentheri
Eleutherodactylus coqui

Mannophryne herminae
Adelphobates galactonotus

Limnodynastes peronii
Philoria frosti
Adelotus brevis

Lechriodus melanopyga
Platyplectrum ornatum

Neobatrachus aquilonius
Notaden bennettii

Pseudophryne coriacea
Uperoleia laevigata
Geocrinia victoriana
Crinia signifera

Taudactylus diurnus
Mixophyes iteratus

Rheobatrachus silus

Calyptocephalella gayi

Elachistocleis bicolor

Micryletta inornata
Microhyla heymonsi
Glyphoglossus guttulatus

Chaperina fusca

Kalophrynus sinensis
Ctenophryne geayi

Phrynomantis bifasciatus

Kaloula pulchra
Uperodon systoma

Phrynobatrachus krefftii
Ptychadena nilotica

Hemisus marmoratus
Breviceps adspersus

Leptopelis natalensis

Afrixalus fulvovittatus
Hyperolius semidiscus

Arthroleptis variabilis
Kassina senegalensis

Heleophryne orientalis
Heleophryne purcelli

Hadromophryne natalensis

Sooglossus thomasseti
Sooglossus sechellensis

Spea intermontana
Spea bombifrons

Spea multiplicata
Spea hammondii

Scaphiopus hurterii
Scaphiopus holbrookii

Scaphiopus couchii

Megophrys aceras
Megophrys edwardinae

Megophrys carinense

Leptobrachella bourreti
Leptobrachium lumadorum

Oreolalax omeimontis
Scutiger mammatus

Pelodytes ibericus
Pelobates fuscus

Pelobates varaldii
Pelobates cultripes

Barbourula busuangensis

Bombina bombina
Bombina variegata

Bombina orientalis

Alytes obstetricans
Discoglossus pictus
Discoglossus galganoi

Rhinophrynus dorsalis
Pipa carvalhoi
Pipa parva

Hymenochirus boettgeri
Hymenochirus curtipes

Pseudhymenochirus merlini

Xenopus laevis
Xenopus borealis

Xenopus muelleri
Xenopus epitropicalis

Leiopelma hochstetteri
Ascaphus truei

Caudata
absent
present
ambiguous/missing data

Polypedates leucomystax
Rhacophorus pardalis

Chiromantis xerampelina

Odorrana versabilis
Sanguirana sanguinea

Lithobates warszewitschii

Staurois natator

Sphaerotheca breviceps
Fejervarya vittigera

Hoplobatrachus rugulosus
Limnonectes woodworthi

Occidozyga laevis

Platymantis guentheri
Cornufer guentheri

Microbatrachella capensis
Cacosternum capense

Tomopterna delalandii
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Character 13. Medial m. dorsometacarpalis proximalis digiti IV, slip from metacarpal III

Rhinella fernandezae
Anaxyrus woodhousii

Nannophryne variegata

Amazophrynella minuta
Dendrophryniscus leucomystax

Atelopus pastuso
Melanophryniscus klappenbachi

Odontophrynus achalensis
Macrogenioglottus alipioi

Proceratophrys boiei

Vitreorana uranoscopa
Espadarana prosoblepon

Allophryne ruthveni

Leptodactylus latinasus
Paratelmatobius poecilogaster
Pseudopaludicola falcipes

Physalaemus biligonigerus
Pleurodema kriegi

Xenohyla truncata
Dendropsophus minutus
Pseudis minuta
Scarthyla goinorum

Sphaenorhynchus lacteus
Scinax granulatus

Phyllodytes luteolus
Trachycephalus typhonius
Acris crepitans
Triprion petasatus

Boana cordobae
Aplastodiscus perviridis

Phyllomedusa sauvagii
Ranoidea eucnemis

Eupsophus roseus
Alsodes neuquensis

Limnomedusa macroglossa

Hylodes phyllodes
Crossodactylus schmidti

Batrachyla leptopus
Hylorina sylvatica
Atelognathus patagonicus
Chaltenobatrachus grandisonae

Thoropa taophora
Cycloramphus boraceiensis

Telmatobius oxycephalus
Insuetophrynus acarpicus
Rhinoderma darwinii

Lepidobatrachus laevis
Chacophrys pierottii

Ceratophrys cranwelli

Gastrotheca christiani

Stefania evansi
Hemiphractus proboscideus

Flectonotus pygmaeus

Oreobates barituensis
Barycholos ternetzi

Pristimantis buckleyi

Haddadus binotatus
Craugastor fitzingeri

Ischnocnema guentheri
Eleutherodactylus coqui

Mannophryne herminae
Adelphobates galactonotus

Limnodynastes peronii
Philoria frosti
Adelotus brevis

Lechriodus melanopyga
Platyplectrum ornatum

Neobatrachus aquilonius
Notaden bennettii

Pseudophryne coriacea
Uperoleia laevigata
Geocrinia victoriana
Crinia signifera

Taudactylus diurnus
Mixophyes iteratus

Rheobatrachus silus

Calyptocephalella gayi

Elachistocleis bicolor

Micryletta inornata
Microhyla heymonsi
Glyphoglossus guttulatus

Chaperina fusca

Kalophrynus sinensis
Ctenophryne geayi

Phrynomantis bifasciatus

Kaloula pulchra
Uperodon systoma

Phrynobatrachus krefftii
Ptychadena nilotica

Hemisus marmoratus
Breviceps adspersus

Leptopelis natalensis

Afrixalus fulvovittatus
Hyperolius semidiscus

Arthroleptis variabilis
Kassina senegalensis

Heleophryne orientalis
Heleophryne purcelli

Hadromophryne natalensis

Sooglossus thomasseti
Sooglossus sechellensis

Spea intermontana
Spea bombifrons

Spea multiplicata
Spea hammondii

Scaphiopus hurterii
Scaphiopus holbrookii

Scaphiopus couchii

Megophrys aceras
Megophrys edwardinae

Megophrys carinense

Leptobrachella bourreti
Leptobrachium lumadorum

Oreolalax omeimontis
Scutiger mammatus

Pelodytes ibericus
Pelobates fuscus

Pelobates varaldii
Pelobates cultripes

Barbourula busuangensis

Bombina bombina
Bombina variegata

Bombina orientalis

Alytes obstetricans
Discoglossus pictus
Discoglossus galganoi

Rhinophrynus dorsalis
Pipa carvalhoi
Pipa parva

Hymenochirus boettgeri
Hymenochirus curtipes

Pseudhymenochirus merlini

Xenopus laevis
Xenopus borealis

Xenopus muelleri
Xenopus epitropicalis

Leiopelma hochstetteri
Ascaphus truei

Caudata absent
present
ambiguous/missing data

Polypedates leucomystax
Rhacophorus pardalis

Chiromantis xerampelina

Odorrana versabilis
Sanguirana sanguinea

Lithobates warszewitschii

Staurois natator

Sphaerotheca breviceps
Fejervarya vittigera

Hoplobatrachus rugulosus
Limnonectes woodworthi

Occidozyga laevis

Platymantis guentheri
Cornufer guentheri

Microbatrachella capensis
Cacosternum capense

Tomopterna delalandii
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Character 14. M. lumbricalis brevis hallucis

Rhinella fernandezae
Anaxyrus woodhousii

Nannophryne variegata

Amazophrynella minuta
Dendrophryniscus leucomystax

Atelopus pastuso
Melanophryniscus klappenbachi

Odontophrynus achalensis
Macrogenioglottus alipioi

Proceratophrys boiei

Vitreorana uranoscopa
Espadarana prosoblepon

Allophryne ruthveni

Leptodactylus latinasus
Paratelmatobius poecilogaster
Pseudopaludicola falcipes

Physalaemus biligonigerus
Pleurodema kriegi

Xenohyla truncata
Dendropsophus minutus
Pseudis minuta
Scarthyla goinorum

Sphaenorhynchus lacteus
Scinax granulatus

Phyllodytes luteolus
Trachycephalus typhonius
Acris crepitans
Triprion petasatus

Boana cordobae
Aplastodiscus perviridis

Phyllomedusa sauvagii
Ranoidea eucnemis

Eupsophus roseus
Alsodes neuquensis

Limnomedusa macroglossa

Hylodes phyllodes
Crossodactylus schmidti

Batrachyla leptopus
Hylorina sylvatica
Atelognathus patagonicus
Chaltenobatrachus grandisonae

Thoropa taophora
Cycloramphus boraceiensis

Telmatobius oxycephalus
Insuetophrynus acarpicus
Rhinoderma darwinii

Lepidobatrachus laevis
Chacophrys pierottii

Ceratophrys cranwelli

Gastrotheca christiani

Stefania evansi
Hemiphractus proboscideus

Flectonotus pygmaeus

Oreobates barituensis
Barycholos ternetzi

Pristimantis buckleyi

Haddadus binotatus
Craugastor fitzingeri

Ischnocnema guentheri
Eleutherodactylus coqui

Mannophryne herminae
Adelphobates galactonotus

Limnodynastes peronii
Philoria frosti
Adelotus brevis

Lechriodus melanopyga
Platyplectrum ornatum

Neobatrachus aquilonius
Notaden bennettii

Pseudophryne coriacea
Uperoleia laevigata
Geocrinia victoriana
Crinia signifera

Taudactylus diurnus
Mixophyes iteratus

Rheobatrachus silus

Calyptocephalella gayi

Elachistocleis bicolor

Micryletta inornata
Microhyla heymonsi
Glyphoglossus guttulatus

Chaperina fusca

Kalophrynus sinensis
Ctenophryne geayi

Phrynomantis bifasciatus

Kaloula pulchra
Uperodon systoma

Phrynobatrachus krefftii
Ptychadena nilotica

Hemisus marmoratus
Breviceps adspersus

Leptopelis natalensis

Afrixalus fulvovittatus
Hyperolius semidiscus

Arthroleptis variabilis
Kassina senegalensis

Heleophryne orientalis
Heleophryne purcelli

Hadromophryne natalensis

Sooglossus thomasseti
Sooglossus sechellensis

Spea intermontana
Spea bombifrons

Spea multiplicata
Spea hammondii

Scaphiopus hurterii
Scaphiopus holbrookii

Scaphiopus couchii

Megophrys aceras
Megophrys edwardinae

Megophrys carinense

Leptobrachella bourreti
Leptobrachium lumadorum

Oreolalax omeimontis
Scutiger mammatus

Pelodytes ibericus
Pelobates fuscus

Pelobates varaldii
Pelobates cultripes

Barbourula busuangensis

Bombina bombina
Bombina variegata

Bombina orientalis

Alytes obstetricans
Discoglossus pictus
Discoglossus galganoi

Rhinophrynus dorsalis
Pipa carvalhoi
Pipa parva

Hymenochirus boettgeri
Hymenochirus curtipes

Pseudhymenochirus merlini

Xenopus laevis
Xenopus borealis

Xenopus muelleri
Xenopus epitropicalis

Leiopelma hochstetteri
Ascaphus truei

Caudata absent
present
ambiguous/missing data

Polypedates leucomystax
Rhacophorus pardalis

Chiromantis xerampelina

Odorrana versabilis
Sanguirana sanguinea

Lithobates warszewitschii

Staurois natator

Sphaerotheca breviceps
Fejervarya vittigera

Hoplobatrachus rugulosus
Limnonectes woodworthi

Occidozyga laevis

Platymantis guentheri
Cornufer guentheri

Microbatrachella capensis
Cacosternum capense

Tomopterna delalandii
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Character 15. Lateral m. lumbricalis brevis digiti IV, supplementary origin from the proximal end 
of metatarsal IV

Rhinella fernandezae
Anaxyrus woodhousii

Nannophryne variegata

Amazophrynella minuta
Dendrophryniscus leucomystax

Atelopus pastuso
Melanophryniscus klappenbachi

Odontophrynus achalensis
Macrogenioglottus alipioi

Proceratophrys boiei

Vitreorana uranoscopa
Espadarana prosoblepon

Allophryne ruthveni

Leptodactylus latinasus
Paratelmatobius poecilogaster
Pseudopaludicola falcipes

Physalaemus biligonigerus
Pleurodema kriegi

Xenohyla truncata
Dendropsophus minutus
Pseudis minuta
Scarthyla goinorum

Sphaenorhynchus lacteus
Scinax granulatus

Phyllodytes luteolus
Trachycephalus typhonius
Acris crepitans
Triprion petasatus

Boana cordobae
Aplastodiscus perviridis

Phyllomedusa sauvagii
Ranoidea eucnemis

Eupsophus roseus
Alsodes neuquensis

Limnomedusa macroglossa

Hylodes phyllodes
Crossodactylus schmidti

Batrachyla leptopus
Hylorina sylvatica
Atelognathus patagonicus
Chaltenobatrachus grandisonae

Thoropa taophora
Cycloramphus boraceiensis

Telmatobius oxycephalus
Insuetophrynus acarpicus
Rhinoderma darwinii

Lepidobatrachus laevis
Chacophrys pierottii

Ceratophrys cranwelli

Gastrotheca christiani

Stefania evansi
Hemiphractus proboscideus

Flectonotus pygmaeus

Oreobates barituensis
Barycholos ternetzi

Pristimantis buckleyi

Haddadus binotatus
Craugastor fitzingeri

Ischnocnema guentheri
Eleutherodactylus coqui

Mannophryne herminae
Adelphobates galactonotus

Limnodynastes peronii
Philoria frosti
Adelotus brevis

Lechriodus melanopyga
Platyplectrum ornatum

Neobatrachus aquilonius
Notaden bennettii

Pseudophryne coriacea
Uperoleia laevigata
Geocrinia victoriana
Crinia signifera

Taudactylus diurnus
Mixophyes iteratus

Rheobatrachus silus

Calyptocephalella gayi

Elachistocleis bicolor

Micryletta inornata
Microhyla heymonsi
Glyphoglossus guttulatus

Chaperina fusca

Kalophrynus sinensis
Ctenophryne geayi

Phrynomantis bifasciatus

Kaloula pulchra
Uperodon systoma

Phrynobatrachus krefftii
Ptychadena nilotica

Hemisus marmoratus
Breviceps adspersus

Leptopelis natalensis

Afrixalus fulvovittatus
Hyperolius semidiscus

Arthroleptis variabilis
Kassina senegalensis

Heleophryne orientalis
Heleophryne purcelli

Hadromophryne natalensis

Sooglossus thomasseti
Sooglossus sechellensis

Spea intermontana
Spea bombifrons

Spea multiplicata
Spea hammondii

Scaphiopus hurterii
Scaphiopus holbrookii

Scaphiopus couchii

Megophrys aceras
Megophrys edwardinae

Megophrys carinense

Leptobrachella bourreti
Leptobrachium lumadorum

Oreolalax omeimontis
Scutiger mammatus

Pelodytes ibericus
Pelobates fuscus

Pelobates varaldii
Pelobates cultripes

Barbourula busuangensis

Bombina bombina
Bombina variegata

Bombina orientalis

Alytes obstetricans
Discoglossus pictus
Discoglossus galganoi

Rhinophrynus dorsalis
Pipa carvalhoi
Pipa parva

Hymenochirus boettgeri
Hymenochirus curtipes

Pseudhymenochirus merlini

Xenopus laevis
Xenopus borealis

Xenopus muelleri
Xenopus epitropicalis

Leiopelma hochstetteri
Ascaphus truei

Caudata absent
present
ambiguous/missing data

Polypedates leucomystax
Rhacophorus pardalis

Chiromantis xerampelina

Odorrana versabilis
Sanguirana sanguinea

Lithobates warszewitschii

Staurois natator

Sphaerotheca breviceps
Fejervarya vittigera

Hoplobatrachus rugulosus
Limnonectes woodworthi

Occidozyga laevis

Platymantis guentheri
Cornufer guentheri

Microbatrachella capensis
Cacosternum capense

Tomopterna delalandii
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Character 16. M. contrahentis pedis digiti V

Rhinella fernandezae
Anaxyrus woodhousii

Nannophryne variegata

Amazophrynella minuta
Dendrophryniscus leucomystax

Atelopus pastuso
Melanophryniscus klappenbachi

Odontophrynus achalensis
Macrogenioglottus alipioi

Proceratophrys boiei

Vitreorana uranoscopa
Espadarana prosoblepon

Allophryne ruthveni

Leptodactylus latinasus
Paratelmatobius poecilogaster
Pseudopaludicola falcipes

Physalaemus biligonigerus
Pleurodema kriegi

Xenohyla truncata
Dendropsophus minutus
Pseudis minuta
Scarthyla goinorum

Sphaenorhynchus lacteus
Scinax granulatus

Phyllodytes luteolus
Trachycephalus typhonius
Acris crepitans
Triprion petasatus

Boana cordobae
Aplastodiscus perviridis

Phyllomedusa sauvagii
Ranoidea eucnemis

Eupsophus roseus
Alsodes neuquensis

Limnomedusa macroglossa

Hylodes phyllodes
Crossodactylus schmidti

Batrachyla leptopus
Hylorina sylvatica
Atelognathus patagonicus
Chaltenobatrachus grandisonae

Thoropa taophora
Cycloramphus boraceiensis

Telmatobius oxycephalus
Insuetophrynus acarpicus
Rhinoderma darwinii

Lepidobatrachus laevis
Chacophrys pierottii

Ceratophrys cranwelli

Gastrotheca christiani

Stefania evansi
Hemiphractus proboscideus

Flectonotus pygmaeus

Oreobates barituensis
Barycholos ternetzi

Pristimantis buckleyi

Haddadus binotatus
Craugastor fitzingeri

Ischnocnema guentheri
Eleutherodactylus coqui

Mannophryne herminae
Adelphobates galactonotus

Limnodynastes peronii
Philoria frosti
Adelotus brevis

Lechriodus melanopyga
Platyplectrum ornatum

Neobatrachus aquilonius
Notaden bennettii

Pseudophryne coriacea
Uperoleia laevigata
Geocrinia victoriana
Crinia signifera

Taudactylus diurnus
Mixophyes iteratus

Rheobatrachus silus

Calyptocephalella gayi

Elachistocleis bicolor

Micryletta inornata
Microhyla heymonsi
Glyphoglossus guttulatus

Chaperina fusca

Kalophrynus sinensis
Ctenophryne geayi

Phrynomantis bifasciatus

Kaloula pulchra
Uperodon systoma

Phrynobatrachus krefftii
Ptychadena nilotica

Hemisus marmoratus
Breviceps adspersus

Leptopelis natalensis

Afrixalus fulvovittatus
Hyperolius semidiscus

Arthroleptis variabilis
Kassina senegalensis

Heleophryne orientalis
Heleophryne purcelli

Hadromophryne natalensis

Sooglossus thomasseti
Sooglossus sechellensis

Spea intermontana
Spea bombifrons

Spea multiplicata
Spea hammondii

Scaphiopus hurterii
Scaphiopus holbrookii

Scaphiopus couchii

Megophrys aceras
Megophrys edwardinae

Megophrys carinense

Leptobrachella bourreti
Leptobrachium lumadorum

Oreolalax omeimontis
Scutiger mammatus

Pelodytes ibericus
Pelobates fuscus

Pelobates varaldii
Pelobates cultripes

Barbourula busuangensis

Bombina bombina
Bombina variegata

Bombina orientalis

Alytes obstetricans
Discoglossus pictus
Discoglossus galganoi

Rhinophrynus dorsalis
Pipa carvalhoi
Pipa parva

Hymenochirus boettgeri
Hymenochirus curtipes

Pseudhymenochirus merlini

Xenopus laevis
Xenopus borealis

Xenopus muelleri
Xenopus epitropicalis

Leiopelma hochstetteri
Ascaphus truei

Caudata
absent
present
ambiguous/missing data

Polypedates leucomystax
Rhacophorus pardalis

Chiromantis xerampelina

Odorrana versabilis
Sanguirana sanguinea

Lithobates warszewitschii

Staurois natator

Sphaerotheca breviceps
Fejervarya vittigera

Hoplobatrachus rugulosus
Limnonectes woodworthi

Occidozyga laevis

Platymantis guentheri
Cornufer guentheri

Microbatrachella capensis
Cacosternum capense

Tomopterna delalandii

APPENDIX 5 continued
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Character 17. M. extensor brevis superficialis digiti III

Rhinella fernandezae
Anaxyrus woodhousii

Nannophryne variegata

Amazophrynella minuta
Dendrophryniscus leucomystax

Atelopus pastuso
Melanophryniscus klappenbachi

Odontophrynus achalensis
Macrogenioglottus alipioi

Proceratophrys boiei

Vitreorana uranoscopa
Espadarana prosoblepon

Allophryne ruthveni

Leptodactylus latinasus
Paratelmatobius poecilogaster
Pseudopaludicola falcipes

Physalaemus biligonigerus
Pleurodema kriegi

Xenohyla truncata
Dendropsophus minutus
Pseudis minuta
Scarthyla goinorum

Sphaenorhynchus lacteus
Scinax granulatus

Phyllodytes luteolus
Trachycephalus typhonius
Acris crepitans
Triprion petasatus

Boana cordobae
Aplastodiscus perviridis

Phyllomedusa sauvagii
Ranoidea eucnemis

Eupsophus roseus
Alsodes neuquensis

Limnomedusa macroglossa

Hylodes phyllodes
Crossodactylus schmidti

Batrachyla leptopus
Hylorina sylvatica
Atelognathus patagonicus
Chaltenobatrachus grandisonae

Thoropa taophora
Cycloramphus boraceiensis

Telmatobius oxycephalus
Insuetophrynus acarpicus
Rhinoderma darwinii

Lepidobatrachus laevis
Chacophrys pierottii

Ceratophrys cranwelli

Gastrotheca christiani

Stefania evansi
Hemiphractus proboscideus

Flectonotus pygmaeus

Oreobates barituensis
Barycholos ternetzi

Pristimantis buckleyi

Haddadus binotatus
Craugastor fitzingeri

Ischnocnema guentheri
Eleutherodactylus coqui

Mannophryne herminae
Adelphobates galactonotus

Limnodynastes peronii
Philoria frosti
Adelotus brevis

Lechriodus melanopyga
Platyplectrum ornatum

Neobatrachus aquilonius
Notaden bennettii

Pseudophryne coriacea
Uperoleia laevigata
Geocrinia victoriana
Crinia signifera

Taudactylus diurnus
Mixophyes iteratus

Rheobatrachus silus

Calyptocephalella gayi

Elachistocleis bicolor

Micryletta inornata
Microhyla heymonsi
Glyphoglossus guttulatus

Chaperina fusca

Kalophrynus sinensis
Ctenophryne geayi

Phrynomantis bifasciatus

Kaloula pulchra
Uperodon systoma

Phrynobatrachus krefftii
Ptychadena nilotica

Hemisus marmoratus
Breviceps adspersus

Leptopelis natalensis

Afrixalus fulvovittatus
Hyperolius semidiscus

Arthroleptis variabilis
Kassina senegalensis

Heleophryne orientalis
Heleophryne purcelli

Hadromophryne natalensis

Sooglossus thomasseti
Sooglossus sechellensis

Spea intermontana
Spea bombifrons

Spea multiplicata
Spea hammondii

Scaphiopus hurterii
Scaphiopus holbrookii

Scaphiopus couchii

Megophrys aceras
Megophrys edwardinae

Megophrys carinense

Leptobrachella bourreti
Leptobrachium lumadorum

Oreolalax omeimontis
Scutiger mammatus

Pelodytes ibericus
Pelobates fuscus

Pelobates varaldii
Pelobates cultripes

Barbourula busuangensis

Bombina bombina
Bombina variegata

Bombina orientalis

Alytes obstetricans
Discoglossus pictus
Discoglossus galganoi

Rhinophrynus dorsalis
Pipa carvalhoi
Pipa parva

Hymenochirus boettgeri
Hymenochirus curtipes

Pseudhymenochirus merlini

Xenopus laevis
Xenopus borealis

Xenopus muelleri
Xenopus epitropicalis

Leiopelma hochstetteri
Ascaphus truei

Caudata
absent
present
ambiguous/missing data

Polypedates leucomystax
Rhacophorus pardalis

Chiromantis xerampelina

Odorrana versabilis
Sanguirana sanguinea

Lithobates warszewitschii

Staurois natator

Sphaerotheca breviceps
Fejervarya vittigera

Hoplobatrachus rugulosus
Limnonectes woodworthi

Occidozyga laevis

Platymantis guentheri
Cornufer guentheri

Microbatrachella capensis
Cacosternum capense

Tomopterna delalandii

APPENDIX 5 continued
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Character 18. M. extensor brevis medius digiti IV

Rhinella fernandezae
Anaxyrus woodhousii

Nannophryne variegata

Amazophrynella minuta
Dendrophryniscus leucomystax

Atelopus pastuso
Melanophryniscus klappenbachi

Odontophrynus achalensis
Macrogenioglottus alipioi

Proceratophrys boiei

Vitreorana uranoscopa
Espadarana prosoblepon

Allophryne ruthveni

Leptodactylus latinasus
Paratelmatobius poecilogaster
Pseudopaludicola falcipes

Physalaemus biligonigerus
Pleurodema kriegi

Xenohyla truncata
Dendropsophus minutus
Pseudis minuta
Scarthyla goinorum

Sphaenorhynchus lacteus
Scinax granulatus

Phyllodytes luteolus
Trachycephalus typhonius
Acris crepitans
Triprion petasatus

Boana cordobae
Aplastodiscus perviridis

Phyllomedusa sauvagii
Ranoidea eucnemis

Eupsophus roseus
Alsodes neuquensis

Limnomedusa macroglossa

Hylodes phyllodes
Crossodactylus schmidti

Batrachyla leptopus
Hylorina sylvatica
Atelognathus patagonicus
Chaltenobatrachus grandisonae

Thoropa taophora
Cycloramphus boraceiensis

Telmatobius oxycephalus
Insuetophrynus acarpicus
Rhinoderma darwinii

Lepidobatrachus laevis
Chacophrys pierottii

Ceratophrys cranwelli

Gastrotheca christiani

Stefania evansi
Hemiphractus proboscideus

Flectonotus pygmaeus

Oreobates barituensis
Barycholos ternetzi

Pristimantis buckleyi

Haddadus binotatus
Craugastor fitzingeri

Ischnocnema guentheri
Eleutherodactylus coqui

Mannophryne herminae
Adelphobates galactonotus

Limnodynastes peronii
Philoria frosti
Adelotus brevis

Lechriodus melanopyga
Platyplectrum ornatum

Neobatrachus aquilonius
Notaden bennettii

Pseudophryne coriacea
Uperoleia laevigata
Geocrinia victoriana
Crinia signifera

Taudactylus diurnus
Mixophyes iteratus

Rheobatrachus silus

Calyptocephalella gayi

Elachistocleis bicolor

Micryletta inornata
Microhyla heymonsi
Glyphoglossus guttulatus

Chaperina fusca

Kalophrynus sinensis
Ctenophryne geayi

Phrynomantis bifasciatus

Kaloula pulchra
Uperodon systoma

Phrynobatrachus krefftii
Ptychadena nilotica

Hemisus marmoratus
Breviceps adspersus

Leptopelis natalensis

Afrixalus fulvovittatus
Hyperolius semidiscus

Arthroleptis variabilis
Kassina senegalensis

Heleophryne orientalis
Heleophryne purcelli

Hadromophryne natalensis

Sooglossus thomasseti
Sooglossus sechellensis

Spea intermontana
Spea bombifrons

Spea multiplicata
Spea hammondii

Scaphiopus hurterii
Scaphiopus holbrookii

Scaphiopus couchii

Megophrys aceras
Megophrys edwardinae

Megophrys carinense

Leptobrachella bourreti
Leptobrachium lumadorum

Oreolalax omeimontis
Scutiger mammatus

Pelodytes ibericus
Pelobates fuscus

Pelobates varaldii
Pelobates cultripes

Barbourula busuangensis

Bombina bombina
Bombina variegata

Bombina orientalis

Alytes obstetricans
Discoglossus pictus
Discoglossus galganoi

Rhinophrynus dorsalis
Pipa carvalhoi
Pipa parva

Hymenochirus boettgeri
Hymenochirus curtipes

Pseudhymenochirus merlini

Xenopus laevis
Xenopus borealis

Xenopus muelleri
Xenopus epitropicalis

Leiopelma hochstetteri
Ascaphus truei

Caudata
absent
present
ambiguous/missing data

Polypedates leucomystax
Rhacophorus pardalis

Chiromantis xerampelina

Odorrana versabilis
Sanguirana sanguinea

Lithobates warszewitschii

Staurois natator

Sphaerotheca breviceps
Fejervarya vittigera

Hoplobatrachus rugulosus
Limnonectes woodworthi

Occidozyga laevis

Platymantis guentheri
Cornufer guentheri

Microbatrachella capensis
Cacosternum capense

Tomopterna delalandii
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Character 19. M. abductor brevis dorsalis digiti II

Rhinella fernandezae
Anaxyrus woodhousii

Nannophryne variegata

Amazophrynella minuta
Dendrophryniscus leucomystax

Atelopus pastuso
Melanophryniscus klappenbachi

Odontophrynus achalensis
Macrogenioglottus alipioi

Proceratophrys boiei

Vitreorana uranoscopa
Espadarana prosoblepon

Allophryne ruthveni

Leptodactylus latinasus
Paratelmatobius poecilogaster
Pseudopaludicola falcipes

Physalaemus biligonigerus
Pleurodema kriegi

Xenohyla truncata
Dendropsophus minutus
Pseudis minuta
Scarthyla goinorum

Sphaenorhynchus lacteus
Scinax granulatus

Phyllodytes luteolus
Trachycephalus typhonius
Acris crepitans
Triprion petasatus

Boana cordobae
Aplastodiscus perviridis

Phyllomedusa sauvagii
Ranoidea eucnemis

Eupsophus roseus
Alsodes neuquensis

Limnomedusa macroglossa

Hylodes phyllodes
Crossodactylus schmidti

Batrachyla leptopus
Hylorina sylvatica
Atelognathus patagonicus
Chaltenobatrachus grandisonae

Thoropa taophora
Cycloramphus boraceiensis

Telmatobius oxycephalus
Insuetophrynus acarpicus
Rhinoderma darwinii

Lepidobatrachus laevis
Chacophrys pierottii

Ceratophrys cranwelli

Gastrotheca christiani

Stefania evansi
Hemiphractus proboscideus

Flectonotus pygmaeus

Oreobates barituensis
Barycholos ternetzi

Pristimantis buckleyi

Haddadus binotatus
Craugastor fitzingeri

Ischnocnema guentheri
Eleutherodactylus coqui

Mannophryne herminae
Adelphobates galactonotus

Limnodynastes peronii
Philoria frosti
Adelotus brevis

Lechriodus melanopyga
Platyplectrum ornatum

Neobatrachus aquilonius
Notaden bennettii

Pseudophryne coriacea
Uperoleia laevigata
Geocrinia victoriana
Crinia signifera

Taudactylus diurnus
Mixophyes iteratus

Rheobatrachus silus

Calyptocephalella gayi

Elachistocleis bicolor

Micryletta inornata
Microhyla heymonsi
Glyphoglossus guttulatus

Chaperina fusca

Kalophrynus sinensis
Ctenophryne geayi

Phrynomantis bifasciatus

Kaloula pulchra
Uperodon systoma

Phrynobatrachus krefftii
Ptychadena nilotica

Hemisus marmoratus
Breviceps adspersus

Leptopelis natalensis

Afrixalus fulvovittatus
Hyperolius semidiscus

Arthroleptis variabilis
Kassina senegalensis

Heleophryne orientalis
Heleophryne purcelli

Hadromophryne natalensis

Sooglossus thomasseti
Sooglossus sechellensis

Spea intermontana
Spea bombifrons

Spea multiplicata
Spea hammondii

Scaphiopus hurterii
Scaphiopus holbrookii

Scaphiopus couchii

Megophrys aceras
Megophrys edwardinae

Megophrys carinense

Leptobrachella bourreti
Leptobrachium lumadorum

Oreolalax omeimontis
Scutiger mammatus

Pelodytes ibericus
Pelobates fuscus

Pelobates varaldii
Pelobates cultripes

Barbourula busuangensis

Bombina bombina
Bombina variegata

Bombina orientalis

Alytes obstetricans
Discoglossus pictus
Discoglossus galganoi

Rhinophrynus dorsalis
Pipa carvalhoi
Pipa parva

Hymenochirus boettgeri
Hymenochirus curtipes

Pseudhymenochirus merlini

Xenopus laevis
Xenopus borealis

Xenopus muelleri
Xenopus epitropicalis

Leiopelma hochstetteri
Ascaphus truei

Caudata absent
present
ambiguous/missing data

Polypedates leucomystax
Rhacophorus pardalis

Chiromantis xerampelina

Odorrana versabilis
Sanguirana sanguinea

Lithobates warszewitschii

Staurois natator

Sphaerotheca breviceps
Fejervarya vittigera

Hoplobatrachus rugulosus
Limnonectes woodworthi

Occidozyga laevis

Platymantis guentheri
Cornufer guentheri

Microbatrachella capensis
Cacosternum capense

Tomopterna delalandii

APPENDIX 5 continued
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Character 20. M. abductor brevis dorsalis digiti III

Rhinella fernandezae
Anaxyrus woodhousii

Nannophryne variegata

Amazophrynella minuta
Dendrophryniscus leucomystax

Atelopus pastuso
Melanophryniscus klappenbachi

Odontophrynus achalensis
Macrogenioglottus alipioi

Proceratophrys boiei

Vitreorana uranoscopa
Espadarana prosoblepon

Allophryne ruthveni

Leptodactylus latinasus
Paratelmatobius poecilogaster
Pseudopaludicola falcipes

Physalaemus biligonigerus
Pleurodema kriegi

Xenohyla truncata
Dendropsophus minutus
Pseudis minuta
Scarthyla goinorum

Sphaenorhynchus lacteus
Scinax granulatus

Phyllodytes luteolus
Trachycephalus typhonius
Acris crepitans
Triprion petasatus

Boana cordobae
Aplastodiscus perviridis

Phyllomedusa sauvagii
Ranoidea eucnemis

Eupsophus roseus
Alsodes neuquensis

Limnomedusa macroglossa

Hylodes phyllodes
Crossodactylus schmidti

Batrachyla leptopus
Hylorina sylvatica
Atelognathus patagonicus
Chaltenobatrachus grandisonae

Thoropa taophora
Cycloramphus boraceiensis

Telmatobius oxycephalus
Insuetophrynus acarpicus
Rhinoderma darwinii

Lepidobatrachus laevis
Chacophrys pierottii

Ceratophrys cranwelli

Gastrotheca christiani

Stefania evansi
Hemiphractus proboscideus

Flectonotus pygmaeus

Oreobates barituensis
Barycholos ternetzi

Pristimantis buckleyi

Haddadus binotatus
Craugastor fitzingeri

Ischnocnema guentheri
Eleutherodactylus coqui

Mannophryne herminae
Adelphobates galactonotus

Limnodynastes peronii
Philoria frosti
Adelotus brevis

Lechriodus melanopyga
Platyplectrum ornatum

Neobatrachus aquilonius
Notaden bennettii

Pseudophryne coriacea
Uperoleia laevigata
Geocrinia victoriana
Crinia signifera

Taudactylus diurnus
Mixophyes iteratus

Rheobatrachus silus

Calyptocephalella gayi

Elachistocleis bicolor

Micryletta inornata
Microhyla heymonsi
Glyphoglossus guttulatus

Chaperina fusca

Kalophrynus sinensis
Ctenophryne geayi

Phrynomantis bifasciatus

Kaloula pulchra
Uperodon systoma

Phrynobatrachus krefftii
Ptychadena nilotica

Hemisus marmoratus
Breviceps adspersus

Leptopelis natalensis

Afrixalus fulvovittatus
Hyperolius semidiscus

Arthroleptis variabilis
Kassina senegalensis

Heleophryne orientalis
Heleophryne purcelli

Hadromophryne natalensis

Sooglossus thomasseti
Sooglossus sechellensis

Spea intermontana
Spea bombifrons

Spea multiplicata
Spea hammondii

Scaphiopus hurterii
Scaphiopus holbrookii

Scaphiopus couchii

Megophrys aceras
Megophrys edwardinae

Megophrys carinense

Leptobrachella bourreti
Leptobrachium lumadorum

Oreolalax omeimontis
Scutiger mammatus

Pelodytes ibericus
Pelobates fuscus

Pelobates varaldii
Pelobates cultripes

Barbourula busuangensis

Bombina bombina
Bombina variegata

Bombina orientalis

Alytes obstetricans
Discoglossus pictus
Discoglossus galganoi

Rhinophrynus dorsalis
Pipa carvalhoi
Pipa parva

Hymenochirus boettgeri
Hymenochirus curtipes

Pseudhymenochirus merlini

Xenopus laevis
Xenopus borealis

Xenopus muelleri
Xenopus epitropicalis

Leiopelma hochstetteri
Ascaphus truei

Caudata absent
present
ambiguous/missing data

Polypedates leucomystax
Rhacophorus pardalis

Chiromantis xerampelina

Odorrana versabilis
Sanguirana sanguinea

Lithobates warszewitschii

Staurois natator

Sphaerotheca breviceps
Fejervarya vittigera

Hoplobatrachus rugulosus
Limnonectes woodworthi

Occidozyga laevis

Platymantis guentheri
Cornufer guentheri

Microbatrachella capensis
Cacosternum capense

Tomopterna delalandii
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APPENDIX 6

Abbreviations

abd abductor
DC distal carpal
DT distal tarsal
FI fibulare 
flex(s) flexor(es)
M metacarpal/metatarsal
PH prehallux 
PP prepollex 
RA radiale 
RU radioulna
TI tibiale 
TI-FI distal fused ends of tibiale and fibulare 
UL ulnare 
Y element Y
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PLATE 1. Reduced tree at the family level following the topology of Jetz and Pyron (2018). The proposed 
synapomorphies, as obtained with the ancestral character state reconstruction (shown in appendix 5), are 
indicated in each node. Families represented by dotted lines in the phylogeny were not sampled in this 
study. Major clades with no newly suggested synapomorphies but addressed in Discussion are also indicated 
for guide.

Bufonidae
Odontophrynidae

Centrolenidae
Allophrynidae

Leptodactylidae

Hylidae

Alsodidae
Hylodidae

Batrachylidae
Cycloramphidae

Telmatobiidae
Rhinodermatidae

Ceratophryidae

Hemiphractidae
Craugastoridae

Brachycephalidae
Eleutherodactylidae

Aromobatidae
Dendrobatidae

Limnodynastidae
Myobatrachidae

Calyptocephalellidae

Microhylidae

Rhacophoridae
Mantellidae

Ranidae

Dicroglossidae
Ranixalidae

Nyctibatrachidae
Ceratobatrachidae

Petropedetidae
Micrixalidae

Pyxicephalidae
Conrauidae

Phrynobatrachidae
Odontobatrachidae

Ptychadenidae

Hemisotidae
Brevicipitidae
Hyperoliidae
Arthroleptidae

Heleophrynidae
Nasikabatrachidae
Sooglossidae

Scaphiopodidae

Megophryidae
Pelodytidae

Pelobatidae

Bombinatoridae
Alytidae

Rhinophrynidae
Pipidae

Leiopelmatidae
Ascaphidae

Caudata

c9.2, c13.0
c18.1

c13.0
c15.1

c7.1

c2.1

c8.1, c17.0, c19.1, c20.1

Xenoanura: c14.0

Xenoanura+
Acosmanura:
c3.0, c4.1

Anomocoela: c10.0

Acosmanura: c1.1, c12.1

c11.1

Neobatrachia: c16.0

Laurentobatrachia:
c19.1, c20.1

Nobleobatrachia: c9.1

c2.1

Myobatrachoidea: c6.0

Natatanura

Ranoides

Sooglossoidea

Costata

Lalagobatrachia

Australobatrachia

Notogaeanura
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PLATE 2. Palmar surface of the left hand of Triprion petasatus (KU 296231). A. First layer: tendines superfi-
ciales, m. flexor indicis superficialis proprius, m. caput profundum digiti III, and mm. lumbricales longi. 
Elements figured: 1, tendo superficialis digiti III. 2, fused tendo superficialis digiti III with tendon of insertion 
of m. caput profundum digiti III. 3, tendo superficialis digiti IV. 4, tendo superficialis digiti V. 5, m. flexor 
indicis superficialis proprius. 6, m. caput profundum digiti III. 7, m. lumbricalis longus digiti IV: medial slip. 
8, m. lumbricalis longus digiti IV: lateral slip. 9, m. lumbricalis longus digiti V: medial slip. 10, m. lumbricalis 
longus digiti V: lateral slip. B. Second layer: mm. lumbricales breves. The forearm muscles m. flexor digitorum 
communis and m. flexor accessorius are also shown. Elements figured: 1*, tendo superficialis digiti III. 2*, 
fused tendo superficialis digiti III with tendon of insertion of m. caput profundum digiti III. 3*, tendo super-
ficialis digiti IV. 4*, tendo superficialis digiti V. 5, m. lumbricalis brevis indicis. 6, m. lumbricalis brevis digiti 
III. 7, medial m. lumbricalis brevis digiti IV. 8, medial m. lumbricalis brevis digiti V (note the flat wide and 
discontinuous tendon of origin). 9, lateral m. lumbricalis brevis digiti V: slip from integument: tendon of 
origin. 10, lateral m. lumbricalis brevis digiti V: slip from distal carpal 3-4-5: tendon of origin. 11, lateral m. 
lumbricalis brevis digiti V: fused slips from integument and distal carpal 3-4-5. 12, m. flexor digitorum com-
munis: medial slip: portion that connects with the tendo superficialis digiti V (its tendon of insertion goes 
dorsally through the flexor plate and connects with tendo superficialis digiti V dorsally; not visible nor 
depicted with a dashed line). 13, m. flexor digitorum communis: medial slip: portion that connects with the 
tendo superficialis digiti IV (its tendon of insertion is partially visible by transparency through the flexor plate 
and depicted as a dashed line). 14, m. flexor digitorum communis: medial slip: portion that inserts on flexor 
plate. 15, m. flexor digitorum communis: lateral slip (connects with tendo superficialis digiti V; its tendon of 
insertion is partially visible by transparency through the flexor plate and depicted as a dashed line). 16, m. 
flexor accessorius. 17, m. flexor accessorius: tendon of insertion that connects with tendo superficialis digiti 
IV (partially visible by transparency through the flexor plate and depicted as a dashed line). 18, flexor plate. 
19, tendo superficialis digiti V: origin from flexor plate. 
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PLATE 2. (continued) C. Third layer: mm. contrahentes (only those of digits II and V are present in this spe-
cies). Elements figured: 1*, fused tendo superficialis digiti III with tendon of insertion of the m. caput pro-
fundum digiti III. 2*, m. caput profundum digiti III: proximal unremoved portion. 3*, m lumbricalis brevis 
digiti III: unremoved tendon of origin (from distal carpal 3-4-5). 4, m. contrahentis indicis. 5, m. contrahentis 
digiti V. D. Fourth layer: m. pronator quadratus, m. contrahentis caput longus distalis, m. adductor pollicis, 
mm. flexores breves profundi, m. abductor digiti minimi, m. abductor secundus digiti V (fused with the m. 
abductor digiti minimi in this species), mm. flexores digitorum minimi, mm. intermetacarpales, and mm. 
interphalangei. Elements figured: 1*, fused tendo superficialis digiti III with tendon of insertion of the m. 
caput profundum digiti III. 2, m. pronator quadratus. 3, m. contrahentis caput longus distalis. 4, m. adductor 
pollicis. 5, medial m. flexor indicis brevis profundus. 6, m. flexor brevis profundus digiti III. 7, m. flexor brevis 
profundus digiti IV. 8, fused m. abductor digiti minimi and m. abductor secundus digiti V: portion that 
topologically corresponds to the latter. 9, fused m. abductor digiti minimi and m. abductor secundus digiti 
V: tendon of origin on distal carpal 3-4-5: portion that topologically corresponds to the former. 10, fused m. 
abductor digiti minimi and m. abductor secundus digiti V: fleshy portion that topologically corresponds to 
the former. 11, m. flexor minimus digiti III. 12, m. flexor minimus digiti IV. 13, m. flexor minimus digiti V: 
portion/head with origin on metacarpal IV. 14, m. flexor minimus digiti V: portion/head with origin on 
metacarpal V. 15, m. flexor minimus digiti V. 16, m. intermetacarpalis I: portion inserting on metacarpal II. 
17, m. intermetacarpalis I: portion inserting on metacarpophalangeal joint. 18, m. intermetacarpalis II. 19, 
m. intermetacarpalis III. 20, m. interphalangeus digiti IV: medial slip. 21, m. interphalangeus digiti IV: lateral 
slip. 22, m. interphalangeus digiti V: medial slip. 23, m. interphalangeus digiti V: lateral slip. 24, m. contra-
hentium caput longus proximalis: fleshy portion (delimited by a dark line) and tendon of insertion (shaded 
and labeled for discussion; this forearm muscle is not part of the muscles studied here). 25, ligament or strong 
connective tissue joining the distal end of prepollex and metacarpophalangeal joint of digit II (some medial 
fibers of the medial m. flexor indicis brevis profundus inserts on it). The tendons of insertion of the m. con-
trahentis indicis and mm. flexores digitorum minimi pass through an internal channel of the metacarpopha-
langeal joint of their respective digit; since the connective tissue that forms these channels are thin and 
translucent, we shaded these tendons without discontinuities (for example, see pl. 8C, shaded indicating its 
apparent discontinuity as the tendons pass through the channel). Similarly, the tendons of insertion of the 
mm. interphalangei pass through an internal channel of the interphalangeal joints, but we shaded these ten-
dons without discontinuities based on the same grounds. Asterisks (*) indicate unremoved muscles from more 
superficial muscle layers other than the one being exposed. Characters figured: c1.1, presence of m. flexor 
indicis superficialis proprius (pl. 2A). c6.1, presence of the slip of the m. lumbricalis brevis digiti III originat-
ing from the distal carpals (note the unremoved tendon of origin from distal carpal 3-4-5; pl. 2C). c9.1, m. 
flexor minimus digiti IV dorsal to the m. intermetacarpalis II (pl. 2D). c10.1, presence of m. contrahentis 
caput longus distalis (pl. 2D). Scale bars = 1 mm.
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PLATE 3. Dorsal surface of the left hand (reflected for easier comparison with the remainder plates of the 
study) of Triprion petasatus (KU 296231). A. First layer: m. extensor digitorum; the m. extensor carpi ulnaris 
is also shown. Elements figured: 1–3, m. extensor digitorum: slips to digit III–V, respectively. 4, m. extensor 
carpi ulnaris. B. Second layer: m. abductor pollicis longus and mm. extensores breves superficiales. Elements 
figured: 1*, m. extensor digitorum: slip to digit III: unremoved tendon of insertion (to metacarpal III; note 
the medial fibers of the m. extensor brevis superficialis digiti III [slip from radioulna] inserting on it). 2, m. 
abductor pollicis longus. 3, m. extensor indicis brevis superficialis. 4, mm. extensores breves superficiales 
digitorum III and IV: slips from radioulna: common tendon of origin. 5, m. extensor brevis superficialis digiti 
III: slip from radioulna. 6, m. extensor brevis superficialis digiti III: slip from ulnare. 7, m. extensor brevis 
superficialis digiti IV: slip from radioulna: portion inserting on metacarpal IV. 8, m. extensor brevis superfi-
cialis digiti IV: slip from radioulna: portion inserting on metacarpophalangeal joint. 9, m. extensor brevis 
superficialis digiti IV: slip from ulnare. 10–11, m. extensor brevis superficialis digiti IV: slip from distal carpal 
3-4-5 and tendon of insertion (which converges with the common tendon of insertion of the slips from 
metacarpal IV and V of the lateral m. dorsometacarpalis proximalis digiti IV). 12, m. extensor brevis super-
ficialis digiti V. 



2020 BLOTTO ET AL.: ANURAN HAND AND FOOT MUSCULATURE 141

PLATE 3. (continued) C. Third layer: mm. extensores breves medii. Elements figured: 1, m. extensor indicis 
brevis medius. 2, m. extensor brevis medius digiti III: slip from element Y. 3, m. extensor brevis medius digiti 
III: slip from radiale. 4, m. extensor brevis medius digiti III: slip from radiale: portion inserting on metacar-
pophalangeal joint. 5, m. extensor brevis medius digiti III: slips from element Y and radiale: common tendon 
of insertion on metacarpophalangeal joint. 6, m. extensor brevis medius digiti III: slip from radiale: portion 
inserting on metacarpal III. 7, m. extensor brevis medius digiti IV. D. Fourth layer: m. abductor indicis brevis 
dorsalis, m. abductor brevis digiti V, mm. dorsometacarpales proximales, and mm. dorsometacarpales distales. 
Elements figured: 1, m. abductor indicis brevis dorsalis: slip inserting on prepollex. 2, m. abductor indicis 
brevis dorsalis: slip inserting on metacarpal II. 3, m. abductor brevis digiti V. 4, medial m. dorsometacarpalis 
indicis proximalis: slip from medial surface of metacarpal II. 5, medial m. dorsometacarpalis indicis proxi-
malis: slip from dorsal surface of metacarpal II. 6, medial m. dorsometacarpalis indicis proximalis: slips from 
medial and dorsal surface of metacarpal II: common tendon of insertion. 7, lateral m. dorsometacarpalis 
indicis proximalis. 8, medial m. dorsometacarpalis proximalis digiti III: slips from distal carpal 2 and meta-
carpal III (not differentiable in the figure). 9, intermediate m. dorsometacarpalis proximalis digiti III. 10, 
lateral m. dorsometacarpalis proximalis digiti III. 11, medial m. dorsometacarpalis proximalis digiti IV: slip 
from metacarpal III. 12, intermediate m. dorsometacarpalis proximalis digiti IV. 13, lateral m. dorsometacar-
palis proximalis digiti IV: slip from metacarpal IV. 14, lateral m. dorsometacarpalis proximalis digiti IV: slip 
from metacarpal V. 15, lateral m. dorsometacarpalis proximalis digiti IV: slip from metacarpal V: portion 
inserting on the proximal interphalangeal joint by a common tendon with the slip from metacarpal IV of the 
lateral m. dorsometacarpalis proximalis digiti IV. 16, lateral m. dorsometacarpalis proximalis digiti IV: slips 
from metacarpal IV and V: common tendon of insertion on proximal interphalangeal joint. 17, lateral m. 
dorsometacarpalis proximalis digiti IV: slip from metacarpal V: portion inserting on the distal interphalangeal 
joint/distal phalanx. 18, common tendon of origin of (i) slip from metacarpal V of the lateral m. dorsometa-
carpalis proximalis digiti IV, (ii) part of the slip from metacarpal V of the medial m. dorsometacarpalis proxi-
malis digiti V, and (iii) part of the intermediate m. dorsometacarpalis proximalis digiti V. 19, medial m. 
dorsometacarpalis proximalis digiti V: slip from metacarpal IV. 20, medial m. dorsometacarpalis proximalis 
digiti V: slip from metacarpal V. 21, intermediate m. dorsometacarpalis proximalis digiti V. 22, lateral m. 
dorsometacarpalis proximalis digiti V. 23, lateral m. dorsometacarpalis distalis digiti III. 24, lateral m. dorso-
metacarpalis distalis digiti IV. 25, medial m. dorsometacarpalis distalis digiti V. 26, lateral m. dorsometacar-
palis distalis digiti V. Asterisks (*) indicate unremoved muscles from more superficial muscle layers other than 
the one being exposed. Characters figured: c13.1, presence of the slip from metacarpal III of the medial m. 
dorsometacarpalis proximalis digiti IV (pl. 3D). Scale bars = 1 mm.
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PLATE 4. Plantar surface of the left foot of Triprion petasatus (KU 296231). A. First layer: tendines superficia-
les, mm. lumbricales longi, and m. lumbricalis longissimus digiti IV. Elements figured: 1–6, tendo superficialis 
praehallucis, tendo superficialis hallucis (proximally hidden by the m. lumbricalis brevis hallucis) and tendines 
superficiales digitorum II–V, respectively. 7, m. lumbricalis longus digiti III: supplementary tendon of origin 
from the tendo superficialis digiti III. 8, m. lumbricalis longus digiti III. 9, m. lumbricalis longus digiti IV. 10, 
m. lumbricalis longissimus digiti IV. 11, m. lumbricalis longus digiti V. 12, ligament joining the medioplantar 
portion of the metatarsophalangeal joint and the medioplantar portion of the proximal interphalangeal joint 
of digit IV. 13, ligament joining the lateroplantar portion of the metatarsophalangeal joint and the lateroplan-
tar portion of the proximal interphalangeal joint of digit IV. 14, ligament joining the medioplantar portion of 
the metatarsophalangeal joint and medioplantar portion of the proximal interphalangeal joint of digit V. B. 
Second layer: mm. lumbricales breves. Elements figured: 1*, tendo superficialis praehallucis. 2*–4*, tendines 
superficiales digitorum III–V: proximal unremoved portion, respectively. 5*–7*, mm. lumbricales longi digi-
torum III–V: proximal unremoved portion, respectively. 8, ligament joining the medioplantar portion of the 
metatarsophalangeal joint and medioplantar portion of the proximal interphalangeal joint of digit V. 9, m. 
lumbricalis brevis hallucis. 10, m. lumbricalis brevis digiti II. 11, m. lumbricalis brevis digiti III. 12, medial 
m. lumbricalis brevis digiti IV. 13, lateral m. lumbricalis brevis digiti IV and medial m. lumbricalis brevis 
digiti V (medial slip): common tendon of origin. 14, lateral m. lumbricalis brevis digiti IV: tendon of origin. 
15, lateral m. lumbricalis brevis digiti IV: main portion (from plantar cartilage). 16, lateral m. lumbricalis 
brevis digiti IV: distal and superficial portion with origin from integument. 17, lateral m. lumbricalis brevis 
digiti IV: tendon of insertion on metatarsophalangeal joint (the dashed line that seems to be a continuation 
of it corresponds to the m. flexor minimus digiti IV, see element number 16 of the fourth layer). 18, medial 
m. lumbricalis brevis digiti V: medial slip. 19, medial m. lumbricalis brevis digiti V: lateral slip. 20, lateral m. 
lumbricalis brevis digiti V. C. Third layer: mm. contrahentes pedis (only the muscle of digit I is present in this 
species); the aponeurosis plantaris, mm. flexores breves superficiales (only its tendon of insertion is partially 
visible by transparency of the aponeurosis plantaris, which is depicted as a dashed line), and m. flexor acces-
sorius distalis (only a distal portion visible) are also shown. Elements figured: 1*, tendo superficialis praehal-
lucis. 2*–4*, tendines superficiales digitorum III–V: proximal unremoved portion, respectively. 5*–6*, mm. 
lumbricales longi digitorum IV–V: proximal unremoved portion, respectively. 7*, lateral m. lumbricalis brevis 
digiti IV and medial m. lumbricalis brevis digiti V (medial slip): common tendon of origin. 8*, lateral m. 
lumbricalis brevis digiti IV: proximal unremoved portion. 9*, medial m. lumbricalis brevis digiti V: lateral 
slip: proximal unremoved portion. 10, ligament joining the medioplantar portion of the metatarsophalangeal 
joint and the medioplantar portion of the proximal interphalangeal joint of digit V. 11, m. contrahentis pedis 
hallucis. 12, m. contrahentis pedis hallucis: tendon of insertion (the dashed line indicates the portion that 
pass through an internal channel of the metatarsophalangeal joint). 
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PLATE 4. (continued) 13, aponeurosis plantaris. 14, mm. flexores breves superficialis: tendon of insertion 
(partially visible by transparency through the aponeurosis plantaris; depicted as a dashed line), proximally to 
its split into the tendines superficiales digitorum III–V. 15, m. flexor accessorius distalis: distal portion insert-
ing proximally on tendo superficialis digiti II (the remaining portion of the flexor accessorius distalis and the 
flexor accessorius proximalis are hidden by the aponeurosis plantaris). D. Fourth layer: m. flexor hallucis 
accessorius, mm. flexores breves profundi, m. abductor brevis plantaris digiti V, mm. flexores digitorum 
minimi, mm. intermetatarsales, and mm. interphalangei. The m. abductor praehallucis and m. abductor brevis 
plantaris hallucis are also shown. Elements figured: 1*, m. contrahentis pedis hallucis. 2, ligament joining the 
medioplantar portion of the metatarsophalangeal joint and the medioplantar portion of the proximal inter-
phalangeal joint of digit V. 3, m. abductor praehallucis (its origin is from the aponeurosis plantaris, removed 
in the previous step, and not from the tendon of insertion of the m. interosseus cruris, as it appears to be in 
the figure). 4, m. abductor brevis plantaris hallucis (its origin is from the aponeurosis plantaris, same com-
ments as for the m. abductor praehallucis). 5, m. flexor hallucis accessorius. 6, mm. flexores breves profundi 
digitorum II–III: common tendon of origin. 7–9, mm. flexores breves profundi digitorum II–IV. 10, m. abduc-
tor brevis plantaris digiti V. 11, m. flexor minimus digiti II. 12, m. flexor minimus digiti II: tendon of insertion 
(the dashed line indicates the portion that pass through an internal channel of the metatarsophalangeal joint). 
13, m. flexor minimus digiti III. 14, m. flexor minimus digiti III: tendon of insertion (the dashed line indicates 
the portion that pass through an internal channel of the metatarsophalangeal joint). 15, m. flexor minimus 
digiti IV. 16, m. flexor minimus digiti IV: tendon of insertion (the dashed line indicates the portion that pass 
through an internal channel of the metatarsophalangeal joint). 17, m. flexor minimus digiti V. 18, m. flexor 
minimus digiti V: tendon of insertion (the dashed line indicates the portion that pass through an internal 
channel of the metatarsophalangeal joint). 19–21, mm. intermetatarsales I–III. 22–23, m. interphalangeus 
digiti III: medial and lateral slips, respectively. 24–25, m. interphalangeus proximalis digiti IV: medial and 
lateral slips, respectively. 26–27, m. interphalangeus proximalis digiti V: medial and lateral slips, respectively. 
28, m. interosseus cruris: tendon of insertion (the discontinuity is due to the fact that it passes through a 
groove in the condyle of the tibiale that hides it, and reappears distally to insert on element Y). Asterisks (*) 
indicate unremoved muscles from more superficial muscle layers other than the one being exposed. The 
morphology and proportions of the following elements are approximated, since they were not completely 
distinguishable in the picture for allowing an accurate shading (drawings and descriptions were employed as 
complement): tendo superficialis praehallucis and distal extension of the m. intermetatarsalis III. Characters 
figured: c14.1, presence of m lumbricalis brevis hallucis (pl. 4B). Scale bars = 1 mm.



144 BULLETIN AMERICAN MUSEUM OF NATURAL HISTORY NO. 443

PLATE 5. Dorsal surface of the left foot (reflected for comparison with other plates) of Triprion petasatus (KU 
296231). A. First layer: m. extensor digitorum longus; the m. abductor digiti minimi is also shown. Elements 
figured: 1, m. extensor digitorum longus. 2, m. extensor digitorum longus: slip to metatarsal II. 3, m. extensor 
digitorum longus: slip to metatarsal III. 4, m. abductor digiti minimi. B. Second layer: mm. extensores breves 
superficiales. Elements figured: 1, m. extensor brevis superficialis hallucis. 2, m. extensor brevis superficialis 
hallucis: tendon of insertion on prehallux. 3, m. extensor brevis superficialis hallucis: tendon of insertion on 
metatarsal I. 4, m. extensor brevis superficialis hallucis: common tendon of insertion (on metatarsophalangeal 
joint) with the m. extensor brevis medius hallucis. 5, m. extensor brevis superficialis digiti II. 6, m. extensor 
brevis superficialis digiti II: portion inserting on metatarsal II. 7, m. extensor brevis superficialis digiti II: 
portion inserting on metatarsophalangeal joint by common tendon with the m. extensor brevis medius digiti 
II. 8, m. extensor brevis superficialis digiti III and medial m. extensor brevis superficialis digiti IV: common 
tendon of origin. 9, m. extensor brevis superficialis digiti III: portion inserting on metatarsal III. 10, m. exten-
sor brevis superficialis digiti III: portion inserting on metatarsophalangeal joint and proximal interphalangeal 
joint of digit III. 11, m. extensor brevis superficialis digiti III: tendon of insertion on metatarsophalangeal 
joint. 12, m. extensor brevis superficialis digiti III: tendon of insertion on proximal interphalangeal joint. 13, 
medial m. extensor brevis superficialis digiti IV. 14, lateral m. extensor brevis superficialis digiti IV. 
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PLATE 5. (continued) C. Third layer: mm. extensores breves medii. Elements figured: 1, m. extensor brevis 
medius hallucis. 2, m. extensor brevis medius hallucis: common tendon of insertion (on metatarsophalangeal 
joint) with the m. extensor brevis superficialis hallucis. 3, m. extensor brevis medius digiti II. 4, m. extensor 
brevis medius digiti II: portion inserting on metatarsal II. 5, m. extensor brevis medius digiti II: portion 
inserting on metatarsophalangeal joint by common tendon with the m. extensor brevis superficialis digiti II. 
D. Fourth layer: mm. dorsometatarsales proximales, mm. dorsometatarsales distales, mm. abductores breves 
dorsales (only the muscle of digit I is present), and m. abductor proprius digiti IV; the m. tarsalis anticus is 
also shown. Elements figured: 1, medial m. dorsometatarsalis hallucis proximalis: slip from the prehallux. 2, 
medial m. dorsometatarsalis hallucis proximalis: slip from element Y. 3, medial m. dorsometatarsalis hallucis 
proximalis: slip from the proximal portion of metatarsal I. 4, medial m. dorsometatarsalis hallucis proximalis: 
slip from the mediodistal portion of metatarsal I. 5, medial m. dorsometatarsalis hallucis proximalis: common 
tendon of insertion of the four slips. 6, lateral m. dorsometatarsalis hallucis proximalis. 7, medial m. dorso-
metatarsalis proximalis digiti II. 8, lateral m. dorsometatarsalis proximalis digiti II. 9, medial m. dorsometa-
tarsalis proximalis digiti III. 10, medial m. dorsometatarsalis proximalis digiti III: tendon of insertion on 
metatarsophalangeal joint. 11, medial m. dorsometatarsalis proximalis digiti III: tendon of insertion on proxi-
mal interphalangeal joint. 12, lateral m. dorsometatarsalis proximalis digiti III. 13, medial m. dorsometatar-
salis proximalis digiti IV. 14, medial m. dorsometatarsalis proximalis digiti IV: portion inserting on 
metatarsophalangeal joint. 15, medial m. dorsometatarsalis proximalis digiti IV: portion inserting on distal 
interphalangeal joint/distal phalanx. 16, lateral m. dorsometatarsalis proximalis digiti IV. 17, medial m. dor-
sometatarsalis proximalis digiti V. 18, intermediate m. dorsometatarsalis proximalis digiti V. 19, lateral m. 
dorsometatarsalis proximalis digiti V. 20, m. abductor brevis dorsalis hallucis. 21–24, 26, lateral m. dorso-
metatarsalis hallucis distalis and lateral mm. dorsometatarsales distales digitorum II–V, respectively. 25, 
medial m. dorsometatarsalis distalis digiti V. 27, m. abductor proprius digiti IV. 28, m. tarsalis anticus. The 
morphology and proportions of the following elements are approximated, since they were not completely 
distinguishable in the picture for allowing an accurate shading (drawings and descriptions were employed as 
complement): common tendon of insertion of the mm. extensores breves superficialis and medius digiti III; 
slips of the medial m. dorsometatarsalis hallucis proximalis; tendon of insertion of the lateral m dorsometa-
tarsalis hallucis proximalis, and tendon of insertion of the lateral m. dorsometatarsalis proximalis digiti III. 
Characters figured: c17.1, presence of m extensor brevis superficialis digiti III (pl. 5B). Scale bars = 1 mm.



146 BULLETIN AMERICAN MUSEUM OF NATURAL HISTORY NO. 443

PLATE 6. Palmar surface showing the first layer of muscles. Muscles of second palmar layer (mm. lumbricales 
breves) and the forearm m. flexor accessorius and m. flexor digitorum communis are also colored for discus-
sion. A. Right hand (reflected for comparison with other plates) of Rhinophrynus dorsalis (KU 171202). Ele-
ments figured: 1, tendo superficialis indicis. 2–4, tendines superficiales digitorum III–V. 5–6, mm. lumbricales 
longi digitorum IV–V. 7, m. lumbricalis brevis indicis. 8, m. lumbricalis brevis digiti III. 9, medial m. lum-
bricalis brevis digiti IV. 10, lateral m. lumbricalis brevis digiti IV. 11, medial m. lumbricalis brevis digiti V. 
12, lateral m. lumbricalis brevis digiti V. 13, m. flexor digitorum communis. 14, flexor plate (a connective 
tissue that covers the lateropalmar region is fused to the flexor plate and it is also gray shaded; the m. flexor 
accessorius is hidden by this connective tissue). B. Left hand of Spea intermontana (KU 297558). Elements 
figured: 1, tendo superficialis indicis. 2, fused tendo superficialis indicis and tendon of insertion of the m. 
flexor indicis superficialis proprius. 3, fused tendo superficialis digiti III and tendon of insertion of the m. 
caput profundum digiti III. 4–5, tendines superficiales digitorum IV–V. 6, gap that divides the tendo super-
ficialis digiti IV into a medial and lateral portion. 7, m. flexor indicis superficialis proprius. 8, m. caput pro-
fundum digiti III. 9–10, mm. lumbricales longi digitorum IV–V. 11, m. lumbricalis brevis indicis. 12, m. 
lumbricalis brevis digiti III. 13, medial m. lumbricalis brevis digiti IV. 14, lateral m. lumbricalis brevis digiti 
IV. 15, medial m. lumbricalis brevis digiti V. 16, m. flexor digitorum communis. 17, flexor plate (a connective 
tissue that covers the lateropalmar region is fused to the flexor plate and it is also gray shaded; the m. flexor 
accessorius is hidden by this connective tissue). 
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PLATE 6. (continued) C. Left hand of Heleophryne purcelli (FMNH 250016). Elements figured: 1, tendo 
superficialis indicis. 2, fused tendo superficialis indicis and tendon of insertion of the m. flexor indicis super-
ficialis proprius. 3, fused tendo superficialis digiti III and tendon of insertion of the m. caput profundum digiti 
III. 4–5, tendines superficiales digitorum IV–V. 6, m. flexor indicis superficialis proprius. 7, m. caput profun-
dum digiti III. 8, m. lumbricalis longus digiti III: medial slip. 9, m. lumbricalis longus digiti III: lateral slip 
(note the additional insertion on the metacarpophalangeal joint). 10, m. lumbricalis longus digiti IV: medial 
slip. 11, m. lumbricalis longus digiti IV: lateral slip. 12, m. lumbricalis longus digiti V: medial slip. 13, m. 
lumbricalis longus digiti V: lateral slip. 14, m. lumbricalis brevis indicis. 15, m. lumbricalis brevis digiti III. 
16, medial m. lumbricalis brevis digiti IV. 17, lateral m. lumbricalis brevis digiti IV. 18, medial m. lumbricalis 
brevis digiti V. 19, lateral m. lumbricalis brevis digiti V. 20, m. flexor digitorum communis. 21, m. flexor 
accessorius. 22, flexor plate. D. Left hand of Tomopterna delalandii (KU 207900). Elements figured: 1, fused 
tendo superficialis digiti III and tendon of insertion of the m. caput profundum digiti III. 2–3, tendines 
superficiales digitorum IV–V. 4, m. flexor indicis superficialis proprius. 5, m. caput profundum digiti III. 6–7, 
mm. lumbricales longi digitorum IV–V. 8, m. lumbricalis brevis indicis. 9, m. lumbricalis brevis digiti III. 10, 
medial m. lumbricalis brevis digiti IV. 11, lateral m. lumbricalis brevis digiti IV. 12, medial m. lumbricalis 
brevis digiti V. 13, m. flexor digitorum communis. 14, m. flexor accessorius. 15, flexor plate. Characters fig-
ured: c1.1, presence of m. flexor indicis superficialis proprius (pl. 6B–D). c2.1, presence of m. lumbricalis 
longus digiti III (pl. 6C). c4.1, presence of the origin from distal carpals of the m. lumbricalis brevis indicis 
(pl. 6D). c5.1, presence of the slip of the m. lumbricalis brevis digiti III originating from flexor plate and/or 
tendo superficialis digiti III (pl. 6A, C). Scale bars = 1 mm.
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PLATE 7. Palmar surface showing the second layer 
of muscles (mm. lumbricales breves) of the left hand 
of Scutiger mammatus (FMNH 282284). The proxi-
mal portion of the tendon of origin of the supple-
mentary slip of the medial m. lumbricalis brevis 
digiti IV is not shaded because it is very thin and 
fused to the fascia of the m. lumbricalis brevis digiti 
III. The flexor accessorius and the flexor plate are 
also shown. Elements figured: 1, m. lumbricalis bre-
vis indicis. 2, m. lumbricalis brevis digiti III. 3, 
medial m. lumbricalis brevis digiti IV: supplemen-
tary medial slip form distal carpals. 4, medial m. 
lumbricalis brevis digiti IV. 5, lateral m. lumbricalis 
brevis digiti IV. 6, medial m. lumbricalis brevis digiti 
V. 7, lateral m. lumbricalis brevis digiti V (tentative 
identification and color; most palmar muscles of 
digit V are totally or partially fused, obscuring their 
identities). 8, m. flexor accessorius. 9, flexor plate. 
10, unidentified muscle with origin from the flexor 
plate and insertion on the prepollex. Characters fig-
ured: c7.1, supplementary slip of the medial m. lum-
bricalis brevis digiti IV from distal carpals.
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PLATE 8. Palmar surface showing the third layer of muscles: mm. contrahentes digitorum. Some muscles of 
the fourth layer (mm. flexores digitorum minimi, intermetacarpales, and interphalangei) are also colored for 
discussion. A. Left hand of Bombina orientalis (KU 38654). Elements figured: 1, m. contrahentis indicis. 2–4, 
mm. contrahentes digitorum III–V. 5, m. contrahentis digiti V: medial insertion on metacarpal V (medially 
to the m. flexor minimus digiti V). 6, m. contrahentis digiti V: lateral insertion on metacarpal V (laterally to 
the m. flexor minimus digiti V). 7, m. flexor minimus digiti III: ventral origin/head with respect to the m. 
intermetacarpalis I. 8, m. flexor minimus digiti III: dorsal origin/head with respect to the m. intermetacarpalis 
I. 9, m. flexor minimus digiti IV: ventral origin/head with respect to the m. intermetacarpalis II (almost 
completely hidden by the m. contrahentis digiti IV; compare with pl. 9B). 10, m. flexor minimus digiti V. 
11–12, mm. intermetacarpales I–II. 13–14, mm. interphalangei digitorum IV–V: medial and lateral slips fused 
into a single muscular body. B. Right hand (reflected for comparison with other plates) of Barbourula busu-
angensis (KU 324606). Elements figured: 1, m. contrahentis indicis. 2–3, mm. contrahentes digitorum III and 
V. 4, m. contrahentis digiti V: medial insertion on metacarpal V (medially to the m. flexor minimus digiti V). 
5, m. contrahentis digiti V: lateral insertion on metacarpal V (laterally to the m. flexor minimus digiti V). 6, 
m. flexor minimus digiti III: ventral origin/head with respect to the m. intermetacarpalis I. 7, m. flexor mini-
mus digiti III: dorsal origin/head with respect to the m. intermetacarpalis I. 8, m. flexor minimus digiti IV: 
ventral origin/head with respect to the m. intermetacarpalis II. 9, m. flexor minimus digiti IV: dorsal origin/
head with respect to the m. intermetacarpalis II. 10, m. flexor minimus digiti V. 11–13, mm. intermetacar-
pales I–III. 14–15, mm. interphalangei digitorum IV–V: medial and lateral slips fused into a single muscular 
body. C. Right hand (reflected for comparison with other plates) of Heleophryne orientalis (FMNH 187311). 
Elements figured: 1*, fused tendo superficialis indicis and tendon of insertion of the m. flexor indicis super-
ficialis proprius: distal unremoved portion. 2, m. contrahentis indicis. 3, m. contrahentis indicis: tendon of 
insertion (the dashed line indicates the portion that pass through an internal channel of the metacarpopha-
langeal joint). 4, m. contrahentis digiti V. 5, m. contrahentis digiti V and m. flexor minimus digiti V: common 
tendon of insertion on basal phalanx (the dashed line indicates the portion that pass through an internal 
channel of the metacarpophalangeal joint). 6, m. flexor minimus indicis. 7, m. flexor minimus indicis: tendon 
of insertion (the dashed line indicates the portion that pass through an internal channel of the metacarpo-
phalangeal joint). 8, m. flexor minimus digiti III. 9, m. flexor minimus digiti III: tendon of insertion (the 
dashed line indicates the portion that pass through an internal channel of the metacarpophalangeal joint). 
10, m. flexor minimus digiti IV. 11, m. flexor minimus digiti IV: tendon of insertion (the dashed line indicates 
the portion that pass through an internal channel of the metacarpophalangeal joint). 12, m. flexor minimus 
digiti V. 13–15, mm. intermetacarpales I–III. 16–17, m. interphalangeus digiti IV: medial and lateral slips, 
respectively. 18–19, m. interphalangeus digiti V: medial and lateral slips, respectively. Asterisks (*) indicate 
unremoved muscles from more superficial muscle layers other than the one being exposed. Characters figured: 
c8.1, presence of m. flexor minimus indicis (pl. 8C). c9.0, m. flexor minimus digiti IV ventral to the m. inter-
metacarpalis II (pl. 8C). c9.2, m. flexor minimus digiti IV ventral and dorsal to the m. intermetacarpalis II 
(pl. 8B). Scale bars = 0.5 mm.
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PLATE 9. Palmar surface showing the fourth layer of muscles. A. Right hand (reflected for comparison with 
other plates) of Ascaphus truei (KU 153228). Elements figured: 1, m. pronator quadratus. 2, m. contrahentis 
caput longus distalis. 3, m. adductor pollicis: portion from distal carpals 4 and 5. 4, m. adductor pollicis: 
portion from distal carpal 3. 5, medial m. flexor indicis brevis profundus. 6, lateral m. flexor indicis brevis 
profundus. 7–9, mm. flexores breves profundi digitorum III–V. 10, m. abductor secundus digiti V. 11, m. 
flexor minimus indicis (probably fused with the m. contrahentis indicis). 12, tendon of origin from distal 
carpal 3 that might correspond to the m. contrahentis indicis, which is probably present and fused with the 
m. flexor minimus indicis. 13–15, mm. flexores minimi digitorum III–V. 16–18, mm. intermetacarpales I–III. 
19–20, mm. interphalangei digitorum IV–V: medial and lateral slips fused into a single muscular body. 21, 
unidentified muscle with origin on the prepollex, and insertion on metacarpal II and on metacarpophalangeal 
joint. 22, unidentified muscle that probably corresponds to the lateral m. lumbricalis brevis digiti V, the m. 
abductor digiti minim, or a fusion of both muscles. 23, m. contrahentium caput longus proximalis: fleshy 
portion (delimited by a dark line) and tendon of insertion (shaded and labeled for discussion; this forearm 
muscle is not part of the muscles studied in this work). B. Left hand of Bombina orientalis (KU 38654). Ele-
ments figured: 1*, m. contrahentis indicis. 2*, m. contrahentis digiti V: distal unremoved portion correspond-
ing to the lateral insertion on metacarpal V (laterally to the m. flexor minimus digiti V; see pl. 8A). 3, m. 
pronator quadratus. 4, m. contrahentis caput longus distalis. 5, m. adductor pollicis (origin on distal carpal 
4-5, hidden by the m. contrahentis caput longus distalis). 6, medial m. flexor indicis brevis profundus. 7–9, 
mm. flexores breves profundi digitorum III–V. 10, m. abductor secundus digiti V. 11, m. flexor minimus digiti 
III: ventral origin/head with respect to the m. intermetacarpalis I. 12, m. flexor minimus digiti III: dorsal 
origin/head with respect to the m. intermetacarpalis I. 13, m. flexor minimus digiti IV: ventral origin/head 
with respect to the m. intermetacarpalis II (the dorsal head is hidden by it). 14, m. flexor minimus digiti V. 
15–17, mm. intermetacarpales I–III. 18–19, mm. interphalangei digitorum IV–V: medial and lateral slips 
fused into a single muscular body. 20, muscle from the flexor plate and insertion on the lateral surface of 
metacarpal V that may correspond to the m. abductor digiti minimi. 21, m. contrahentium caput longus 
proximalis: fleshy portion (delimited by a dark line) and tendon of insertion (shaded and labeled for discus-
sion; this forearm muscle is not part of the muscles studied in this work). 
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PLATE 9. (continued) C. Right hand (reflected for comparison with other plates) of Pipa carvalhoi (MZUSP 
81992). Elements figured: 1, m. pronator quadratus. 2, m. contrahentis caput longus distalis. 3, medial m. 
flexor indicis brevis profundus. 4–6, mm. flexores breves profundi digitorum III–V. 7–8, an abductor muscle 
(part of the m. abductor secundus digiti V?) with long tendon of insertion on the lateral surface of the meta-
carpophalangeal joint (a typical m. abductor secundus digiti V is also present, but it is deeper and hidden by 
it). 9–11, mm. flexores minimi digitorum III–V. 12–14, mm. intermetacarpales I–III. 15–16, mm. interpha-
langei digitorum IV–V: intermediate slips. 17, unidentified abductor muscle of digit II. D. Right hand 
(reflected for comparison with other plates) of Scaphiopus hurterii (KU 187903). Note the absence of the m. 
contrahentis caput longus distalis. Elements figured: 1*, m. contrahentis indicis. 2, m. pronator quadratus. 3, 
m. adductor pollicis. 4, medial m. flexor indicis brevis profundus. 5–7, mm. flexores breves profundi digito-
rum III–V. 8, fused m. abductor digiti minimi and m. abductor secundus digiti V. 9–11, mm. flexores minimi 
digitorum III–V. 12–13, mm. intermetacarpales I–II. 14, m. interphalangeus digiti IV: intermediate slip. Aster-
isks (*) indicate unremoved muscles from the third layer. Some tendons of origin and insertion are not shaded. 
Characters figured: c8.1, presence of m. flexor minimus indicis (pl. 9A). c9.0, m. flexor minimus digiti IV 
ventral to the m. intermetacarpalis II (pl. 9A, C–D). c10.1, presence of m. contrahentis caput longus distalis 
(pl. 9A–C). Scale bars = 0.5 mm.
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PLATE 10. A. Palmar surface showing the third layer of the left hand of Scutiger mammatus (FMNH 282284). 
Muscles of the fourth (deepest) layer are also colored for discussion. Some tendons of origin and insertion 
are not shaded. Specific identities of the distal carpals are labeled with question mark since the precise carpal 
morphology (i.e., fusion or independence of these distal carpals) requires corroboration. Identities and limits 
among the muscles of digit V (with the exception of the m. flexor minimus and m. interphalangeus) are tenta-
tive because they are partially fused in their origins or insertions. Note the absence of the m. contrahentis 
caput longus distalis. Elements figured: 1*, unremoved laterodistal portion of the flexor plate from where the 
putative lateral m. lumbricalis brevis digiti V originates. 2*, lateral m. lumbricalis brevis digiti V (tentative 
identification and color). 3, m. contrahentis indicis. 4–5, mm. contrahentes digitorum III and V. 6–7, m. 
pronator quadratus: head from the radioulna and head from the ulnare, respectively. 8, m. adductor pollicis. 
9, medial m. flexor indicis brevis profundus. 10–12, mm. flexores breves profundi digitorum III–V. 13, por-
tion of the abductors of digit V that probably corresponds to the m. abductor digiti minimi. 14, portion of 
the abductors of digit V that probably corresponds to a fused m. abductor digiti minimi and m. abductor 
secundus digiti V. 15–17, mm. flexores minimi digitorum III–V. 18–20, mm. intermetacarpales I–III. 21–22, 
mm. interphalangei digitorum IV–V: intermediate slips. 23, unremoved distal portion of an unidentified 
muscle with origin from the flexor plate and insertion on the prepollex (see pl. 7). B. Palmar surface showing 
the fourth layer of muscles of the right hand (reflected for comparison with other plates) of Eleutherodactylus 
coqui (KU 180490). Some tendons of origin and insertion are not shaded. The m. flexor brevis profundus 
digiti V was removed. Elements figured: 1, m. pronator quadratus. 2, m. contrahentis caput longus distalis. 3, 
m. adductor pollicis. 4, medial m. flexor indicis brevis profundus. 5–6, mm. flexores breves profundi digito-
rum III–IV. 7, fused m. abductor digiti minimi and m. abductor secundus digiti V. 8, m. flexor minimus digiti 
III. 9, m. flexor minimus digiti III: tendon of insertion (the dashed line indicates the portion that pass through 
an internal channel of the metacarpophalangeal joint), 10, m. flexor minimus digiti IV. 11, m. flexor minimus 
digiti IV: tendon of insertion (the dashed line indicates the portion that pass through an internal channel of 
the metacarpophalangeal joint). 12, m. flexor minimus digiti V. 13, m. flexor minimus digiti V: tendon of 
insertion (the dashed line indicates the portion that pass through an internal channel of the metacarpopha-
langeal joint). 14–16, mm. intermetacarpales I–III. 17–18, m. interphalangeus digiti IV: medial and lateral 
slip, respectively. 19–20, m. interphalangeus digiti V: medial and lateral slip, respectively. Asterisks (*) indicate 
unremoved muscles from second layer. Characters figured: c9.0, m. flexor minimus digiti IV ventral to the m. 
intermetacarpalis II (pl. 10A). c9.1, m. flexor minimus digiti IV dorsal to the m. intermetacarpalis II (pl. 10B). 
c10.1, presence of m. contrahentis caput longus distalis (pl. 10B). Scale bars = 0.5 mm. 
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PLATE 11. A. Plantar surface showing the third layer 
of muscles of the left foot of Bombina orientalis (KU 
38654). Muscles of the fourth layer are also colored 
for discussion. Note the presence of the m. contra-
hentis pedis digiti V (muscle number 6). Elements 
figured: 1*, unremoved distal portion of the aponeu-
rosis plantaris that serves of origin of the lateral m. 
lumbricalis brevis digiti V. 2*, lateral m. lumbricalis 
brevis digiti V. 3, m. contrahentis pedis hallucis. 4–6, 
mm. contrahentes pedis digitorum II–III and V. 7, 
m. flexor hallucis accessorius. 8–10, mm. flexores 
breves profundi digitorum II–IV. 11, putative m. 
abductor brevis plantaris digiti V. 12, m. flexor mini-
mus digiti II. 13, m. flexor minimus digiti III: ventral 
origin/head with respect to the m. intermetatarsalis 
II. 14, m. flexor minimus digiti III: dorsal origin/
head with respect to the m. intermetatarsalis II. 15, 
m. flexor minimus digiti IV: ventral origin/head with 
respect to the m. intermetatarsalis III. 16, m. flexor 
minimus digiti IV: dorsal origin/head with respect 
to the m. intermetatarsalis III. 17, m. flexor minimus 
digiti V. 18–21, mm. intermetatarsales I–IV. 22, m. 
interphalangeus digiti III: fused medial and lateral 
slips. 23–24, m. interphalangeus proximalis digiti 
IV: medial and lateral slips, respectively. 25–26, m. 
interphalangeus proximalis digiti V: medial and lat-
eral slips, respectively. B. Plantar surface showing 

the fourth layer of muscles of the left foot of Asca-
phus truei (KU 153228). Note the presence of the m. 
flexor hallucis brevis profundus (muscle number 4). 
Elements figured: 1*, unremoved distal portion of 
the aponeurosis plantaris that serves of origin of the 
lateral m. lumbricalis brevis digiti V. 2*, lateral m. 
lumbricalis brevis digiti V. 3, m. flexor hallucis 
accessorius. 4, m. flexor hallucis brevis profundus. 
5–7, mm. flexores breves profundi digitorum II–IV. 
8, m. abductor brevis plantaris digiti V. 9, m. flexor 
minimus hallucis. 10–13, mm. flexores minimi digi-
torum II–V. 14–17, mm. intermetatarsales I–IV. 18, 
m. interphalangeus digiti III: fused medial and lat-
eral slips. 19, m. interphalangeus proximalis digiti 
IV: fused medial and lateral slips. 20, m. interpha-
langeus proximalis digiti V: fused medial and lateral 
slips. 21, unidentified muscle with origin on the 
prehallux and insertion on metatarsal I. The distal 
fleshy portions and tendons of insertion of the mm. 
contrahentes pedis and mm. flexores digitorum 
minimi pass through an internal channel of the 
metatarsophalangeal joint of their respective digit; 
since the connective tissue that forms these channels 
are thin and translucent, we shaded these portions 
without discontinuities (see for example pl. 4C–D, 
shaded indicating its apparent discontinuity as the 
tendons pass through the channel). Asterisks (*) 
indicate unremoved muscles from the second layer. 
Characters figured: c16.1, presence of m. contrahen-
tis pedis digiti V (pl. 11A). Scale bars = 0.5 mm.
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PLATE 12. Dorsal surface of the left foot (reflected 
for comparison with other plates) of Alytes obstet-
ricans (CM 60824). Note the presence of the m. 
extensor brevis medius digiti IV. The shading of the 
tendons of insertion of the mm. extensores breves 
superficiales and medii are approximate, and those 
of the mm. dorsometatarsales proximales are not 
shaded. A. Second layer of muscles (mm. exten-
sores breves superficiales). Elements figured: 1–2, 
m. extensor brevis superficialis hallucis: fleshy por-
tion and tendon of insertion on prehallux. 3, m. 
extensor brevis superficialis digiti II. 4, m. extensor 
brevis superficialis digiti II: common tendon of 
insertion with m. extensor brevis medius digiti II. 

5, m. extensor brevis superficialis digiti III. 6, m. 
extensor brevis superficialis digiti III: common ten-
don of insertion with m. extensor brevis medius 
digiti III. 7, m. extensor brevis superficialis digiti 
IV. B. Third layer of muscles (mm. extensores 
breves medii). Elements figured: 1, m. extensor 
brevis medius hallucis. 2–4, m. extensor brevis 
medius hallucis: tendon of insertion on prehallux, 
metatarsal I, and metatarsophalangeal joint, respec-
tively. 5, m. extensor brevis medius digiti II. 6, m. 
extensor brevis medius digiti II: common tendon of 
insertion with m. extensor brevis superficialis digiti 
II. 7, m. extensor brevis medius digiti III. 8, m. 
extensor brevis medius digiti III: common tendon 
of insertion with m. extensor brevis superficialis 
digiti III. 9, m. extensor brevis medius digiti IV. C. 
Fourth layer of muscles (mm. dorsometatarsales, 
mm. abductores breves dorsales, and m. abductor 
proprius digiti IV); the m. tarsalis anticus is also 
shown. Elements figured: 1, medial m. dorsometa-
tarsalis hallucis proximalis: slip from element Y. 2, 
medial m. dorsometatarsalis hallucis proximalis: 
slip from metatarsal I. 3, lateral m. dorsometatar-
salis hallucis proximalis. 4, medial m. dorsometa-
tarsalis proximalis digiti II. 5, lateral m. 
dorsometatarsalis proximalis digiti II. 6, medial m. 
dorsometatarsalis proximalis digiti III. 7, lateral m. 
dorsometatarsalis proximalis digiti III. 8, medial m. 
dorsometatarsalis proximalis digiti IV. 9, lateral m. 
dorsometatarsalis proximalis digiti IV. 10, medial 
m. dorsometatarsalis proximalis digiti V. 11, lateral 
m. dorsometatarsalis proximalis digiti V. 12, m. 
abductor brevis dorsalis hallucis. 13, m. abductor 
proprius digiti IV. 14, m. tarsalis anticus. Charac-
ters figured: c17.1, presence of m. extensor brevis 
superficialis digiti III (pl. 12A). c18.1, presence of 
m. extensor brevis medius digiti IV (pl. 12B). Scale 
bars = 0.5 mm.
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PLATE 13. Dorsal surface showing the third layer of 
muscles of the right hand of Megophrys aceras (KU 
327892). Note the presence of the slip of the m. 
extensor brevis medius digiti III from the radioulna, 
originating on the tendon of insertion of the m. 
extensor carpi radialis. Tendons of insertion of the 
hand muscles not shaded. Elements figured: 1, m. 
extensor carpi radialis: medial portion of the tendon 
of insertion. 2, m. extensor indicis brevis medius. 3, 
m. extensor brevis medius digiti III: slip from radio-
ulna: tendon of origin. 4, m. extensor brevis medius 
digiti III: slip from radioulna (the slip of the m. 
extensor brevis medius digiti III from the element Y 
is completely hidden by it). 5, m. extensor brevis 
medius digiti III: slip from radiale. 6, m. extensor 
brevis medius digiti IV. Characters figured: c11.1, 
presence of the slip originating from the radioulna 
of the m. extensor brevis medius digiti III. c12.1, 
presence of the origin from the radiale of the m. 
extensor brevis medius digiti IV. Scale bar = 1 mm.

PLATE 14. Dorsal surface showing the fourth layer 
of muscles of the right foot of Neobatrachus aquilo-
nius (KU 93576); the m. abductor digiti minimi and 
the m. tarsalis anticus are also shown. Note the 
presence of mm. abductores breves dorsales in dig-
its II and III. The shading of the tendons of inser-
tion of the mm. dorsometatarsales proximales is 
approximate. Elements figured: 1, m. abductor digiti 
minimi. 2, medial m. dorsometatarsalis hallucis 
proximalis: slip from element Y. 3, medial m. dor-
sometatarsalis hallucis proximalis: slip from meta-
tarsal I. 4, lateral m. dorsometatarsalis hallucis 
proximalis. 5, medial m. dorsometatarsalis proxi-
malis digiti II: slip from metatarsal I. 6, medial m. 
dorsometatarsalis proximalis digiti II: slip from 
metatarsal II. 7, lateral m. dorsometatarsalis proxi-
malis digiti II. 8, medial m. dorsometatarsalis proxi-
malis digiti III: slip from metatarsal II. 9, medial m. 
dorsometatarsalis proximalis digiti III: slip from 
metatarsal III. 10, lateral m. dorsometatarsalis prox-
imalis digiti III. 11, medial m. dorsometatarsalis 
proximalis digiti IV. 12, lateral m. dorsometatarsalis 
proximalis digiti IV. 13, medial m. dorsometatarsa-
lis proximalis digiti V. 14, lateral m. dorsometatar-
salis proximalis digiti V. 15, m. abductor brevis 
dorsalis hallucis. 16–17, mm. abductores breves 
dorsales digitorum II–III, respectively. 18, m. 
abductor proprius digiti IV. 19, tarsalis anticus. 
Characters figured: c19.1, presence of m. abductor 
brevis dorsalis digiti II. c20.1, presence of m. abduc-
tor brevis dorsalis digiti III. Scale bar = 1 mm.
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