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Evolutionary Correlates of Microphagy in Alkaloid-Containing
Frogs (Amphibia: Anura)
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Abstract Frogs of the genus Mantella (Ranidae) are characterized by several derived characters, among them
microphagy and presence of skin alkaloids. A comparison with other alkaloid-containing frogs (belonging to the
Dendrobatidae, Myobatrachidae and Bufonidae) showed that, beside the alkaloids, these share several of the apo-
morphies typical for Mantella. Since most of the derived characters can be explained by microphagous and myrme-
cophagous specialization, we postulate the existence of an evolutionary etho-morphological character complex in-
volving microphagy, alkaloid accumulation from ant prey, aposematic colouration, diurnal activity, modification of
prey catching behaviour, modification of tongue shape, reduction of teeth, and modification of several osteological
skull characters related with the jaw opening mechanism.
The existence of such a complex reduces the value of skin alkaloids and aposematic colouration for the assessment
of phylogenetic relationships between Mantella and dendrobatids, so that a sister group relationship of these groups
is unlikely. We present a flow diagram which gives a possible explanation of a convergent loss of strong mating
amplexus and evolution of complex mating behaviour in both groups. Further we discuss the status of the small-
sized dendrobatid genus Minyobates, whose characteristic alkaloid profile and small size may be correlated with
feeding specialization on mites; and we conclude that data support the hypothesis of a small-sized microphagous
ancestor of the bufonid clade.

Key words. Ranidae: Mantellinae: Mantella, Mantidactylus; Dendrobatidae; Myobatrachidae; Bufonidae; myrme-
cophagy; mating behaviour; phylogeny.

1. INTRODUCTION on ants and are characterized by several derived mor-
phological, osteological and ethological character

Amphibians are known to contain toxic agents of sev- states similar to those found in alkaloid-containing den-
eral compound classes in their skin; the main functions drobatids. A priori it could not be excluded that these
of these substances may be defense against predators similarities may be phylogenetically relevant; in fact,
and/or microorganisms (DALY et al. 1987). Only few several reptile groups (boas, iguanas, podocnemine tur-
groups of anurans are known to contain alkaloid toxins, ties) occur in Madagascar and the Neotropis but not in
which are defined as cyclic nitrogen-containing com- Africa nor Asia, indicating that the possibility of Mada-
pounds with a limited distribution in nature (DALY et al. gascan-South American biogeographical relationships
1987). The origin of these amphibian alkaloids has long must be considered in phylogenetic analyses (KLUGE
remained enigmatic; only in the last years it was demon- 1991; FROST & ETHERIDGE 1989; ERNST & BARBOUR
strated that an uptake system from arthropod prey is re- 1989; see also NUSSBAUM & RAXWORTHY 1994).
sponsible for alkaloid accumulation in the skin (DALY et In the present study we review aspects of morphology,
al. 1992, 1994a, 1994b). CALDWELL( 1996) indicated for osteology and ethology of alkaloid-containing frogs,
the most prominent alkaloid-containing anurans, the We compare the synapomorphies of Mantella species to
Neotropical poison-dart frogs (Dendrobatidae), that an the states found in the other alkaloid-containing anuran
evolutionary correlation exists between alkaloids and genera; our aim is to elucidate whether the states of
myrmecophagous specialization. Mantella are independent from each other, or may be
During a phylogenetic study on the Madagascan poison functional adaptations originated by the feeding spe-
frogs (genus Mantella), we noted that they mainly feed cialization. Further we discuss the implication of our
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findings for the phylogeny of the Ranidae (Mantelli-
nae), Dendrobatidae, and Bufonidae.

2. MATERIAL AND METHODS

Comparing morphological, osteological and ethological char-
acters, we will make reference to anurans belonging to the
following families/subfamilies (geographic distribution and
genera considered for the present study in brackets): (1)
Ranidae: Mantellinae (Madagascar; genera Mantella
Boulenger, 1882 and Mantidactylus Boulenger, 1895); (2)
Ranidae: Raninae (Cosmopolitan; genera Rana Linnaeus,
1758 and Euphlyctis Fitzinger, 1843); (3) Ranidae: Rha-
cophorinae (Asia, Africa, Madagascar; genera Boophis
Tschudi, 1838 [Madagascar] and Rhacophorus Kuhl & Van
Hasselt, 1822 [Asia]); (4) Hyperoliidae (Africa and Mada-
gascar; Heterixalus Laurent, 1944 [Madagascar]); (5) Den-
drobatidae (Middle and South America; genera Allobates
Zimmermann & Zimmermann, 1988, Epipedobates Myers,
1987, Phyllobates Dumeril & Bibron, 1841, Minyobates
Myers, 1987, Dendrobates Wagler, 1830 and Colostethus
Cope, 1866); (6) Myobatrachidae (Australia; genus Pseu-
dophryne Fitzinger, 1843); (7) Bufonidae (cosmopolitan;
genera Melanophryniscus Gallardo, 1961 and Atelopus
Dumeril & Bibron, 1841 [S-America], Bufo Laurenti, 1768
[cosmopolitan] and Capensibufo Grandison, 1980 [Africa]).
To abbreviate the accounts, we use the term aposematic den-
drobatids for the genera Allobates, Epipedobates, Phyllo-
bates, Minyobates, and Dendrobates, although the coloura-
tion of single species of these genera may in fact not be
aposematic. Also we use the generic name Colostethus in a

wider sense, including the genera Colostethus, Aromobates
Myers et al. 1991, Mannophryne La Marca, 1992, Nephelo-
bates La Marca, 1994, and Hyloxalus Jimenez de la Espada,
1871 (see MYERS et al. 1991; LΑ MARCA 1992, 1994).

For osteological examination specimens were skinned and the
intestine removed as far as possible. Specimens were stained
for bones and cartilage with alizarin red and alcian blue fol-
lowing the method of DINGERKUS & UHLER (1977) with some
minor modifications (PLOSCH 1991). The flesh of many Man-
tella and dendrobatid species was dark grey to blackish and
did not clear to transparency; a better clearing was achieved
in these cases by a high concentration of H2O2 in the first
clearing steps. Studied specimens are deposited in the Zoolo-
gisches Forschungsinstitut und Museum Alexander Koenig,
Bonn (ZFMK) and the Museum National d'Histoire Na-
turelle, Paris (MNHN). Osteological data refer to 45 Mantella
specimens (13 species; specimens are being listed in a forth-
coming paper on Mantella osteology), five species of dendro-
batids {Dendrobates auratus Girard, 1855, ZFMK 64145; D.
pumilio Schmidt, 1857, ZFMK 57202; D. silverstonei Myers
& Daly, 1979, ZFMK 40709; Epipedobates tricolor (Bou-
lenger, 1899), ZFMK 32046; Phyllobates vittatus (Cope,
1893), ZFMK 32031), one species of Pseudophryne (P.
bibroni Gunther, 1858, ZFMK 28159), and one species of
Melanophryniscus (M. stelzneri (Weyenbergh, 1875)),
ZFMK 52116). Other morphological data refer to specimens
of the ZFMK collection; specimens examined for tongue
morphology are listed in Tab. 1.

Table 1. Measurements taken from different frog species.
For each specimen the catalogue number in the Zoologisches
Forschungsinstitut und Museum Alexander Koenig (ZFMK),
Bonn, and the variables snout-vent length (SVL), head width
(HW), tongue length (ToL) and tongue width (ToW) are
given (all in mm).

Fig. 1. Pictures of Dendrobates histrionicus (a), Mantella
cowani (b), Phyllobates terribilis (c) Mantella cf. crocea (d),
showing the large external similarity of Mantella with certain
dendrobatids.

ZFMK Species

48046
48047
47009
50161
59820
52745
52749
52750
48181
48182
59902
59936

52720
52589
57451
59854
60094
60039
59876
25372
25373

Mantella viridis
Mantella viridis
Mantella baroni
Mantella baroni
Mantella bernhardi
Mantella betsileo
Mantella laevigata
Mantella laevigata
Mantella haraldmeieri
Mantella haraldmeieri
Mantella sp.
Mantidactylus
leucomaculatus
Mantidactylus boulengeri
Mantidactylus wittei
Mantidactylus argenteus
Mantidactylus alutus
Mantidactylus aerumnalis
Mantidactylus malagasius
Mantidactylus malagasius
Mantidactylus albofrenatus
Mantidactylus albofrenatus

SVL

27,0
25,0
25,0
26,5
21,0
24,0
28,5
26,0
23,5
23,0
27,5
40,0

30,0
25,0
27,0
25,5
30,0
22,0
22,0
30,0
30,0

HW

8,0
7,0
7,5
7,5
6,5
7,0
8,5
8,0
7,0
7,0
8,0
13,0

10,5
8,0
8,0
10,0
11,0
8,0
7,0
10,0
9,0

ToL

4,5
4,0
4,0
4,5
4,5
4,0
4,5
4,0
4,0
3,0
4,5
11,0

7,0
6,0
7,0
6,0
8,0
4,5
5,0
8,0
7,0

ToW

3,0
2,0
3,0
3,0
3,0
3,0
3,0
3,5
3,0
2,5
3,0
6,0

5,0
3,5
4,0
4,0
6,0
3,0
3,0
5,0
5,0
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Table 1. (Continued). Table 1. (Continued).

ZFMK Species SVL HW ToL ToW

14158 Mantidactylus betsileanus 29,5 10,0 8,5 5,5
52613 Mantidactylus wittei 24,0 7,0 5,0 3,0
52593 Mantidactylus wittei 25,5 8,0 7,0 4,5
53699 Mantidactylus blommersae 19,0 7,0 4,0 3,0
52737 Mantidactylus bicalcaratus 22,0 8,0 5,0 3,5
52740 Mantidactylus bicalcaratus 29,0 10,0 6,0 5,0
52587 Heterixalus boettgeri 27,0 9,0 7,0 5,0
53608 Heterixalus boettgeri 29,0 10,0 7,5 6,0
59824 Boophis boehmei 26,0 12,0 6,5 4,0
57407 Boophis boehmei 28,0 12,0 5,5 4,5
57396 Boophis majori 21,0 9,0 5,0 4,0
57394 Boophis majori 28,0 9,0 5,0 4,0
51344 Colostethus nubicola 19,5 6,3 3,3 3,2
47770 Colostethus nubicola 19,6 6,3 4,8 2,5
46527 Colostethus inguinalis 24,1 8,0 5,1 3,4
45303 Colostethus inguinalis 24,7 8,0 5,6 3,8
52210 Colostethus brunneus 17,1 5,5 3,6 3,0
52207 Colostethus brunneus \1,1 6,0 3,8 2,6
32066 Colostethus trinitatis 21,5 8,0 4,1 4,2
32064 Colostethus trinitatis 25,2 8,6 5,4 3,2
45301 Colostethus talamancae 25,5 8,5 5,0 3,5
47773 Colostethus talamancae 22,0 7,5 5,0 5,0
25300 Colostethus sp. 21,7 7,3 4,8 3,0
25301 Colostethus sp. 22,3 7,6 4,4 3,6
37261 Allobatesfemoralis 24,0 8,0 6,0 4,0
37262 Allobates femoralis 22,0 7,0 6,0 4,5
32042 Epipedobates tricolor 18,0 6,0 4,0 3,0
32033 Epipedobates tricolor 25,0 7,0 5,0 4,0
54568 Epipedobatespictus 24,0 7,1 5,4 2,8
60322 Epipedobates pictus 22,7 7,1 3,7 3,1
54381 Epipedobatespulchripectus 2\,1 7,3 4,0 2,0
54380 Epipedobates pulchripectus 21,0 7,1 3,6 2,1
40710 Epipedobates silverstonei 24,5 7,7 4,5 3,3
27637 Epipedobates silverstonei 40,0 13,0 7,9 5,5
46431 Epipedobates bassleri 36,3 10,9 5,9 3,5
46432 Epipedobates bassleri 36,5 11,1 7,0 3,9
37327 Phyllobates vittatus 22,5 8,0 4,5 3,0
37327 Phyllobates vittatus 22,5 7,9 4,7 2,5
61235 Phyllobates bicolor 38,9 13,0 8,8 5,3
56512 Phyllobates lugubris 21,5 6,8 3,6 2,4
56513 Phyllobates lugubris 20,0 6,7 4,4 2,3
51340 Minyobates minutus 13,7 4,6 2,7 1,3
51339 Minyobates minutus 12,7 4,2 2,8 1,1
53116 Dendrobates lehmanni 34,0 10,0 6,0 2,5
53115 Dendrobates lehmanni 34,0 10,0 7,0 2,0
56530 Dendrobatespumilio 21,4 6,6 3,7 2,2
56535 Dendrobates pumilio 22,1 6,0 4,1 1,7
46437 Dendrobates trivittatus 40,7 10,4 7,0 3,9
40724 Dendrobates trivittatus 40,0 10,6 8,0 5,7
41500 Dendrobatesfantasticus 19,2 6,1 2,8 1,3
41497 Dendrobates fantasticus 20,6 6,3 3,0 1,6
50351 Dendrobates granuliferus 19,5 5,9 3,4 1,6
50349 Dendrobates granuliferus 20,9 6,6 4,5 2,5
40695 Dendrobates tinctorius 48,1 12,3 9,0 3,4
40694 Dendrobates tinctorius 42,6 11,5 7,7 4,2
57133 Dendrobates lamasi 18,0 5,7 3,3 1,5

ZFMK Species

40726
57223

57219

45864
45866
28197
28198
28157
28180
50048
50046

Dendrobates lamasi
Melanophryniscus
rubriventris
Melanophryniscus
rubriventris
Melanophryniscus steltneri
Melanophryniscus stelzneri
Pseudophryne australis
Pseudophryne australis
Pseudophryne bibroni
Pseudophryne bibroni
Pseudophryne corroboree
Pseudophryne corroboree

SVL

16,7
26,4

23,0

26,3
23,4
19,7
20,9
24,0
23,6
26,7
25,8

HW

5,4
7,8

7,4

7,5
6,8
6,6
6,4
7,6
7,2
7,5
7,3

ToL

3,4
5,2

4,2

2,9
3,1
4,7
4,6
5,0
5,2
4,7
3,9

ToW

2,0
2,6

1,8

2,0
1,4
2,2
2,1
2,5
2,7
2,2
1,9

To compare tongue shape we measured tongue width (ToW),
tongue length (ToL), snout-vent length (SVL) and head width
(HW) in 88 frog specimens belonging to 50 species. ToW and
ToL measurements were clearly dependent on the state of any
particular specimen, especially its fixation; single aberrant
measurements can thus be explained as artifacts, although
most measured specimens were in a comparable state of fixa-
tion. Relative tongue width (ToW/SVL), relative tongue
length (ToL/SVL), and relative head width (HW/SVL) were
calculated. If possible, two specimens of each species were
measured, and the mean values of each species used for fur-
ther analysis. The obtained ratio values were compared statis-
tically with the software package SPSS for Windows using
Mann-Whitney U-tests and Kruskal-Wallis ANOVAs.

3. REVIEW AND COMPARISON OF
CHARACTERS

Mantella is classified in the family Ranidae, subfamily
Mantellinae (BLOMMERS-SCHLOSSER 1993). According
to GLAW & VENCES (1994) there are only two man-
telline genera, Mantella and the non-microphagous
Mantidactylus; the latter may be paraphyletic but very
probably contains the nearest relatives of Mantella
(DALY et al. 1996; pers. obs.). In the Dendrobatidae, the
non-microphagous Colostethus is seen as sister group
of the alkaloid containing genera (MYERS et al. 1991;
CALDWELL 1996). In the following we will compare the
states found in Mantella to those observed in Manti-
dactylus. Within the Dendrobatidae we will compare
the states of aposematic genera to those of Colostethus.
Additionally we give the states occurring in the remain-
ing alkaloid-containing genera Pseudophryne (Myoba-
trachidae) and Melanophryniscus (Bufonidae).
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Microphagous specialization. Mantella are micropha-
gous and myrmecophagous as demonstrated by VENCES

et al. (in press). Little is known about prey of Manti-
dactylus, but the cursorial data indicate that representa-
tives of the genus regularly consume large prey (GLAW

6 VENCES 1994 for M. albofrenatus (Miiller, 1892), M.
mocquardi Angel, 1929, M. grandidieri Mocquard,
1895; pers. obs. forM. ulcerosus (Boettger, 1880)).
Extensive studies have been carried out on the diet of
dendrobatids (SILVERSTONE 1975, 1976; TOFT 1980a,
1980b, 1995; SIMON & TOFT 1991; DONNELLY 1991;
CALDWELL 1996). According to these papers, Dendro-
bates, Phyllobates and Epipedobates are ant specialists,
whereas Minyobates mainly consumes mites. Epipedo-
bates and Phyllobates are less specialized to ants and
mites than Dendrobates and Minyobates. Allobates and
Colostethus show no microphagous specialization.
Pseudophryne is an ant specialist (PENGILLEY 1971b for
P. corroboree Moore, 1953, P. dendyi Lucas, 1892, P.
bibroni). Little is known on food and feeding of
Melanophryniscus; CEI (1980) states that M. stelzneri
mainly preys upon small arthropods as ants and aphids,
and BIRKHAHN (1994) notes that M. rubriventris (VEL-

LARD, 1947) preferred small prey items in captivity.
Skin alkaloids. Present in Mantella (9 species), absent
in Mantidactylus (3 species) and other ranids according
to GARRAFFO et al. (1993) and DALY et al. (1996). Pre-
sent in aposematic dendrobatids except Allobates (only
traces), absent in Colostethus (DALY et al. 1987; MYERS
1987). Present in 2 species of Melanophryniscus and

7 species of Pseudophryne (GARRAFFO et al. 1993b;
DALY et al. 1990), absent in other bufonids and myo-
batrachids (DALY et al. 1987).
Aposematic colouration. Several species of Mantella
(e.g. M. aurantiaca, M. baroni, M. cowani) clearly have
dorsal aposematic colour patterns (orange, red or yel-
low with black) which are not known in any Manti-
dactylus. Other Mantella are more cryptically coloured
(eg. M. haraldmeieri, M. betsileo). In dendrobatids, the
genera Epipedobates, Phyllobates, Minyobates and
Dendrobates contain aposematic species; of these, at
least Epipedobates also contains some more cryptic
forms. Colostethus are generally cryptic; the striped
pattern of Allobates femoralis (Boulenger, 1883) can be
seen as aposematic (SILVERSTONE 1976 considers the
species as a possible mimic of Epipedobates pictus
(Bibron in Tschudi, 1838)), but may also be cryptic
(CALDWELL 1996). Pseudophryne contains highly apo-
sematic species (P. corroboree and P. pengilleyi Wells
& Wellington, 1985) as well as more cryptic forms (see
figures in TYLER 1992 and OSBORNE et al. 1996). Simi-
larly, at least some Melanophryniscus can be seen as
aposematic (MCDIARMID 1971: 51).
Activity. Mantella are diurnal frogs, with few excep-
tional observations of nocturnal activity (see VENCES et

al. 1996). Many Mantidactylus are mainly nocturnal,
and in most species activity takes place at least partly
during the night (except some species of the subgenera
Gephyromantis Methuen, 1920 and possibly Pandanu-
sicola Glaw & Vences, 1994; see GLAW & VENCES

1994). All aposematic and most non-aposematic den-
drobatids are diurnal (MYERS & DALY 1983; MYERS et
al. 1991: 27). As far as known, Melanophryniscus are at

Fig. 2. Schematic drawing of different prey catching be-
haviour observed in anurans (redrawn from high-speed pho-
tographs): (a) Prey catching jump with simultanous tongue
protrusion at angles of 180° in Rana lessonae (left), Hyla ar-
bor ea (above) and Discoglossus galganoi (right); (b) tongue
protrusion with simultanous foreward lunging, hindfeet re-
maining in contact with substrate, in Rana lessonae, (c)
tongue protrusion with simultanous foreward lunging, hands
loosing only slightly contact with substrate, in Mantella au-
rantiaca; (d) tongue protrusion without or with very slight
foreward lunging, fore- and hindfeet remaining in contact
with substrate, in Dendrobates tinctorius (right) and Bufo
calamita (left).
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least partly diurnal (CEI 1980 for M. stelzneri; Mc-
DIARMID 1971: 51). Pseudophryne show some diurnal
activity: males of.fi corroboree call (from refuges) dur-
ing day and night (PENGILLEY 1971a), and a female of
P. corroboree was observed feeding at 9 h a.m.
(PENGILLEY 1971b: 101).

Prey catching behaviour (Fig. 2). The typical prey
catching behaviour of Mantella differs from that ob-
served in other ranids (Rana: SCHNEIDER 1954, VENCES

1988, NISHIKAWA et al. 1992; Euphlyctis: ALTEVOGT et
al. 1987; Rhacophorus: pers. obs.; no data on Manti-
dactylus). Several species of Rana very often jump to-
wards the prey, with mouth opening and tongue protru-
sion occurring during the jump. On the contrary, Man-
tella generally first perform small hops to reach the
prey, and tongue protrusion is generally not accompa-
nied by jumping; at most, the hands loose contact to the
substrate while the body is lunged slightly for- and up-
wards. In dendrobatids, we observed prey catching
jumps with tongue protrusion in Epipedobates tricolor,
but not in Dendrobates leucomelas Fitzinger in Stein-
dachner, 1864 norD. tinctorius (Schneider, 1799). Fol-
lowing our personal observations on captive M.
stelzneri, also Melanophryniscus lack prey catching
jumps with tongue protrusion as do other bufonids:
Bufo (VENCES 1988; NISHIKAWA et al. 1992) and Atelo-
pus (LOTTERS, pers. comm. 1997). No data on Pseu-
dophryne are available.

Size. Mantella are relatively small frogs (adult size
range 18—30 mm). Mantidactylus also contains many
small species, but also large forms (adult SVL range
15-120 mm; GLAW & VENCES 1994). SVL is 15-50
mm in Dendrobates (SILVERSTONE 1975), 12-20 mm in
Minyobates (MYERS 1987), 19^47 mm in Phyllobates
(SILVERSTONE 1976; MYERS et al. 1978), 15-50 mm in
Epipedobates (MYERS 1987), 20-33.5 mm in Allobates
(SILVERSTONE 1976 as Phyllobates femoralis), 20-62 in
Colostethus (MYERS et al. 1991). In Pseudophryne SVL
ranges from 18-38 mm (TYLER 1992), in Melano-
phryniscus from 25^45 mm (CEI 1980).
Body shape and habitus. All Mantella have a similar
and characteristic general appearance. Only few Manti-
dactylus (of the subgenus Chonomantis Glaw & Vences,
1994) have a similar habitus. The appearance of Man-
tella is strikingly paralleled by certain aposematic den-
drobatids (Fig. 1). A different, toad-like appearance is
found in Pseudophryne and Melanophryniscus. Mean
relative head width is significantly lower in Mantella
than in Mantidactylus (U-test, p < 0.001), although
some Mantidactylus have values similar to Mantella. In
dendrobatids, the largest mean relative head width was
found in Phyllobates, the lowest in Dendrobates, agree-
ing with the findings of TOFT (1995). Our data support
genus-specific differences in relative head width
(Kruskal-Wallis-ANOVA, p < 0.05) within the Dendro-

Mantidactylus liber
ZFMK 52733

Mantella
madagascariensis
ZFMK 14187

Mantella betsileo
ZFMK 62689

Dendrobates
tinctorius
ZFMK 40687

Epipedobates
tricolor
ZFMK 32042

Colostethus
talamancae
ZFMK 45301

Fig. 3. Schematic drawing of tongue shape in several studied
frog specimens.

batidae. Mean relative head width of Melanophryniscus
is similar to that found in Mantella, whereas Pseu-
dophryne have somewhat broader heads.
Tongue shape. The tongue of Mantella is distally very
slightly forked (Fig. 3), whereas all Mantidactylus have
a distinctly bifid tongue (pers. obs.) as it is typical for
ranoid frogs except very few genera (BLOMMERS-

SCHLOSSER 1993; pers. obs.). Dendrobatids and myoba-
trachids (BLOMMERS-SCHLOSSER 1993), and bufonids
(pers. obs.) have unforked entire tongues, as verified in
all specimens listed in Tab. 1. Detailed arrangement of
tongue musculature has not been studied in Mantella,
but Dendrobates, myobatrachids (including 4 species
of Pseudophryne) and bufonids (Bufo and Capensi-
bufo) show a complex form of the genioglossus muscle
not found in other anurans (HORTON 1982).
Relative tongue width and relative tongue length of
Mantella differed significantly (p < 0.001; U-tests)
from values of Mantidactylus. The scatterplot in Fig. 4a
shows that Mantella had relatively narrower and
shorter tongues than Mantidactylus; the values of Man-
tidactylus were similar to those of other ranoid genera
as Heterixalus (Hyperoliidae) and Boophis (Rhaco-
phorinae). Of the remaining considered genera (Fig.
4b), only Colostethus, Allobates, one Epipedobates and
one Phyllobates had values as those found in Mantidac-
tylus. All Dendrobates, Minyobates, Pseudophryne,
and Melanophryniscus differed from this state either in
having a shorter or narrower tongue (mostly in both


