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Comparative osteology of Malagasy poison frogs
of the genus Mantella (Amphibia: Ranidae: Mantellinae)

Miguel Yences, Frank Glaw, Patrick Mausleld & Wollgang Béhme

Ahsirace. Osteological features of all 13 valid species of (he anuran genus Mantefly, as
well as three unnamed forms; were studied in order to assess mtragéneric phvlegeny and
Lo lind support for the monophyletic ssatus of Manelle, Twe characrers prisent in all
species (lack o masallary testh gnd o reduced zyveomatic squamosal provess) support the
monophyly of rthe genus. A third character (anterion hyale process forming a complele
areh] was: lound 1o be individually variable but presumably also constituses a anla-
pomnhy of Maatella. Four characrers were found 1o be variahle hetwesn bt relarively
constant within species: aternum shape, nasal and spheoethmeid size aind shupe of
anterior puresphenoid process. A clichistic analysis of the obsarved charueter staes resylted
in Manpella laovigato nnd the M. betsileo eroup represenling the most hasal ineaoes within
the genns. All other species constitute 2 wonophyletic group characterized by a large
sphenethmoid and widely separated nasals; from this main lineage a second, monophyletic
group splits afl. 1t is chamacterized by an wilocked sternum and conmaing A HIETICans,
AL havafdmederi, M. irom, M, all, baranl M. cowani and M, bernhirdi. This phivlogeny
i+ lurgely in agresment with available data on maiing calls and colanr paltorn,
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Introduction

“hogs 01 the genus Manielle are among the most prominent Malagasy amphibians.
Due o their ¢olourful pattern and their diurmnal aclivity thev are often kept in
captivity,

Muntetia s the type genus of the Mantellinae which is considered (o be a subfamily
of the Ranidac (Blommers-Schldsser 1993). Phylogeneric relationships of the
Mantellinae within the framework of ranoid families and subfamilies have long been
controversial. The most recent analvsis of Blommers-Schlisser (19493) considered the
Mantellinac as sister-group of the Rhacophorinae, No phylogenctic analvsis of the
position of Mantella within the subfamilv Mantellinae exists, and intrageneric
relationships have not been studied up 10 now (see Daly et al. 1994).

Mantella specics are morphologically very similar to cach other, and specics
dingnoses have mostly been based on colour patterns (Guibé 1964: Busse 1981).
Hioacoustic data have only recently been used to discriminate species (e 2. Vences
el al. 1994). The eslevlogical diagnosis of Manrella as givien by Blommers-Schlésser
& Blanc (1991) is largely based on Guibé's (1978) study. Unfortunately, Guibé did not
mention voucher specimens on which his results were based; he only published
drawings of skull, shoulder girdle and hyoid apparatus of one specimen he attributed
Lo Munleflg cowani, and of the hyoid apparatus of M, aurantiace. Blom mers-Schlds-
ser (1993) examined the osteology of Manrelle surantiaca in a broader context, but
gave no addinonal data.
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In the present study we analysed the ostcology of all known species of the genus.
Chr aim was on (1) 1o identify characters shared by all species to find support for
the monephyly of the genus. (2) we searched for characters which were consistent
within but different between species, in order to analyse intrageneric relationships.

Material and methods

Specimens were skinned and their intestines removed as far as possible, A tew specimens were
partially clesred in KOH and stained for bones only in alizarin red. The remaining specimens
were stained For bones and cartilage with alizarin red und alcian blue following the method
af Dingerkos & Uhler (1977) with some minor modilications (Plosch 1991 Vences 1996). The
Hesh of many Manieflu species was dark grey 10 blackizsh and did not clear (10 transparency;
a better clearing was achieved in these cases by a high concentration of HiO» in the first
clearing sieps.

The study was performed in the {umework of a M. So. (—Diplom) thesis of the senior
author {Vences 1996) which also contains a taxonomic revision of the genus Manredla. This
revision will he pubhshed elsewhere; here we already apply the tazonomic changes which will
be proposed in that publication, Differenees to the accounts in Glaw & Vences (1994) wure (he
us¢ of Lhe name M. boroni for the form previously named M. madapascariensis (see also
Dyalv ot al. 1996): the use of the nume M. frma'agﬁsr:an{wsf.a for the form previously named
M. “opper™; and the use of the name M. nigricans for specimens (rom the Marajezy moun-
tains previously considered as M. madagascariensis. Specimens from a population with very
variahle colour patterns from the Andringiira mountains (Pie Tvohibe) are here named A, afT,
faraa Ther status pends further study, This is also true for specimens from Ankarana similar
[0 M. beisileo (see Vences et al. 1996) which are here named Mantelfa sp. 1, and specimens
similar 1o M. awruntigea but with a black sarspot which are here named M. sp. 3.

Studied specimens are deposited in rhe Zoolegisches Forschunesinstitul und Museum
Alesander Kocnig, Bonn (ZIMEK) and ihe Muséom National d'Histoire Naturelle, Pards
(MNHN}L The following 45 spreimens were cleired and stained for osteological studies
(" = siained for bones only; specimens without locality were supplisd by the petl tada):
M. anranitaca (ZIME 22113, ZFMEK 22115%, ZFMK 22119 [juv]); M baroni (ZFME 46033,
LEMEK 48035*% [Murolambal, ZFMK 62718-62721); M. all, baroni (MNHN 1972—773,
MMHN 1972—774 [both Col Ivohike, Marovitsika forest]): M. De-uhordi (ZFMEK
62697T—6269%); M. betsileo [ZTME 46004* [Nosy Borahal, ZFME 62685 —62657) M. cowany
(ZTMK 62726); M. oroves (FFME 52746% ZFMEK 62767 —6270649) M. exvpectate (ZFMK
62T —62T1TY, M. harldmeieri (ZFME 52741 [Nahampoanal, MNHN 1973—3508 [Chaines
Anosyennes, Camp 1Y, Ambana], MNIIN 1972-220 [Chuines Anosvennes, Camp [V and
lbis)y; M. leevigate (ZEMK 52749% [Nosy Mangsbe], MNHN 1971—335 [Marojezy,
300 ml); M. madagascariensis (ZFME 14180* [Niagarakely], ZFMK 14188 [Niagarakely|,
ZUMEK 14196 |Ningarakelv], ZFMEK 62740 —062741) M. niericons (IMNHN 1973 —532. MNHN
1973—552 [both Marajesy, 600 ml) M pufchra (ZEME 56153%, ZFMK 62742—62744);
M. viridis (ZFMK 48048% ZFMIEK 62708 —62709); M. sp. | (ZFMEK 6124]% [Ankarana]):
M, sp. 3 (ZTMK 62770).

Due 1o differences in staining lntensity and clearing, some characters could nor be studied
in all individuals. (iher characters were only verified in one specimen of each species. Fxcept
For dorsal ckull elements and shoulder girdle, which were studied in all stained individuals,
owr data reler Lo the following specimeéns (2 buccal roof characters, b phalangeal chyragters,
¢ hyvoidal characters); ZFME 14188 (), 14156 (a, b, ¢), 22115 (h), 46004 (a, b), 46035 (b), 4B05S
(e}, 32741 (B), 32746 (b)), 61241 (b), 62685 (c}, 62686 (c), 62687 (4, ¢), H2697 (4, b), 62698 (a,
c), 62708 (a), 62709 (a, h), 62716 (1, b), 62717 (a, ¢}, 62718 (), 62719 (0), 62720 (¢), 62721 (o),
62726 (a, b), 62740 (a, c), 62741 (), 62744 (u, b), B2TET (¢), 62768 (2), A2T6 (a, c), HTT (a,
bl MNHN 1972—771 (a, by, 1972—774 (a, b), 1973 —308 (a, b), 1973—520 (a, k), 1971—3535
(u, by, 1973—332 (4, b, ¢}, 1973—552 (a, h).
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A cladistic analysis of the data was performed with HenmigB6 software (Harris 19R&).
A strict consensis tree was construcied Irom the resulting cqually parsimonious treas by usine
sequeniglly the communds mhennip®, bE* and nelsen.

Results

Drawings of the dorsal skull elements (mainly frontoparietals, sphenethmoid and
nasals), shoulder girdle, and hyoid appararus of some of the studied specimens are
shown in ligs 1, 2 and 3, respectively, The following accounts shortly describe the
states of the studied bone elements as ohserved in Manrella,

Intercalary clement between terminal and subterminad phalanges of flinpers and tocs, —
Present in all studied specimens and species. Always completely caleified in all fingers and
oes,

Terminal phalanges of fingers and toes. — Guibe (1978) defined the terminal phalanges of
Maniediu as T-shaped, but he did not differentiate between T- and Y-shape (Blommers-Schl@s-
ser 1993), Generally, phalunges in specimens studied hy us were distnctly Y-shaped at all
fingers and toes. [n some species the terminal bifurcation was less distinet (M, avrantivea;
M. puifcira). Interestingly, in at least one specimen of M. leevigata there was only a slight
bifurcation ar the terminal finger phalanges; no clear Yeshape was recoenizable at toe pha-
langes. although M. faevigata is the Mantella species with the largest finger dises,

Omosternunl. — This shoulder girdle elemenl is completely assified and widely forked in ull
studied Mantelfa, Some minor differences were noted in relative width of the proximal
Branches, bul (hese were difficult 1o quantify.

Sternunt. — The sternum of Mantelle is always ossified and distinetly shorter than the
omosternum. 1t was deseribed as forked by Guibé (1978). In [avl we observed a proximally
forked sternum m most Mandello; however, M. nivricans, M. harvaldimeleri, M. baroni, M. alf,
haront, M. cowani and M. hernhardi had always a clearly unforked sternum. This characler
seems generally not 10 be variable within species. Onlv in M, crocea we Tound i state in one
speetmen (unforked in AFME 52746) which differed from the state found in all other
specimens (forked).

Sauamosil, — This skull element has a distine! shape which we observed in all studicd
Manrella specimens, and which was alrcady deseribed hy CGiuibé (1978). I'he anterior (zyeo
natic) process is very shorl, often only a reduced knob, whereas (he pasterior {ane) process
is relatively long.

Frontoparictals, — These are the largest dorsal skull elements. They are more or less rectangular,
I'he unterior edge of the complex of bath frontoparictals is of a rounded, convex shape.
In all sulliciently cleared and stained specimens it could be recognized thar (he two
Irontoparictals were medially separated fronn cach other along their whole length.

Sphenethmoid. — Deseribed by Guibé (1978) as “grand, envahissant la capsule olfactive”. We
Observed, however, a signilicant variation i size and shape ol this element. ln most species
1 ts dorsally a relatively large undivided element which fills the gup between frontoparielals
and nasals, largely overlapping with the former and shightly overlapping with the latier.
Ventrally the sphencthmuoid appears as a single large clement that extends on the largest par
of the buccal roof and distunctly overlaps with the anterion parasphenoid process.

In several species (especially M. haraldmeieri, M. baroni, M. aff. baroni and M cowanT) the
sphencthmaoid is generally larger; dorsully it extends to the frant u 1 10 about half the dorsal
extension of nasals; ventrally it is continued as lateral downwards directed arches.

In other species the sphenethmoid is reduced to differen egrees. In ML bernhardi it
dorsally does not gel in contact with nasals ((his, however, is mainly caused by rhe reduced
nasal size); ventrally it sull is one single element, but anteriorly it abruptly terminales along
A straught line, In M. betsilea, M. sp. | and M. Jeevigwiu it is dorsally relatively small, masily
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nod overlapping with nasals, but ventrally it 15 reduced, either U-shaped along the pari-
splienoid process on a divided scructure with rwo pares, respectively lefrand right of the para-
sphienoid. Tn M. viridis and M. expectara 1t 1s even more reduced, and oceurs as small, divided
struciure both dorsally and ventrally

Nasals, — We abserved a significan! variation in nasal size which is best guantilied by Lhe
extension of the gap berween both nasals, 'This gap is pencrally at least 20 % of the dorsally
recognizable nasal width in most species (slightly less in M. barome. In M. bernhard) and
M. madapascariensis it is much larper, accounting for about 80 T in ane M. madagascariensis
(ZIMEK 141R88) and for more than 100 % in M, bermhardl, In M. leevigara, M, expectara,
VM. viridis, M. sp, 1 and most M. beisileo the nasals are much closer o gach other, nearly
getting into contact in one M. viridis (ZFNIK 627(8),
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Fig. 1: Dorsal skull elements in several studied Moniella specimeny, The drawings mainly focus
an the different relative extension of nasals and sphenethmoid, Due ta different degree of
staining and clearing, posterior borders ol frontoparietale and posterior skull clements were
not recognizable in all specimens, Dashed line marks overlap of clements, stippled line marks
parls which are not elearly recognizable, Drawings not to scale

Cmostarmum
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Maxilla, — In the specimens studied for buceal rool characters neirther maxillary nor pre.
maxillary teeth were observed. Guibe (1978) stated that there 1s no palatinal apophysis of the
maxilla. In fact this dorsally dicecled process was very reduced in all studied specimens, but
we generally observed rudiments,

Vomers, — The vomers were relatively small, thin, rectangular o ovold plates. No vonierine
leeth were present. Generully there were two short spine-like processes. There waus a certain
variation in vomer shape, some individuals having three to five processes (ZI'MEK 62770,
62726, MNHN 1972—774), and one specimen having remnants 0 4 second element connecied
o the main vomerine element (MNHN 1973 —352). However, these differences were also
found intraspectfically, and we thus consider them as individual vanaoon,

Palatines. — Deseribed by Guibé (1978} as "assez reduites™. In all specimens examined by us
the palatines appeared to be larger than in Guibé’s respective drawing. A certain variatiorn in
palatine size was obsersed, bul it was difficull o guantily, However, in all species the palatines
are relatively small; thev neither reach the maxillae nor the parasphenoid,
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Fig. 2 Shoulder pirdles w several studied Maniedle specimens (ventral view). Nole diflerenees
in sternum shape (forked/unforked). C artilage elements stippled. Drawings not to scale.
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Parasphenoid. — In most specimens anly the anterior end of this element was cxamincd. In
most specimens the anterior edee had rouchly a concave shape with a median notch (or
several, irregular notches). This shape was poorly recognizable in M. bernhardi and some
M. madagascariensis and M. pulchra (ZTMEK 62740, 62744), and only shightly outlined n
M. viridis. M. haraldmeieri and one M. besileo (ZFMEK /2687) had a straight end without
notehe In both studied M. expectale it was not concave but convex, in AFME 62717 even rather
sharply pointed,

Hyoid apparatus. — Due to different quality of alcian bluc staining definitive slutements on
hyvaid shape is not possible for all studied species. Structure of all visible hyoids is generally
in accordance with the drawings of Guibé (1978) (relatively small anterolateral und a smaller

anl P liyas
K‘H.. s y . : s
—\.II i "lll i &£
P '}r:k}_ A f b,
H:Imj_e_ III-' - e A :'-.:":1 ;_ i '\'::'IIII
M | : N i b
.-"':.-' i i EQQ':: I _|' : |
4 J'II. 't 3 'II Fis I". o -'If'lll l"lll'\..
gntiat ’ / o A b T . o ; Y
Pipe, i - o P b
oosl At/
Hiog,
M, saneciang M Oersieo M, bevminand
FPMIE G217 ZFNIK E2685 ZFMK BZ698
I
= - A R 9
- . L i
.r__...-_,__‘;? Iil:r"H-._ .'}:':F{J-‘I‘H_F I I:"_K:::"' b P
s g M T % Ty
& N A R 4
J - b ' } i £ e parE
i / "',_ e I| i "'ll"l. R 1
¥, | (4 b, | \ w;\_ A '
iy L4 = e i 2 [ W
W LA 5
M baro) M. Daran! il Ly
TFERE Aa055 ZEME BaT20 FFIFE BETI0
- W i7 £y o
II:I:;..I -\._\_ '_:l Q"ﬁ..lll"l ')::,;I--'. "'l\.__\_r'__.-"-r 'ilﬂ"\..;:\l..l .-l:l ) ] g MR d |-. " :'II
|'III.'|l f:{ .":'-l"-."?"'."- ! i II;'""'.. h‘ﬁ" ll"n '\ -:'3{"'-| R A3
i | 1 Fi ' st 3
] | i e i LA™ TN
SR | "E: f..*; ! %':I" A i 1
Tl e 2 ! 4 i, §
i L -H:.J 5
--"\-\, |
L o T
W, madagascanenss A mEdagascarionas e T
ZFNK 14188 ZFME B237ad FFEME 72757

Fig. 3 Hyoid elements in several studied Manrella specimens (ventral view), Within rwo
species (M. madaeascariensis and M. haronf) both extreme hyale configurations (anterior
process forming/not forming complete arch) were found, Abbreviations: ant. P Hyale =
anterior process of hyale; ani. lat Proc. = anterolateral process; post, lat. Proe, = postero-
lateral process. Stippled hne marks paris which are not clearly recognizable, Drawings oot to
scale
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posteroluleral process; slieht hynglossal sinus), However, we observed dillerences regarding
the shape of the anterior process (anterior horn) of the hvale Tn several specimens it was
entire, lorming a camplete arch (see Drewes 1984 Character 11, <tate (3); in ather specimens
the laterul process of the anterior horn was aheent (Drewes 1984: Character 11, stale 2), wilh
pther specimens showing intermediate states. A complere arch was found in M. eurantiaea
(see Guibé 1978), M. baroni, M. nigricans, M. madagascariensis, and M. croceq. Absence of
the luleral process was noted in M, expecrare, M. betsilen, M. bernhardi, M, baroni, and

M. madaeascariensis. Thus inoat least two specics (M. barani, M. madagascéariensis) the two

extremie chatacter states are known (see [ig. 1), This varabilitv docs not seem to be correlated
with sex. 1n femaled we lound bhoth enrire harns (M. nigricans, MNIIN 1973—532) and absemt
lateral processes (M. madupascariensis, ZEMEK 62740; M. hernhardi, ZTVME 62698). Tn one
probable male (M. betsilen, ZIMK 62683) the lateral process was absent.

Discussion

Monophyly ol Mantella

Maniella are classified in the ranid sobfamily Mantellinag together with the hete-
rogeneous and large genus Marnfidactylus which currenily contains 3% species
prouped in 12 subgenera according to Glaw & Vences (1994). The ostealogy of several
Muariidact vius has been studied by Guibe (1978) and Blommers-5chldsser (1993).
These authors used their data (o describe Lhe osteology of the genus in a generalized
way, Detailed data for many species can be found only in Guibé's drawings.
Additionally, we have own data regarding two species, Manfidactyfus fuieuy and
M. Dlomimersae.

Ay far as known there are three ostenlogical characters that can be used to
distinguish Mantefla from Mantidectyius: (1) Al Mantefla 1ack maxillary and pre-
maxillary teeth which are present in Mamtidaciyius. (2) The squamosal of Mantella
has a reduced zygomatic process: this structure 15 of variable relative length in Mawmi-
dacivins, but never as reduced as in Manrefla, (3) Mantella have an anterior hyale
process that forms a complete arch. Although this character seems to be individually
variable, it is present in most examined AManfedfa bul was never obscrved 1n Mantidac-
(vfes, According to Rlommers-Schlésser (1993) the sister group of the Mantellinae
15 the Rhacophorinac. Using the Malagasy rhacophorine zenus Boophis as outaroup,
in all three above mentioned characters the states found in Manfelle must be
considered ds derived and wonld thus support the monophyly of the genus, The large
nsrenlogical homogeneity found in Mantella further corroborates that the genus is
a monophyletic unit.

The use of Boophis as outgroup, however, must be seen with some caution, The
placement of Rhacophorinae and Mantellinae as sister groups is based on only few
characters (interealary element, shape of terminal phalanges) which may not be as
significant as previously thought (Glaw et al. 1998). An addiconal problem is
that at least two of the synapomorphies of Maniella (squamosal shape and loss ol
teeth) may not be independent rom each other bul parts ol a characler complex
related 1o microphagous specialization (Vences 1996), Despite these qualifications we
conclude thal all available data supporl the monophyly of Mantella. Even if the
identified characlers are nol independent Trom each other they are still strong
phylogenetic arsuments.

Intrageneric relationships
Besed on the results presented herein we consider Four characters as suited for an
inlrageneric phylogenetic analyvsis: Variation in these characters 15 consistent within
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l_?ig. 4: Phylogeny of the genus Muntella as supgested by chunicters presented 1 rahle 1.
Species in which different states were found wore entered as follows in the analvsis: M. croced,
character 1, starc 0 (state 1 only found i one of four specimens), M, bewifen, character 2,
state A [state B found in two of four specimens). M. befsileon, character 2, state A (state B
lound only in one specimen). Character 2 was entersd as ordered rransformation in the
analysis, character 4 as unordered transformation. Length of the shown tree s 5 steps,
consistency index and retention index is 100,

lable 1: Osteological character states in studied species of the genus Mantelia. Tixplanation
of characters and states 15 given in the disgussion. Characrers coded in arabic numbers were
polarized by the outgroup method; O represents the plesiomorphic state, Characters coded in
capital letters were nol coded due w insufficient or contradictory outgroup dara.
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and variable between species. Vor polarization of stares of these four characters we
use Mantidactvius species of the subgenera Guillermantis, Blomnersia, and Pandanu-
vicolg which show several similaritics to Manrella (Blommers-Schlosser & Blanc
1993y thev may represent basal clades within Mantidactvius which have retained
character slatcs of the mantelline ancestor (Blommers-Schlosser & Blanc 1991). Data
on osteology of these Mantidactvius are based on Guibe (1978), Blommers-Schlsser
& Blane (199]) regarding configuration of shoulder girdles of some species, and own
data on M. blommersae,

Srernuwm shape (character 1). Most studied outgroup representatives have a forked
sternum (Mantidactvius pulcher, M. depressiceps, M. bertint, M. hiommersae). Only
duta on M witrel are contradiclory (forked according 1o Guibé 1978, unforked
according to Blommers-Schldsser & Blanc 1991). States are therefore 0 (sternum
forked), | (sternum unforked), transformation 0=—2>1.

masal siee (character 2). Within the outeroup there are both widely separated (Manii-
dactvliis blominersae) and narrowly separated nasals (M. pulcher). A polarization of
this character is therefore difficnlt. We divide stares as follows: A (nasals narrowly
separated, gap between them generally less than 30 % of dorsally recognizable nasal
width), B (nasals widely separated, generally 30 %o —80 Te of nasal widih), C (nasals
extremely separated and very small, gap morc than 100 % of nasal width).

Sphencthmold size (character 3). Mantidacivius pulcher has dorsally a relatively
small sphenethmoid; in M. Blomimersae it 15 reduced and divided. Ventrally it is
rather reduced in ML bfommersae (no dala lor M, pulcher). A large sphenethmoid
can therefore be regarded as derived. We distinguish the following two states:
0 (sphencthmoid dorsally small, generally not overlapping with nasals; ventrally
reduced, either divided, U-shaped), 1 (sphenethmoid dorsally and ventrally a single
laree element; dorsally gencrally overlapping with nasals. ventrally overlapping with
parasphenocid), transtormation O— =1,

Parpsphenoid shape (character 4). There are no reliable outgroup data, and we
consider this state difficult 1o polarize. We distinguish three stales: A (anlerior
process of parasphenoid generally concave with median nowch; this shape somertmes
only wvery faintly recognizable), B (anterior process ending straight, truncate),
C (anterior process ending convex, pointed).

The distribution of character states in the studied Muantello speeies 15 shown in
tab. 1, whercas fig. 4 shows the result of a cladistic analysis of the data, Following
the osteological cladogram, the most basal species are M. feevigata and the species
ol the M, betsileo group as delined by Vences et al, (1996). These species share a eall
generally consisting of double click notes and the lack of red or orange ventral colour
on hindlegs (also absenl in M. wigricuns), A monophyletic group is defined by
sternum shape (character 1, state 1); all species of this group are also characterized
by the cxclusive lealure of a call generally composed of single clhick notes (excopr
M. bernhardi, which has & unique, quite divergent call; no data are disponible for
M. all. haroni). As a conclusion, osteology contribures an important data set to an
integrative analysis of Mamiella phylogeny as we will publish 1t in a forthcoming
PEpET,
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Lusammenfassung

Wir untersuchren osteologische Merkmale aller validen Arten der Anurengattung Mantelia,
sowic droer unbeschrichener Formen, um Hinweise aul die intragenerische Phvlogenie 2u
erhalten und Arguments fir sinen monophyletischen Statns der Gattune zu erhalien, Zwei
ber ullen Arten nachgewicsene Merkimale, Abwssenhell von Muaxillarzahnen und Redukiion
des zyvgomatischen Fortsalzes des Sguamosum, begriinden die Monophylic von Manielle. Ein
dritres Merkmal, der Ringschiufd des anterioren Fortsutzes des Hyvale, war individuell variabel,
durfte aber dennoch eine Synapomorphie aller Manrefa-Arien darstellen. Vier Merkmale
waren innerhalb der Arten relativ konstant, aber zwischen den Arten variabel: Die Form des
slernum, die Ausdehnunge von Nasalia und Sphenethmoid sowie die Form des anterioren Fort-
silses des Parasphenoids. Line phyvlogenerische Analyse der pefundenen Merkmalszusténde
zeipt, dal Mantefla laevigara und die M. bersilen Gruppe die basalsten Stammlinien innerhalb
der Gattung darsiellen. Alle Gbrigen Arten sind durch ein grofies Sphencthmoid und relativ
kleine Nasalia als monophylétische Gruppe deliniert; von dieser Hauptlinie mweigl cine weitere
monophylensche CGruppe ab, dic durch cin ungegabeltes Sternum deflinier ist und dig Arten
M. nigricans, M. haraldmeieri, M. barond, M. aff. baroni, M cowani und M. bernbard) cnl-
halt. Digse phylogenetischie Hypathese stimmi weilgehend mir der Gruppierung tibersin, die
von bivakustischen und Farbungsmerkmalen nahegelegl wird,
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