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Abstract, Alloeyme clectrophoresis was carried cut on a wial of 120 specimens helonging
o 12 species of Malagasy poison froas of the genus Manselia. Allele frequencies computed for
17 scored loer were used o analyze inragenenic relubionships, Genetic distunves between
Mantetie aucandaca, M croces and M.osp. 5 were very low, and their speafie stalus is thus
guesticnable, Relatively low genetle distances were also found between (1) M beesifeo und
M. vieidiy, (20 ML Barond and M cowand, mand (3 M pudelia and M. madapascariensiy,
respectively. M Serphiesdi ol ML laeviyans showed relatively high genelic distances to all other
taxa, A phvlegenetic analysis of our data lergely confirmed the pheneae clustenng; two main
limezages could he distnguished, ong consisting of M, bernhardi, M. expeciata. M. viridis umld
M detviten, and a secomd oue confalning the remaining taxa studicd, Posinoning of
M bernhardi, M. foevigaia and M pidetra, however, s problemabe as revealed by jacknife
anulyvsis. Anulyses by frequency pursimony revealed thal o mure passsinonions foee lopelogy s
achicyed by both changing the position of M berufiard in the tree, and by placing M. lnevigaia
as i sister species W all other taxa The main phvlogenene conclusions drawn from this study ane
lurzely in uccordance with other resulls from independent dadia s=ts. The alloeyine dati show
thid some very dilTerently coloored wxa pre vidaully sdemtical eenerically, wheress other lasa
with nearly wdentical coloor patterns re genctically well difforentiated, The penus may therefore
b 4 good model Ter stedies ol aposematism and colour pattern gvalution in amphibians, As
a generdl wend, Manfelfa species endexme W the rnforests of ceniril saslem Madagascar
belong o fow compleses ol closcly related Formis, whercss st ol the genctically well
differentinted species arc found in the nerthem pant of the island. The ditfecentiation ol the i
lmenges mothe genos may thos have lareety occurred o nerthern Madagasear
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Introduction

Madagascar, the Tourth largest island in the world, harbours a large diversity of anuran
amphibians with a high level of endemism at species (>U9%), renus (83%) and subfamily
(43%) levels (data from Glaw & Vences [994) The ongin and allimbes of maost
Malugasy amphibian groups are msulliciently known: the largest number of species |8
curtently mcluded in the Ranidae, a tanuly of controversial and nnresolved systematics
(Duecllman & Truch 1986, Dubois 1992, Blommers-Schlisser 1593)
The most prominent group of Malagasy anurans is the genus Mantella which contains aboul
I3 species according to Glaw & Vences (1994) and 13-17 species according to
Vences etal (submitted) Muntella are small and colourdul [rogs of scarce interspectfic
morphological differentiation, Their classification, in the past, wis mostly based an colour
patterns of preserved specimens, and thos largely dependent on subjectuve percepuions of
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levels of intraspecilic colour variability by the respective workers (e. g Gui1bé 1964, 1978,
Busse 1981, Blommers-5c¢hldsser &Blanc 1991), Smee muny speciey ol
Mantella are very atractive o the pet trade business, locally resineted and riare axa may be
villnerable 10 excessive collecting. A reliable assessment of disuibution and abundance of
species, needed for a proper definition of conservalion prioritics, is only possible on the basis
of a stable taxonomy and Clear species diagnoses.

Allozyme studies n vanous amphibian groups have proved (o be useful both to recognize
erypric species and to resolve species complexes (e g Capula etal 1985, Lanza etal
TORG, ITightan 1989 and phylogenenc relationships between species (e g Hillis et
al. 1983, Hillis Y8, Duellman & Hillis I987). In the present paper we study
allozyme differentiation of 12 Manreifa wxa, Qur aims are mainly (1) w0 deseribe genelic
differentration within the genus and (2) to use the allezyme data to draw a hypothesis of
intragenenc phylogeny.

Material and Nethods

Most specimens were obtaned alive through the pet (rade, and localities are thergfore nol
exactly and reliably known. Taxonomy follows Glaw & Vences (1994) except {or (1)
M. sp. 3, which corresponds 1 o M, awvaniraca-like morph piclmed mGlaw & Vences
(14994) on colour plate 52, (2} M. baroni which is used for the form named
M. madapascariensis mGlaw L Vences (1994) (see also D aly etal 1996), and (3)
M. madagascariensiy which iz used for the lorm named M. lopper by Glaw &Vences
(1994, Justlications of these changes are given in Vences et al. (submitted). Specunens
were sacrificed, and muscle and hiver tssues extracted and frozen at -80°C for
clectrophoresis. Specimens were preserved in 70% gthanol and deposited i the collection of
lthe Zoologisches Forschungsinsutul und Museum Alexander Koenig, Boon (ZFMEK),
corresponding o the numbers ZEME 62685-62796.

Table 1. Enzymes analyzed, electrophoretic conditions and rissie types usad. Bulfers are ubbreviated as follows:
TC IT pH 8 Tris-Citre: 125 starch gel, 16 b 100Y, ¢4 25 mA, ca AvViem, TYE pH 80 (Tns-Bore-EDTA )
[2% sturch sel, 18 b 800V AC pH 7.6 Alninc-Citrate: 127 starch gel, 16 1, 100 % PHOS pH 6.7 Phosphiate-
Clirrate: 12% starch gel, 10 h 1OV See Hille & Meinig (1996) tor sources of stain and buffer pretocols.
* subgtrate was leucile-alanine,

Enzyme E. C. Code Locus Direction Tissue DBulfer

a-tlveerophosphile delivdrogenase | 1 L8 Gpidh anodal miusche TCITpIl &
Lactate dehydrogense L1 L2F Ldh-1, Ldh-2  anodal miisele AC pH 7.6
Butate dehydmoeeise 111,37 Midh-| anodaliecathndal  muscle T pHE,

PHOS pll .7
MNALP-Malare dehvdrogennse

(Muhe coeyrme) A M anroilal riuscle PHiMS pH 67
Fsocitrate dehydrogemse L1122 Tdh-1, dh-2 anodal mscle TCIL pH &
Advoylale kinase 2T43 Ak aneinl miscle TC I pH 8
Fhosphaglucomumse 2751 Psm-l anicdhil tscle TCH pH B
Cererase Lhl-  Csd anodal liver TVEBpH 3
Peptidise AN - PepLA® asuihiil miscle TCHpH B
Caaninge deaminase 1.54.3 (hia andil liver TVE pH &
Adenosine deaminase J544  Ada anadal HITEIE I TCHpH B
Acomitiise 213 Acaon anidal fiver TCH pH &
Saimose phospiole imomenise 5318 Mpi annidal rmuscle ACpH O
Glucose phosphate isomerisy 5319 G anodnlécathodal - muscle FHOIS pH 6.7
SECT proein Frot-3 anidal lverBlood  TVE phl &
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Several taxa showed colour vagability within the studied samples: M. auranitaca (red and
arange morphs), M. sp. 3 (red and orange morphs), M. crovea (vellow and green morphs),
and M, cowani (red-black and yellow-hlack mocphs), No relevant allozyme differentiation
wis found between the morphs atinbuted to one taxon. respectively (data not shown). and
they were therefore mcluded wogether in further analysis.

Allozvme electrophoresis followed standard techniques; a detailed description of the
mcthod used (vertical starch gel electrophoresis) and sources for buffer and stan protocols
are provided by Hille & Meinig (1996) Elecromorphs of 7 scorable loci were
assipnied to alleles and coded in alphabencal opder according o mereasing anodal mobility.
Fnzymes analyeed as well as buffer systems used are given in Table |

Genotypes per locus of each specimen are listed in the M.-Sc. thesis of the semor author
(Vences 1996 [unpublished]: Untersuchungen eur Phylogenie der madagassischen
Anurengatiung Mantella, unter Integration hinchemischer und morphologischer Merkmale)
which is deposited m the ZFMIK,

Diata were processed with BIOSYS-1 softwarc (Swollord &Selander 1981w
calculate allele [requencies, palymorphism and heterozygosity, Standard genetic distances
(D) between populations (N e 1 1972 were estimated emploving DISPAN (G [993),

We used phenetic clustenng o zel an averview of genetic differentialion. Phenograms
were vonstructed from the T matrix by using the unweighted pair group-method with
arithinetic mean (UPGMA) (Snedath & Sokal 1973), and the Neighbor-Imning (NI
method (Saitou & Nei [987), Bootstrap tests (Elron 1982 Felsenstein 1985)
for these trees were performed by 1000 replications with loer as uniis.

A phylogenetic analysis of the daty was carmed out with HENNIGEE softwarc (Farris
U8R, using one species of Mantidaetving (M. bipoeas) as outgroup (Mantidacryles and
Mantella wopether form the subfamily Mantellinae accordingto Glaw & Vences 1994),
Cach allele was coded as one character, polatzed by its presence or absence in the oulgroup
(a8 resularly done in analysis of clecuophoretic results, ¢, g. Veith 1996p, bulsee Meler
1904 und Lipscomb 1994 for eritizisms and restnctions of thas method), HENNIGEG
commands used were mh® in combination with bb=, and wplicit enumeraton (1c) for

exhaustive lree hnding,

As complement of the cladistic analysis, the staustical method of jacknife analysis
(l.anyon 1985 see S1ddall 1995) was applicd for estimalion ol “tree conlidence”,
This data resampling technique was selected as a means to discover the effect that taxon
removal may have on the stability of the results obtained from parsimony analysis. We used
two gpttons of the programme LANYON EXE in RANDOM CLADISTICS (M, Si1ddall
1993: Random Cludistics 3.0 - mndom.exe and random.doe). Option 1 results in a table
summarizing the elfects of s removal, Critical taxa are those that induce the discovery of
many more equally parsunonious tees or depresse retention indices when they are deleted.
Problemabic taxa (taxa difficalt to place in the topology ) inerease the retention index when
deleted and shorten considerahlv the iree lengths. Execuung option 3 invokes the caloolation
of an index ol clade stability, the Jackmfe Monophyly Index (JMI) which assigns o vilue 10
cach clade according to its frequency of occurrence in jacknife pseudoreplicates.

To better deal with allele polymorphism, we also constructed several Irees derved rom
cene frequencics by frequency parsimony as implemented i the PREQPARS routine
(Swoflford &Berlocher 1987). Frequency arrays for the allozyme data were taken
from BIOGSYS-1 output. Frequency parsimony searches for trees that minumize the ol
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amennt of allelic change as measured by the Manhualtan distunce. 'The method accommaodates
polymarphism without the need lor eoding strategies that may be implicitly ambiguous, it
remarkably reduces the unpact of sampling errors (e.g., the failure to down-weight rare
alleles in taxa) and optimally uses all frequency information that is otherwise lost in
presencefabsence coding schemes (Berlocher & Swollord 1997),

Results

In Table 2, allele frequencies of the studied species are summuarized. Table 2 inlorms about
estimiates of mein heterazygosity and allele polymorphism, Alleles fixed for certain species
oceurred at relatvely few loci and no diagnostic alleles were found, In all species, mean
observed helerosy gosity was lower thun expected at most loci (Fable 3),

The UPGMA-phenogram (Fig. 1) hased on Nei's (1972) standard genelic distance
(D see Table 4), av caleulated from allele freguencies in Tuble 2, shows three clusiers of
species separated by a distance equal 1o or less than 0.22: (1) Mantelio betsiteo and M. viridis:
(2) M. cowant and M. bavoni; (3) M. madagascariensis, M. pulehra, M, aurantiaea, M. croceq
and M. sp. 3. The latter thiee cluster very close 1o each ather (D<(L.05), On Lhe other hand,
Ihree specics remain rather distant to the others (D =03 M. bermbardi, M. lgevigata and
M. expectara. Bootstrap values (290) highly support the groupings [-3 as described above:
the lowest baatstrap values characterize the positions of M. faevizata and M. bernfiandi in the
phenogram. The Neighbor-Juimng tree (Fig. 2) s lareelv in accordance wilth the UPGMA
phenogram results, except for (1) the joint clustering of M, viridis and M. expectara, and (2)
the different position of M. feevizata.

Results of the cladistic anulysis are shown in Fig, 3. Twa main clades are distinguished:
M. betsileo, M. viridis, M. expecrara and M. bernfiardi form onc hneave, whereas the
remaining taxa form a second lincage. M. baroni and M. cowani appear as a monophyletic
urit, ds does the group containing M. pulchra, M, madagaseariensis, M, anrantioed, M. crocea
arkl M sp. 3 The latter three forms are grouped as a paraphvlctic assemblage,

Table 5 shows the eflfects of jackniling taxa, i e, systematically leaving taxa out of the daia
set in the cladistic analysis (option | in LANYON.EXE). Of the 12 ingroup taxa.
M. madagascariensis 15 critical since its exclusion induces the discovery of two equally
parsimonious trees. Similarly, M. prlehra, M. laevigata, and M. berndrdi are most problematic;
with the exclusion of cither. the retention index rises because of its sensitvily 1o topological
character distribution (Farris 1989), Almest all manophyletic subclides in the tree relnned
high jacknite suppott (IMI=100%; option 3 in LANYON.EXE), indicaling the generally high
stability of clades within and among the most parsimonious trees found. Only the clade
comprising M, crocea, M. prdchra and M. madagaseariensis is supported by a lower IMI (U5,

summatizing these resulls, the position of two taxa (M. laevigare and M. bernhardiy is
it sulficiently corroborated by hootstrap values of UPGMA- and Neighbor-Joining irees,
Additianally. they were identitied as problemartic taxa in the cladistic analysis. We therefore
uscd FREQPARS 1o test whether allernalive joining of these taxa may resull in a more
parsimonious topology. However, as noted by Swofford &Berlocher (19871, the
implementation of FREQPARS has only limited ability (o search (or the shortest tree. We
therefore used (he USFRTREE option to specity favourable alternatives. The shortest
alternative (toral branch length 92.33) found out of six trials 1s shown in Fig. 4. M. laevigara
s placed as sister group of all other taxa, whereas M, bernhardi appears as a sister group of
the auranriaca-crocea-sp.3-pulchra-madagascariensis cluster,
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Table 2. Allele treguencies and sample sizes i the Manrslla species stdicd, a’i.h':l-rL'-jiIIIiu._uIs' el = M, betvilen
vir = M. vindis, exp = M epectata, pul = M pulehra, mad = M. madagnveariensis. o = M ecawarne
har — M, faroni: kae = M laevieata, ber = M. herphardr, oo = M. crocea: our = M, adrantiaon, Hp:"I = M, sp. 3,
OUT = eutranp (Mansidactylus bipory), Tor abhreviation of 101 see Table 1. (N) = number vl speciens scored

For a given locus and species,

aur spd OUT

bet  vir cxp  pul mad cow har  lae  her cro
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Tahde 2, Continmed

Ak
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Table 2. Continied

Mpi
NG I b ) 12 § P 4 f 3 g 1 o {
A 1 i} ¥ & i ) (1 1) ¥ 0 { 0 |
B (i () 0 i i) .13 L 0 i 0 {0 0 [
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£ 0.14 {47 () .88 075 il [ {) () 51 | L I [
F a1 o v oG 0 [ 0 y y 0 0 ¥
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E ) 1 ] ( iy ih } | il { ) i -

Table 3. Parnmeters of genetic variability in studied Manteila species. A locus wus consilered as polymorphieal
the frequency of the most common allele was below 93%; ** Linbiased estunate (N e 1 1978)

mean helerosygosily

mean sample sze  mean allele % polymorphic observed Hdy-Whry-
nummnber lue pledaction =*
I A feteilen [1,740) 5 4 M3 76 .5 O Y320 035 0 27RHD 053
2 M, vtridis 4 A 4 1 7)) 2 52°9 0. 1290 (K9 0280 07
3. M. expectar V. G I 5402 41 2 004 0 01D 0 14640 048
4. M. pulchra 12 2407 2 4 2 Th D 0 s LT L o o b B
6. M. meidamisariensis A 2.4 2 2 .4 0 2080 046 {35240 061
T. M, movwany 5 30 4 | 6101 529 0 14 +0 053 0 19140 056
E. M, baroni 4 O] 2 | 620 2 525 (b 1511 158 (.20 H) (65
.M. laevigaln 1 L2 . T 5.9 (¥ 02 02 0,02 0 02
8, M. herphandi 5 241 R | A4ty 1 353 1Al 04 U LaSE0 O6
1O M rrocen e = L 2 M2 5 014D 045 U 298 057
1. M. arantiaes 5141 5 | 5} 2 471 [ O88+0 041 0 _ 19820 059
2. M sp. 3 L B o | L) 2 47 {184 157 03230 071
Discussion

Mean heterozyeosity as detected by us in Marella 15 clearly lower than it would be expected
i a Hardy-Weinberg cquilibrivm. Such a result is not uncommen i electrophoretic stodics,
the heterozygosily values found being either lower (e g Kaiser ot al 1994 Wood
19896) or higher ("lixed” heteroeyveosity, . g Picariello et al 1990) than expected.
Deviations [tom the Hardyv-Weinberg eguilibrium may be caused by demographic evenis like
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= M expuclals
M. bernbard
72 —— M puickra
05 M madagascanensts
M. croces
Qi-i M aurantiaca
B4l w1 sp. 3
car— M cowan
= —— M barorni

M iaevigala

Fig. L UPGMaA-phenogram af the Muntella specizs studied, consructed from M e 1 s standard genebic distances
as iven e Table 4. MNumbers are bootsteap valves in per cent (MO0 replications,

M betsiieo
fats] - g
48 A winnhs
21 . M. expaatata
M Larmharo
rI pulchea
Ba F
g3 M. madrgascanansis
M orooEa

&3 M auraniiaca

521w =p. 3

aor— M. bznon!

— N powea

M. lasvigsia

Fim 2, Neighbor-Jomnnge tree of the Maneelin speaes studed, constructed fmom N @ | ' 5 standard gepctic distances
a5 mven o Table 4. Numbeérs are bootstrap values i per cent (1000 replications),

migration, selection against hybrids or assortative mating. Also a non-Mendehian basis of
symogram variation can not be excluded (M urphy ot al. 1996). In lhe present study, we
tend to censider the deviation as a result of a conservative approach Lo wymuogram inlerpretalion.
Atypical heterozy gote handing patlerns are known inmany enzymes (R ichardson etal
1986, and we preferred 1o score an atvpical handing pattem as homozy gote expression ol
known alleles, rather than as helerozvgotes or Trare’ difTerent alleles. Actually mmterpreting
i heterogyeote pattemn (e, 2. ab) as a homaozygote of one of us alleles (aa or bb) may result in
sirang elfects on genetic distance measures, bur generally has no influence on the cladistic
analysis. In the present study, results of the cladistic and the phenetic analysis (the latter based
on distance measures) are largely concordant (Figs. 1-3), and a relevant inlluence of
a possible unbiased interpretation of heterozygotes can thus be exeluded,

Sl

OUTGROUP

nialia botsileo
Mantalia viridis
Mantelia expeciaia

MNMantala harmham!

Manteila lagvigala

Mantells barani
Maniella cowan

NMaritella auraniiaca
Mantclia sp. 3
Manlella crocss

Manlells pufehrs
Mantelia madagascanensis

Fig. 3. Most parsimonieos clivdogeam esalting froim oladisnic analysis of alloeyme dara Aanncdacdpfuy By
wiy used a8 oulgroup. Length is 151 steps, consisteney mdex s 50,

Tahle 4. Matnx of Ne 1" s (1972) standard genetic distanees between Mantella species, hbased on allazyme dara
of all 17 loci studied as mivew w Table 2 Abbreviations of sgecies as in Table 2
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High levels of allelic polymorphism as found m our study are not unknown in anurans.
Hitchings &Beebee (1997) found 10allefes ar the MPL locus im populations of Kana
temporaria from Brighton, United Kingdom, with 3-5 alleles ocewrring noany  one
population. Tn the case of our Mante!la samples, 1t must he considered that most specimens
were supplied by the pel vade. o Madapascar, anumal wholesalers keep high numbers
of Manrello specimens in large outdoor ferraria, and specimens belonging 10 the same
species, but originating [rom different localities and collectors are put mto the same cage
(M. Vences & F Glaw, pers. obs.). Thus, gur series prubably do not represent single
populations but possibly include specrmens from different localities, which may partly explain
the high allele polymorphism i the samples studied. Also, It can not he excluded thal
hybridization between closcly related species may occur in the wild, with allele mirogression
and a further increase n polvimomhism,

Electrophoretic dala presented herein are largely in accordance with asteological,
karyological and bicacvoustic characters (Vences el al. m press, Pintak et al, 1949,
pers. obs.). The rroupings beisileo-viridis-expectaia, conwani-barent, and madagascariensis-
pulehra-crocea-cirraniiaca-sp 3 are supported by all data sels.

M. bernhardi 15 very similur w M. madagascariensis and M. pulchra in several colour
patterns. Its positionmg by electrophoretic data is problematic, anid elecirophoretic data are
nol unequivocal (compare Figs. 1.3 with Fig. 4). However, a position distant from
M. bersileo, M. viridiy and M. expectara (as in Fig. 4) is a more parsimonious solulion, which
is in accordance with other character sels, Bioacoustically, M. bernhardi differs from all other
Mantella by ts il calls (G law & Vences 1994, pers. obs,), which seems to conespond
well with its large genetic distance (D=0.49) from other Manlella species.

The positton of M. laevigata 1s rather basal m all cladograms produced by dilferent data
sets, but s larme number of autapomorphies makes assessment ol relationships ditficult. 1ts
relatively large genetic differentiation (D=03) emphasizes this isolaed position. It is
interesting that the most parsimanious posinoning of tis species 1s a sister group relabonship
to all other Mantella species (Fig. 4y, but further statements are nol passible due to the low
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number of specimens o' M. laevigara (mean sample size 1Y, Tahle 3). Clearly, turther
investirations are necessary 1o produce w delimtive conclusion.

Our daty, [or e first Gme, provide @ proper basis for estimating g2netic differentiation i
the genus Muntedle, and allow us to correlate it with colour pitem varamlity, surprisingly, our
results demenstrace that both (1) large intraspecilic variabihity and (2) mrerspecilic sumlarites
of colour patterns exist within the genus (FL e (1) The M. alrantiocn complex (M. aurantiaca,
M. eroceq, M. sp. 30 s an example of relatvely Lirge colour pattern variability noa geoetically
larpely undifferentiared group, and even single speciey within the comples (¢ g M. crocea)
show pattern varation (2L 1) (20 M. barone and M. madagascariensis are relatively distan!
cenetically (D=0.56), but in some miadagascariensis populalions, specitneny are virtually
mndistinguishabile from (symlepic) M. barani by dorsal colouration (pers. obs.; see PL 1),

These examples may mdicate that (especiallv dorsah) colouration of Manrella species 1s
infMuenced by strong selective pressures, as is o be eapected n divmal, wxic and aposematic
animals. The observed degree of colour variation seems (o be partly independent from genetic

Pl 1. F.‘-.,lll'.rlh'n. M| illh‘:hl_l-:‘.L'.i:l-ll' Ol [ratte sitfidandy and bnoaspecific patreme vanaton oo Miziiredln
{a} M. meadagascarionsis, (by M. Saren These two species are ealremely simalar in dersal colour patiemn bul well
difterentiated genarically (D=0.56) (o) M. crocea, tvpical morph with vellowish back and langely black flanks,
) M. ereeea, wreemsh morph with lurgely omlorne pattern Moorelevant alioeyme differences were detected
telween specimans belonging o these two morphs (D<)



distance. As first assumed by Andreone (1992, it can nul be excluded thal mimicry
cffects account for the pattern similarity between some Mantella species.

Veith (1996h) gave a survey of allozvme stwdies in Turopean amphibians, He
concludes that in mest papers, a mean genetic distance ol >0.4 s considered as delimiting
species, whereas Highton (19849) almest exclusivelv used a Nei's D of 0.15 10 delimit
spevies withm salamanders of the North American Plethodon glutinasus complex, Veith
(H996h) concluded that genenie distance values delimiting spegics "must therefore he
regarded as taxon-specific and may at least partially depend on the pre-definition of species
- diftersnt genera®. In owr study, genctic differentiation between many taxa was below the
U5 devel, and therr specific status must thus be questioned. This regards (13 M. conweni/
M. bavonf (D=0L0T), (2 M. puleliras, mardagascartensis (D=00T), and (3) M, besiten/
M. virielis (D=0.12) However, M. bersileo was distinguished from M. viridis maorphologically,
by relative chromasome lengths (Pinctak et al. 1998), and bioacoustically (F Glaw &
M. Veneces. pers. obs); M cowani was morphologically differentiated from M. baron
(M. Vences, pors. obs,). All three mentioned species pairs have, as far as is known,
allopatric distributions (F. Glaw & M. Vences, pers. obs), Similarly. the senetic
distance of M. madagasceariensis Lo the species of the M, awrantiaca complex was low
(R=0.09-0.11) Detatled analyses of possible hybnd zones may contribute o draw definite
conelusions aboul the taxononue skitus of the taxa involved.

e sdme was true within the M. awrantioca comples, in which genetic differemtiation
was even lower. However, first laboratory crosses of M. awrantiaca, M. crocea and M. sp. 3
resulied dn less vital offspring than simulianeously reared “pute™ clutches (pers. obs ). M
ciraniiaca, the Golden Mantella, 15 the best known specics of the genus, and is mnereasingly
used as a Magship specics (or conservation purposes (e ¢ Zimmermann 1996), Any
nonnenclatural change regarcding this species and its close relatives should therefore be based
on very detatled studies, including Teld surveys and detailed mapping of distribution of the
different colour morphs, We preliminary continue considering M. crocea as a valid species
beside M. cwrantiaea, and also wenttively attribute a separile luxonomic status o M, sp. 3,
the absence of genetic differentimion of M. sp. 3 10 M. awranttaca (D = 0) is not well
corroborated due to the low sample size in M. sp. 3 (mean 3.6, Table 3). Howaver, it would
nal he surprising if, as more mlormation becomes available, all three forms had o be
regarded as subspecies or even only colour morphs of M. awrantiaca,
| Mtis strikang that genetically relatively well differentiated Manzelta specics oceur mainly
iy western and northerm Madagascar (M. expectata, M. viridis/M, betsiles, M, laevigeaia ),
On the other hand. there seems 10 be & trend indicating that the species endemic (o the
rainforests of central castern Madagascar belong 10 few vomplexes of closely reluted species.
This ncludes the M. aorantioen complex (M. aurantinca, M. croceq, and M, 50 3), 43
well as M. mdagaseariensis/™, pudchira and M. baroni/M. cowani, whereas the highly
diffcrentated M. bernhardi, which vecurs in south-eastern Madagiscar, wis an CRCEPHON [0
Lhe pattern observed.

Fossil matenal of Mantella and other anurans which could help to identify centers of
endeinism and radiation in Madagascar 15 lacking (Sanchiz 1998), However, EXISTINg
ditate. g Burney 996, Battistini 1996} indicate climatic shifts durinig the Tertiary
and Qualernary in some regions. Possibly montane areas, represented in north-eastem
Madagascar by the Marojezy and Tsaratanana massits, served as isolated refuge areas for
faunal and floral elements during past periods of incredsed dryness which seemingly took

272

place in the regions today [orming Madagascar’s eastern [orest belt (sce summary in
Burney 19963 Recent studies have shown the importance of northern Madagascar as
g centre ol spectation for dward chameleons of the penus Brockesia (Raxworthy &
Nusshaunm 1995, Many genera of cophyline frags alsa huve their largest diversity
i northern Madagasear (F Glaw & M. Vences, pers. obs.). Thus, it seems that also in
Menielia the differentiation of the main lineages largely oceurred im the nerthern parts of the
island. whereas the central eastem rainforests were mote recently colomzed, as was sugrested
by the low acnetic differentiation hetween mast forms in this region (except for M. bernharde),
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