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Molecular phylogeography of Boophis tephraeoniystax:
a test case for east-west vicariance in Malagasy anurans
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I"hylogenetic analysis of sequences of the mitochimdnal 165 tENA gene 1o
the Malagasy treefrog Hoopis lephrasamipsiar rosulted in a clear separabion of
one clade corresponding o the populations from the cast and northwest and a
recond clade comprising the populations from the west of Madagascar. Witlin
cach clade, the parwise differentiabon was (53 nucleolides, whereas difforen-
dution betwern clades was 12-13 nucleotides, This phvlogeographic sbructure
correlates with bioacoustic and karyological diftevences belween vastern and
western populations. We consider the observed differences as indleative ol
separation on the species level, and revalidate Rliacopiionss donficti Angel, 1934
as Boopiis dowlioli o vefer (o the western populations hitherln assigned o
B tephasompystay. D bepivagomystax and B dowdiolf are an sdditional example of
a pair of sisler species distributed allopatiically in castern and western Mada-
gascar, This pattern may have been caused by vicariant speciation in the course
of past climatie shitts which led 1o mere or less temporary isolalion and
tragmentabion of wesiery amplibran populations.
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The highest amphibian diversity in Mada-
gascar is found in the castern rainforests (Loes

Species distribution patterns in the amphibian
fauna of Madagascar are highly mtheenced by
the climatic diversity of the island {Lees 199),
Fastern Madagascar receives high amounts of
rainfall, while the west and especially the south-
west are seasonal dry o and regions, This dif-
ference is largely caused by the cenlral moun-
tain chain, spanning from north to south, which
acls as @ burrier tor the humidity carned by
trade winds from Lhe east {(Battistini 1996,

14496, bul recent sludies (Glaw & Yonces 1997,
Claw et al. 1998, Vences et al. 1999, 2000a)
indicated that western Madagasear is also an
important conter of diversily and, especally,
endemism lor amphibims, However, a [ew
species of amphibians are currently known from
both Tuw elevations along the eastern as well as
the western coask. In reptiles, recent discover-
ies indicated that eastern and western popula-
tions of several forms are distinct at the species



level and possibly ave wilnesses ot climatlc shifts
i the past. when mere humid condilions pre-
vailed also on Madagasear's west coast (Nuss

hatm & Raxworthy 1998, Nusshaum et al. 1998),

e Lreetrog Roopls leph rasomystay is a wide-
spread generalist species vorurring in low- ko
mid-elevational regions throughout Madagas.
car (Hommers-Schlisser & Blane 1991 Glaw &
Vences 19941 As the species apparently is una-
ble o colonize highland regions, it is likely that
the ventral mountain chain acls as a barrier,
mhibiting gene flow between eastern and wes|-
ern populations. Contacl zones exist, however,
around Tolagnare in southern Madagasear, and
i the Sombirane resion in the northwest,

Previous sludies on intraspecific varjation
of Beeglils tepfrraeomysion are limited, but Blam-
mers-Schlisser (1978) reported on important
karyological differences between spocies from
castern (Toamasime and Foulpomte pand south-
western Madagascar (Toliara),

In the present study, we analysed mito-
chondrial DNA sequences [eom seven Boophis
leplirasomy=tay |1'|i1]:"l]‘1|..{'l'!'|l]1'-'|t:"lulll..'n__,l'll:ll.llilHJdrll-_’,t'
and compared adverlisement call data from a
tetal of 11 populations. Our aim was to find
evidence tor phvlogeographic structuring (Avise
20000 of the haplotypes found within the spe-
cies, aned to discuss the obsorved pattern in the
light af possible vicariant easi-west differentia-
hien of Malagasy anurans,

Matenals and Methads

We sequenved fragrmonts of the mitochondrial 165
rRNA gene ol 562 nucleotides (nt) using primirs
anil protocols grven m Venoes et al. (20000, Vouch-
ers were deposibed nthe herpetological eollecions
of the Universite d’ Antananarivo, Departement de
HiL1|U.|-_';1E Armumale (UADBAY; tho ;":l'l-'hh_'l:.:lil_-in;_'he.-_‘; Fup-
schungsinstitut wnd Musewm A: Koenig, Bonn
LEMES and the Zoologsche Staatssammlung Miin-
chen {(Z5M), apecimms vt BOmHRs epirieommystax
sen] {Cenbank / EMBL acoession of SEC)UOTIOES @
viucher specimen numbers in parenthises) were
brom (1) Meosy Be (Z5M 438 /2000, AJ3121140, )
Ambanja (Z5M 4592000, ATM2L15), (3 Sambava
(LIADBA (FCG/AAV 2000, 379, A312116) 4 Cap
Lst, Masoala Peninsula (AFZIS33%; 7FVIK 666S3),
(5} Ampgoroa, Ankarafanisika Reserve 750 704/
20010, AFYE2Z17), [(8) Fanmdy (A215334; ZFVK
BOGY, and (75 Tsale (AF "l:l_'-'-E'-E ZEMEK 701951 We
tsed o specitten of Booplis eraplidus from Kirindy
LZEMIC 86705, Al 215335), which is 3 close relalive

of B epliracomiystar, as outg o,

bequences were aligned using SEQUENCH
NAVIGATOR (Applicd Ricsystems). Inclusion of
gaps et bor indels was only necessary al a
single posthon. The aliened sequences were sub-
milled o analyss using PAUR, version 4.0 (Swol-
fora  199%) We pertormed Masimum Parsimctiy
anuthyses using the exhaoslive search ootion and
INewghbor joming analyses nsing LogDiet distances
which are robust against possible vatabon of se-
quence evoiulion among lincages (Lockhart et al.
o). Homogeneily of base fegquencies actoss se-
quinwes wis tested using algorithms mmplemented
wy PALP®

Advertisement ealls were recorded in the Leld
ustng different portable lape recurders and micto
|:l]'|-.m-:-h-. Delmled call deseriptions will be published
elsewhere; v here provide unly short informations
an the main ditterenees thal are obvivis to the hu-
T war

Results and discussion

A chi-square test did not contradicl homogene-
ity of base frequencies scross laka (df =21 P =1),
CH the 562 charadters Included in the analysis,
516 were comstant, 33 variable but parsimony-
umnfnrmative, and 13 parsimony-informative,
M asdmum parsimony .1nﬂl‘fi'5i5 resulted in two
eoually parsimonious trees (51 steps; consist-
ency index 098, retention index 0.96), The re-
rultimig strict consensus tree (Fig. 1) divided the
B, fepragomusiay soquences inlo two clearly
distinet clades, verresponding to the eastern
and sambimang (Cap Esl, Sambava, Ambania,
Mosy Tie) and western (Ankarafantstla, Kir-
ndy; Isalo) populations: Within the first clade,
the Ambanja seguence formed a subelade with
the Nowy Be sequence. The Neizhborjoining
analysis resulled in o similme topology. Boot-
strap analyses (Felsenstein 1985) with 2000 rep
licales resulted inhigh suppaort (= 95 %} for these
clades nsing either method,

Genetic differentiation was 0-3 al among
sequences in the eastern/Sambirano dade (the
sequences from Nesy Be and Ambianja were
identival), amd 1-2nl among sequences in the
western clade, but 12-13nt (2'% pairwise se-
quence divergonee] between clades,

The genetic data theretore clearly indicate
the privsence of dilferent haplotvpes in eastérn
and western populatioms of Banphis tepliraen-
wivsiax (Fig. 2) In our extensive data set on
Malagasy anurans, we never observed [nlrap-
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Fig. 1. Strict consensus of two equally most parsiiminidus trees oitained by Maximom Parsimony analysis

of sequences (502 1'||.'~ of the 165 rRNA FeTie frevim

seven populabions previously assigned to Bopjilis

Fepley e SR Sumbers above branches indicate bnq:.tz,tr.:[i'l. support i Felsonslein 16455 uf Maximum
Farsimaony and Neighborqoining analyses, respectvely. Boophis v ppinis wins nsed as the oulgrooap

opulational polymorphism of such magmitude
in the 165 gene; althongh we here sequenced
only a single specimen per population, 1t can
aafely be excluded that the observed differenc-
= betwern populations dre alse present within
populalions, The differentiation af eastern and
western populations ol B. fephrasomnystax 15 far-
thermure corroborated by Moacoustic and ka-
ryologrical differences.

Ihe advertisement call of B, (epfivasomuystiy
was lirst deseribed by Blonmrmers-Schlisser
(1979), who characterized it as reminding the
yelping of a voung dog, In a previous publica-
tion (Glaw & Vences 1994) we confirmed this
characterization, but mentioned that these vo-
calleation can be cmitted as single noles or as
short note series, or can be followed by a ghiort
click, We also noted that highly metivated males
from Ranohira (near [salo) had & more complox
call structare, with a faster note repelilon rate
and including additional toll notes of 3-8 puls-
es. During intensive survey work in 1995-1996
and 2000-2001, we heard chorases of Boophis
lephegeomystax ot many additional siles, and
tound thal the ubserved ditferences were larpe-
ly nol correlated with the male’s state of sexual
motivabion. Al eastern sites (including the Sam-
bizana Region), the calls were generally single
velping notes repeated arter longer intervals,
This was trae in Tolagnaro, Ranomafana, An-
dasibe, Vohidrazana, Maroantsetra, Sambava,
Antsirasira, Ambanja, and Nosy Ue. In severl
canes (e, on the northwestern offshore island
Nosy Be), the speamens were calling ina high-
iy mobivated chorus. Two females were ob-

served at Nosy Be a PR larhing the breeding
pond and mating with two of the calling males,

bul nevertheless o trill calls were heard in tas

population. On the other hand, at Tolagnarg,
Ranohira, Kirindy and Ankarafantsika, el calls
and note series were usually part of the calling
repertoire. At Ankararantsika, aftor a tew days
of dronght; specimens were very shy and little
motvated, nevertheless, trll calls were recu-
larly heard, as in highly motivated chomses
after heavy rain at this site (though less fre-
yoently), The sonagram of a call recorded at
loliara in Blommers=Schlosser (1979 also shows
two rapidly repeated velping notes followed
by & short trill of three pulses, We therefire
conclude that the observed differences are goo-
graphically correlated patlemns: western popu-
lations of B tephracomystas have complex calls
with trill notes, while eastern populations usu-
ally emil only single velping notes.

Fhe karvologieal differences reported by
Blommers-Schldsser (1978) betwoen soutlivw est-
ern and eastern populations of B Lty
tax were significant, All specimens had a kary-
olype of 2n =26 However, in eastern speci-
mens, the chromosome pairs 2, 4 and 6 wers
submetacentric (the remaining pairs being mot-
acentrie), while this state was expressed i pairs
2, 5,4 9and 101n the southwestern specimens.
A secondary constriction was noted on pair 6 in
the eastern specimens and on pair 10 in the
soulhwestern speamens. These differences led
Blommuers-Schlosser & Blane (1991) to pose the
queston whetlier these two populations may
correspond to different species
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Fig. 2. Localities of populations thal can be assipemd
o Booplis tegiraemystaey (grey symbaols) and Bov-
Phis dodiot: (black symbals), Circles reter to pepuls-
gons from which DNA sequenoes wens included in
the presertl study; sguards reter fo populations at
which call data areavallable (addifonally also trom
all populations symbolized by circles excepl for
Cap Lst, and from Lolizra); thomboids mark sites
which were sampled [or karvological data by Blom-
moers Schlosser (1978); and Lhe star marks the lvpe
locality of Houpds findioti,. Localities 17 as m Fig. |
and in Mal |.||.ﬂ°. andd Mithods: 1 Nosy Bee 2 A
banja. 3. 5ambava. 4 Cap Esl. 20 Ampijored. b Ki
rindy. 7. Isalo) Other lovalities: 8, Antsirvasira,
9. Maroantsetra, 10, Toulpointe. 11, Toamasina
(=Tamalave], 12 Vohidrazana, 13, Andasibe. 14,
Ranemafana, 15. Telagnaro (=Forl Dauphing 16
Tohiara {=1ulear). 17, Morondava. The cdadogram
(one of the two most parsimonious {rees Trom
Fug, L 5l steps, consistency mdex (.95 15 supenm-
posed an the map; branch Jengths were adjustad to
fit the geography. and are not indicative of genetic
distances. Bars mark apomoerphies in sequence evo-
hitlom as reconstracted using PAUDP (Swoftord
1968); thin groy Taes are ransitions, thick black bars
are HransyveTsiony,

Evaluating the differences summarizid
dbove, there remains Little deubt that this LjLes-
tiom can be answoered positively. The amount of
karyological, bivacoustic and genetic differen-
tiation indicates that B. tewhracomiistay actually
15 @ complex of two allopatrically distribated
spoecies, We were unable to detect reliable dif-
ferences between these two specics in external
marphology; a detailed morphometric study
mcluding large sample sizes 15 necessary 1o
nddress this qoeshon,

H. tephraconystio: was described from Mada-
gascar, without precise locality; specimens from
Nosy Be were later erroncously also consid-
ered to be part of the lype serics (Glaw & Ven-
ces 1947}, Despite the uncertain type locality, it
can be assumed that the type was collected
from eastern Madagascar or the Sambirano re-
pion, as mosl early anuean collechons from
Madagascar were made in these areas, We there-
rore consider the form occurring in these areas
as M. bphracengstax, Origin of the h’[}ifb of the

junior synenvms Polypedites crossleyr Peters,

1871 (Nosy Vola) and Polypedates dispar Boett-
ger, 187 (Nosy Be) are also in the eastern re-
pectively Sambirano regions (see Blommers-
Schldsser & Blanc 1991), Rlwcoploris fifldelraadly
Ahl, 1925 was described from “north-western
Madagascar”™; according to Deenhe (1998), the
collector . M. Hildebrandtspent only little tirme
during the dry season in the Ankaralantsika
region, while he collacted dnrmg mre extend-
ed periods in the rainy season in the Sambirano
Region. 1t s unlikely that the type of fildebiand
i was collected in the seasonal Ankaralanisila
environments during the drv season, and we
theretore suppose Lhal it originates bom the
sambirana Kegion (and is therefore a simonym
of B. lephracopysiax). The only junior synonym
from western Madagascaris Riucophorus douli-
ofr Angel, 1934, This laxon was described rom
Morondava, which is close to our sampling
locality Kirindv. We therefore propose 1o res-
urrect this name as Boophis donlint { Angel, 19534
lrom the synonymy ol Beopfiis leplirgeom ysiax,
and to apply it to the populations in western
Madagascar between Ankaratantsika and Forl
Dauphin,

The partition ol Hooplus lephrasaiysiax into
two separate species, B, fEphrgeonystar and
B, doulioti, adds relevant perspective to the bio-
ceography of Madagascar, Only few anurans

are known to ooour in eastern as well as in
weslern Madagascar (Blommers-Schiosser &
Blame 1991 Glaw & Vences 19494 Hawkins 19694
Emanueli & Jesu 1995; Vences et al. 19949 Phy-
chmdena mascarenivnsis-is ubiguituous in Mada-
pascar, mcluding east and wost; Manfella belsi-
e and Manliaactpis willel (subgenus Blomimer-
w1) show a coastal distribution which 1s rather
simular to thal of B fepiraeomystivs Scaphiophire
iAot oceurs at thie woestiym site Tnmg} de
Ir‘zumar:ahﬂ and in caslern rainlorests; Beopirs
ptens is knosn from the east and from lsalo;
Manfulactyplios wleervaus, M. biporaes, M. curins
and M. betstleanus (Al subgenus Brigoottmtis)
have been recorded [rom several eastern, north:
western and western sites; Manbidachilus luleus
(subgenus Gepluprmmentiz) and M. vranwdatus
(subgemus Phyduweomentis) are known (rom the
east and Lrom one western sile, respectivily,
Of these examples, several are probably due
to wrong determinations, such as the records of
the different Brywoomantis which are very diffi-
cult Lo djSLUIguisll I'm‘1rp|mhhgiml]}-’; s far, all
Mrygoopmantis found by us nowestern Madagas-
car wiere assignable to M, ufoerpsis or o unde-
scribed species, The record of Mantidactylus hie
ters (Blommers-Schlisser & Blane 19491, appar-
ently based on MNTIN 1475.327) is due toa
miskake wath M. corois or M. pseadoasper (pers,
b, ). The record ol M. granidiilis from the west-
cen locality Antsingy by Blommens-Schlosser &
Blanc (1991 ) 15 unconfirmed as we were unable
b locate vouchers tor this lecality in the MINTIN
and AMA collections on which the distribution
maps. ol these authors were almost enlicely
based. The Si aprie marniorata population
lram the 1singy de Bemaraha shows ditferent
colonr praticms [0 thuse from the east, and may
correspond o a distinet specivs. And at least in
Mantella beterfvs, genetic evidenece: (pers. obs.)
i icates thut the western populations are taxo-
normivally distinet from those in the cast and
narthwesl, Nodata have so far been published
un the western populalions ol Manlidoctylus
witlel and Boopiis fntens, but further studies
may confirm that the anuran endemacity rates
of western Madagascar are much higher than
previously thoughl. |
O the other hand, at least four pairs of
amphibian sister species show a vivariant cast-
west distributiom: Boophes albilibris (easl) and
B, decidiitalis (west), Manlidechlus vsesdaspm

(northeast and northwest) and M. corous (west),
Heternalus tefsiice (vast) and H. davbonel [wost),
Aglyptodactylus viadagascoriensis (east) and A, s
corifer (wesl) (Glaw & Venves 1994, Claw ¢l al.
[99%, Veonces et al. 2iN0a). The present study
adds Boopfis feplraeonnystar (east and north
wost)and B dowiiclf (west) as a further example
tor this list.

A scenario which could explain this pattern
ds=umes the existence of a more humid climate
which allowed the respective anvestors of these
species pairs W populate con I'inumrsi}-' casiern
and western Madagascar. In a second step, more
ard climate arose and isolated the westorn pop-
ulations during a considerable amount of time
in small humid refuges. During, this Ume of
iaalatiom, aﬂn'rl".-ﬂh'il: specialion of the vicarant
populations eccurred, Subsequent <hifts back
to mare htunid conditions allowed a secondary
contact bebwesn somie species patrs. To Lest Lhi-:_-;
hvpothesis, it will be necessary to studv morg
variable genetic markers and to identify in de-
tail e cantact and for hybrid zones of the spe-
Cles i,
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Appendix

The laxon Bhscephorus aouhotr, as described by An-
gel (1934) s hased on two specimens housed in
the Muséum Natwnal o Histome Naturelle, Pans
CANHN - the leclalype (MNIIN 1891.356) and the
paralectotype (WINHN 1E91.357) (Claw & Venoes
1997, Measurements of the lectutype (paralecto-
type in parentheses), taken with a caliper to the
noarcst (11 num, are: snout-yent length 37.2 (5730
head widih 123 (11.5% head length 14.1 (12.3); hor-
izontal eyve diameter 36 (3.5} eye-nostril distance
31 (285 nustril-snout tip distance 24 (21 nostril
nostrl distance 34 (3.1 herizontal tvompanum di-
ameler 26 (2.3% hand length 108 (8.8); forelimb
length 20,6 (17.1) hindimb lengty 6.4 (305} [l
length 154 (1385 foot length including tarsis 24.3
(2200 length of inner melatarsal wbercle T4 (14)
When the hindlimb is adpressed along the budy, tho
biotarsnl articulation reaches bobween eve and
nostril In both specimens. Webbing formula (ac-
cording to Blommérs-Schlisser & Blane 199118 L),
(1), 2e0), (1), 3efl), 4(1.25), deid), U} n the
fectaty peand  1025) 2i(1.23). Zeqd), Fi1AL Jell),
4i(1.5) 41251 5(0.25) in the paralectotype.



