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A new species of Paroedura Giinther from northern Madagascar

(Reptilia, Squamata, Gekkonidae)
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Paroedurs fokitsara, spec, nov. i¢ described from Montagne des Frangais, a decid-
uous dry forest on a karstic underground in the far north of Madagascar. The new
pecko species 15 relatively large (up to B06 mm snoul-vent fength and 156.1 mm
totid Iu:ly'll:ﬂ'l ariil Twas bili keighi |||.:|r].-.'|rl?;l=. psit Lhie lvead whibch can formea vermicul ated
pattern 140 torther Craracteriad by hinveang the nosin] excluded from contact with
the rostral seale, Cistretly +rr1|.:|r:|_:|.'-:i and spunnis lithercles o the dorsal surface,
and spectic eolouration of Jlu-'uni]l'l—_ angl adulis. The relatinnships of the new
species are Obscnre: Rased on the nostel position, P fehetand belongs 1o the phE—
nehc Puroednng peerd species group which was hitherto considered as largely re-
sticted to southern Madagescar, Cther morphological and chromatic characters
indicate a closer relationship of P, lofursarg with the syntopic 2 sfumpf# which is o
meniber gbthe P osinng Fiphitniv '-i[H'-'.'il'!-'u AL EINI B Twe Tuelhier ﬁl':-ﬂlfii:!i ol Prioedued,
Dostmmpthi amud B Kovstugiili, are recorded from Montagne des Frangais for the livst
fme.
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Introduction

The genus Parocdirg Glinther, 1879 comprses noctumal seckos which are endemic ta Madagascar and
the Camora islands (Guibeé 1956, Divem & Kenll 1974), although fossil remains are also known from the
Aldabra Atoll {Arnold 19763 The penus was recently reviewsd Ty Nuasshaum & Raxworthy (20000,
According to these authors, Paroedurs currently contains 14 species and can he divided inta two
phenetic species groups. The sasctieiannis group is defined by having the nostril in contact with the
rosteal scale whereas the picia group is defined by having, the nostril excluded from contact with the
rostral scale, The picthi group was hitherto considered as resteicted to the dry southem and western
“Vadagascar, whereas speaes of the senctifolunns: groop generally ocour in less dry regions.

In this paper wo describe a new species of Daregifiry from northern Madagascar which belongs to
the picta group according to the nostril pesition, but also shares similaritics with a species of the
F sianctijolumms. group,
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Material and methods

Speamens were anesthebized by injection with chlorbutane], fixed with 94 % ethanol and stored in 70 "%,
ethanol. o make comparisons sasier, the lermmolagy and abbreviations of chiracters largely follow Nussbaum
& Baewurthy (000 Abbreviadons used: UADBA = Undversite d' Antananarivo, Département de Biologie Ani-
male; ZFMK =Zoologisches Forschungzinstitut und Museum Alexander Koonig, Bonn; Z5M = Zoelogische
Staatssammibung, Munchen SVL=snout vont length; TL—3all length; HL =head Jengths LW =head widlh, at
widest point: 5L snout length, anterion edege of eye to tip of snout: EDr=horizontal ey diamcter, ECr=ear
vperung diameter; AGL —aalla grom lengty; Forelimb = torelmb lengta, Irom axilla to tip o longest Iinger:
[Tndlimb  hindlimb length, frem groin to tip of longest toe; Supralab=nembwer ot supralabial scales;
Intralab <mumber ol infralabial scales; Sdim=number of subdigital lamellae on digits 1Y ol manus;
Sdlp=nmmber of subdigital lamellse on digils -V of pes, Counts are listed lelt-right, All measurements were
done with o caliper to the nearest 0.1 mun by the sarme persom (PG Material of 11 of the 14 Pamedurg species
(all exeept I mwwgobs, Bomliey and 1 fosalorioe ) frome the Z5M and ZFME collections was available for
COMParison

Paroedwra tolurtsara, spec. nov.
Figs 1-3

Types. Holotype: A58 9585/ 2000, adult male, collected 21 March 20000 at Montaene des Frangais (betwoen
271975, 492037, 174 moaltitgde and 12719345, 4922070970, 53 m alfitude), northern Madagascar, by
I Glasy, B Schmidt & M. Vences, Captured as adult and kept for more than one vear m caphivity betore
preservied,  Paratypes: 250 5257 2000 [adult male), 2586 807/ 2000 (ndult female, captured as adult and kept
tor about one year in caphivity betore preserved ), £5M 330/ 2000 (uvenile). and three rurther uncatalogued adult
spMcirmetrs (o e dand Two temaley which are stll kerpt alive in Fhr vivariom), all collected 14-21 March 20000
al thie sarme locabity by the same collectors as the }1._|J|_|I'_'_.-'|_.~|-_r SN 9RA 2001, ust hatched juvenile, amud P58 987/
2000, 7-14 days old juvernle, both captive bred, beomys offsprmae of the holotype and of one of the Swe anoeta-
]l_li'lilt'll Frriale preareby s,

Diagnosis. lirogdurs foqetsara, spec. nov, is a relatively large-sized species {maximum SVL 806 mm,
mmaximuim tolal lenglh 1561 qun) with promment dorsal tulvercles which are arranged inte distinel
lumgitudinal rows, I differs from the spedes of the sanctijoiamms groap (1 gracitie, P hopmlorhin
1 karstophula, 1Y omieeps, Ponaseie, Bosaneliiphannts, 1 stempfin U lanjaka and P pazivihe) in having the
rios!ril excluded from conlact with the costral scale by Interposilion of a lacge prenasal scale. P folalsara
shares the nostril position with the species af the pecht group (P mangoke, P, bastardi, Popicta, Foovaingy
and Poandroyensiz), bat differs from P ardrognmsis and P oahiny in much larger size (806 compared
47 mm maximmum SYLY o Poommnieols and P et by |:|1.'~'I'1r.r|_1..' larger dovsal lubercles which are
arranged into obvious longitudinal rows, It ditfers from P deslemad (including the recently described
subspecies Fob infpensts, see Risler & Kriiger 1998) by mainly tetrahedral dorsal tubercles {maimnly
trihedral in P Sustiodd), a relabively longer and thinner tail, and the shape of the postmental scales
(distinctly longer than wide in P, lofigtaarg versus regular hexagonal in P, bastardi). Furthermore,
' ofatsara ditfers from all other Pureduri species by sts distinet adult colouration and trom &8 basfords,
P maingaki, o prcti, and o stumpfh by juvemle colouration (the uvenile colovrations or the other
species are shill nndescribed |,

Description of the holatype

Measurements and counts m tal 1. Well preserved, wath complete orginal il Hemipems extruded,
head wider than neck, about as wide as body, Snout angled downward to tip, slight depression
between prominent canthal ndges. Ear opeming is a vertical shit. Tail longer than snout-vent length,
nearly round ncross section, with sharply pointed tip; ventral pegal section with pair of posteloacal
sacs. [Dgits moderately expanded at tips. Rostral scale rectangular, wader than tall, as wide as mental
Mostrl in condact with large prenasal anteriorly, il four further scales, bul nol with Grst supralabial.
First supralabial largest, labials smooth, Snout and interorbital scales juxtaposed, some raised, scales
in front of orbits tubercualate, as are larger lateral occipital scales, Dorsolateral neéck and body scales
very heterogeneous with about 12 disting! longitudinal roave al midbady of enlarged, spiny, mainly
tetrabiedral lubercles; enlarged tubercles sepacated mostly by small Tal scales and senaller tubercles,
Dorsal scales of forelimbs flat or tuberculate and weakly imbricate. Dorsal scales of hindlimbs large and
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strongly luberculate, much smaller above kneejoint, Ventral scales of forelimbs and hindlimbs slightly
smaller than surrounding ventral scales of the body. Dorsal pyeal scales like dorsal body scales,
lateroventral pygals luberculate but less spincus. First 19 postpyeal tail sepments oach with transverse
Tow of spiny tubercles dorsolaterally; first four rows with 10-12 tubercles, gradually decreasing to the
fast rows with about four (ubercles; posterior tail with tlat scales. Mental triangular, bordered poste-
riorly by a pair of clongate, irregular hexagonal postmentals, Postmentals contact mental, fiest infral-
abial, one enlarged lateral gular, one smaller posterolateral gular, and one shighty larger central gular.
Rirst three infralabials significantlv larger than others. Gulars small, granular. Ventrals of chest and
abdomen Hat, posterior abdormmals largest. Proximal subdizitals in rows of 2-3, distally to narrow leat-
hke rows of scales fullowed by enlarged row supporting terminal pads. Pair of :?l_ll.l.i-]['i_'-i]-'l, termminal pads,
each pad about 1 mm scress, Claws curving downwards between terminal pads of digity.

Colour after vne day in aleohol virtually identical to that in life [Tig 1. Head darsally brviger with
mare or less symmel rical blackish markings, A black band from the second supralabial (o anterlor eye
and from posterior eve to a point above the car opening. A beige mid-dorsal stripe (of 2 mm diameter
at midbodv] runs from the neck to the pypal portion of lail. Neck and dorsum beige with blackish spols
which are arranged into four irregular longitudinal rows; Fwo raws border the mid-darsal stripe, the
other bwo rows run more dorsolaterally to the pygal parlion of the tail. Additdonal black spots are
present on the flanks. Manv of the enlarged tubercles on the flanks are whitish. Dorsal sorface of
lorelimbs and hindlimbs Deige with dark brown markings. Postpygal il dorsally with about nine
whitish and nine black alternating Lransverse bands which are partly not well delimited in the proximal
portion of the lall. Throat, chest, venter, pyual tail portion and ventral parls of forelimbs and hindhmbs
whilish; ventral side of tail light brawnish. Tungue datk grey at iis distal lipr A vellow ring around the
ey Iris silvery-golden with small veins in life, not recognizable when pn—nwrw-ﬂ sinee pupil was much
enlarged after preservatiom.

Tab, 1, Murphemelele amd meristic varation amene the holobepe and bwo adily paratvpes of Paroédura lohatang,
Measurements | mim

Collection numilwer FaNT aRs ()0 Fory BIa 00N FEM OB AT

Sratus lrl oty e paratype paratype
Sex il male femake
Wty ertartire matu re Malre
=W e G0 718
Tk TN +5. 57 3.0
LI 251 24.0 234
HW 7.5 1h.3 1740
<L 4,7 9.5 96
L} o 5.4 55
b 2i70LA S 2%[lin A=A
ALl 3.4 301 3300
Forelimbk 23F 220 25.0
[ indliml 363 34 4 320
buoralal 12-11 =110 13-12
Inelraliah 11-32 9.2 1111
Sllin | - {H) i R
Sdlm [l 10-9 4 -1
Sdlm [0 11-10 12 11-11
Sdlm TV 12172 11 I'i-11
Sl WV T-10 ] U=
Sdlp | B0 B4 6.9
Sillp L =11 H 10-11
bl I (11 1213 12-13 11-12
Sdip IV 14-14 13-13 13-13
Sdlp ¥ 13-14 1412 1211

L]

tail regenerated

Variaton. Morphometric aned merisiic variation of twe paraly pes (255 529 02000 and 2558 807 £2001)
are summmarizedd in lable 1. 256 3290 20000 15 an adult male with extruded hemipenes; the right forelimb
was removed for fulare DNA stadies. The regenerated ail has no spinous tubercles and is irregulary
marbled with brown and white. The general colouration is similar to the holotvpe whereas that of the
termale 250 807/ 20001 15 more contrasting: the largely symmetrical blackish markings on the head form
a vermiculated pattern and the black spots om the dorsom are less dearly arranged into imgitodinal
rows. A distinct white band bordered by a thin blackish band on each side Tuns from the anterior
dorsum to the anterior nsertion of arm, The original and cemplete tail has 11 alternating dark and 10
light bands and is distinctly thinner than m the holotvpe, The whitish sciles on the flanks are very
prominent. The three living parabvpes (all with original tail) largely agree with the preserved types.
Their stze {measured 12 July 2007 in life) was 7349 mm 5V + 822 mm TL (male), 80.6 mm SVL +
725 mm TL {female, Fig. 2}, and 797 mun 5VL = 571 mun LL (lemale, last tail tip oussing). 'T'L s shorter
than SV L in the three females, but komger than SV in the two males with onginal tail. The SV af the
three adult males (A9.0-73.8 mm SVT) is slightly shorler than in the three females (72.8-80.6.-mm), but
total lenpth appears stmilar in both sexes, All type specimens and all further captive-bred specimens
agree in having distimet dark markings on the head. The venile paratypes (Z5M 530,2000, 32.4 mm
CVL + 3.3 mam T1 288 9RA 2000, 32:0 mm SV + 265 mmy T Z50M 987 200, 312 mm SV = 298 mm
TL) have a distinet juvenile colouration which was also typical tor the other juveniles which we reared
i caphivity (Fig. 33 FPour distinet whitish transverse bands on the dark brown back and flanks.
Laterally, the most anterior band is distimctly narrower than the two follewing bands and ends pointed
slightly anterior of the insertion al the forelimbs, The two bands between [orelimbs and hindlimbs are
not pointed [aterally and have the same width on the entire flanks as on the back, The posteriormiost
band, positioned between the hindlimbs, is restricted to the back. There is no light mid-dorsal line, The
uppear sieface of the lail is banded with beige and brown in he preserved specimens, bul bright orange
with dark crossbands in life. Dark symmelrical markings on the head are already well recognizable,
Th head is relatively broad and short, especially in comparisom with similar sized juveniles of
Postumplft and P bastardi. About three months after halching the juvemile colouration gradeally
converts into the adult colouration. Subadults still have more or less distinet transversal bands on the
back whereas in older adults these bands are poorly or not recognizable. A light mid-dorsal stripe is
priesent m subadults and adults

Disteilsulion and conservation, Parordirs iohalsam is only known (eam the Maontagne des Frangais in
the far nosth of Madagascar, Numerous animal and plant species appear to be endemac to this karstic
massif, among them a sbll undeseribed snake species of the genus Heteralindon (pers. obs) Tt s
therefore likely that Paviedyra lonatsara s a further endemic specics of the Montagne des Francais
massif, In this case the new specics mav be considered as vulnerable due to its small range although
its habitat 15 apparently not immediately threatened by destruction, Regarding the nomerous endemics
in Montagne des Frangars: this area should be protected as nature reserve,

Habitat and habils. In nalure, the new species was onlv observed al night incdev forest on a karstic
underground, several davs after heavy rains, The geckos were mainly climbing on rocks and branches
up fo two metres above the ground. In captvvibe, juveniles and adults were able to feed on relatively
large msects, Nussbaum & Roxwaorthy (20000 described a prominent vertical or anteriorlv curved tail
display in disturbad Perocdura maingoks which thev interpreted as defensive behaviour. A similar
behaviour was sometimes observed by us in disturbed captive-bred subadult P lofatsara and
Posiuimpff, eog when the specimens were faced with torchlight at night. However, it was alzo obeerved
in undisturbed 7 ofufsae o the vivarium, indicating that i miay alse serve for iraspecific commu-
nication. A defailed analysis of this and other behavioural traits in Paroedune picte was provided by
Brillet {1986, 19493},

Sympalric species. Two other species of Parocdnrs weee found in svmpatey with P Ioliagsara, Both are
hereby recorded for (e fiest time al Montagne des Prancais: P karstophile (Z5M 53172000 and 332/
2000) was found o close syntepy with 1 Jubitsara in the limestone massit whereas Narovdien stumpff
(25T A5 2M0) was only encountered on the slope between the massil and the sea, outside the karstic
underground.



Reproduction. Une male and lwo females of P lvhetsars, captured as adulls at Montagne des Frangais
in March 2000, were kepl and bred in & vivarom (Im =03 m=0.8m) together with a conrple ol
P stompfit from the same Jocalitv, As usual in other Paroedir RPELTeS (Schrider 1957, Rasler 19985, a
dutch generally consisted of twa single eges which were neither glued to each ather nor to the
undergraundd. The white egas had a hard calvareous shell and were buried singly few millimetres inta
sandy ground. In comparison o P stumpf, eges of P lohalsara were generally ri.-p.-._t.mu:[ i drier places
and were alwaye dislinctly larger. 1520 days after egg deposition eggs measured 13.2 = 10.3 mm and
13 104 mm (=2 il P foftatsars and 108 = 82 mmoto 116> 5.0 mm (0=3) in P, stumpffi (a similar size
difference was observed but not measured in numerous other cases) Epes were inl:ull;ﬁl:u:.{ ditterently,
either at a4 constant lemperature ot 27°C or at 30°C during the day and 23°C at night. Juveniles
hatched 70-82 days after the discovery of the eges (at 27 °C) and after 8587 dayvs under the variable
incubation temperatures, indicaling that the total time between vgg deposition and hatching was ca,
708 clivs, Hatchlings of P fahatsnr (tutal length 559-60 mm, n=2) were distinctly larger than those of
. stunipft (total length 50-52 mm, n=3). All juveniles were identified eithor as PLosipmpi or P lnhalsara,
indicatmg that hybridizabon did nat eccur in the vivarium.

Cinly lttle is known abaul reproduction of ¥ fohetsisn in nature. The total length of a jovenile
paraly pe (50 531 2000 collected 21 March 2000, s onlv 4 mm longer than that of just hatched
uvemles, indicaling that it was only few weels old when captured. Assuming an approximate egg
meubhation fime of 70-90 days (as found in captivity) the corresponding egg was laid at the beginming
of the rainy season as is lvpical in many Madagascan repliles (Glaw & Vences 1096),

Ihe first eggs laid by the B gencration were found on 30 Jume 2001, ten months alter hatching of
the first oveniles (22 August 2000), indicating that sexual maturity in caplivity was reached less than
ten menths after hatching. To document the adulbsize at Hrst repraduction. e lirgest male and temale
of the Il-group were measured after the Hrst eggs were found: The laroest male measured 111 mi Lotal
length and the largest female 6 o okl length

According to our experience, epg laying temmales of I (ulatsara, P taniaka and P, estardi apparently
hiave anenommous need of calcium and are vulnerable to rachilis, Despite of regular addition of several
pulverized Calcium products to the feod, (he faciees samellmes contained a remarkable amount of sand
which was apparently actively ingested (o lake (n calcium. After much pulverized limestone was added
lor the vivarium the faeces contained less sand. The high need of calcium may explain why several
Parviestura species like P karstopiile, 2 tmijoka, and P fohatanna seem Lo be restricted to limcstone habitats.
This restriction may be true for other eviparous Malagasy rephiles with hard-shelled epgs as well

Etvmelogy. lofe (Malapasy | means head, tsarr (Malagasy) means beautitul er good. The specifle name fnfkitsan
reters to the beautitul head colouration of the rew specios and is conkidenad as myvanable noun in dppestion
tu the generic name.

Available names. Several available names in the genus Poocdiirg are considersd as unior synomyms
ol valid spedies names, all of them belomging o species having (he nostril separated from the rostral.
These names need Lo be considered as passible cartier names for P lofitsiora, Diplodactylus porogaster
Houlonger, 1896 (Lype loeatity: “south-western Madagascar™) s comsidensd as synonym of Foroedio
andreyensis (Angel 1942, Guibeé 1956), and Diplodactuds ol Boulenger, 1896 Et_i.']_‘ll.-_'-|-.l-;_'.3]i|:_'."f “sonih-
westerm Madagasear™) as ey nonym of P picta (Angel 1942, Guibé 1956), The type specimens of both taxa
are deposited in the Matural History Museum at London and are net available al present. However,
based on the chromatic and morphological characters given in the original descriphons (Boulenger
1896 it seems likely tha! hese synonymies are correct. In addition, the tvpe locality of hath taxa is in
south-western Madagascar whereas [ lofuifsirs is only known from a karstic massif at the northen bip
of the island. The type locality (“Tulléar” ) of Phyllodagchlus sudigascarionsis Mocquard, 1594 15 in south-
weslern Madagascar as well, This taxon is considered as synonym of P pieti (Angel 1942) which is
commun around Tulear according 1o our abservations. Tt s based on a single N'pn:mrj'j.r preserved
specimen with a SYL of 40 mm (Mocquard 1895) and the characters given in the ariginal description
seem Lo Lol bo Hhose of pvenile Foprote, Pavovduen guabear Dixon & Kroll, 1974 was shown to be a junior
synomvm ob [ Fasigrdt by Nussbaum & Raxwaorthy (2000) Stummarizng nome of the synonyms is
available as rarlicr name tor 2. lofibsoen,

Relationships. As already noted above, the genus Paroedurs can be divided into two phenetic spedies
proups based on the position of the nostrl (Nussbaom & Raxworthy 20000 The spucies of the
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Fig., 3. Juventies of Paroeaterd basturds (lettabove ), 17 dokoisarg fmiddle} and 1® stumipili I;:‘ighl bl

aaneinnfions group are widely distributed in ditferent cdimatic regions 1o western (1) tanjasa, [ va-
shal, castern (L gracdis, Posasole) and nirthern Madagascar ©F, honalorhing, P, ovieeps, P sinnipffi,
P kwrsiophidad, and even on the Compra Tsiands (P sopetifiannial. The species of the picts group are
thought to be largely restricted to arid southwestern Madagascar (F, mumgaka, . bustardi, P picta,
iy arad Podroyensis ), P Iofitsars does not support this distriboutional patternc 1 elearly belongs
to the picte group based on the position of nostrils, but s enly knewn from estreme northern
Madagascar. Although the range ol ' fefisizar; is widely separated trom the other species of the ek
grotp, this fact does not necessardly argue against the monephyly of this pheactic group since several
ariimial and plant taxa of the Montagoe des Francais have atfinities (o those of dry weslem and southern
Madagascar. Further research is Fherefore necessary o clarify whether the bwvo phenebe species groups
which are defined by a single mr_n'|"|'|'|rﬂng_l_1r.ﬂ character (nosiril s Hion ) represent natural clusters or
not.

Another remarkable morphological character in Paroedurii 15 the prominence of the dorsal tubercles.
Theso are very distinet and arranged moobvious longitudmal rows an L fastards, 11 sheaepffs, and
[ lofiatzara but less prominent (and arranged in obvious longltudinal rows i only some taxa) in the
other speaes (grarlic. omoeps, karstophitle, musebe, sancttjoharms, androvensts; prota, vozimba, wihing,
hemtiderinn taniaka, samgokal, The sitlanty ot 1 stunnttn and 1Y pasterdl regarcing thix character was
possibly the reason why Dixon & Krall (1974) considered their I guibese (which was svnonymized with
M hastardy by Nussbaum & Raxworthy 20000 as “maintand form™ of F.stompfh. Most ol the prominent
dorsal tubercles of I hasfurd can be described as trihedral whereas those ot U stumpitn and ) folatsers
are mamly tetrahecral. Fuether similarities between the latler two species in (1) the shape of the rail
(relatively long and always thin in P Jolalsare and Postompiht versus relalively short and aften rather
thick in I bustardi), (2) the shape of the postmental scales {disbnctly longer than wide in P, likatsara
and [\ st versus regular hexagonal m Pobaskardi) (3) several characters of adult and juvenile
colouration, and (41 geographic distribution (P, stumpft and P, lohaisorg in the northe I Bastard! in the
west and south) may indicate that P. [oiisarg is perbaps more desely related to Fu stumipfn than o
. hastard,
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