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Review of the Zonosaurus aeneus species group, with resurrection of
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(Reptilia: Squamata: Gerrhosauridae)
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Abhstract

A taxonomic rovision of the Zopesawres species with three supralabials anterior 1o the
subocular (hitherto Z. wenens £, r;.:ﬁpa:a, anel A, Brygeoy; here named £, asnens group) demmon-
steated the saludiy ol the tanon Gervbosasras rafipes var spbmniicalor, Boertaen 1881, which 15
eesurrected 35 Zanosanrss abwmonion This species ocours sympatrically with Z »wfipes and can be
d_;ﬁ!,tng!__[:iﬁl:le{i |:|}r visions codoumrion :.':"1.'u'.J.l_'[i:'rur and b? |.15||.:11T.:1T Pl‘f.'i"l.‘:l'l.'nl:t:n.- Z, M_'Ll.'r:lm.‘ﬂn"m' Pt i |
alsey be disvinguished from the available marerial of Zunosawras brygosi by having a lower number
o7 temaml pares, @ higher sumber of saales around midbody aod Lusellae undes che fourth rae,
and by the presence of a1 (small) mierparieal scals,

7 b e L aﬂd ¥ E.Ir_l..'gf_luf Call |'|.“ n|i-.li1||-_r|ui:~.|1::|.l |:'.'.-:r c_n.:n]nu:'a:jcm :md b}' t]‘l.i: unnmrmnliun il
che first supralalial scale posterior 1o the subocular, which is divided in beygooi and entire in
genens 2, aemens has gorenlly distinet and continuous light dorsolatenl stsipes, whereas rhess
stripes are absent or reduced o an fneununuous series of light spots in £, drigoar. The lawe:
soevies Tlives in the lowlands of the Malagasy east coast, whersas Z. aeness is found in casrern mid-
alricude localivtes, Uhe wpe localicy of Z. deygeor, Nosy Be in north-western Madagascar, lacks
recent contirmarion

Introduction

The rather large lizards of the genus Zowmosawries are
engemic 1o the Malagasy region. Masr species are restricted
o Madagascar and s ollshore islands; only # madagas-
cariensis also occurs as subspecies imsnlanns on the Glo
rieuse and Cosmoledo ishinds (Bryocoo 1985a). Tollowing
the maost recent revision (Brycoo 1985a) the perrhosaurid
gemus Zonosanrss Bourencer 1887 comtans 10 specios:
£, aeneys (CrAnDIDIER 1872), Z. boettgert STHINDACHNER
1891, Z marsien: {GIRANDIDIER }_EEi"'i':J, 2. latrcasidatig
(Grannimaer 1869), Z, madagascariensis [Gray 1831), £,
maximus BOULENGER 1896, Z. oruains (Gmay 1831), Z
guadrilineatic Granpioier 1867), Z. rafipes (Boprrerg
1881}, 7. trilimearns AnceL 1939, An additional speces.
2z Eﬂ'}'guur.. was deseribed [13.-' Lawng & Bdmmre 1996, and
ane subspecies (£, madagascaramsis barvaldmerers Bry6oo

Authors? address:

& BOmME 1985) given specific rank a5 % havalameier
(Meek 1989, Laxg 1990, Baxwortay & Nussaaiwm 1994,
Ciraw & Vences 1994),

Within Zonesaurys several species groups can be
dhistinguished (Lang 1992, Graw & Vewces 1984, 7. i
lineatus and Z. guadridineatns are very similar allopatric
torms of southern Muadagascar, whereas 7. Ravsrens and 7.
lativandatns occar svmpattically in western Madapascar.
An addiviomal group of relared Zowosanrus species is
characterized by the préscnce ol penceally three supra-
labials anterior w the subocular (o character shared with
the genus Trachelnptyehis), 2-3 well-defined mite pockers
within the amtchumeral fold (Lanc & Bouwmr 1990), and
the relatively small size. This character combination s
tound 1 £ aenens, £ rafipes, and Z. brygooi (Lang &

Micrrr Vences. Joacaie MiLces-Juse, Frane Graw, Wonrcans Bouue, Zoologisches Torschungsinsticut vod Museum A. Koenig,

Sekvion Herpewnlogie, Adensuersllee 160, DX53115 Bann.
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Dated
Collection Nr.

LOROSAUTUS qeneis
MHNP* 7634
MHNP 1965-312
MENP 1984400
MHEHNP 1984-101
MHNFP 1933-165
MHNP 1931- 64
MEHNP 1930-310
MHNP: 1994-1741
MHNP 1994-1740
MHNP [%30-311
MHNE 1907-84
MHNFE 1994-17349
MHNE 1994-1738
MHNP 1984-103
MHNP 1983-886

Lanosaurus brygoot
ZFMEK 46789+
LZFME 46790#
ZFMK 467024
LMK 46703#
LEME 467944
ZFMEK 467954
ZFMK 481654
TRSNB 2.5344
ZMB 19018%
SMF 410534
MHNP [484-402
MHNP 1937-15
MHNP 1937-14
MHNP 1983-508
MHNFP 198360
MHNP 1983-599
MIINP 1983602
MITNP 1983-600
MHNP 19350-311
MHNF 19350-312
MHNFE 1984404

Lunasaurus rafipes
190142
19.01.92
0802972
Us,.02.92
08.02:92
GE.O2492
OR.02.92
G2 92
082,92
1102582
ZEME 531978
ZFME 51979
ZEFME S39%()
JEME 531951
LZFME 53983
SME 40741 ¢

Zanesaiurus sabunicolor
I8.01.92
31.01.92
21.02.52
ZFMEK 53984
JZEME 53985
ZFME 531986
AFMVIK 33UR7
SFNMEK 33088
ShF* 41051
ShEF# 41052
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Moramanga
Moramanga
Moramanga
Mormamanga
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Mosy Be
Npsy He
Nosy Be
MNosy Be
Nosy Be
Nosy Be
Nosy Be

Nosv Be
Mosy Be
Nosy Be
Nosy Be
Nosy Be
MNosy Be
MNoesy Be
Mosy Be
Mosy Be
MNasy Be

Fem.Por

14
16
LG
13
13
15
17

18

19719
1747
16/16
19/17
1716
16/17
16/16
17417
16417
17/17
17

L&

15
5

12712
153/13
11/12
89,/4

10710
HY

11/12
11711
11712
12512
{1 R
L]

K/

9/ 10
101
13413

11/11
11713
911
12411
11412
W10
L1/
59

LOA 10
11/11

P

_|.

+ 1

ol . i ol

++++ -+ ++=

SYL

32
&3
b7
Bl
56
51
T2
<0
29
37
28
18

32
31

76

74
&l
68
38
33
a3
71
16

=

A

33
52

43

33
35

-

A
a5

35
3

4

TaL

33
()

1z
(89)

w2
-}
81
97
123

(=}
=)

()
(=)

62

A A

69

75
127
133
102
128
19
59

L3y
143
120
143

123
135

- ¥

Mid.Bod. CH-CL

20

19
18
21
19
i1

il

—

Zl

-
L

s
-

12
22
41

A
-

21

21
21

-

21

22

a7

——

22

=
£

24
25
24
26
23
24
24
22
24

25

23
23
12
14
22

49
47

50
45
49
48

Hard

o N

48
47
45
49

48
49

48
43
4
46
41
46
45

4. Toe

20
20
19
17
17
19
20
20
20
21

17
17

IR
12
L7
18
18
18
18
18
17
19
B
17
1o
16

19
17
I8

20
20
21
21
19
21
19
12
20
20
14
24
19
22

22
19/20
20
21
20
19
20
2

=

e

20

44

Table 1. Meristie and morphometric valnes of the studiec specimens belanging 1o the Z. aenens group, — Abbreviations used: Fem. Por
= pumber of femorsl pores (separately for both femurs); TP = interpanieral (+ present [but always very small], — sbsear); SVL =
sriout-vens lengths ‘Tal (tarl lengih); Mid Bod, = pumber of scales around midhaly; CH-CL number of scales berween chin ind eloaca
(including meatal scale); 4. Toe = number of lamellae wader tourth toe; * = l.:-.:ruryp-.:fﬂulmy;:u':; # = Paralectotype/FParatype. -
Tue ta different rezsons, .TJ:u'_ul_T,' bad state of conservatiaon or cifficuleies causad ‘,:-}-' small size, some messurements and counts wers
ot taken from all specimens, Values of 4, Toe and Fem.Dor. were sometimes taken an both legs. When only one value is given, this
relers only to one leg. An murotemized wil is recorded as () in the il length column, length ot clearly regenerated tals is gmven
in brackets Data of IRSND 2,534, ZMB 19018, SMF 4105141053 trom Lanc & Binse (1990),

<

Bohme 1990). We will refer to this group as the Zono-
sairis aeneis group, named after the oldest of the included
taxa.

Fieldwork berwesn 1991 and 1995 revealed problems in
the differential disgnosis of these tasa, and showed the
need of eritical revision of the preserved marterial belong-
ing w this group. Furthermore, intensive survevs an the
small Malagasy island Nosy Be demonstrated the existence
of an additional species of this group which corresponds
well with the type material of Gerrbosaurus rufipes var.
siebenzcolor Borvrcen 1881, presemly synonym ot Zano:
susirus rufipes. Gusw & Vences (1992, 1994) already cor
sidered Zowosanrus subsnrcolor a valid species, but re-
[erred to unpublished data. The formal resurrection of thas
taxon, and the detmled discussion of this taxvnomic
conclusion, are the amim of the present paper.

Matertal and methods

Field abservarions on specimens referred Lo the Aovio-
sawerus aenens-group were made at the following localities:
Nasy Boraha (2. brygoor), Nosy Mangabe (2. brygood)
Andasibe (Z, @eneus), Antorotorofotsy, north of Andasibe
(Z. aenews), Maroezry (7, ritfipes), Benavony (£, rrifipes),
Nosy Komba (2. swbunicolori, Nosy Be (2. subunicolon

£ refipes) For @ mare éxact location of these sites see
Graw & Vesces (19594),

:l.-‘Iu_':rphn]c:ugic-ﬂ data were taken [rom borh prescrved
museurmn materizl and from living, successively released,
specimens in the field. All specimens studied are listed in
Table 1. Used museum acronyms ares AMNIT (Amenican
Museum of MNarural History, New York), BM (Natural
History Museum, London), CAS (California Academy of
Sciences, San Francisoo), IRSNE (Institute Rovale des
Sciences naturelles, Bruxelles), MHNDP (Moseum Natonal
d’'Histoire  Narurelle, Paris), NMW  (Naturhistorisches
Museum, Wien), SMF (Senckenberg-Museum, Trankturt
am Main), ZTVMEK (Zoologisches Forschungsinstitur und
Museum Alexander Koemyg, Boan), ZMRB (Znologisches
Museum der TTumboldt-Umversicit, Berhin). For spea-
mens measured in the field we give the date ar which they
were captured, For abbreviations of measurements sed
Table 1,

Statistical analyscs were carried our with the software
package SPSS for Windows. Species were pairwise com-
pared with Student’s t'lests and with nen-parametrical
Mann-Whitney-U-wests.  Significance walues toand wath
these twn methods did aou diller substantially from cach
ather. All staristical information in the tollowing sections
refers to comparisons of the dara listed in Table | with
Ll-tests

Results

Zonosanrus aenens ((GRANDIDIER 1872

Type: MHNDP 7634, The holotype isa juvemle specimnen
i bad state of preservaton, Attribation of adole specimens
the taxon semens 18 therefore rather problemuaie wd will be
discussed below. Several characters of the type are provided
by Brycoo (1985a). There are no paratvpes: No type localicy 15
mentioned in the original desernpnan. Mocguanp {1895) states
that it is Malambandy (“Tavs des Sakalwves™) in weswern Mads
gascar, without giving his sowrce of informarien. The latity
i therefore somowhat dovboful and, "-I1”H".'l.-ill'|._.',| Brvaoo -:_1':3351:'-],
may be due to confusion with the type localiny of Espropes
sekiafava, (currently synonym of Madeye degane).

Outher material: Fxammmation ol the présarved marerial
labelled as Z. aesens m the MHNP cleicly sevealed the exiseence
of two difterenr forms included 1n the taxon. Ore growp of
sperimens eollecied o md-aliinade localives of eastern Madagasear
|-|-'=1'- L'L]_'-I-r.i”l_'f EOIRCITILNILES TATTNw 1'4’1F'-::J|'LLL'I'.|E hlri'|:l-:~: 'thifh Liaon-
tinue on Lthe anterior halt of the h_ﬂck uncil they fade. 'he second

growp of individuals, from different loowland laealities on the
cast const, have no continuous dorsolateral seripes: Fither these
lack complecely. ar exist only in feem of rows of solated light
Hl:ljill_'-._- Dl_'l_!}:' e ]:I_'_l_l'_‘]__is'[]l: l;h;:lTI.-L'H:‘T Wil r.“u”'d Ll |.-F|‘.'l mn '-11] CAEES
diagnostic bevween these two forms: In speoimens with domo-
lateral stripes the first suprilabial postesior to the subocular was
undivided, whereas this scale was Jivided in specimens without
dorsalateral siripes. We did not observe the undivided stae o
rhis character 0 any Other Zeposaurus species,

Identity of Z. aenewis The taxon acneus was hi-
starically the first described Zonosanrus species with 3 sup-
ralabials anterior to the subogular. Because ot the bad con-
servational state of the holotype and its juvenile colour
ation only meristic characters remain to attribute
Zanovsanrps torm o aenens, The first supralabial posterior
to the subocular s endivided in the type; we theretore
consider specimens with this character, which also share
narrow dorsolateral steipes as 7, genews. This defimition
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leble 2. Ditferennial characters in the species of the Z. a@néns group. Menstic and morphometric data from ‘Table 1 exeept for maximum
rastal length of 20 Biygaar [reters to ZFME 53152). Vilues azé given as range (mean %+ standard deviation).

Ao aemes Z. brygout 2. rufipes 7. subunicolor
Throar colour amel, _-,-eHuw or bhae spaTnel e |:-|u_|:F wekiivish sorel, [lpz with FTATHEE
| hroat pattern Lo nane longitudinal stripes none
Flank solour dark brown dark hrown reddizh light brown

— relativee W baek darker mostly darker mostly lighrer mowcly Lighter
T.I.:L;}'ul'. -'.'--i1r:~i|::-|:l.|.l:|‘.|| =1 '."IFIE'H

= on - anteriar back CONLINUOUS rovwr of 5Pu:s'.f’:|b5|:m row of spors/ahsent indistinct/zhsent
— 0N poFenor

backAfanterior tal absentSindistinee mostly absent zhsent present

Tizsr labial posterios w

sibhocalir efL L dividied elrvacdid chew il
Interparietal et |y albwen ahsem wieistly prresent presenl.
Maximum roral lengrh

as SVL+Tal A7+112 mm Ta4+132 mm 77+13% pum Bo+143 mm

15-19 (164 £ 1,1)

2623 (11.4 £ 0:8)
la-191{12.7 -+ 1.1)

Femoral pores 3-8 (149 & 1&)

Scales around midbady  18-21 (197 £ 11}
Lamellee under fourth toel7-21 (189 + 1.4)

B-13 (106 + 14)
22 (208 £ 1.2
19-22 (20,3 £ 0.9)

Eo13 (112 + 1.3)
21-25 (235 = L6)
1922 (263 + 0.8)

Lip, 1. onosiwrus aonens, specimen {ram Andasibe

applies to the specimens listed as aenews in 'Lable 1, as well
as ta ZITME 14565 (Nosy Be), 21272 (Fianaranrsoa), 59744
(Andasibe), 62321 (Andasibe) and 39798 (near Tolagnaro).
One specimen from Andasibe (hgured by Graw & Vences
1994) had 2 hluish throar, another specimen 1 vellowish
throat. Thiy difference is probably dus o sewual di-
marphism, but we did nor study the sex of these speci-
MEns,

Dizgnosis: Z. weness differs {ram the nther mem-
hers of the 2. genews-croup by the presence of continuous
drrsolateral stripes which begin on the head and continue
at least on the anerior third of the body: it ditfers trom
all ather Zonesawrss by the undivided fivst ‘supralabial
hehind the subocular, According 1o Lane (1990) 1ts tongue
is mot wotally dark pigmented; however we did nor check
this chamacter i 4l specimens included n the prosent
study. Relative tonpue pigmentation is difficult to evaluare
in speclimens 0ot in good state of preservation, A difteren-
tiation af 2. @enews by addmional merisoe characters 1s
clearly p{:n:'-iﬂibll:: trom Z. ﬂ.gﬁpﬂ' angd 7. sebuncaloy, and
partly from Z, Drygoond; data will be mennoned in he
diagnoses of these species,

By general appearance it is easy 1o mistake Z, aeitens
for subadull Z. madagascariensis, which also have con-
rinuous (although often somewhar broader] dorsolatesal
stripes. In most cases rhe number of supralabials anterior
to the subocular (3 in serens, 4 N madagascariensis) s
diagnastic. However, vingle mudagascariensis SPECLILEns
with aberranu supralabial numbers are known. 68 out ot 80
specimens studied hy Brvcoo (1983) had 4 supralabials
anterior o the subocular on boch sides ol the kead; how-
ever, one specimen also showed a number of 3 on both
sides: We found one subadult Z. madagascariensis on Nosy
Re (ZFMEK 53989) wich 3/4 supralabials on euher side ot
the head..

Redescription: Since the rype of Z, arnzit is 2
juvenile specimen in bad state af preservation we give a
redeseription of the species based on ZFMK 59784, The
specimen 18 i1 good state of preservation, and was collected
in December 1993 by M, Vwnees m the vicimity of Anda-
sibe, central eastern Madagascar: The tail is lived on the
body but is regenerated for its largest part. The posterior
third of the tail i broken into two scparate pieces. The tail
is rather abruptly constricted just posterior to the sacral
region, whereatter it is vertically compressed. Lateral fold
contnuous [rom tppanum to cloaca, not very well deve-
loned. There are three mite pockets in the antshumeral
told. Tongue with some dark pigment.

Ventral scales are arranged in 8 longirudinal rows: 536
scales between chin and cloaca. 19 lamellae under fourth
woe, 15 femeral pares on right hindlimb, 13 on left hind-
limb. 18 midbody scale rows berween the lareral folds,
Outermost midbady scales on flanks (3 rows on each side)
sermicireular, with a rounded or pomted posterior edge.
Femaining midbody scales on flanks and back (5 rows on
vach side) squansh, with z straight posterior edge. The
median (vertebral) midhady scales (2 rows) triangular and
intercalating, Ventral scales smoorh; laeral, dorsal and ver-
telaral seates 5|fghtl].f keeled, with 8-10 VELY sall keels of
similar size on cach scale

snout-vent length 68 mm, tail length 70 mm. Maximum
head width 11.3 mm, maximum head depth 94 mm, maxi-
mum body diameter about 11 mm, distance berween in-
sertion point of foree and hindlimbs 31 mm. Torelimb
lengrh 19 mm, length of hindlimb 35 mm, lenpth of third
forelimb toe 5.5 mm., forelimb toc 3 and 4 of same length;
lengeh of fourth hindlimb we 12,8 mm,

Mental in contact with postmentals and first supra-
labials on each side. Posterinr edge of mental straght
Postmentals largely contact each other. Post-postmentals

not in contact with each other: posi-postmentais antire on
both sides, Cne small scale interpased berween post-post-
mentals; contacts both postmentals and post-postmentals,

There are three supralzbials aneeriar 10 the subneaiar.
One large suboculzr. One supralzbial posterior 1o the
subocular (= supraiahinl posterior t the subocular not
divided), thus a cotal of five scales berween rostral and
tympanum. There are four supraccular and four supra-
ciliary seales. Two large parietal scales; no fromoparietal
scales. Intc:rparierﬂ absent. Wasal scales nor in median
contact, scparated by a frontonasal scale. Two lareals. Pre-
trontals separsted by fromal-trontonasal  contact. One
small postocular seale, and 2-2 large temporal seales,

Colour in preservative dorsally brown; tlanks dark
brown with white spots which cover one or two scales,
Vertebral scales dark briown on anterior back, ’fm'ming -\
comtinuous dark median vripe wothe level of hindlimb
isertion, Head dorsally brown with several dark brown
markings. Temporal region dark brown, & white dorso-
lateral siripe runs from behind the eve one the sacral
region; 1L 1% continuwouy and disonet on the anternior back
and begins o fade on the posterior back. Tt is formead by
white colour on vne dersal seale row. The white stripe i3
a sharp border to the dark flank colour; ver=hrally i is
also bordered by dark hrown enlour which is irregularly
present an twe dorsal seale rows, The regenerated part of
the tail is umf:]rm]}' |[gh[ brown, Tore- and hindlimhs are
dorsally brown with indistiner light spots; The ventral side
15 unifarmly whitish.

Habits and distribation: Tew ecological data
B L. denreqs are available inthe literarure, We lound speci-
ety 3t Andasibe and Anoroterofotsy (near Andanbe) at
the tdge of primary rainforest, or an sunny parches in rhe
forest, Meside the rype Incality, another somewhat doubrhl
locality for 7. wemens is Nosy Be, Cine specimen from this
1‘1-?'111! (#FMK 14363) must be referred to this species: De-
SPIte intensive SUIVEYs W Wore not ible o Tind 2. aemeus

at this JL.I_L‘;iliL}'. Haowever, aur observattons around Anda-
sibe have shown that the species can locally be quire
common, but very rare ar other neighboured plots. Such a
mosaic distribution could explun why we were not able
1o confirm the Mosv Be locality, but the record certainly
teeds conlirmation, Oune subadule specimen probably be-
lonping o genens [(ZEMK 59798) 18 known [rom the To-
lagnaro region, and one specimen (ZEME 21272 frem
Fianarantsoa (probably forested regions around Fianarani-
soa), Other £, aenens localities are (see Table 1): Ancasibe,
Moramanga, Mandraka, Anocsibe, lkongo, Ivohibe,

Lonosawrus brygood Lanc & Boume 1990

llolotype (£ZEMK 46789); Collected 1o Apnl 1987 by
R Swpr st Loucoubé {= Lekobe, Wosy Be). Specimen in good
condition, Detailed measurements and meristic data are given
i thie original descriptign,

Pararypes: ZFEME 46790, 4679295, [RSNB 2.534 all trom
Nosy Be, SME 41053 and ZMB 19018 from Sakana, and ZITME
45165 from MNosy DBocaha,

Orher marerizl: MHNP specimens without continudug
corsolateral stripes, labelled a8 Z. aenens (see above], were found to
corresponc in pholidosis and colousation with the type sercs
of Z #rygeor. The studied specimens pre bisted mm Table 1. An
addirional specimen 15 ZEME 53132 from Naosy Mangabe {mer-
sue data; 23 scale rows around midbody, no interparieral scale,
8 rows uf ventral scales, forelimb e 3 == forelimb toe 4,
1§ lamtellaze under fourch toe, 16 lemoral pores, SVL 76 mm,
tit) lemgth 122 mam),

Diagnosi<c Z frypoei differs brom 7, rafipes by the
ditferent colourmtion and from £ rwfipes and Z. suwbuni-
color .'HIELtI._!-'J_'iI.ZJH}-' i'.r'. several meristic charicters (see ‘fiagrm—
ses of these species). Trom Z, wenens v differs by having
a divided supralabial posterior to the subocular (sze above)
and by lacking continucus dorselareral RETI[HES, Additienal
differences are a larger number ot scale rows around mid-
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Fig, 2. Zomasaurns byygoon, spacimen trom Nosy Mangabe - Phory Fianco ANDRTONE.

body (mean 21.4 1n frygoor versus 197 1o genens; p<0.01},
a lower number of lamellge under the fourch toe (mean
7.7 in brygoot versus 18.9 in aencis; p<0.08) and pussibly
a somewhar higher number of femaral pores (mean 16,4
i prygour yersus 14910 aeneus; p=0.1)

Habits and disteibunion: We carried out some
systematic abservatjons on the £ pryeovs populanion o
Nusy Mangabe, a small oftshore island on the Malagasy
past coast which is nearly entirely covered with primarv
ralsdorest. Zo beygoor here ocours svatopreally with the
larger Z. mudagascaviensis. Line transect data were collect-
ed on 5 consecutive davs in Mareh 1991, The transeer had
a lengih of 660 m, reaching from the base camp atr sea level
o the summit ar abour 200 m abave sea level, A total of
47 Zdomosaurus observations were mader 13 ol Z0 brygoor,
11 ol Z. madagascarsensis, and 21 of undetermined juvenile
specimens. Tew  Zoposaures ware observed at the base
camp, but nao one on the [irse 100 m ol the [ransect. Most
observations of 2, madagascariensis (n=6) were made at
two small sunexposed spots in che foresr; the other oh-
servations clustered around a transect part between 180 and
260 m (95-120 m altitude). 2. frygooi, on the other hand,
was mare evenly distrihuted. although specimens clustered
also ar the same places. Rather large parts of the transect
scermed not to be populated by adult Zonosanrus ar all
(aly juvenilas berween 470 and 610 m). These obser-
vatnions agree with those of R Seee (pers, comm.), who
colleeted all ZFMK specimens of the £, brygooi type serics
at one single, not very shaded, localicy m the lorest of
Mosy Be. Ar other localinies on Nosy Be he saw only spe-
amens of £, rifipes,

The anly record of Z. brygani trom Nosy Be refess to
w large part of the tvpe series ot the species; all these
speciinens were provided by the same collector (R, Seep)

One specimen troni Sakanz (SMT 41233; eollected 10 1905

by A Vorwrzkow) was erroneously cited with the localic
Mosy Be by Lane & Boume (1990), During our own
intensive survevs on MNuosy Be we were unable to derect the
species. The species is also known trom o oumber of vast
coast lecalivies. These are (sce Table 1): Nosy Mangabe,
Fencarivo (Tampaolo), Betampona, Nesvy Boraha, Manjabe
lorest, Manompana, The exact location of the locality
Sakisna can untorrunately not be traced (see Graw &
Vexces 1994). Ancer (1942) locared Sakana In eastern
Madagascar, Lane & Bomme (1990) speculawe that it mmy
L 1o coastal norrh-eastern Madagascar, comciding with the
travel routes of the collector Yorirvrow. A record ewists
o for western Madagasear (Anrsingy, see lable 1), but
only a juvemle specimen s known from this locality, and
irs specitic identity 18 not certain. |

Lonosaurus rufipes (Boerraer 1881)

Lectorype: LThe anginal descripnion refers 2o 2 synrepe
serses ol 12 specimens. Menrrns (1967) designated the specimen
SME 42743 (probably ¢ fomzle afrer Borrmoes) as lectotvpe

Paralectotypes: SMT 4074440748 a2z well 22 NMW
2335C.1 amd 233502 and ZMRB 10097 and 49640, All tVpes are
from MNosy De

itther material specumens preserved nothe ZEMK, as
well a5 spetimens which we observed in che field, correspand
well with the lectotype (Table 1), Measurements and meriste
values for several other specinzens assigned wi ¥ vufiper are given
o Lara 8 Bowwe (1990). We did mon study these specimens again
tor the present paper, 5o it ¢an not be excluded that some of them
may belong w & swbwricolor, These speenmens an: AMNH
=476%; DN B6. 2258, Be.2.25.9, 87.12.5.13, and 95,10.29.12 CAS
I568% and 156857 MNMW 12243, 122431, 122452, 12246.1,
1L246.2, 121471, [2247.2, 20097.1, 20097.2, 23350.1, and 23350.2:
SME 40744-40748; ZMD 10CY7 (2 soecimens)

Uig. X Zonesawrns rafipes, specimen from MNosy Be

Diagnosis: £ rafipes can vasily be recognized by its
chamcteristie colouration. Several blackish ]uuH'LIucﬁn.ﬂ
e outer borders of the throat scales.

stripes T long 1
The lateral siripes are more intense than the jnner stripes.
The Nanks and legs are rypically reddish, what explains the
name rfiges. Light dorsolareral stripes are only present
in form of incontnueus rows of spots

Z. rrfipes dillers in pholidesis from Z frygoo by a
lower number ol femoral pores (mean, 10,6 versus 16.4:
p=0.001), a higher number of seales around midbody
(mean 25.8 wersus: 214 p<D.001), and a higher aumbes
af lamellae under towsth e (mcan 2805 versus 1707
p=0.201).

Similar values dillerentiare 2 wafipes trom Zo aemens:
a higher oumber ol scales around midhody (mean 23.8
versus 19.7; p<0.001), and a higher number ol lapmellae
under fourth o {|t1;.u1|| 2u ¥ versus 1RS |"“='-:.|:|C'l_1]'. RN

sienificant difference is found berween aenens and rufipes
in the number of femoral pores.

Dillerentiation trom the symipatric donosairis sabuni-
color 1 mainly based on eolouration; for characters sce
the diagnosis of that species,

Habirs and distribution; We carried out some
svstematic studies on the ecology of £. raftpes on Nosy B
128 out of 121 records of reyfipes specimens were made Lo
the rainfordst, Only a single specimen was tound mn secon-
dary forest near a coffee plantage, not far frim primary
farest. A 700 m transect in e minforest was divided into
11 parts which ditffered by relative sun-exposinon. Beside
2. ;'J{..".;IF'E‘E_. also £, madagascarienss accurred along thiy
rranscct. 111 our of 117 Z. rufipes records along the
transeet were made at shaded places [only 19 out ol 45
7. madagascariensis records;  dibberences  sigmifeant,
p<o.lC01, Chisquare-test). Table § summanzes all our

Table 3. Habirar chote of Zomasanen spevies en Nosy Be, given as number of obsérved specimens in éifferent habwia 1ypes.

Habitat z. IH".'I.'I-I':;_.I'.:.;.'-;'_".l.l_i:_l A ".'J_.'IJIl"'t‘: L anibmieionlar
Shaded/near broocks HE 0

Shaded/nor pear brooks . L3 | B
Sun-exposed/near brooks &4 i d —
F:llﬂ-t_'{l:'l.:.-s.:d oot noar Greioka 54 I

Tonal 134 126 12

[‘41.|1 ?lim.'.r-.' learest 3 1 I




g, b Annosaisrns ssbunsenion spectmen trara Sosy Be

ubservations of Zonosawris on Nasy Be. The data clearly
show that 2. rufipes was manly found a0 shaded places
near torest brooks

Aenve Z. ;':.'p‘:'.‘m'; were abserved during Lhe dawv, but alsn
i the early evenine. Main activity was recorded between
17 and 19 h pm. On the contrary, activity of the sy Itapic
£, madagascariensis was highest around 12k Pm.. when
sunlight best reaches the forest floor (Mties 1993), A
mating pair was ohserved during eacly afternoon in Feb
ruary, One lemale deposited egps (size 8§ x 13 mm), alsa in
February,

Beside the rype locality Nosy Be, we found the specias
#t Benaveny and in the Reserve Integrule Marojezy (Camp
1. abour 300 m above sea level). The locality “Marojeey
s already mentioned by Bivcoo (19854 quoting Ciun-
Laumer & al. 1975). The specimen BM 95.10.29.12 was
collecred by R. Barox wath the locality information
Linerma (Central Madagascar). We believe that Bryeoo
1983a) is right considering this Iocality s crroneous, since
all other localicy records are from low altitudes

Loposaurns subunicolor (BorTTGER 18K1)
bona species

Leciotype: SMT 41251,
. Paralector vpe: aMF 41052, Both types are juvénile e
SUTIETIS From N-::*:_l.' B,

Othet maicrial: We colleceed 8 Zonoseurus specimens
an Mogy Be which correspond o the types of sufsmicofon 5 ol
thicse are preserved (ZFMIK 53984-53988). An additional SpECTITET
wis observed on Nowy Konilu. Megeg (1989, 21, Fig. 84) showed
a piture of the venteal side of 2 Zonoswsrns from Nosy Be
(classified a5 2. brypoor by Lane & Bomme 1990) which o alse
be Z. suinnecalor, | |

Diagnosis: We were oot able to detect sigmifrcant
ditterences in pholidasis when comparing 4 group con-
sisting of the swbumicolor types and our specimens with
rfipes (dara from Tab, 15 poalways >24). Only the
presenci/absence of the small ||1r..:-_rp.1ri¢:.a.l scale’ may
constitute a ditlerence: It s precent [although sometimes
excremely small) in zll sebsenicoloy, bur lacks in about 259,
of the examined rufipes specimens (11 out of 46 specimens,
data from [Lanc & BOume 1992 and Mitires 19493).

Mevertheless, we regard 2 swbminicolor as 2 valid
specivs. This 13 based on the combination of several colon
differences o rufipes which are constant and do not show
Intermediate states. 7. subunicofor has a throat which ean
be blue with orange (whitish with longitudinal dark stripes
m rufipes), light brownish Hlanks and legs (reddish in
rafipes), a father light, copper-brownish back (often
darker in rrfipes), no sharp border berween dorsal and
ventral colour at the larezal tolds {rather sharp border in
rafipes), dorsolateral vellowish stripes which begin at the
hindleg imsernion and continue an the first third of the rail.,
Izm-:l ire already present on juvenile specimens (absent
in vufspes), bluish spors on the anterior (link (ahsent in
vefipes),

Z. submncolor 15 superficially similar to 7. brygool.
When companing staviscically the meristic data of the
subanicoler types and our specimens with those of the
frygoel types and east coast specimens ateribured o Sy
gous, we found several sipnificant differences. #, swbumi-
coder has a higher number of lamellae under the fourth
toc (mecan 20.3 versus 17.7, p<0.001); a higher nomber
ot scale rows around midbody (mcan 23.5 versus 21.4,
p<0.01), anda lower number of lemoral pores (mean 11.2
versus 164, p<C.001). The inwrparnietdl scale is present in
all subsnrcolor but in no brygoot specimens, Additionally,
Z. brygooi lacks the dorsolateral stripes in the tail region
vypical for swbunicolor (see above).

Z. subpnicolor clezrly difters from Z. aemens. Main
differences are the stare of the supralabial posterior o the
subocular (see diagnosis of wemens), and the absence in
Z. subunicolvr of the disninet narrow dorsolateral seripes
typical for aesnsus. The dorsolawrl stripes in the tail
reglon, which are charicterisne for subunicolor, do nor
vecur in genens, Meristic differences are: a higher number
of scales around midbody (mean 23.5 in subusicolnr versus
19.7 in aenens; p=0.005), a lower number of femoral pores
(mean 112 versus 14.9; p<C.001), and a higher number of
lametlae under the tourth e (mean 203 versus 18.9:
p=2C.05). The muerparietal 15 present in Z. subunicolor but
mostly absent 10 aenéus.

Redeseription: Based on ZFMEK 53984, Adult spe-
Gmen 1n good state of preservation, collected 1992 by
F. Graw znd J. Mittier-June in Lokobe Stricr Nature
Reservi, Nosy Be, north-western Madagascar. The original
tail is sull tixed on body, but begins w break away abour
5 ventral scales behind cloaca. A transversal cur is present
on the venter, about 7 ventral scales before the claaca. The
tail s abruptly constricted just posterior w the sacral
region, whereaher it is vertically compressed. Lateral fold
conunuous from tympanum o cloaca, very distinct and
well-developed. There are three mite pockets in the ante
humeral lold. Tongue with dark pigment.

Ventral scales arve arranged in 8 longitudinal rows,
'There were 48 scales betweesn chin and cloaea (MiLoen
1993; some destroved by transversal cut on venter). 21
lamellae under fourth toe, 12 femoral pores on right hind-
limb, 11 an left hindlimb 24 :uidl}ud} scale rows herween
lateral [olds, Midbody scales on flanks (6 rows an each side)
semicircular, with a rounded posterior edge: Tﬂidbq}d};
scales on back (3 rows on each side) square, with a soraighe
posterior border. The median {vertebral) midbody scales
(2 rows) trianguiar and int&n:nlalfﬂg_ Somye irn.‘guhnties Til
dorsal seale rows in the mpuial region. Anrerior o fore
limb insertion the shape of the vertehral seales changes,
becoming larger, semicircular, with a rounded posterior
Edgll:. Vientral scales smooth; laeral, dorsal and verrehral
scales slightly keeled. Lhere is one larger keel on each
dorsal and wverrebral scale, bordered by several smaller
keels. On the lateral scales olwen all keels (up to 15) are
similar, but sometimes the median keel 1s larger and bor-
dered by up to 7 smaller keels on cach side. On the dorsal
and vertcbral seales there 15 a4 different number of <mall
keels on both sides of the large keel; 4=3 keels laterally
and 2-3 medially an the dorsal scales and 10 medially
anid 2-3 laterally on the vertebral scales.

snout-vent length 86 mm, wil length 143 mm, Max-
mum head width 14,9 mm, maximum head depeh 11,5 mm,

maximum body diameter about 18 mm, distance between
imsertion point of fore- and hindlimbs 3§ mm. Forelimb
length 25.5 mm, length of hindlimb 45 mm, lenpth of chird
[orelimb toe 6.7 mm, forelimb toe 3 and 4 of same length;
length of fourth hindlimb toe 155 mm.

Mentzal in contact with postmentals and tirst supra-
labials on each side. Posterior edge of mental somewhar
puimtd. Postmentals largely contact each other. Paosi-
postmentals rot 1n cantact with each other; lelt post-post-
mental entire, right post-postmental divided into two
Sli:'ll.llﬂhi. I:hl’..' h-IIld.” h-l.'iih'.' iI'ELETP-I.:'EE'I:I I.'JE‘I._“'E'EI'I P{_.IS'E-L'I-ITIETI'I'IE':']-
tals; contacts both postmentals and past-postmentals,

There are three supralabials anterior to the subocular.
Cine, large, subocuiar 1s present. Two ﬁuprahh:inls pasterior
to the subocular (= supralabial posterior to the subocular
divided). Thus a total of six sciles berween rostral and
tympanum. lhere are four supraocular and five suprna-
ciliary scales. Two large parietal scales; no trontoparietal
scales. Interparietal scale present, extremely small. Nasal
scales mot in median contact, separated by a frontonasal
scale. Iwo loreals. Prefroncals :L'pﬂr:]tr:d by trontal-tron-
rnasal contact, There are one small and one very small
postocular scale, and 242 large temporal scales,

Colour in preservatve is dorsally and lacerally unifaorm
light brown w eream, without dark spows. Only in the
axillary region some light spors (9-10 on each side),
gE'I'IE‘I'.-'-”:r' l'.I_IIVE‘.J"inﬂ EH'.EIL'I].__'.-' e 'ib'.'HJ.L'1 A E‘l'L"h-EI:I.L ThL":iL' aTre€
ot bluish eolour. Fore- and hindlimbs dorsally of same
colouration as restant body, From the hindlimb insertion
nn, the dorsolareral scale row is somewhar lighrer than the
surrounding scales. This hght stnpe continues onto the
tirst half of the rail. The first dovsal seale row bordering
the light dorsolateral scales has o Contrasting dark brown
colour, On the tal the vérnebral scales also become darker.
resulting in an indistinet dark vertebral stripe. Ventral side
uniformly whitish, Other specimens have a less uniform
colouration,

Habits and distribution: According to aur oh.
servations 2. smwbanicelor 1s clearly rarer than Z. rifipes.
On Nasv Be the species was only found in rainforest,
whereas the single specimen from Nosv Komba occurred
alonp a path near secondiary lorest, Z. subwmcolor differs
ecologically from Z. rufipes by prefering sun-exposed and
dry areas in the forest, not occurring near brooks (see
Tah. 3).

When caucht, individuals of Z. sudanicolor showed a
remarkable skin aurotamy, Larger parrs ol the dorsal scales
went off during the collection of specimens. We observed
this phenomenon alse 1n Z. brygoos from Nosy Manpahe
and, o oa lesser extent, in Z, wfipes, Malagasy peckos
ni the = AR Gfr.ﬁ'r.i-.;ﬁ;l.t} are [amoous for a similar, more
extreme skin autotomy, which probably tunctions as anni-
predator mechunism,

E. ."Hél’-'l'i'ii'--l'.l'-'fll'.?r ll'ii Pl'fh-t'nli}" L'Il'.l.l_'.l" j‘i.ﬂ(]"ﬂi"n EI.'['.Im iTE- Ej"!'.IE'
tocality Nosy Be, and from the neighboured sland Wosy
KRomba. However, in 1991, we phowographed a Zonosasri
spécimen on Nosy Mangabe (Fig. 5) which shows typical
colouration patterns of Z. swbunicolor. This specimen
oceurred near the tap of the wland, in 2 mther sunny patch
ol [orest chamcterized by rather small trees. Unfortunately
1t was not collected, so 1ts status remains dubious, Further
Iil‘].d";'-r‘}fk j.'ﬁ IH."..'L"E:E.[.’}" iy i.'-_L']f]-::r'lr' “'I'.Ii."th-ﬂ!' E FF.I'EE'I.I'J'IIL:'EJEI{:I]'
15 restricted to the Sambirano region or alse occurs in
eastern Madagascar,



trg. 5. Zandsanvus spotrom Nosy Mangabe, This specimen (nor collected] shows colovration naterns

tvpical tor Z. swhmndoolon

[hscussion
The status of Zanoszerus brygood Conscrvation
We tound signiticant dilferences i several independent The Maligasy gerrhosaurids (penera Zonosziorns and

meristic characters between 2. spbunicolor and 7. frysog.
Although the differences in colouravian, number of
temoral pores, and possibly even number of dorsal scale
rows could theorenically be due o sexual dimorphism of &
single species, such an origin is éxtremely unprobable [or
the differences in number of lunellae under the fourth toe
and in the presence or absence of an interparieral scale
These differences can ur the present staw ool be under-
stood as supporting a distinciness ol the taxa

Nevertheless, 11 must be considered thar despite inten-
sive surveys we were not able o conlirm the presence of
Lonasaurus brypos: on ils vy pe locality Nosy Be. Twn alter-
native situations can be expected from futere investigs-
SIS

a) Z Frygooi could be demonstrated w be absent from
Nosy Be, In this case the type locality would be erroneous
and due to a mistake of the collector, Nevertheless, the
tvpes ot A Engoar correspond exactly wath the east-coas
populations; and thus £ brygooi would be an alloparric
sibling of Z. swbunicolar. Many examples of amphibians
and reptiles indicare that vicariant [orms from the Sam-
birano region and eastern Madagascar generally are not due
to gradual clines through Madagascar, but sharply sepa-
rated taxa which otten deserve specilic status,

L) Z, Erygoos could be rediscovered on Nosy e Tn thus
case the SYMPALTIC Docurrence with Z. sednenzvofor would
clearly demonstrate the validivy of both species. The same
argiment would apply oF 2 sudecolor would be dis-
covered At Nosy Mangabe or other east coast localices.

Tracheloprychus) are rarely mentioned in the context of
nature conservitlon. Individuals of the larger species are
regularly exported w rhe per markets of the USA and
western Europe. Since trade with Malagasy perrhosaurids is
not regalared by CITES, no impaort statistics are available,
Species as £, lalicandatus and Z. madagascarensis, which
are widely distributed i secondary habirars, are unlikely
to be threatened by commercial collecring. Another situ-
ation 1s tound 10 speaies with réstnicted distribution areas
or specialized habitaes such as 2, buraldmeier and 7. mdxi-
mes. The numbers of exported specimens of these taxa
should be caretully examined, and, f necessary, maximum
cxport quotes should be tized.

As far as we know, the small species of the 2. aenens
group are presently not regularly exported. The racher
low arrrsctiveness of thesa species indicare that o threal
from expartations is not likely, More important is the fact
thiar all species of this group are more resericred 10 primary
rainforest habitat than other Zonosaurus, Since Malagasy
foresrs are increasingly desrrayed by slash and burn agri-
culture (‘tavy'), the survival of lorest fauna is only assured
in forested nature reserves within their disteibution ares
Up to now, the only reserve in which 2, aesens 1s known
ta eecur 15 the Special Reserve Analamazaorra (near Anda
sthe), hur it may also occur in other preserved arcas such
as the i"l.-'T.IH[ﬂL‘:_'J MNational Pirk, Z, _1':”-_1.1_':;:.;”' 15 known taj'i.'llTJ
the Stricr Nature Reserve [_'icl.tm_:junu and the 5]_\[::_‘;;1[ Re-
serve Nosy Mangabe; 11 can also be expected in other low:
altirude enst coast reserves (Mananara, Ambarovaky, Man-

H;_'_. f, |atert] view of head of the specied ol ths E-:'-'.'-.h.-‘.r..'r'.'e-' P DL
) 2o srebmmicoli | ZFNVIE 53984} d) Z, rafipes (ZFME 53980),

perivir]a), and its occurrence 1n the Stmeot Nature Beserve
n i - - ) =

Lekohe []""-.:u_v_u_'p |_‘||;'1,I needs contirmarion. Z. rufres 15 |-'.I‘_l{""."rﬂ
lram the Strigt Nature Reserves Marojery and Lokobs
{Nosy Be), 7. subunicolor only trom Lokobe, This late:
eeserve 15 therefore a rather impartant refuge 1or I';‘*.I]']l::l'fit
Zowosagrus: this status ol Lokobe s turther supported by
the occurrence of Z. boerrger:, which seems 1o be a quie
rare species, and by the possihle cccurrence of 2. aeneis.

1) Zi aeieny (A FME 39784); bl & prvigoal (ZENMEK 33152);

e ppenaIy

During our studics on the Annosasrns geneus proup wo
made two addinonal observitions, référring to other mem-
bers of the genus, which we mention in the ollowing.

A, Zongsauris karsten 18 known from several seartered
localities in dry western Madagascar, Two localities exist for
eastorn Madagascar, These are Fianaramsog {SMF 13591)



and Mandrka (MHNP 8887), After examination of SMT
13991 we conclude that the specimen is clearly misidenti-
fied; o fact it belongs 10 Zunosaurgs ornatus, a species
common at mid-altitude localities (and known from
Tiananantson; see Brycoo 1985a), The specimen MHNP
KR, on the contary, 13 clt:a:lj.- @ L. rarstenz It l':ne]:m_g!-:
e & series of three Zomosaurus specimens with the loealive
intormation ,La Mandmka'® The other two spectmens are
Z. rriflineatus (MHNID 8878) and Z, Lutreawdatus {MHNP
887Y). These taxa are restricted to western (2, lativandatis)
and southern (Z. rifimeatns) Madagasear, and Mandraka
was not considered as localicy of these two species by
Bryzoo (19832). Moreover, of the whale series of Malagasy
reptiles numbered s MHEHNP 8877-8937, anly very few
specimens were callected in eastern Madagascar. We there-
tare conclude thar the gpecimean MEINP 8887 hus bein
maslabelled, and that Z, barvspeng e absent [rom castern
Madapascar.

B Near Tolagnaro i south-eastern Madagascar we ab-
served how temiporal and spatial niches were segrepgated
between Zonosanrus laticandains, a large species that in-
habits dry regions as well as secondary habirats in humid
arcas (e, around Ambama, north-wesrern Madagasear),
and the iguamd Oplyvus gradvimacnlarns (see MUrice
1993). Both species used partly the same resources {eg.
fruits and flewers of the same bush), bur rheir daily acu-
vity periods were different. The terrtorial Opluens left
therr retuges shortly atter suntise {around 6.3 h am),
secured their territories by head-bobhing, and began with
toraging, Cpdnrys toraging penerally was fimshed when the
tirst Zonosawras faticaudutus appeared (Hrst observation:
7.30 b am, generally 8:30-9.00 hoam), Main aetivivy
purind of the Zonosanrys was around 10 h am; at this time
most Oplras were basking on the surrnunding rocks,
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Eine taxonomische Bevision der Zomosaero-Arcren mit Jdree
Supralabialia vor cem Suboculare (bisling 2. denens, 2. vufipes,
Z, krygoon; hiee als 2. aevens-Artongrappe bezeichnet) zeigte die
Validiit des Taxons Gi{'ﬁ'rﬁl{.'ﬁs:m'ﬂ! Hsﬁpm-vur. sighgicotir Boer-
ori 1881, das in der vorlicgenden Arbeit aly Zonesouvis sulyii-
cofor revalidiert wise, Diese Are kommt sympatrisch nuic Z0 vsgfipes
vor und ist durch Zeichnungsmerkmale wie dusch Halneapri-
ferenzen chamhternvert, Z sabunicolor unterscheider sich von
/. brygoni durch die geringers Anzahl Pemonalpeoren, dic hfihere
Z:hl von Schuppenreihen um dic Kérpermicte, die griiere An-
zahl van Lamellen antes der vierten Zehe und die Existenz ¢ines
(kleinen] Interpanerale,

£ aeneis und Z, bevgoni kénnen darch dic Zeichnung und die
Ausprigung deg neen Supralabigle hinter dem Suboculire untep-
sehieden werden, Ey ist ot Z acmens ungeteile und bel £, brygond
peteile. Wahrone Z0 desens deutliche und bie zur Kérpermitee
duckpehende helle Doesolaemlstreifon besiczr, bestehen diese
biei £, Brygans aus einer nnerbrochenen Reihe heller Flecken oder
fehlen. 20 gepews w3t 10 mutleren Hhenlagen Ost-Madagaskars
verhreitet, wihrend 2 Brygner 1wefhegende CGebrere an der
Osrkitste besiedell. Dhaa Virkommen von Z. firygesd an seiner
Ty puslohalingl, Nosy Be in Noxdwest-Madagaskar, konnte durch
unsere Felduntersuchungen niche besting: werlen,
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