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ABSTRACT

Results of herpetological inventories carried out in the northern
portion of Madagascar are outlined, with the aim of depicting the
faunal composition of some sites betwoen the forests of the Maroje-
p-rjancharibe-Sud massifs and the Masosla Peninsula, and the NW
(Mosy Be, Sahamalaza Peninsula). Biogeographical affinities of this
region were discussed on the basis of ordginal and bibliographical
information. In patticular, the NE is pecular in terms of biogeo-
graphic characterisation, taking into account the relationships with
the eastern rainforest belt, and the distinction with the Sambirano
forests. Moreowver, for some groups {such as cophyline microbylids,
chameleons and skinks) this area proves 1o be a diversity centre.
The main conservation issues are presented, stressing the increase
of the existing network of protected aress and the relationships be-
ween biodiversity patterns and the needs of local populations in
terms of sustainable developmen:
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INTRODUCTION

In recent years there has been a considerable increase
in studies concerning the peculiar organisms and biota
of Madagascar. This {s mainly due o narral and con-
servalion importance given to this large continental is-
land, indeed cne of the most ‘celebrated’ biodiversity
howspors (Myers af al., 20000, The diversity of species
compaosition is especially evident for amphibians and
reptiles, which are ‘key groups’, useful o calibrate bio-
geographical patterns and colonisation, and utilised in
defining conservation priorities.

In such a sense my rescarch activity of the last years
has been in understanding the biogeography of the am-
phibian and reptile communities in N Madagascar, with
special emphasis on their conservation. This led me to
understand that this geographic area shows a particular
rchness in terms of species and biota: several mountain
chains and massifs are present, acting as endemicity cen-
tres and refuges (Raxworthy, 1995; Raxworthy & Nuss-
baum, 1995). These are, for example, Marojejy, Anjana-
haribe-Sud, Tsaratanana, Montagne d*Ambre, and Manon-
garive, Last but not least, a large offshore island, Nosy Be
is located to the northwest, with a crown of satellite is-
lands (Andreone et al., 20030). All these aspects stress
how special atention must be paid 1o this area, which is
indeed a real ‘crossroads’ for Madagascan biodiversity.

The situation in terms of herpetological diversity is
here summarised, presenting data to focus attention on
N Madagascar, with a view to incorporating dara and
thoughts for conservation initiatives, which take into ac-
count taxonomic peculiariies and species diversity. Fur-
thermore, the disiriburion dam for some selecred groups
were analysed, and used as a test for the biogeographic
zonation provided by other Authors,

MATERIALS AND METHODS

The studied drea

A map of northern Madagascar, induding most of the proected
areas is given in Fig. 1. It includes the whole northern tip com-
prised above a borizontal line passing below the southern tip of
the Mascala Peninsula. This is of course anly a ‘working division”,
and a bener defined and mwore logical division (going likely be-
Lo o above this straight line) will be possible after a more re-
fined dimatic and biogeographical definition. Data regarding the
distribution of the species in N Madagascar (see Tables 11D refer
to their presence in: i) the NW (including Sambiranc, transition
and dry forests of the NW part of Madagascar); ii) the Tsaratanana
Massif (limited o the homonymous massif), i) Montagne d'Am-
bire (limited to the homomymows meassif); iv) the NE (including all
the rainforest portion of the NE, south of Montagne d’ambre, the
Marojejy-Anjanaharibe-5ud montane complex, and the Masoala
lovae= and mid-altitnde forests).

Abbreviations used in the text are: BN, Parc National (National
Parld), RS, Réserve Spéciale (Special Reserve), RNI, Réserve MNa-
turelle Intégrale (Strict Nature Reserve). The term Tainforest” is
used to refer to the typical wet forest of the eastern and north-
pastern coasts, “dry-forest’ 1o dry-deciduous forests of the western
coast, and “Sambirano forest' to the vegetation formations of NW
Madagascar, characterised by ewvergreen forest persistence and
sclerophyllous leaves and transitional areas.

——




——

230

Daia sonree and Ireaiment

To clucidate the biogeographic relationships between sites, a
cluster analysis using the unweighed pair-group methad using
arithmetic averages (UPGMA) method applied 1o matrixes of Jac-
card’s coefficients was used on three amphibian and reptile
groups: Cophylinae (Microhylidae) for amphibians, and Chamae-
lomddae and Scincidae for reptiles. These groups were selected on
the evidence of a likely nothem-related centre of irradiaion (Co-
phylinae and Scincidae? CAndreone, 2003a; Andreone & Greer,
2002; Andreone et al., 2003c), and since they are widely disirib-
uted and easy 1o observe and identify (Chamaeleonidae), For the
clustering the published information for the following sites was
used: Andohahela, Andringitra, Ambolokopamika, Anjanaharibe-
Sud, Ivohibe, Corridor Ivohibe-Andringitra, Malshelo, Manongari-
vo, Marojejy, Masoala, Montagne d'Ambre, Nosy Be, Berara-5a-
hamalaza, (Raxcworthy ef af, 1996, 1998, Andreone & Randriama-
hazo, 1997; Nusshaum ef al, 1999, Ruselimanana, 1999; Andresne
et al., 2000, 2001, 2003b; Rakotomalaka, 2002 Ramanamanjato et
al., 2002). Unpublished dam were used for owo Masoala expedi
tons in 1998 and 1999, Estimates and numbers of overall geo-
graphical herpetalogical diversity were obtained using the distrib-
ution maps given by Glaw & Vences (1994}, and from unpub-
lished information.

Resparch technigues

Original data were gathered during a series of feld inventories.
From one o three campsites were setiled ar each locality, in col-
laboration with Malagasy smdents and Incal guides Transect
search was made, following the natural topagraphy, for a stan-
dardised time of 3-4 hours, following in general the methods give
en for snake surveys by Andrecne & Luiselli (20000, In peneral,
one day was devoted to the research along water courses (river-
ine habira), and the other day searching in areas > 20 m from
amy water stream or water body. In this way, it was possible 10
diversify the detection of the fauna, which is quite different in the
considered habirars (Andreone, pergonal observation).

Part of the encountered specimens was captured and pho-
tographed to witness their natural colouration. Moreover, some of
them were taken as voucher specimens and conserved in the her
petological collections of the Parc Botanique et Zoologigque de
Tsimbazaza, and Museo Regionale di Scienze Namrali di Torino.
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Fig. 1 - Northem Madagascar with the existing protected areas re-
ported in black (from ANGAF, 20010, Protected areas are drawn in
black; the dotted line indicares the provines limits,
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RESLILTS

The bigh berpetodiversity of northern Madagascar

The list of species endemic (and/or potentially en-
demic) to northern Madagascar is reported in Tables |
and I, with indications of occumrence in the four con-
sidered domains. As shown in Table I, the proportion
of amphibians o reptiles Camphibian/reptile ratio, ARr}
goes from (.32 (Nosy Be) to 1.82 (Ambolokopatrika).
According to personal observations and published infor-
mation (Vences ef af,, 2002}, it was assumed that an ARr
< 0.3 was rypical of dry forest sites, where the number
of reptiles is much higher than amphibians, while an
ARr = 1.0 characterised the typical herpetofaunal assem-
blages of rainforests, in which the amphibians reach

TABLE [ - List of amphitians presumably endemic of N Mada-
Rascar and distriburion in northeri raiforest domdain.

Family and species W& NE Montagne Tsaratanana

d' Ambre

Hyperoliidae, Hyperohinae

Heterevalis andrakata +
Hetertxalus variabilis *
Hetertxalus ricolor +

Mantellidae

Boaphis septentrionalis + + +
Boaphis anjanabaribeensis -

Boagshis englacnder] *

Boogrhis jacgert +

Boaphis andreonel *

Boophis Blommersae + +
Booghis maaroferensis * *
Maniidactylus meassi +

Mantidactylus pretdoasper
Mantidactylus granulatus + + + *
Mantidactylus zavona *
Marbicactylus salegy +

Mantidactylus ambohitra +
Mantidactplus ambreensis + + +
Mantella viridis

Maniella manery +

Mantella nigricoams + +

¥
*
+

Microhylidae

Plethodoniolyla baevies + + 4
Plethodontobyvla guenthenpeiersi +
Plethod, serraropalpebrosea *

Plethodvmbobyla st
Rbhombophoyme iesiido
Stumpiffia psologlossa
Stwmpffia pygmasa
Stumpffia pimmeli
Planpelis millo
FPlangselis articola +
Plangpelts raratanandensis + +
Planpelis accuitans
Copiyla pinwodaclyla + +

+

+ 4 o+

+

Total number of amphibians 16 16 b 10
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their well known hyper-diversity (e.g., Andreone &
Randrianirina, 2000 and Andreone e al., 2000: 0.9-1.5 in
forests of north-eastern Madagascar; Raselimanana,
1995: 1.0 at Anjozorobe in central-eastern Madagascar;
0.2 at [soky-Vohimena and Zombitse (Raxworthy et al,
1994; Goodman ef @, 1997). Values between these
numbers (0.3-1.0) are typical of herpetofaunal assem-
blages from ‘transitional’ forests, including the Sambira-
no forest of Lokobe (0.32) and Manongarive (0.79).
Very high or very low values may be caused more by a
deficit in species than by their richness. This is the case
of Ambolokopatiika, for which the ARr is 1,82, since the
number of reptiles is very low (compared with other
sites in the same area, i.e. with Anjanaharibe-Sud: 23 vs.
40 species). The only three skink species found in this
forest were far fewer than expected and might be inter
preted as a consequence of rather continuous human
exploitation (Andreone, 2003a), or, alternatively, as-
cribed 1o hostile weather conditions during the study pe-
riads. Alse. Mentagne d'Ambee have a ARr (0.57) which
was more similar o that of other sites from the NW por-
tion (e.g., Nosy Be, Ampijoroa), and is due to a large
number of reptiles (40 species) compared 1o a relatively
poor (or impoverished) batrachofauna (26 species).

Zoogeographical affinities
The analysis of biogeographic affinities, as shown in

Fig. 2, confirms that the northern Madagascar is clearly
split into different domains according to the amphibian
and reptile groups. A first cluster concerns the visited
sites of the northeastern area, namely Marojejy, Am-
bolokopatrika, Anjanaharibe-Sud, Tsararano, and Ma-
soala. These are connected with the eastern rainforest
belt, but show a peculiar distinction in terms of faunal
composition. The massif of Montagne d'Ambre, as far as
is known, although presenting several elements ovpical
ol both eastern and Sambirano rainforests, is charac-
terised by a faunal impoverishment due to its isolation
with respect to the other rainforest sites (Raxworthy &
MNussbaum, 1994, 1995). Anyhow, in general it is classi-
fied within the typical eastern rainforest belt (ANGAF,
2001), although for what concerns the snudied cophyline
frogs, chameleons and skinks it appears much more re-
lated to the Sambirano and transitional NW forests than
to the eastern and northeastern rainforests. The Nosy Be
archipelago clusters with both Manongarive and Mon-
tagne d'Amhbre, while Berara-S8ahamalaza, as highlighted
by Andrecne ef al. (2001), proves o be a transitional
forest, with some elements shared with Nosy Be (eg.,
Boophis facgeri and Madagascarophis citrinus), and
others {e.g., B. occidentalis) typical of the dry forests of
the western coast (Andreone f al,, 2002),

Frofecied areas in northern Madagascar

According 1o ANGAP (2001) the protected areas in
narthern Madagascar include 7 special reserves, 3 na-
tional parks, and 2 strict nature reserves (plus 3 marine
parks). In terms of repartition 7 protected areas are lo-
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Fig. 2 - Tree diagram (using Jaccard's similarity index) for some
forest sites in Madagascar on the basis of the presence and distri-
bution of cophyline microhylids, chameleons, and skinks. The
UPGMA was used to produce this tree, but the nearest neighbour
method vielded the same topology. For lecality information and
reference see The Text,

cated in the northeastern territories (and thus include
low-, mid-, and high-altitude rainforests), and 8 are
western and northwestern sites (including deciduous,
Sambirano, and transitional zones), Among the most im-
portant areas in terms of species diversity are the An-
janaharibe-Sud, Ambolokopartrika, and Marojejy forests.
This area represents a center for endemisms and a pos-
sible centre of speciation. The study carried out at An-
janaharibe-Sud found 53 species of amphibians and 40
reptiles (Raxworthy ef @/, 1998). Ar Marojejy - a huge
nearby massif - the total number of amphibians and
reptiles was 51 and 62, respectively (Raselimanana ef
al., 20003, Ambolokopatrika is a forest between the An-
janaharibe-5ud and Marojejy massifs: the study by An-
dreone et @l (2000) showed a richness of 42 amphib-
ians and 23 reptiles for this site (Table TII). Anjana-
haribe-5ud and Marojejy benefit from the status of pro-
tected areas (respeciively special reserve and national
park), while Ambolokopatrika is not yet protected, al-
though a certain form of local management is currently
in act (ANGAF, 2001). Other relevant protected areas
are the Masoala NP (including the Nosy Mangabe SR,
which safeguards the largest lowland rainforest area of
Madagascar (with a surface of abour 230,000 ha), the
PN de la Montagne d'Ambre, and some areas in the
Sambirano Domain, i.e., BNI de Lokobe (Nosy Be), RS
de Manongarivo, NI de Tsaratanana. Relevant areas for
the protection of dry-deciduous forests are Analamera,
Foret d’Ambre, Ankarana, and Bora (SRs).
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TABLE I - List of reptfles presumably endemic of ¥ Madagascar
artd distribution fn northern rafwforest domains, Taoca marked
with psterisis are likely new speciss,

Family and species NW NE Mootagne Tsiratanana

d'Ambre

Chamaeleonidae

Brookesia wmirima +

Brookesia fubercalata +
Brucsueion freyrierisi *
Brookesda priveaudi +
Brookesia valerieas +

Brookesia vadoati +
Brookesia barchet +
Bronkesin betschi *

Brookesia sp*

Calumnra saralananensis

Calumma boetigert - - +
Calumma gufbei

Calumma peyrierast 2
Calumma sp, © +
Caliimieg v rensis
Calumma guillaumeti
Calumpea pencesd
Calumnea palfosoa
Calumma oshaug. ambressis +
Furcifer petteri +

Gekkonidae
Parmedura stmpyfi + + +
FParoedura oviceps + +
Parnedira somalorbines
Farvedura fobatzar
Urapdatus allwaudi +
Uratlatus ehenaud
Elaesodactplus boivini
Lygodactius belerurus
Lypodactyius madagascariensis
Lypeddactylus rarus
Lygodactvlis expeciains
FPhelcumea seippn

Fhelsuma madag. grandis
Fhedcwma laticauda

Fhelouwrmea kiemmeri

& ook o

tt+ o+ o+

+

* b ki ko g

Gerthosauridae
Zoviosaurus boetfgeri
Zovosares haraldmeiert
Zonosaurs rufipes
FZowmosaurs sebunicalor

Zoviosauries brygpood

+ o+ o 4

Scincidae
Crppiodlepharis cogriabis
Mabuya varambo
Mabueva bavaraira +

Amphiglngsus avdouing +
Ampbigingsus elongatus +

Ampbiglossus mandady F +
Ampbigloasus mandokaya -
Ampbiginssus nanus +

+ +

+

Comtinued

F. ANDRECME

DISCIISSION

Similarity and endemism of northern tervitories

The cluster analysis showed a biogeographic division
of northern Madagascar partly in agreement with that
proposition by Raxworthy & Nussbaum (1995), which
indicated the North-East, the North-West, and the East
{low-altitude temritories of the western Masoala Peninsu-
la), Montagne d'Ambre clustered with Sambirano sites,
as it is clear that this rainforest massif shares several
taxa with N sites. The Tsaratanana Massif and Anlkara
tra have not yvet been presented in this preliminary
analysis, since the data are still incomplete and still un-
der analysis (ar least for what concerns a recent survey
carried out by Andreone, Vences, and co-workers),

N Madagascar is indeed a true crossroads for herpeto-
logical diversity: some groups of amphibians and rep-
tiles have there their greatest richness. Of course, the
occurrence of a species only ar a cermain sire or within a
certain geographical sector could be confirmed only
with extended survey activities, Most species were until
now known for only a limited number {or even one on-
Iy} of localities. This is the case of the enigmatic Pletbo-
dontobyla coudreaui which was described for Betam-
pona (central-eastern coast), but which was only recent-
ly discovered at some nonthern localitles (Raselimanana
&f al., 2000; Andreone, 2003k}

More than 20% of the amphibians and 30% or repiiles
are species exclusive to the northern region (or presum-
ably that have there their orgin and irradiation centre).
Of these we note that the most peculiar and represent-
ed groups which include more than 304 of the species
apparently endemic of N Madagascar are: Microhylidae
Cophylinae (amphibians), Gerthosauridae, Scincidae,
and Typhlopidae (repriles). Among the most important
groups of amphibians and reptiles which find their cen-
tre of diversification in nothern Madagascar T quote the
cophyline microhylids (except for the genus Anodon-
thyla which has its diversity centre in southern Mada-
gascar: Vences of al., 2002). Many new still undescribed
species belong o the genera Platypelis, Plethodoniobyia,
and Srumpffia, as suggested by unpublished biomolecu-
lar analyses carried our by Andreone and Vences. The
drversity of chameleons is visible in the dwarf Srookesia
species, and in the forest Calumma species. Evidence
also given by recent species descriptions by Raxworthy
& MNussbaum (1995) (six new Brookesia species), and
Andreone et al. (20000 (two new Calumaig species).

Eco-tourism for berpetology? The example of Nosy Be

A recent example of survey work which can be effi-
clently applied to conservation and eco-tourism is the
valorisation of herpetofauna diversity of Nosy Be and
nearby islets (Andreone ef al, 2003 b), This island, off
the north-western coasts of Madagascar, is among the
most important tourist destinations in Madagascar, due
to a combination of facilities Chotels, villages, eic.),

——
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TanLe I1 - Continued.

Family and species NW NE Montmgne Taaratznans

d’Ambre
Amprbiglossus proovrnmtus +
Ampbiplazsie snfilostichs +
Ampbiglossus st +
Ampbiglnzsics stylus
Ampbiglossies fanysoma +*
Amphiglassus isaralananengis * +
Antpbiglossus weaterioli +
Ampbiglossus affgiigi +
Paraconttas wrilion +
FParacomiias brocchi +
Paracontias mearnify +
Paraconiias sararans o
Paracontiag bafa +
Peendoaconrias anpeloron +
PRetidoacontias menamamly  +
Frevdogoontias nicolor +
Colubridae
Afleerredine bellyi + + +
Allietuding mocquardi +
Compgopbis albiventris +
reodipsas sp. * + +
Ithyoypbus Hancl *
Liapholidopbis therezieni +
Ligpirolicopbis stumpyfi + +
fangnﬁ:r: _Inwni'mm'.l'nrsudl'
Madagascarapbis col. sepfentricnalis +
Madagascarophis col dnsularis +
Madagascaropins ciirinug *
Pararbadinaea m. melanogasier +
Pararbadingea m. marajeensis +
Prewdoxyrbopus ambreeriss + £ E
Preudneyriops analabe +
Stemopbis granuliceps +
Stenopbis daralaensis
Stenohibis dnopinge +
Typhlopidac
Typhlops madagascariensis +
Tyjpirkops acularts
Typblnfe ateracepbalis +
Typblops rewierd +
Typhlofs msicronais + +
Total number of reptiles 7 M 0 a

presence of an extended coral reef, and a higher stan-
dard of living. A herpetclogical survey was recently
made (Andreone er @, 2003b). Most notable is the pro-
tected status of RNI de Lokobe: although the area of the
reserve is relatively small (740 ha), the herpetological
diversity is quite large. With 60 species currently detect-
ed within its boundaries, Lokobe hosts more than B0%
of the toial Nosy Be herpetofauna (60 reptiles and 19
amphibians). Considering that many tourists visiting
Madagascar are attracted by its unique flora and fauna,
there is great imterest in gaining access to the Lokobe
primary forest. Changing its protection stams (from

233

Strict Namre Reserve to National Park) would hopefully
allow controlled visits of tourists at least to parts of this
reserve. Furthermore, the proposition of tourist circuits
which take into account the presence of peculiar
species (e.g., Mabuya comorensis at Nosy Tanikely),
and habitats {e.g., RNI de Lokobe) would increase the
naturalistic valorisation of the island. Anyhow, it must
be considered that the “typical” tourists of Nosy Be are
{still} only in part interested in nature, and, more in
general, they are attracted by lemurs (that they easily
find and chserve on Nosy Komba). Thus, an indiscrimi-
nate access o Lokobe could potentially be dangerous
for the conservation of this wonderful forest fragment,
also taking into account the relatively easy access to it
One possibility to cope with eco-tourism and protection
might therefore be to free the access only to the periph-
eral borders of the reserve, just to warrant a visit to a
peculiar Sambirano forest, but avoiding an indiscrimi-
nate access o the reserve’'s central core, which should
be restricted (0 scientists.

The diversity, in terms of amphibian and repiile
species, on other parts of Nosy Be is also significant, as
witnessed by surveys at unprotected areas there, The
number of species in and along ricefields is low, while
the herpetofauna is almost non-existent in the sugar cane
fields. However, it is remarkable that ylang-ylang and
coffee plantations still host a considerable number of
species CAndreone er ai, 20030

Conservation and the berpelofauna

It is unnecessary to quote any references to empha-
size that the conservation of the World's species or
habitats passes logically through a combination of direct
actions and education. This is far more true in Madagas-

TapLE III - Mumber of ampbibian (wA) and reptile species k),
and amphibians-reptiles ratio (ARr) at some remariable novthern
Sovest sites. BF, rainforest; SF, Sambirano Forest; TF, transitional
Sforest Dry-Sambirano. Bibliograpbic references: 1, Andreone et
al., 2068; 2, Andreone et al.,, 2001; 3, Andreone et ql,, 20038 4,
Gelaw & Vences, 1994, § Mo ef al,, Xid; 6§, Rabotomalala, 2002
7 Raselimanana ef @i, 199% &8 Raxvworthy & Mussbawm, 1994; 9,
Raxwortby ef al, 1008,

Site Forest nA nk AFr Bibl.
pe ref,
Montagne d'Ambre RF 26 4 0.57 4, 8
Maroijeyy EF 51 62 0H2 7,4
Ambolokopatrika RF 42 23 182 1
Anjanaharibe-Sud RF 53 40 1.33 Q
Tsararano RF 42 30 1.40 1
Ampijorcs DF 9 47 0,19 5
Manongarivo SF 27 34 n.79 [
Lokobe (Mosy Be) SF 15 4t 0.33 ]
Sahamalaza TF 10 26 0,35 z
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car, where ecological and human constraints are some-
times in great contrast for a scrics of reasons, Due to its
natural richness N Madagascar is already a key area for
the country's conservation in the next years, The sirate-
£v o warrant its whole conservation is indeed 2 ground
for specialist studies, although the major lines have al-
ready been addressed (ANGAP, 2001). Taking the her-
petofauna as a focus’ for conservation priorities, a dou-
ble path can here be addressed and highlighted. First of
all, in terms of habitat conservation, some important ar-
cas must necessarily be managed. The axis Masoala-An-
dapa Montane Chain-Tsararanana will hopefully benefit
from future intensification of conservation programs. If
this is positively effected, the result will consisgt in con-
siderable protection of large segments of wet low- and
mid-altitude forests, including an articulated mountain
forest. In terms of conservation of selected species, this
will be a logical result of survey work.

The presence and diffusion of endemic species must
necessarily be considered as an indication for future
area upgrades, as already made by the recent CAMP
meeting held at Mantasoa (AA VY., 2002). Thus, special
emphasis should be laid on an integrated approach
which takes inio account the results of survey work, the
discoveries made using fine techniques, like biomolecu-
lar (Vences et al., 200Z), karyological (Andreone er al.,
200%a; Aprea et al, 2004), and bicacoustic, All this will
he associated with considerations regarding the effect of
the pet-trade upon some sensitive and requested taxa,
like Mantelia frogs (Andreone & Luiselli, 2003; Andreone
& Randranirina, 2003), and Furcifer pardalis (Andreone
el al., 2003b; Jenkins & Rakotomanampison, 1994, An-
dreome Fo & Randrianirina J. E., unpublished data).
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