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148 Chaprer 4.

Abbreviations and acrenyms used in the texr and references

ACAP Amphibian Conservation Acoen Pilan

ACSAM A Conservation Suracegy for the Amphibnans of Madagascar

ASG Amphibian Specialist Group

as | above sea level

Bd Hurmuctochycrinm dendrobund

BIOPAT Patesschiafen fir blologische Vieltaly/ Pamons tor Biodiversiry

CEC Chyerid Emerpency Cell

CEPF Cricical Ecosystem Parmership Fund

CITES Convention on International Trade in Endangrred Species of Wild Fauna and Flara
COBA Communauté Locale de Base/Grass-Roors Communities

DNA deoxyribonucleic acid

EAZA European Association of Zoos and Aquaria

EUR Eure

GAA Global Amphibian Assessment

ICTE-MICET Inisstuie for the Conservation of Tropiaal Emamamen/Malagasy Inscicat pour la Conservation des Ecosystames Tropicaux
TUCN Internationul Union for Conservation of Mature

LAG line of arrested growth

MeAP Mantella cowanii Action Plan

MGA Malagasy Atiary

NGO Non Governmental Organization

NSAP New Sahonagasy Action Plan

PVA Population Viabilicy Analysis

SAVA discrices of Sambava, Antalaha, Vohémar, and Andapa

SSC Species Survival Commission

UNEP-WFCMC United Nations Envirenmenr Programme-World Conservation Menitoring Cenire
UNESCO United Narions Educarional, Scientific and Culwral Organization

UNSD United Nations Statistics Division

usD United Srates dollar

WAZA World Association of Zoos and Aquariums

1. MabaGascar: AN OVERVIEW OF GEOGRAPHY AND OF
THREATS To BropiversiTy

The island of Madagascar lies in the western Indian Ocean off the
southern coast of Africa. It is separated from continental Africa
by the deep Mozambique Channel and covering 587 coo km?,
Madagascar is considered the 4™ largest island in che world; the
three larger islands are Greenland, New Guinea, and Borneo,
which have been respectively and repearedly in contact with
North America, Australia and Tasmania, and with Java, Suma-
tra, and the south-eastern Asian mainland (MrTcHELL z019),
Madagascar is seen as the world’s largest persistent continen-
tal island, since its separation from Africa dates approximare-
Iy from 160-130 million years ago, and from India 8o million
years ago (ALt & ArrcHison 2008), This is reflected in the ex-
wemely high races of endemism, with more than 90% of Mad-
agascar’s vertebrate species living exclusively in its foreses and
woodlands (DCFiLs 2003; CROTTINI et al. 2012; BROWN ¢f af,
20t4; GANZHORN ¢f al. 2014). This unparalleled endemism at
various taxenomic levels, thus, makes conservation of Madagas-
car’s biota a top global priority (Brooxs ef 4l 2006) and is why
people have ranked Madagascar as the “8% Continent,” a “micro-
continent,” and an “island continent” { [xson 2000; DE WIT 2003).

A mountainous chain runs from the North to the South wich
three massifs at an elevation higher than 2 600 m a.s.l.: Tsarara-
nana 1n the Norch (Maromakotro peak at 2876 m), the Ankaratra
Massif in the Centre (Tsiafajavona at 2.643 m) and the huge granic-
ic Andringitra Massif (Pic Boby at 2 658 m). In terms of ecosys-
tems, Madagascar 1s characterized by the presence of 2 rainforest
belt running along its eastern part, the Sambirano in the North-
West, and the 1solated Montagne d’Ambre in the North. A wide
plateau encompasses the central highlands and part of the South-

West, The steep eastern escarpment is cut by several streams and
rivers that collectively carry a huge flow of warer; these divide the
original rainforest belt 1nto several basins that act as biogengraphic
barriers (VENCES et af, 2009)

Recent studies suggest that colonization of Madagascar by hu-
mans possibly dares to the Early Holocenre, although the timing
of sectlement remains 2 key topic of debate in archaeology (Dou-
GLASS ¢t 2f. 2019). Beside this, the island experienced a chain of
repeated extinctions, mainly of its megafauna, including large le-
murs and other giant endemics, such as the elephant birds: Aepy-
ornis, Mullerornis, and Voromébe. The extincuion of Madagascar’s
megafauna, likely driven by human pressure, led to alteration of
habitats and ecosystems and to the loss of pristine habicars, in par-
ticular forests (Crowiey e 4l 2017). Madagascar has since suffered
environmental degradation over a significant part of its land-mass.
Many conservation threats are still currently affecting the island,
ranging from deforestation, to landgrabbing, to pollution, and ro
overexploitation of resources. In particular, Madagascar is well-
known for its dramauc rate of deforestation (HarpER ez 2/, 2007)
{see the section “Ongoing threats to Madagascar’s amphibians”).

The loss in biodiversiry and the degradation of natural habirars
represents a major chrear that is strongly associated with increas-
ing poverty. With over 26 million people and 2 mean GDP of
1-2 euros per day, Madagascar 1s one of the poorest countries in
the world (INTERMNATIONAL MoNETARY FuND 2019}, Moreover, at
least 70% of the population is dependent on resources derived
from agriculture and there has been an increase iz social instability.
Accordingly, Madagascar has suffered a reoccurrence of epidemic
diseases, such as the plague (SHinva ez 2f 2017; RAMASINDRAZA-
NA er 4l. 2020), measles (N1MpA er af. 2020), and, more recently,
SARS-CoV-2 (Evans er al. 2020}. The projection of population
growth for 2100 is also particularly worrying, since it estimares,
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with a ferrility rate of 4.89, a population of 100 millien people,
which appears to be almost unsustainable eaking into account the
loss of forest coverage and fertile ground {VOLLSET er 2/, 2020).

Rainforests originally were present and continuous on the
eastern coast, where rainfall is intense, reaching up to 4000 mm
per year. The eastern forest belt is now heavily fragmented due
to human activity {HARPER ¢ al, 2007). Although there is de-
bate whether the Central Highlands originally were dominated
by montane forests or by 2 mesaic of grasslands, savannahs, and
forests (SOLOFONDRANOHATRA ¢7 2f 2018), the anthropogenic pres-
sure of recent decades 1s highly noticeable, with a trail of heavy
deforestation and erosion on the now savannah-dominared land-
scape. A similar scenario of alteration of habirats has been observed
in the western forests and in the mangroves of the West and South,
which largely have been fragmented and burned (VierLenenT #2
al. 2018).

The general trend of degradation of floral and faunal biodiver-
sity, 1s caused primarily by destrucuve practices, such as the clear-
ing of natural habitats and overexploitation of natural resources
(see section “Ongoing threats 10 Madagascar’s amphibians”). The
unsustainable collection of natural products (minerals, plants, ani-
mals) represents a further threat for Malagasy biodiversiry, together
with climatic change and the introduction of alien invasive spectes
{ANDREONE ¢f af. 2015).

In parucular, forests are being reduced in size and becoming
more isolated from each other. Where forests are lost, the soils
¢rode, which perpetuates [oss of biodiversity. A particular problem
15 caused by slash-and-burn agriculrure, called “tavy™(STYGER £
al. 2007). This traditional agricultural method is mostly used for
converting forests into rice fields and/or ro generate space for zebu
pasture and the production of charcoal. Typically, the forest is cur,
butned, and planted with rice or other crops. After 1—2 years of
production the field is left fallow for 46 years before the process is
repeated. After two or three such cycles, the soil is deprived of most
nurrients and the Jand usually 15 colonized by scrub vegetation and
alien grasses. Logging for timber 15 also prevalent, especially on the
castern coast, whete precious woods still exist. Large quantities of
Malagasy rosewood (genus Dalbergia) have been logged illegally
and exparred at an increasing rate over recent decades (BARRETT et
al. 2010). This takes place almost entirely 1n protected areas, such
as Masoala and Marojejy National Parks, which comprise part of
the Atsinanana UNESCO World Herirage Site in the SAVA region
(including the districts of Sambava, Antalaha, Vohémar, and An-
dapa) in north-eastern Madagascar (ScHUURMAN & LowRry 2009,
BARRETT ef 2. 2010; ANDREONE et af. z018b).

I1. A LAND OF ASTONISHING BIODIVERSITY

Madagascar 1s a land featuring an unparalleled level of biodiversity
(MEVERS ¢t @, 2000; DE WIT 2003; WILME £ 4/ 2006; (ZANZHORN
ef al. 2014}, Its fauna and flora evolved largely in isolation, and
most of its extant fauna colonised the island about é0—70 million
years ago, after the island had separared from all other Gondwan-
ian [andmasses. The pioneer animals that reached Madagascar and
succeeded in adapting to this new environment arrived by rafting
over the ocean {(VENCES ¢t al. 2003b; CROTTINT 27 2l 2012).

With over 100 species, lemurs are Madagascar’s most 1conic
fauna (MITTERMEIER ¢r 2] 2010). Yet, the istand is also heme two
an exceptional diversity of reptiles with more than 430 described
species (UETz er al 2020}, many of which (at least 40%) are con-

species

Fig. 4.x: Spatial amphibian diversity patterns in Madagascar and representative
species. The map shows the species richness based on the distribution of 325 am-
phibian specics; scale ranges from low {blue) to high (red} numbecr of species per
hesagon, Adapred from Broww er af. {2016). Representative amphibians:

(&) Heterixalus luseostriarses, (Hyperoliidac), Central High Plateau; {B) Scaphio-
phryne gottlebei, (Microbylidae, Scaphiophryninae), Isalo Massif; (C) Anadenthyla
vallani, [Microhylidae, Cophylinac}, Ambohitantely Forest, Central High Plateay;
{03} Dyscophus antongilii (Microbylidac, Dyscophinae), NE Madagascar;

(E} Aghptodactylies sp. (Maniellidae, Laliostominae), Makay Massif; (F) Maneslfs
anranttaca {Mantellidae, Mantellinac), Andasibe-Moramanga area; (G} Bogphi
williamsi (Manellidae, Boophinae), Ankaratea Massif; (H) Tringymantis antitra
{Mantellidae, Mantellinac), Ankarana Massifs {I} Perchadena sp. (Prychadenidae),

all Madagascar,
(All pheros by F ANDREONE, except (H) by E Graw, Graphic elaboration by
S.C. Anpreong, (. Provo, and G M. Rosa)

sidered threatened (Jenkins ez 2/, 2014). In the past few decades,
amphibians have also generated increasing incerest, given their
extraordinary diversity and endemicity (ANDREONE 1991), The
native amphibian fauna consists of five independent anuran radi-
ations {caudates and gymnophiones are absent) belonging to four
families (Fig, 4.1): Hyperoliidae, Mantellidae, Microhylidae, and
Prychadenidae. The Malagasy amphibian fauna is featured by an
astonishing diversity, especially the mantellids and the cophyline +
scaphiophrynine microhylid lineages (ANDREONE 20034, b; GLaw
& VENCES 2007a; VIEITES et al. 2009; PERL e @i, z014; CROTTINI
¢t al. 2020). Large-scale taxonomic inventories conducted since the
1990s have led 1o an increase from 133 to over 370 described species
and several (about 200) candidate species awaiting formal descrip-
tion. This is Jargely due to the exploration of new areas and the
application of more efficient techniques, such as the combination
of morphelogy, bioacoustics, and molecular genetics. Undescribed
diversity may have an mportant impact on understanding the
spatial patrerns of endemic radiations on the island, but objective
estimates of species’ numbers are not yet available (AMpHIBLA WS
2021).
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The family Hyperoliidae sces its greatest diversiftcation in main-
land Africa, but is also represented in the Seychelles Island with one
further species, Tachycnemis seychellenses (see Chaprer 5). In Mad-
agascar, all the 1x recognised species belong to the endemic genus
Heterixatts (WOLLENBERG ¢t al. 2007; (GEHRING ef 4l zo12). The
family Mantellidae, endemic to Madagascar and to the Comoran
island of Mayotte (GLaW et 4l 2019; Chapter 5}, 15 the largest lin-
eage of frogs within Madagascar, both in terms of species richness
and diversity in motphology, ecology, and reproductive modes
{WoLLENBERG et #/. 2011). This family comprises three subfamilies
with diverse ecological and morphological differendavon: Man-

1 et i il -
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Fig. 4.2: Ancient illustrations from O. BoerTceR and G. A, BoULENGER,
depicting some Malagasy frogs. (A) Rbombaphryne restude (BOETTGER 1881,
placc IV, fig. 15}, Cophyla plylladactyla, Mantellz ebenaui (originally described as
Drendrobates Ebenani Boeteger, 1880), and Stumpffra psologlossa (BOETTGER 1881,
plare V, figs. 19-21); (B) Boophis albilabris (originally described as Rbacopborus
albilatris Boulenger, 1838), Mantelly baroni, and Platypelis pollicaris (from
BouLENGER 1888, plate VI, fgs. 1-3)

tellinae, Boophinae, and Lalioscominae. Mantellinae has 143 Mal-
agasy species and two from Mayorre {numbers from Ampripra-
WEB 2021, updated on 15 March 2021} which are represented by
tany scansorial, semi-aquatic, and arboreal species, which lay eggs
terrestrially. They include the pencra Blommersia, Boehmantis, Ge-
phyromantis, Guibemantes, Mantella, Mantidactylus, Spinomants,
Liingymantis, and Wakea. The subfamily Boophinae includes the
mainly arboreal treefrog-like genus Boaphis (78 Malagasy species
and one from Mayotte), while the subfamily Laliostominae (seven
species) 1s represented by the genera Laliosioma and Aglyprodacty-
fs, both of which are terrestrial but breed in stagnant, temporary
bodies of water. The family Microhylidae includes two indepen-
dent lineages: the subfamily Dyscophinae (three species), related
to Asian microhylids, and the subfamilies Scaphiophryninae and
Cophylinae (12 and 114 species, respectively) although these seill
do not have fully resolved relationships {Van pER MEITDEN ef al.
2007; WOLLENBERG ¢t 4/, 2008; SCHERZ ¢f af. 2016, 2017). The
family Prychadenidae is present with three mitachondrial lineag-
es likely corresponding to three candidate species (VENCES ez al.
2004, ZIMKUS éf &l 2017).

Two anuran species were introduced by humans. The Indian
Bullfrog (Heplobatrachus tigerinis) oniginated from south-eastern
Asia and was likely introduced into Madagascar for the food crade
prior to the mid 19008 (Gureg 1993; PENNY et 2l 2017; MOHANTY
¢t al. zo11). The other is the Asian Toad (Durtaphrynus melano-
stictws), which was introduced around 2010 in the Toamasina (Ta-
matave) area and is undergoing rapid expansion {ANDREONE ez /.
2014¢; MCCLELLAND et 2/ 2015; Licata e al, 2019, 2020),

IIT. AMpHiBIAN RESEARCH IN MADAGASCAR

Similar to other hyper-rich biediversity hotspots, such as Brazil
or Colombia (Myers et 2l 2000}, inventory surveys leading to
species’ descriptions and systematics have dominated the research
conducted in Madagascar over the past three decades. Fulfilling
the scientific documentation of Madagascar’s endemic taxa is
tightly linked to the conservation of biodiversity and remains one
of the most important challenges of forthcoming decades. Particu-
larly important is obraining data on species-rich groups, surveying
poorly documented sites, and darifying taxonomic relaticnships
{AnDRIAMIALISOA &7 LANGRAND 2003).

Madagascar has a four-century history of biological exploration
that brought about the current extensive (although still incom-
plete) discovery of its rich biodiversity. With a few exceptions,
current knowledge of amphibian species diversity began relatively
lare. Alfred GRaNDIDIER (1836-1921) played a key role in the ear-
ly navurat exploration of Madagascar. He wrote one of the most
monumental publications on the natural history of the island:
“Histoire physique, naturelle, politique de Madagascar;” it was
inutially planned 1o be a o-volume encyclopedia. His pioneering
work on the classification and systematics of Malagasy taxa and
his contribution to the knowledge of the island’s natural history s
unparalleled and has linked his name forever to the country.
Later, George A. BouLencer and Oskar Bortreer became lead-
ing figures in the study of the amphibians of Madagascar, and
berween the two of them about 100 species of Malagasy amphibi-
ans were described (BoeTTGER 1881; BOoULENGER 1388, 1880) (Fig.
4.2). Following these researchers, numerous others (e.g., Edouard
R. BrvGoo, Charles P. BLanc, Rose M. A. BLOMMERS-SCHLOSS-
ER and Jean GUIRE to list a few) focused their attention on am-
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Fig, 4.3: Age esimanan in Mantellz bernbardi, (A) Adulc individual; (B) Phalangeal cross section of the individaal showing two lines of arcested growth
(LAGs: arrgws) {adapted from Anpreons et af aon}. Abbreviadons: Eb, endasteal bone; Me, medullas cavity; P, periosteal bone.

phibians, but it was only in 1978 that GuIBE published the firsc
monograph specifically on the amphibians of Madagascar (Gureg
1978), Since the 1980’s, 2 number of publicatieons have Increased
our understanding of Malagasy amphibians (ANDRIAMIALISOA &
LanNGRAND 2003}, Among these we quote the taxonomic revisions
by BLOMMERS-SCHLASSER (15794, b, 1981) and two imporcant ref-
erence works on Malagasy amphibians {BLOMMERS-SCHLOSSER &
Brane 1991, 1993).

After these contributions, the rate of species descriptions has

. 1 -

{Photagraphs by E ANDREGNE and G. Tessa)

increased exponentially and certainly 15 higher than during any
other period of scientific exploration of the island {Graw & Venc-
ES 2003; VENCES ¢ 2/. 2008a, b). As a result, many new species and
taxonomic revisions have been published (e.g., GrLaw & VENCES
2006; GLAW ¢t 2l 2010; ANDREONE 2013; ANDREONE et 4/, 2010;
VENCES ¢f 2l. 20102, b; CROTTINT ¢t 4L 2011a, 2020 LEHTINEN &t
al zo11; SCHERZ ¢t 4l 2016, 2017; RAKOTOARISON et 4l 2017), and
even more are known bur are awaiting formal description (Pere ez
af, 2014; HUTTER ez 2l 2018).

" % e % i
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Fig. 4.4: Spatial ecology study in the Rainbow Frog (Seaphiaphryne gottlebed) in the Isalo Massif. (A} Radio-rracking individuals at 2 canyon entranee; (B) An adulr with
exrernal radio attached; (C) A radio-tagged individual hidden in a hale i the canyon wall,

{Photographs by P Eusesio BErco and G. M. Rosa)
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Fig. 4.5: Aspect of femoral glands in an adule male of Gephyromantis moserz. (A) Lateral view; (B) Venual view; {C) Close up of the feroral glands chat produce volatile

amphibian pheromaones most prabably used for chemical communication.

A crucial step was the publication of an extensive field guide,
which facilicated a rapid identification of species in the field (Graw
8¢ VENCES 1994, 2007a). The most recent edition of this guide was
published in Malagasy and disttibured throughout the island
institutions and organizations involved tn conservation and the
management of natural resources (Graw & VENCES 20073, b). In
addition to these major works, numerous herpetological rescarch
teams have recendy carried out many field missions throughout
Madagascar (e.g., ANDREONE 1994; ANDREONE & RANDRIAMA-
HAZO 1997; Raxwortuy & NUSSBAUM 1996a, b; RAXWORTHY ez
21, 1998; NussBaUM et 4l 1999; ANDREONE et af. 2000; VENCES ¢t
L 2002, MERCURIO ef 2l 2008; BORA er 4l 2010; GEHRING et al,
2010; CROTTINI ¢f 2/, 2011h; Rosa er ol 2012; Cocea ef 4l 2018,
2020). These expeditions resulted in & nearly continuative descrip-
tion of new species and identification of others (PERL ¢7 2/, 2014),
leading to a more thorough understanding of the taxonomy and
the distribution of the amphibians of Madagascar (Graw & Venc-
ES 20073; BROWN et 4/, 2016). Additionally; to opumize the results
of amphibian surveys, it was recommended that standardised field
methods are used {VENCES ef 2 20083, b), These should include:
{a) publication of distribunional data providing exact reference to
at least one voucher specimen of each recorded species per local-
iiy; (b) preference for adule males as reference specimens, since
chey usually exhibit secondary sexual characters that are mostly
diagnostic; (¢} association of the best voucher reference, when
possible, with the recorded vocalization(s); (d) documentation of
colouration of live individuals by photographs; and (e) collection
of a tissuc sample to be used for genetic analysis.

{Photographs by G. M. Rosa)

To ensure a neatly complete inventory, the study of Malagasy
amphibians should continue with the same intensity for at least
another 10-20 years (ANDRIAMIALISOA & LANGRAND 2003; GLAW
& VENCES 2007a). In addition to the identification and descrip-
tion of new raxa, there has been increasing interest in amphibian
ecology (e. g.. ANDREONE et zf. 20133; HEINERMANN e &/ 2015;
RieManN ef af. 2015; DuBos ¢ af 2020), natural hiscory (e, g.,
Rosa et 2l 2011; ROCHA et 2/, 2012; STARNBERGER ¢t 2/, 2013; Lam
er al. 2020), and conservation (ANDREONE & LUISELLY 2000; VAL-
LAN et 2l 2004). Some remarkable examples include the siudy of
the reproductive phenology of the tomato frog Dyscophus anton-
gilit (SecEv et al 2012), as well as the regular monitoring of spe-
cies ar some sites, thereby providing valuable daca on population
dynamics and rhe status of disease of highly threatened regional
endemics (ANDREONE ¢t 2. 2014a; DuBos ez 2l 2020). Using the
skelerochronological method (Fig. 4.3), which takes into account
the number of lines of arrested growth (LAGs) within long bones,
it was also possible to estimate the age profile of several amphibian
species (GUARINO ¢7 4/, 1998, 2010, 2019; ANDREONE ¢# al. 2011
Tessa ez al. 2011, 2017}, Combining the age profile with activity
patterns and dispersal abilities with genetic diversity and spatial
ecology increased our knowledge of the narural history of Dy-
scophus guineti and Scaphiophbryne gotilebei (Fig. 4.4), two of the
most iconic species of Malagasy amphibians (CroTTIN £f 2/ 2008;
ANDREONE ¢7 af. 20132; ANDREONE 20155 OROZCO-TERWENGEL
et 2l 2013). Examining glandular secretions, POTH er 2/, (2012)
demonstrated the emission of volatile pheromones by the femoral
glands of mantelline frogs (Fig. 4.5), and the discovery of a modi-
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fied olfactory anatomy in pheromone-emitting frogs suggests that
there is an evolutionary connertion in these structures (NoOwack ¢¢
al. 2017). In highly diverse species assernblages, chemical commu-
nication with these species-specific mixtures of compounds may
constitute a hitherto underrated means of distinguishing conspe-
cifies in close proximity.

Recently, morphological description of tadpoles of several spe-
cies has increased the knowledge of their natural history and larval
stages (.g.» MERCURIC & ANDREONE 2006; RANDRIANIAINA ef 2l
2009, 2011, b; SCHMIDT et 2/, 2009; GROSJEAN éf 2l 2011}, Anal-
ysis of tadpoles also enabled the identification of candidare species
previously based solely on DNA sequences and larval morphology
{RANDRIANTAINA er 2/, 2012). Focusing on the study of larval com-
munities, functional redundancy and low functional diversity has
been found in larval amphibian assemblages from dry-foresr (GLos
er 2l 20073, bY and rainforest habitars (STrRauss e 2/, 2010, 2013),
Finally, larval behaviour and communtcation strategics have been
observed and described, such as the definition of a new eco-mor-
phological guild for the tadpole of Seaphiophryne gottlebeis the
so-called “psammo-nektonic” tadpole of this species partially digs
into the sandy substrate in bodies of water during diurnal hours
only to emerge during the night ro actively swim (Mercurto &
ANDREONE 2006}, Furthermore, tadpoles of the genus Gephyro-
mantss have acoustic underwater signals that probably function
during competitive feeding (REEVE e af 2o11).

The interest in amphibians has been accompanied by the emer-
gence of a new generation of herpetologists who have invested a
great deal of time and energy inco the conservation of the island's
frogs {ANDREONE et @/, 2001). The “A Conservaton Scrategy for
the Amphibians of Madagascar” (ACSAM) initiative represented
a crucial step in the implemencation at the national level of the
Amphibian Conservation Action Plan {(ACAP}, a strategy put to-
gether during a meeting held in Washington, D.C. in Seprember
2005 (Gascon ¢f @l 2007; WREN et af. 2015). Madagascar’s decli-
nation of the ACAP (s known as the Sahonagasy Action Plan (che
term “sahonagasy” is derived from the Malagasy language, mean-
ing “Malagasy frogs”} (ANDREONE & RANDRIAMAHAZO 20082, b;
ANDREONE et 2l. 2012; 2016; GaScoN e &/, 2012). The Sahonagasy
Action Plan provided the opportunity to prioritize actions and
strategies needed to protect the unique amphibian fauna of Mad-
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agascar from the multiple cthreats that it is facing (see the section
“Ongoing threats to Madagascar’s amphibians”). Furthermore,
it was to encourage a better standardization and coordination of
future research into amphibians. The iroplementation of this ini-
tiarive was supported by a CEPF (Crirical Ecosystem Partnership
Fund, hezp:/fwww. cepf.net) grant obtained in 2015, and enurled
“Building a future for Madagascar’s amphibians,” This grant pro-
vided important opportunives for collaboration and launched a
new decade of iniuattves for amphibian conservation.

Coordinarion of research activity has increased in the past two
decades, fostering the reciprocal exchange of ideas, skills, results,
and information (ANDREONE & RaNDRIAMAHAZO 20083, b), and
under these initiatives, amphibians now regularly are being con-
sidered in the identification of nattonally important sttes for con-
servation (KREMEN ez af 2008).

TV. [UCN RepD LisT AND AMPHIBIAN ASSESSMENTS
FOR MaDAGASCAR

In 1994, a rigorous approach to determining the risk of extine-
tion of all known species was introduced in conservation biolo-
gy and has since become a world standard, the TUCN “Red List
of Threatened Species” (IUCN 2019; see Chapter 6). Today, the
IUCN Red List is widely recognised as the most comprehensive,
objective, global approach for evaluating the conservation status
of the world’s biodiversity. The goal of the Red List is wo provide
informarion and analyses on the status, trends, and threats to spe-
cies’ survival in order to inform and caralyze acuion for conserving
biodiversity {IUCN 2012, 2019).

Red List’s assessments of species aim to determine the risk of
extinction by catalogiuing and highlighting ‘threatened’ species
that face a higher risk of global extinction. Threatened species fafl
within the categories of Vulnerable, Endangered, and Critically
Endangered. The Red List also includes information for species
that are close to meeting the threatened thresholds, 1.c., classed as
Near Threatened. Those that are not of immediate conservation.
concern are classified as Least Concern, while specles that canniot
be evaluated because of insufficient information are classified as
Data Deficient, Red List assessments result from the collaborarion
of the “International Union for Conservation of Nature” ITUCN,
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Fig. 4.6: Conservation status in Malagasy amphibians. {4) Proportion of amphibian speeies (listed by family) tn the TUCN Red List categories {IUFCIN Red List assess-
ment categortes: CR, Critically Endangesed; EN, Endangered; YU, Vulnerable; NT, Near Threasened; LC, Least Concern; DD, Dara Deficiens; NE, Not Evaluared)
(B} Proportion of Malagasy amphibian species (by family) listed in the [UCN Red List by population trend.
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the Global Species Program and the [UCN Species Survival Com-
mission (S$C), to mobilize a network of scientists and partner or-
garusations from across the world.

It was not until the 2004 “Global Amphibian Assessment”
(GAA) that che first efforts to assess the conservation status of Mal-
agasy amphibian species were made. This initial effort included the
assessment of 218 described species and each was assigned a catego-
ry of risk based on existing information (STUART ef 2 2004; AN-
DREONE et al, 2005, 20083, b). In the ten years following this initial
effort, a further 29 species were assessed, primarily as a result of the
first ACSAM workshop. However, over the same time period 68
additional Malagasy amphibian species were described. As such, it
became evident that more effort is required to march the rates of
discovery and descriptions of species in Madagascar, with a total of
over 370 native species currently listed for Madagascar at the time
of finishing the redaction of this chapter (AmMPHIBLAWEB 2021).

Following the ACSAMz meeting held in 2014 {see details be-
low), a concerted effort to update these assessments was mitiated
(ANDREQNE ¢t 4f. 2014c), The bulk of the work took place during
2014~2016, with external reviews and final consultations for a few
species lasting into 2018. Of the known narive species, 312 {88.1%)
were assessed with 144 (40.6%) classified within a category of
threat (Fig. 4.6A). This huge effort led to a decrease in the number
and proportion of Data Deficient species, now as low as 3.7%,
versus 19.7% in zoog (Fig. 4.64). This leaves §5 species described
in 2017 and 2020 to be assessed for the first time during a third
GAA mitative, which is set to begin after zo20. The overall TUCN
assessment for the Afrotropical amphibians, including Malagasy
species, is reported m Chapter 6

With regards to population trends, only 33 native species (10%)
(eight Hyperoliidae, 19 Mantellidae, and six Microhylidae) are
considered to have stable populations, according to the amphib-
ian assessments conducred thus far, while 241 species (70%) are
considered to be decreasing (two Hyperoliidae, 170 Mantellidae,
and 69 Microhylidae). The population trends of the 39 remaining
assessed amphibian species (11%) are evaluated as “unknown” (one
Hyperoliidae, 23 Mantellidae, 14 Microhylidae, and one Prychad-
enidae) (Fig. 4.6B).

Assessing the species-rich amphibians of Madagascar is a chal-
lenging and intensive task, especially because we are still far from
having a complete species-list and many spectes are still hidden
and/or confused under the same taxonomic name. So far, more
than 200 addiconal confirmed and unconfirmed candidace species
have been proposed {VIEITES ez 4l 2009; PERL ¢t al. 2014). Despite
the uncertainties sutrounding this escimate, the ongoing discovery
and description of new candidate species highlights the vast pro-
portion of Madagascar’s undescribed diversity. It also highlights
the scale of the task for completing a comprehensive amphibian
Red List assessment for che island.

Besides the substantial proportion of amphibian diversity still
undescribed, the dynamic nature and fragility of the political and
natural environments present significant challenges to Red List
assessors. The increase in deforestation and illegal logging in the
eastern rainforests, during recent political rurbulence (BarzeTT
et al 10107 INNES 2010; ALLNUTT ¢f 2l 2013), the detection of 2
chyrrid fungus (BLETZ ef 4/, 20152, b) and the invasion of the Asian
Toad {ANDREONE #r 2/, 2014a; KoLbY ¢ @/, 2014; CROTTINI ef al.
20142; MARSHALL ef 2. 2018; LICATA er &/, 2019, 2020) demon-
strated thac novel threats co the survival of the island’s fauna can

tapidly emerge.

Red List assessments have become a powerful tool for conserva-
tion by providing indications of the species that should be afforded
prioritary conservation actions. Globally, amphibian populations
are in decline and cheir associated extinctions are a well-publicised
phenomenon (STUART ¢f al. 2004). To date, there have been no
known modern amphibian extinctions in Madagascar (ANDREONE
et 44, 2008b). However, given the level of potential threacs (see sec-
tion “Ongoing threats to Madagascar’s amphibians”), as well as cli-
matic change, mining, and over-exploization for trade (I¥Cruze
& Kunmar zor1), regular assessments of amphibian conservation
status will help to monitor the impacts of these threars and help
prioritize conservation efforts. However, Red List assessors are
confronted by major financial, labour-related, and time-related
constraints, and additionally by the challenges presented by the
high proportion of undescribed diversity and the dynamte nature
of Madagascar’s ecosystems. Finally, a comprehensive, accurate,
regularly reviewed and updated assessment of the conservation sta-
tus of the island’s amphibians would provide a crucially important
ol for conservauon.

All desctibed species have been confirmed in recent years. This
would lead to the pereeprion that, despite loss of habicat and other
threats, the Malagasy amphibians were able to adapt to even small
parcels of forest and other original habitats. The enormous num-
ber of still undescribed species, the fact that many of these are mi-
cro-endermics, combined with the fact thar most of Madagascar’s
natural habitats have already disappeared, makes it very likely that
many species went extinct unnoticed. This might be especially true
for the Central Highlands, which nowadays are almost deprived of
any primary forest cover, and where intense exploitation of narural
habitats started several hundreds years ago; or the low elevation
and lictoral rainforests, which are now highly fragmented and un-
der sevete threat of votal loss.

V. Oncoing THREATS TO MADAGASCAR'S AMPHIBIANS

A. Habitat loss and degradation

Settlements by humans marked the beginning of a great rrans-
formation during which forests began to shrink. Loss of forests
fiest took place at a low level, caused mainly by shifting cultiva-
tion practiced by the colenizers from south-eastern Asia. Then,
about the turn of che first millennium, zebus and other breeds of
cattle were introduced from Africa and their interbreeding gave
rise to the breed that is now commonly distributed across the is-
land (REGE & Tawar 1999). This event kick-started the practice
of burning forests and meadows to create pastures for cattle. By
the end of the 16* century, apart from a few sparse remnanss, the
forests in the Central Highlands largely had disappeared (GADE
1996).

The extent to which Madagascar was cavered by forest prior
to colonization by humans is still the subject of investigation and
discussion (BURNEY 1987; QUEMERY ef #f. 2072; ANDERSON et al.
2018). It is certain chat cthe island was not rotally covered by forest,
as described by HumBERT (1927}, but instead consisted of a mosaic
of forests and savannahs, particularly i the Central Highlands.
Some researchers, such as HumserT & Cours DARNE (1965), ar-
gued that at least 90% of the island was forested, while others
believed the forested area was much smaller (KuLt 2000). Be that
as it may, before it was settled by man, large areas of Madagascar
were forested, so it comes as no surprise that 90% of all Madagas-
car’s organisms are forest-dwellers {DUFILs 2003). The proportion
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Fig, 4.7: Deforestation in Madagascar {A) Logs of rosewood (Dadbergiz spp.) illegally cur and prepared to be floated down w0 the coast in Masoala National Park and

d - =

UNESCO World Herirage Site; (B) Mid-altitude rainforest of Vohidrazana near Ambavaniasy cleared for slash-and-burn caltivation knovm as “ravy,” 2 widely diseeib-
uted practice in Madagascar to produce rice, the staple food of Madagascan people; (C) One of the few relice high plateau rainforest fragmencs of Madagascar (Ambo-
hicantely), also highly threatened by logging and burning; (D) Andasibe sarroundings.  (Photographs by Zoo ZimcH [Al, D. Varian [B, C] and E Anpreoxe [D])

of forest-dwelling amphibians 1s similarly high. By far che largest
number of species of frogs lives in the rainforests along the cast-
ern coast and in the North-East (ANDREONE et 4/, 2005; GLaw &
VENCES 20074). Only a small proportion of amphibian species
live i the dry spiny forests of the South, the dry forests of the
West, or in open habitats (GLaw & VENCES 20073; ANDREONE ¢f
af 2014d).

At the beginning of the 20™ century the French colonial gov-
ernment banned the Malagasy population from practising “tavy”
in otder to preserve the original rainforest (Jarosz 1993). Unfor-
tunately, this action by the government had little success, In 1950,
the coverage of primary forest (rainforests, dry forests, and spiny
forests) accounted for 27% of the land area, yet 50 years later only
17% of Madagascar was covered by original forests (HarpER ez 2/,
2007; Moat & SmMrtH 2007; IRWIN e 4/ 2010). However, this re-
duction did not follow a linear pattern. Berween 1950 and 1970 the
annual rate of deforestation was 0,3%, yet between 1970 and 1990
it was 1.7%, and in the 19905 0.9%. Within the same time periods
the wet rainforest declined by 0.6%, 1.7%, and 0.9% (HaRPER ¢
al. 2507),

Deforestation is due principally to shifting cultivation, zebu
farming, and production of charcoal (FREEDBERG 2019). Deforesta-
tion is exacerbated by population growth of humans, which cur-
rently stands at 2.8% per year (UNSD 2014). Increasing demand
for rosewood recently has led to a massive increase in logging in
the North-East of Madagascar (e.g., Marojejy and Masoala Na-

tional Parks) (Fig,. 4.7) (BARRETT et al. 2010}. In 1698, the number
of rosewood trunks leaving the port of Toamasina per month was
332; two years later it had grown ro 4108 (ScHuuRMAN & Lowry
2009). Political unrest in the past decade has boosted the illegal
trade in rosewood, with enormous effects especially on the for-
ests in the North-East, Although logging and exporting rosewood
from Madagascar has been prohibited since 2010 (decree number
2010-141), large amounts of rosewood intended for export con-
stantly are being scized. Because of the political instability of Mad-
agascar since 2009, and the resulting limited control, the 1.27%
of the forested area of Masoala in the North-East was affected by
deforestation between 2010 and 2011, much more than was affect-
ed from 200§ to 2008 (0.27% annually) or from 2008 to 2010
(0.01%) (ALLNUTT et 2/ 2013),

The destruction of natural habitats is one of the greatest threats
to amphibians throughout the wotld, and Madagascar is no ex-
ception (ANDREONE ¢ af, 2005) (Fig. 4.7). Loss of habitat affects
89% of threatened amphibian species in the World, followed by
emerging diseases, environmental pollution, global warming, and
over-collection (YouNG ez 4. 2004). This malkes local endemics
particularly at risk (Fig. 4.8) and explains why all Malagasy species
listed by the TUCN as Critically Endangered (TUCN 2014) are
only locally distributed. Together with deforestation, fragmenta-
tion of the remaining habitar also is moving fast and the combina-
tion of these two factors is having dramatic consequences. Indeed,
due to the edge effect, only small areas of these fragments (cote
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areas) offer sensitive species an ideal climare, as towards their edges
the temperacure and wind-speed rise and humidity falls (Murcia
1995; LEHTINEN et af. 2003). The edge effect can extend more than
a kilomerer into a fragment. In Madagascar fragmentation has ris-
en sharply, adding to the effect of general deforestation. Berween
1950 and 2000 the number of foreses with an area of more than
100 km? decreased by more than half, and the forested areas thar
were not affected by the edge effect (more than 1 kilometer from

the forest edge) declined from over 90000 ta less than 20 oo km?
(HaRPER e7 2/, 2007}, The effect of deforestation {changes in for-
ested areas; fragmentation) on Madagascar’s amphibians has been
documented by 2 number of publications in recent years (e.g.,

VALLAN 2002, 200%; LEHTINEN e 2/, 200%; LEHTINEN 87 Ramana-

MANJATO 2006, RIEMANN et 4/, 2015, 2017; NEUDERT et 4/, 2017;

NDRIANTSOA €7 al 2017).

Not all amphibian species are equally affected by deforestation.
The influence of habitar-degradation on amphibians seems to be
greater in regions with a pronounced dry season alternating with
a wert s¢ason. In the best case, the moderare, selective explotration
of a rainforest leads to a shift in spectes-composition (VALLAN g2
al, 2004). When explottation is intense or fragmentation extreme,
species with precise requirements and narrow tolerances are prone
to disappear (LEHTINEN ez 4/, 2003; Varran 2003). This appears
particularly erue for species that mostly rely on acmospheric hu-
midiry for carrying out active life or for breeding. Microhylid
frogs belonging to the subfamily Cophylinac have endotrophic

in forest fragments of the High Plateau, central M. i
tantely), Vilnerable; (B} Anpdonrbyly vallani (Ambohitancely), Critically Endangered; T%;Baapbis wefﬂiaini (:.:]j: o e R W

racra), Critically Endangered; (D) Boopbis endrango-
(Photographs by F Anpreone [4, B, D] and G.M. Rosa [C])

larvae and usually live in humid, seable rainforests and lay their
eggs in plant internodes (e.g., Plaspelis and Copdyla) or on the
ground (e.g., Saompffiz and Rizombaphryne). Deforestation and
habitat-fragmentation considerably reduce armaspheric humidiry
and this is usually reflected in a lowening of species diversicy for
cophyline microhylids, In fact, chese species are very susv;ep’tihi-:
to-alteration of their Kabitat and hence they are found mainly in
continuous forest (VALLAN 2000, 2002: RImManN ¢f al. 2a15), On
the ather hand, species with exotraphic larvae depend much more
tme af streams or other bodies of water for breeding. 5o far, chey
appear much less affected by alteration of their habitar (AnprREoNE
1994: YarLan 2000; Dixo & MeTzcer zo1a).
In such a context, the most sensitive habicass are the small ferm-
nanes of montane rainforest of the central high plarcau, with a
distinct seasonal climare. This is in some witys similar o West Af-
rl'u:a where HirLers e al (2008) found lictle effect from habiras
tragmentation when the lragment is still in 2 minforest landscape;
in contrase the effect of forest degradation was greater, The effects
of degradation and fragmentation of forests differ berween types of
forests (from rainforest o semi-deciduous forest), with the ;poc]es
i drier forests being more at risk after alteration (Oror-Boatene
ot s_?i 2013}, Degradarion and fragmentation of habitars have direct
effects an amphibians, which is visible in the medium and long
term, Fragmentation can impair genetic exchange within popu-
lations, leading ro a reduction in genetic diversity with the most
affected species being those with restriceed dispersal ability (Cuss-
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mAN 2006}, There are, however, exceptions to the generalisation
chat areas with a seasonal dry period are more sensitive 1o degra-
dation of habitat, like Ambohirantely Special Reserve with a pe-
riod of low rainfall between May and September {Varran z000).
RIEMANN ez 2l (2015), working at Ranomafana, failed to find any
effect of forest-fragmentation on species richness.

In 2003, the then president of Madagascar, Marc Ravaroma-
NANA, announced at the “Fifth World Park Congress” in Durban,
South Africa, that he wanted to triple the area of Madagascar’s
protecred areas within ten years (CORSON 2014; ViRAH-Savwmy et
al. 2014}, Unfortunately, this objective was almost suspended due
to the political crisis thar took place in 2009, when president Rav-
ATOMANANS was exiled and his rival, Andry RajorLina, the former
mayor of Antananarivo, ook over the presidential role. The man-
agement of Protected Areas and biodiversity became much more
complicated in che following years, and most protected areas were
subjected 1o uncontrolled exploitation,

B. The impact of emerging diseases
Loss and alteration of habitat have been the leading causes of glob-
al amphibian declines; however, multiple factors can act in synergy
to cause mortality ot sublethal effects. In recent years ir has been
recognised that the emergence of infectious diseases also plays a
role, especially chytridiomycosis and ranavirosis (BERGER ef o/,
1998; STUART ¢t al. 2004; DUrFUs 8¢ CUNNINGHAM 2010; Rosa ef
al, 2017; ScHEELE et al 2019). Other diseases also may be linked to
mass mortality events in amphibian communiries, alchough there
ts still lietde overall understanding of pathogens and their dynam-
s, This is the case for Amphibiocystidium, the causative agent of
dermocystidiosis (GonzALez-HERNANDEZ ¢z 2/, 2010) and some
baceeria) agents of the family Chlamydiaceae capable of infecting
anurans and caudates (MARTEL ¢ &l 20124, b). As a resule, most
research on disease undertaken in Madagascar has been centered
on chyrridiomycosis, an infectious disease caused by pathegenic
fungi of the genus Batrachochytrium and the first to be associared
with declines and extincrions of hundreds of amphibian species
(SKERRATT ¢ /. 2007). This is the most widely studied amphibian
disease to date, and two agents are known to cause infections; the
amphibian chyteid B. dendrobatidis (Bd) (LoNGCore er 2l 1999)
and che salamander chytrid B. salamandrivorans (Bs ot Bsal) (Mar-
TEL et al. 2013). The most severe chytridiomycosal epidemiological
scenarios were described in the neotropics, where the disease has
led to the disappearance of 67% of the species of harlequin frogs
{corresponding to 110 species of the genus Atelopus) (La Marca
et al. 2005), as well as the rapid loss of amphibian biodiversity in
highly diverse places such as El Copé (Panama), affecting eight
families of frogs and salamanders (L1ps ¢ 2/, 2006). Severe impacts
of Bd were also recorded in tropical, remperare, and mountain
environments, from the Caribbean, North and South America
(especially the Andean region), Australia and Europe (FIsHER ef
al. 2009; CaTENAZZ] e &l 2011; RosA ef 4l 2013; SCHEELE ef 4/,
2019; for Africa see Chapters 1 and 2). However, it is interesting
1o notice that while some species seem to have disappeared com-
plesely after ourbreaks of chyuidiomycosts, others persist without
showing evident signs (RETALLICK ¢# 2/ 2004). Thus, although not
fully understood, the susceptibility of hosts is highly variable, not
only among species, but also within the same species (Searce ez
al. 2010).

When infecting the epidermis of the host, the chytrid fungus
[eads to 2 proliferation of keratinous cells causing hyperkeratosis

and hyperplasia in post-metamorphic individuals (BERGER ¢7 4/,
1998; KiLpaTRICK ¢f 2/ 2010). The pathogenesis of Bd infection 1s
characterised by the breakdown of cutaneous funcrion, which leads
10 a loss of homeostasis and consequent heart faifure. In larvae,
Bd infecrion s confined to the mouthparts (the only keratinized
area), leading to depigmencation and, sometimes, to oral lesions
{(MARANTELLI et @/ 2004; KNaPP & MoreaN 2006). In aduls,
the clinical signs of chytridiomyeosis include anorexia, abnormal
posture, lethargy, and loss of righting reflex. It is also possible to
observe a strong epidermal desquamacion and, in some cases, ul-
cers and hemorrhages in the skin, muscles, and eyes, However,
these are non-specific clinical symptoms shared with several other
diseases (BERGER ez 4/, 2000). Ideally, the definitive diagnosis of
chytridiemycosis requires a multdisciplinary approach involving
dara obrained using molecular, mycological, and histopathclogical
techniques.

Until recently, amphibian skin-colomizing chytnd fungi were
thought to be absent from Madagascar. This idea was supported
by a series of sutveys conducted across the island between 2005
and 2010 {ANDREONE ef al. 2008a, b; WELDON ¢r af 2008; CroT-

Fig. 4.9: Distribution of chycrid({s) detccted in amphibians in Madagascar: the red
dots represent the sites where chytrid was reperted berween 2010 and 2015, while
the green dots show sites where it has not been detecred.

(Based on data from BLETZ ez . 20152)
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TINT et f. 2011a; VREDENBURG ¢t 4. 2012). The first Bd-oriented
surveys in Madagascar were carried out in 2005 and 2006 covering
sites from most biogeographic regions and elevarional zones. Over
soo individuals belonging to almost 80 species were sampled and
tested by a histological technique; all were negative (WELDON et
2/, 2008). A new effart took place berween 2006 and zoo7 cover-
Ing 12 sites and screening 300 individuals (53 species), both using
molecular and histological approaches, but again yielding no pos-
itive records of B4 (VREDENBURG ef 4f. 2012). Finally, molecular
screening at Irremo-Ambatofinandrahana (central Madagascar) in
2008 (CROTTINT ez &l 20113}, Parc Ivoloina, Toamasina (eastern
Madagascar} (Cro1ring er af 2014b) and Ankaratra (central Mad-
agascar) in 2010 (ANDREONE et al. 2014b}, also failed o detect the
presence of Bd (BLETZ et 2l 20153, b).

The presence of an amphibian chytrid in Madagascar was unex-
pectedly confirmed in 2010 after an expedition to the very remote
area of the Makay Massif {southwestern Madagascar), Three indi-
vidual frogs were moleculady diagnosed with low levels of chytrid
infection (RABEMANANJARA et 2/, 2011; BLETZ ef 2/, 2015a). In the
following years, a chytrid was confirmed at the same place and
detected with low prevalence at additional focations (Ankarafan-

tsika and Anvoetra), reaching a higher prevalence of infection in
Ranomafana {up to s0%) and Ankaratra (up to 100%) (Fig. 4.9;
BLeTzZ et &l 2015a). Later, B4 was detected in native amphibians
commercially exported from Madagascar, but despite the sampling
effort (565 frogs}, its prevalence was only 0.53% (Kovsy 2014}. The
detection patterns in Madagascar seemed to follow trends similar
to other tropical areas of the world (e.g., Kriger & Hero 2007),
where strong seasonality of the fungus may—ar least partly—ex-
plain_the overall low prevalences and lack of detectability in the
field. Simultancously, dara suggested an association with mid-ele-
vations, also reported in acher studies (BLETZ er @/ 2015, b),
Suitability models suggested that Madagascar is particularly
favourable to colonisatien by B (RODDER et 4/ 2009; LOTTERS
et al. 2011), However, the origin of chytrids in the country and
its current status still remain unclear. Accidental human-mediated
introduction may have been a pathway (WoLLENBERG ¢t 4/ z010),
Further possible modalidies include the movement of infected ani-
mals (live or dead), contaminated water, and moist substrates. The
atrival of 2 high-virulence lineage (such as B4GPL; Farrer er 4/,
zo11) and consequent exposure w nhaive populations could have
had carastrophic effects on the amphibian fauna. However, the

Fig. 4.10: Workshops and scieatific meerings run n Madagascar to build capacity and promote amphibian conservanian. (A) Participants of 2 2010 training course at
Parc Ivolaina in an excrcise to discuss possible responses ta chytrid emergency seenarios; (B) Working groups during a workshop on captive breeding and busbandey
for frogs tn Madagascar held in zo1z; {C) Participants at the ACSAMz meetng held 1n Cente ValBio, Ranomafina, tn 2014.

(Photagraphs by D. Epsmonbs [A] and F Avoreons {B, CJ)
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detected burdens of infection have been low, and no mass mortali-
ty related to any chytrid infeccion has been noticed in Madagascar
thus far (BLETZ e 2/ 2015a). This raises some posstble scenarios: (1)
the present chyuid is hypovirulent (likely not leading to die-offs);
not excluding the possibiliry of (2) this being an endemic lineage
or chytrid species that has largely evaded detection; (3) a combi-
nation of the two hypotheses, not being mutually exclusive, is also
possible (BLETZ ez 2/, 2015a). In any case, with che current state
of knowledge, it remains unanswered as to wherher emergence
of chytridiomycosis in Madagascar will in fact lead to amphibian
declines andfor extinctons (LOTTERS et 4/ 2011}

Activities addressing the potential chreat of B4 began proac-
tively in October 2010 with the organization of a workshop on
chytrid-prevention held at Parc Ivoloina (Fig. 4.10; Garcia zo10;
WELDON et al, 2013). To deal with the potential threat emerging
from the presence of this pathogen in Madagascar, an “emergency
unit” {the so-called Chyuid Emergency Cell, CEC) was officially
put in place by the Ministére de PEnvironnement et des Foréts
{now Ministere de PEnvironnement et du Développement Dura-
ble) eon 5 April 2011, This body had the role of coordinating activ-
ities related to Bd. Further training opportunities were organised
for students, researchers, and decision-makers to better prepare
researchers and authorities for this issue. Much of this work has
been carried out by the IUCN SSC Amphibian Specialist Group
{ASG) of Madagascar, aiming to develop a national strategy to
address che issue and raise awareness, although many other groups
have contributed as well (ANDREONE ef 2/, 2012).

The ASG and the CEC set up a National Monitoring Pro-
gramme to detect B if and when it arrives in Madagascar in pri-
oritised sites and t henceforth monitor trends in chytridiomycosis
(WernoN ef 4l 2013}, Supported by ASG, the CEC also has been
working with the Malagasy government to implement quaran-
tine measutes related to commercial trade i aquarium fishes and
plants 1o prevent any accidental introduction of B (ANDREONE ef
al. 2008a). In 2010, guidelines were published to enable an effec-
uve response to the threac of this disease, focusing on prevention
and detection of B4 (Rasieisoa & RaHarrvororona zoro). Al-
though an effective emergency plan is still lacking were there to be
a case of massive die-offs, studies to prevent and mitigate the di-
sascrous impact of a high virulence lineage of Bd are being carried
out, aiming to understand the microbial ecology of amphibian
skin and how this can be used as a defence mechanism against the
pathogen (BLETZ e7 2 2013) (Fig. 4.17),

Despite a global investment in developing and testing different
approaches, all currently available strategies have shorecomings
and are unlikely to yield the desired outcome of mirigation of the
disease {GARNER ¢z af. 2016). Augmentation of the amphibian
skin microbtome with probiotics has been suggested as promis-
ing therapy, particularly for threatened species (e.g., the Golden
Mantella, Mantella anransiaca; BLETZ et al. 2013). This expanding
research uses bacteria isolared from the skin of living amphibiaos
that show the ability to inhibic B growth, thus, limiting infection
or enhancing hosts’ resistance, More recent research shows that a
“bacterial consortium” would likely offer a more stable and effec-
tive approach as probiotics, rather than focusing on a single species
or genus (ANTWIS ef 2/, 2015), Yet, and despite the advances, this
approach presents numerous challenges and issues thar need to be
overcome before being considered a viable strategy for mitigation
{see GARNER et af. 2016 for more details).

Fig. 4.13: The chytrid fungus as a threar for the batrachofauna of Madagascar.
{(A) Microbial swabbing of Mantidaceyler sp. aff. femoralis in Ranomafana, o look
for and-Bd skin bacteria; (B} Six bacteria isolated from Boophis maedagascariensis

wn Andasibe. {Photographs by B. Grarwicke [A] and M. Brerz [B]}

In the meantime, other methods are being explored at the
population and community level. These methods often involve
environmental manipulation, given that a single strategy is un-
likely to achieve mitugation of che disease. Despite the possible
eliminarion of the pathogen from specific environments (Boscu
er al. 2015}, most approaches rather focus on inhibiting growth of
the chytrid and reducing the density of zoospores (GARNER er 4/,
2016). From biotic interventions, such as fostering the abundance
of micro-predators that consume Bd zoospores (SCHMELLER ¢ 4,
2014), to physical [nterventions, e.g,, manipulating temperature
to limit growtch of B4 (ROZNIK er af. 2015), or chemical trearment
by tncreasing salinity (STOCKWELL ez 2/ 2015); all these different
avenues hold promise, yet have theie limttations.

C. The international pet trade

The global demand for exotic pets is estimated to be worth bil-
lions of US dollars each year (BarBER-MEYER 2010). As the human
population increases and as the economies of developing coun-
tries expand, demand for wildlife flourishes and hence so does the
trade in wildlife. International travel and transport of goods are
now commonplace, and they facilicate movement of wild animals
through legal and illegal pathways (Durtown ez 4/ 2013), New me-
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dia are also having a strong influence on the wildlife trade with
increased online access t information driving demand for more
exotic pets and products (Buse er 2/ 2014).

Wildlife trade can threaten wild populations through loss of
species, introduction of Invasive species, and disease (MarTioL!
et al. 2005; ANDREONE et al. 2013h; CARPENTER et 2f 2014). It
can also have negarive impacts on the welfare of animals during
illegal caprure, improper captive breeding, transport, sale, and sub-
sequent use (BARER e 2/ 2013) and embraces wider societal issues,
such as a zoonotic risk to human health (MacpoNaLD & Lauren-
SON 2006). On the other hand, wildlife trade can constitute an im-
portant revenue stream, particularly for people in biodiversity-rich
but economically poor countries (RoE 2002; Dickson 2008; Cak-
PENTER & ROBSON 2008). Thus, a lepal and sustainable trade has
the potential to generate benefies in terms of livelihoods and the
alleviation of poverty, and also create incentives for conservation
(Hurton & LeaDER-WILLIAMS 2003), Moreover, there is 2 sub-
stantial legal trade in wildlife that is regulated through the Con-
vention on International Trade in Endangered Species (CITES) via
a series of trade-controls. There is growing interest in Madagascars
amphibian species within the international pet trade due to their
unique and atrractive nature and high levels of endemicity (An-
DREONE ¢f af. 2006). To date, only a few studies have investigated
the range of species, numbers, and values of traded amphibians
frorn Madagascar (CARPENTER & Ropson 2008; RABEMANAN]ARA
et al. 2008a, b; CarPENTER ¢f 2/ 2014; ROBINSON ef 2l 20183, b),
with most focused on CITES-listed species. Dara presented by
CarpeNTER & Rogson (2008}, however, reported 91 species (bath
CITES and non-CITES) and over 221000 individuals being ex-
ported between 2000 and 2006, with estimates of the total value
of the trade, ar that time, varying from 590000 t0 906750 USD
(538 000-826 934 EUR). CaRPENTER (2003) and RaBEMANAN)ARA
et 2l (2008a, b) reported on the wade scructures, the most com-
mon being the three levels of participation in the trade {collector,
intermediary, and exporter) and values at each stage for Muntella
species. CARPENTER ef al, (2014) referred o 14 species of Mantella
totaling 193 oo individuals having been traded from 1976 to 2007.
Efforts have been made to utilise amphibians sustainably to benefic
conservation activities (e.g,, JENKINS 1994; CARPENTER ez 2l 2007;
CareenTER & RoBSON 2008), in which case it is useful to review
data on species, numbers, trade-structures and values {see also che
chapter “Is a sustainable trade in Madagascar's frogs possible?”).

Madagascar remains the second largest global exporter of live
CITES-listed amphibians, after Nicaragua (UNEP-WCMC
2019a), Based on CITES export figures, over a five-year peri-
od, {zo12 10 2016}, Madagascar direcdly exported 28 goe live,
CITES-listed frogs belonging to nine species (UNEP-WCMC
2019b). All of the amphibians exported belonged to rthe genus
Mantella, with ehe exception of the highly decorared Malagasy
Rainbow Frog, Scaphiophryne gottlebes, from the Tsalo area, for
which 382 individuals were exported from 2012 1o 2016, Man-
tella baroni was the most frequently exported species during this
period, with over 11300 live individuals exported (UNEP-WC-
MC 2019b). This 1s in strong contrast to historical data, which
showed Mantella aurantiaca dominating the trade (CARPENTER €7
al. 2007; RABEMANANTARA ¢7 2f. 2008a, b). Mantellz betsileo was
the second-most highly exported over the five-year period {10 546
individuals exported), followed by M. nigricans (3970 individuals)
and M, aurantiaca (1052 individuals). Historical data showed that
after peaking at abour 33300 individual frogs in 2001, exports in

Madagascar’s CITES-listed amphibians have decreased to abour
6000 per year in 2011 (UNEP-WCMC 2019b). However, there
are several non-CITES-listed species thar also are shipped from
Madagascar, especially in recent years, including species belonging
to the following genera: Boophis, Dyscophus, Gephyromantis, Guibe-
mants, Heterixalus, Mantidactylus, Platypelis, and Scaphiophryne
{MinISTERE DE L'ENVIRONNEMENT ET DU DEVELOFPEMENT Du-
raBLE, unpublished data),

Various factors are likely to have influenced the amphibian trade
from Madagascar over che years, including improved crade controls
and the concinued implementation of 2 quota system in-coun-
try (RABEMANANJARA ¢ af, 20083, b), For example, the quota for
Mantella aurantiaca has gone through a series of revisions from
8000 individuals in 2001 to 280 individuals in zo15. Prior to the
CITES Conference of the Parties (CoP) 17, held in South Africa in
2016, the romato frog Dyscophus antengilis was Madagascar's sole
frog listed on Appendix I of CITES and, therefore, wild-sourced
individuals had not been permitted in commercial trade. Howey-
er, Madagascar proposed the downlisting of D, anrengrfiz to Ap-
pendix II, whilst simultaneously proposing the uplisting of the
two other Dyscophus species (D, grimets and D, insularis). These
propaosals were accepted ar CoPr7 resulting in all the Dyscophus
species (D. antongili, D. guiren, and D. fnsularis) being included
on Appendix I1. There were also successful proposals to list three
additional Scaphiophryne species (5. boribory, S. marmorasa, and §.
spinosa) on CITES Appendix IT alongside S gottlebe: (which was
already in Appendix II). These listings were proposed o facilirare
the management of trade, particularly given that species within the
genera Dyscaphus and Scaphiophryne were not only desirable in the
international pet trade but whose identity could be mistaken due
to their morphological similarity.

The Direction Générale des Foréts (wichin the Ministére de
IEnvironnement et du Développement Durable) is currently re-
sponsible for the trade in wildlife in Madagascar and constitutes
the CITES Management Authority. The CITES Scientific Au-
thority on Fauna is composed of a group of experts from various
institutions and specialist groups who provide advice regarding
export quotas and “non-detriment findings” (impact statements)
for species in trade. Recent research has looked in detail ac the
chain in wildlife crade in Madagascar with a view to understand-
ing the implications of the trade for conservation and for human
livelihoods {RosinsoN ez . 20182, b). In 2014, there were eleven
licensed exporr facilities in Madagascar, ten of which were sup-
plying frogs (and other wildlife) for the international pet trade.
Most were located in and around the capital, Antananarive. An-
nual export quotas were distributed between the licensed wildlife
exporrers. However, the exporter was required to obtain a collec-
uon-mandate from the CITES Management Authority prior to
any collection from the wild, which specified the species 1o be
collected, the quantity to be obtained, and the area from which
the collection was to be taken. Additional requirements included
charges levied against collections to be paid to the regional forestry
department, and pebates to local communities in collection-areas,
which varied geographically and were not altways respected. At this
time, all live amphibians in the commercial trade exported from
Madagascar were sourced from the wild, with no captive-breeding
facilittes dedicated to this purpose in-country;

Exporters obtained animals from the the wild via a network of
suppliers, including intermediaries and local collectors. The supply
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chain was somewhat flexible and in some cases exporters bypassed
intermediaries and wenc straight to local collectors, whereas i oth-
er cases, one or more intermediaries made up the chain or hel ped
others to supply orders {also see CARPENTER 2003). The intermedi-
aries also had to be in possession of the approved collection-man-
date from the exporter. Animals were not permitted to be collected
from protected areas, but were collected from a range of sites all
over Madagascar, although it is unclear how strictly existing collec-
tion rules were obeyed. Orders for live herpetofauna usually were
received between September and May, which coincides with the
official collecting season for amphibians (beginning of February
to the end of April) and the ratny season (summer in the southern
hemisphere), when amphibians are most active. On occasion, or-
ders are placed outside of this season, which could be more difficult
to fulfill 25 some amphibians have short periods of activity. Follow-
ing collection, animals usually were transported to the exporring
facilities via “taxi-brousse” (mini-bus) or airplane, depending on
the locality of collection. Once at the exporeer’s facility they spent
from a few days to many wecks before being shipped, most often
to the United States, Europe, or Japan (ROBINSON ef of. zo18a),

During this research, a local collector reported receiving
200 MGA (Malagasy Ariary) [roughly corresponding to 0.07
USD/0,06 EUR] for each collected Mantella madagascariensis {J.
Rorinson, unpublished data). This value was supported by in-
termediaries, whe claimed that they paid local collectors berween
200 and 1000 MGA for a single Mantella. The collector’s prices
presented hete are much higher than those reported by Rapema-
NANTARA et 2/, (2008a, b}; in fact, for M. madagascariensis the value
to the collector had increased more than three-fold since zo0s, A
three-fold increase also applied ¢o the exparter, with them report-
Ing to receive an average of 6,00 USD/s.5 EUR (equivalent to
about 14000 MGA at the nime of writing) for each single Mantellz
exported (J. RoBINSON, unpublished data). Despite this, research
in the Moramanga discrict of Madagascar showed that local col-
leceors receive a very small proportion (~1,4%) of the final export
price of traded herpetofauna, and opporeunities for a reduction
in poverty or for incentives for sustainable management of the
trade, appear to be limited as they currently stand (Rosinson e 4/,
2018a, b}, Whether a suscainahle amphibian trade could help create
incentives to conserve habirats from human disturbances, such as
slash-and-burn agriculture or carte grazing on Madagascar, is still
not well understood. However, strategies unprove che sharing of
benefits from the trade, such as promoting collective management
of harvests and boosting capacity at the local-collector level, may
enhance conservation and improve local livelihoods.

Although there are serious concerns regarding illegal trade in
some Malagasy amphibians (Topp ez 4/, 2011}, the true number

of frogs illegally exported from the country currently is poorly
known. RABEMANANJARA ef 4f, (2008a, b) suggested that illegal
smuggling is unlikely to be high for species of low commercial
value, such as Masnsella, which is in stark contrast to the well docu-
mented smuggling of higher-valued species, such as Malagasy tor-
totses (O'BRIEN et 2f. 2003; WALKER e 4l 2004; Topp e af 2011),
which trade is prohibited by CITES Appendix . Nevertheless, the
pet trade is a dynamic process influenced by changing demand
by consumers as well as by variances in international and local
governance, and must, therefore, be constantly monitored. Whilse
we have collated informatton on the dynamics of legal trade of am-
phibians from Madagascar, much work is still to be done in order
1o effectively monitor traded amphibian populations and ensure
thar their trade is sustainable amongst other considerable pressures
on Madagascar’s natural resources.

D. Is a sustainable trade in frogs possibe?

Uncontrolled collection for either food or the per rrade can cause
declines in amphibian populations and even local extirpations
(SCHLAZPEER ¢f al 2005), but to date such events have not bean
recorded in Madagascar. CARPENTER & ROBSON (2008) stated that
the impact of collection is the highest for species from fragment-
ed habicats and thar have small papulations with low fecundity
rate and reproductive potendial (e.g., Mantella aurantiaca and M.
cowarnii). Given that legal commercial trade in amphibians cur-
rently is being carried out in Madagascar, there is a need to devel-
op quantitative methods to ensute its sustainability and ptovide
relevant recommendarions to CITES authoritiss, local collectars,
and exporters,

A “suseainable quota” can be defined as the estimarion of the
maximum number of individuals that can be removed from wild
populations and for which the probability of extincrion daes not
increase over a long period of time (e.g., 100 years). To estimare
sustainable quotas, many experts advocare the development of
population-dynamic models (e.g,, Tavior et 2/ 1987; RoBINSON
& REDFORD 1991; JOHNSTON et 2l 2000; MARBOUTIN ef af 2003;
O'NE1L é7 2l 2010; SETHER ¢t 4/, 2010). However, these models
need extensive long-term population metrics, such as population
size, fecundity and susvival rates, and sex ratio (Crark ef 4/, 1991;
CHAPMAN ¢f /. 20013 ELLNER ef 2l 2002; REED et 2l 2002}, Re-
cent models have been developed on the basis of papulation viabil-
ity analyses (PVA) and sensitvity analyses, and have been acknowl-
edged for their transparency toward uncertainty and theit broad
range of application (Brooxk ef a/. 2002). Unfortunately, field data
largely are missing for Aftican amphibians, including traded spe-
cies from Madagascar (excepr for Mantellz aurantiaca). In a con-
text of urgent decision-making, it is, therefore, necessary to use

Table 4.1: The five amphibian species commanly eaten in Madagascar. TUCN Red List stacus as assessed in 2017. The legal stacus refers to
“Annexe du Décret No. 2006-400 du 13 juin 2006 pottant classement des especes de faune sauvages.” Adapseed from JENKINS ez 2/ (2008),

Species TUCN Red List
Boophis goudati Least Concern
Boebmantis microtympanion Vulnerable

Mantidaciylus grandidier: Least Concern

Manttdacrylus guttulatus Least Concern

Hoplabatrachus tigerinus Lease Concern

Category 1: Class [ (protected species, no collection)

Category 3; Game species (egally hunted within 1

Category 1; Class IT {protected species, authorised

Legal status Origin

Caregory 3 Narive species

Native species

Nauve species
defined season}
Caregory 3 Native species

Inuroduced species
collection permitted)

..,



162 Chapter 4.

b MWy Ly ¥, Sl
Fig. 4.12: The nine Manrella species taken into cansideratio
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n by Tesss e

| 2009} for fecundity analysis. (A} Mantetla betsifer (Isalo Massif); {B) Mantellz expectata
(Isalo Massif); (C) Mantella viridis (Anwongombaco); (D) Manzella baroni (Ancoctral; (E) Manteliz cowani? (eemod; (F) Masneellz crocea {Toratorofotsy)

(G) Manzella laevigaza (Tsararano); (H) Mantells nigricans (Beampona), (1) Manrella pulchra {Vohimana)
(Photographs by F Anpreone [A, D, E, G, 11 V. Megcumo [CL: D. Epmonps [F], and G M. Rosa [B, H]

every available ool for the conservation of endangered systems.
Here we provide for the first time our considerarions and daa
on this aspect as applied to nine species of Mantella (Fig. 4.12).

Quantitative recornmendations should be provided afrer es-
timating the effect of the removal of individuals on the proba-
bility of extirpation of wild populations, or extinction of entire
wild species. This begs the question of whether there are sufficient
monirtoring programmes and demographic estimaces to reliably
model the target amphibian species in Madagascar. Table 4.2 re-
views [UCN conservation status, the exportation quotas of 2013,
and available published data on life-history craics for several spe-
cies of the genus Mantells. The present data were obtained from
published and unpublished information on preserved specimens
housed in the herpetological collection of the Museo Regionale dj
Scienze Naturali (Torino, Italy). Breeding size was estimated from
direct counc of ovarian eggs (Tessa e al 2009). To estemate the
age of individuals, skelerochronological analyses were performed
on bone samples (by counting the LAGs), enabling estimations
of age-structure and age at sexual maturity. Sex ratio also was esti-
mated from standardised monitoring of a single species (e.g., M.
aurantiaca) (RANDRIANAVELONA ef 2l 20104, b). However, due to
potential behavioural differences between the sexes (e.g., males are
maore active than fernales), the sex ratio of individuals harvested by
local collectors may be biased (RABEMANANIARA ef 2/ 20083, b).

Therefore, when integrating the sex ratio into Population Via-
bilicy Analyses (PVA), the estimarton of the impact of harvesting

should be mote accurate when using the proportion of males and
females harvested by local collectors, rather than the true sex ratio
of the populacion. Active field searches performed during recent
years have allowed researchers o estimate the proportion of males
and females harvested for seven species (Table 4.2), A first PVA
compured using the software Vortex (Lacy ez 4/, zo11} was per-
formed to estimate the probability of extinction of a given popu-
lation over a long period of time. A sensitivity analysis was then
conducred to assess the degree to which the uncertainty of de-
mographic estimates affected the results (N, Duros, unpublished
data). To predicr the impact of collection in the wild, a given
number of individuals removed each year was included. Datasets
of age-structure for all Mantella species living in a similar habitat
(e.g., rainforests, savannahs; Fig. 4.13) were pooled (GUARING et 2/,
2008}, Assuming that mantellas reach the adult stage wichin one
yeat and do not live more than three years, a simple three-stage
macrix was used for juveniles and adults. Then, oprumistic and pes-
simistic scenarios were built, based on sampling variation {(Mriis
& LINDBERG 2002) 1o rank the effect of uncermainty on each of
the parameters. Juvenile survival, breeding size, and adult survival
were the most sensitive life-history traits (e.g., the probability of
extinerion vatied the most with these parameters). Hence, these
deserve further invesugation. A better accuracy in the sex ratio of
harvested individuals and in estimates of population size also are
needed. Finally, results suggested that the species from rainforests
show a greater degree of variability (likely due to a higher ecologi-
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Fig, 4.13: Graphic representations for the test of sensitivity analysis applied to nine Manzefla species. (A, B) Savannah/dry forest species (represented by M. expectasa);
{C, D) Rainforest species (represented by M. nigricans), Aand C show base models; the ted line represents the highest number individuals porentially collected when
the probability of extincrion remains null; B and D show rthe variarion of this result while accounting for uncertainiy in breeding siee {ciccles), adult survival {squares)
and, the sex ratio of harvested individuals (trianges). Open and closed symbals are respectively pessimisuc and optimistic bounds of 95% confidence intervals,

For readability, we did not show variations in juvenile survival, as these outmnarched every ather parametet.

cal heterogeneiry in rainforest habitats) than do those specics from
savannahs and dry forests; the latter are more homogeneous and
ecologically more similar. The analysed rainforest species include
several threatened species, such as M. anranriaca, M. cowanii, and
M. milotympanum. Using the findings it was possible to recom-
mend priondsacion of future conservation and research efforts on
rainforest species.

Unfortunately, in a context of urgent decision making, the
length of time it takes to collect new data and improve models w
inform decisions about trade necessitates the immediate use of ex-
istifig management tools, such as no-take zones or complete bans
on trade for some species {e.g., M. cowaniz). In the near future,
monitoting programmes relating to the sustainable commercial
trade of Malagasy amphibians should focus on (1} the identifica-
tion of potential source sub-populations that can contribure great-
ly ro popularion-recruitment and exclude others from harvest (e.g.,
the largest populations, see PILUDU et 2/ 2015 for M. aurantiaca);
and (2) development of demographic data, by performing derailed
mark-recaprure studies to provide robust estimates of survival and
popularion sizes. The use of PVA based on reliable datasets may pre-
vent Malagasy species from overexploitation for the pet and food
trades, whils also having the potential to benefit local economies.

E. The bushmeat trade

A further aspect related to the exploitation of frogs in Madagascar
is collection for the bushmeart trade (CARPENTER ¢f 2/ 2014}, In
many parrs of the world frogs are consumed as part of the local
diet and are part of culinary traditions, This s the case i France,
and ir has been proposed that in Madagascar the trade in frogs for

(Graphics by N. Dusos, Manzells phorographs by F. Anereone)

consumption by humans is a logical consequence of French colo-
nisation, In Malagasy restaurants, and especially in those catering
to foreign tourists, frog legs typically are available on the menu
under the name “cuisses de nymphes.” Frogs for the food trade are
sourced from the wild, Only a few especially large anuran species
that are considered suitable for consumpton are coliected. These
include nacive species from rainforest habitats as well as Hoploba-
trachus tigerinus, which became established after importation from
Asia at the beginning of the 20™ cencury {GuiBE 1953; VENCES ¢t
al. 2003a; MonanTy ez al, 2021) (Fig. 4.14). Since . segertnus 13
an exotlc species in Madagascar 1t is not subject to any particular
protecuon, although it is included in CITES Appendix Il due to
the fact that in its native South-East Asia it has been subject to
high levels of exploitation. Of much greater concern is the trade
in native species of frogs. These include Bochmantis microtympa-
num, Boophis goudors, Mantidactylus grandidiers, M. guttulasus,
and M. radaka (Fig. 4.15) (RANCILHAC et al. 2020). Of these four
native species, one (B. microtympanum) 1s considered ¢hreatened
and currently listed as Vulnerable on the IUCN Red List. Frogs
typically are collected by hunters rogether with other aquaric and
semi-aquatic organisms, such as crabs, eels, fish, and crayfish. It 1s
important to be aware that under the names of M. grendidiers and
M. guttulatus chere are at least chree additional candidate species
{RANCILHAC ¢ 2/, 2020). This taxonomic fragmentation would
likely resulr in the need for a re-evaluation of the Red Lisc Assess-
ment, and the collecting of these species for food may pose a more
serious conservation problem than previously thought.

In Madagascar, frogs are not usually considered part of the local
cuising, not are they regularly sold at markets, Rather, most frogs



164 Chapter 4.

Fig. 4.14: The Tiger Frog or Indian Bullfrog (Hoplobarrackhus sigerinsh, originally
from Asia and nowadays acclimatised n Madagascar, is usually collecred for
human consumpiion. (&) An adult living individual caprured o be sold ina
Incal market; (B) Stall with skinned bullfrogs for sale (n a local street market in
Antananarivo. Due to this trade the species is now present in several areas of
Madagascar, mostly in the NW. Apparencly, although locally abundant {e.g.,
ar Nosy Be), it does not seem to show invasive mrais

{(Photogeaphs by ). Rowurnson [A] and G M. Rosa [Bl)

. -
J L 1 ; o <t "
Fig. 4.15: A worker in Ambacolampy {Antananarive Province) preparing frog legs of Boophis goudsti {locally known as "cusses de nymphes”), collecred on Anlearacra
Massit. {Photograph by E. ANDREONE)
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Table 4.2: Paramerers used ro establish the conservation status and viability of the Mansedlz species: IUCN status 15 according to
the most recent assessment {2017) and exportaeion quotas are from 20133 Other dara wete extracted from Guarmo ez &L (2008, 2010),
RABEMANANJARA ¢f af. (2008a), Tessa eraf, (2009}, RANDRIANAVELONA ¢7 al. (20102}, and ANDREONE et al (2011}, Species marked with an asterisk
are classified as “rainforest species;” the remaining ones are “savannah species,” Numbers in parentheses refer to sample sizes.
Abbreviations as follows: CR = Critically Endangered; EN = Endangered; LC = Least Concern; NE = Not Evaluated;
NT = Near Threatened; VU = Vulnerable.

Manrella TUCN Exportation Mean age at
species status quota (2013) marurity
aurantiaca” CR 550 -
barons® LC 10600 1.39 (28)
bernbardi* VU I5C -
betsileo LC 6840 -
cowann* EN o 1.26 (26)
crocea™® YU o -
ebenats 1C ° -
expectaid EN 250 1.24 (10}
baraldmeieri* EN o -
laevigata® LC o 2.00 (10}
madagascariensis™ VU ns -
manery” VU o -
milorympantnt™ CR o L.21 (14)
nigricans™ LC 2000 r.zo (o)
pulchra® NT 472 Ls6 (25)
sp. afl. expectara NE - 1.16 {19}
varidis EN o 1.t0 (39}

are destined for restaurants, many of which cater to foreigners. So
far, the impact of collection for food on wild amphibian popula-
tions is not known. One of the few studies on frogs in the food
trade was carried out in the cicy of Moramanga by JENKINS e 4.
(2009). They found a single rescaurant ordered on average 249
individual frogs per week. Should this be extrapolated to a larger
scale, then che twade in native species of frags for food could be
quire significant and furcher studies are clearly needed to assess this
trade as a potential threar. JENKINS ef af. (2008) reviewed the de-
mand, prices, and the Malagasy laws governing collection of spe-
cies targeted for food. The large species collected for food were
considered part of “game fauna” (Table 4.1). Given the numbers
reported in the two studies, it seems likely that intense collecung
could impact populations of Mansidactylus species and Baehmantis
microtympanum. This is of concern, especially taking inco consid-
eration their low fecundity, likely slow growth, and delayed sexual
maturity. Skeletochronological scudies showed that sexual macurity
in B. microtympanum is reached at three years of age, similar ro that
attributed to Mantidactylus grandidieri (GUARINO et al. 1998, 2019).

E Amphibians and climatic change

The current rate of climatic change, marked by an unprecedented
increase in global temperature and large-scale shifts in weather
patterns, is having adverse effects on species and ecosystems

Brood Age structure Number of Minimal and
size {min—max) females—males  maximal popu-
randomly lation size (nim-
harvested ber of sampling
sessions)
- o-2 {25) = 75-201 (3)
56.57 {7) 03 (241 18) o—t5 {24} 19-108 (2}
- o—2 (31; 43) - 41316 (4}
- = - 208-253 (2}
35-00 (4) 03 (26) 12-14 {26) =
- = - 35 (1)
68.36 {5} 0—3 (65 7-10 {17) =
400 (5) o2 {10} - 154189 (2]
= o-2 (10} - 186 (1)
6125 (4) 0—4 (14) o-14 (14) 62—283 {4)
43.14 (7) 0—4 (10) 55 (10} =
48.00 () o—4 (25) 12-13 (25) 98 {1)
66.00 (4} o-3 {15} o—4 {15} 75-467 (4)
117.900 {11) o3 {40) - -

worldwide. While some species may expand their ranges, many
others are being pushed towards higher clevations (Grimm et 4.
2013). These clevational shifts are expected to impact species’ phe-
nology and may even lead to extinctions (MAYHEW et 2l 2007;
RoMAN-PaLACIOS & WIENS 2020). Given their complex life histo-
ry, amphibians are particularly vulnerable to the projected effects
of climatic change. Because amphibian reproduction is closely
associated with the presence of water, climatic changes that af-
fect the hydroperiod pose a particularly menacing threat both o
aquatic and terrestrially-breeding amphibians {BLAUSTEIN & al.
2001; Daszak et al 2006). However, the considerable vanation in
predictions about climaric change for different geographic areas
and habitats (e.g,, ARAGJO ef 4, 2006; ALFORD et 4f. 2607; LauRr-
ANCE 2008), prevents having a single scenario on how amphibians
are likely 1o respond.

Madagascar’s imperiled biota is now experiencing rhe effects
of this new threat of climatic change (HanNAH et 2l 2008}, In
Madagascas, particular attention has heen given to montane hab-
itats, which are expected to be more vulnerable to shifts in fucure
climate due to rapid change in land-use, increasing population
growth of humans, and changes in the climatic system (Raxwor-
THY 2008). Montane amphibians often are rare and those that are
local endemic species with very natrow geographic ranges and re-
stricted movements, may not be able to shift their discributions to
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cstablished among human setlements; {C) Survey of the species’ breeding habitar.

accommeodate changes imposed by climatically modified habitats.
Although the effects of ¢limaric change on Malagasy amphibi-
ans have not been investigated in detail, relevant data from the
Tsararanana Massif {in the northern part of the island), revealed
some clues, A study carried out berween 1993 and 2003 in this area,
particularly rich in endemics, provided evidence of a projected up-
hill displacement of species of 17 to 74 m per decade (Raxwortay
et al. 2008). The phenclogical differences berween these uplifts do
not appear to be relevant, but the uphill changes are consistent
with predictions based on meteorological warming. An analysis of
an clevational shift 1n range projects total loss of habitar for three
species below the “dangerous” warming threshold of 2 °C (Rax-
worTHY & NUssBAUM 1996a). A preliminary review for other ma-
jor massifs iIn Madagascar points to a similar vulnerability o loss of
hebitar and likely extincrions on the ascending slopes. Additional
elevarional studies for these and other tropical montane assem-
blages have been recommended {(AnpreONE 8 RaNDRIAMAHAZO
20082, b; ANDREONE ¢z 2l 2014b).

Manipulation of hydroperiod has been cited often as a prom-
ising tool to mitigate the effects of climaric change (Snoo er 4l
zo11). Simple solutions could potentially be implemented in
Madagascar such as irrigation systerns, excavation of sites, or the
managernent of vegeration, Nevertheless, the synergy of climaric
change with other threats such as deforestation, or the difficnlt ac-
cess to some of the most threatened areas in Madagascar, will also
tequire the testing of other creative and challenging approaches o
mitigation.,

Fig. 4.16: The invasive Asian Toad (Dustaphrynus melanostictus} introduced in Madagascar. (A) An adult individual from the Toamasina area; {B) Population well

{Photographs by E ANDREONE {4, B), and ]. Rearnon [C])

G. A toad invasion
The invasion of the Asian Toad, Duttaphrynus melanostictus in
Toamasina on the east coast of Madagascar is an alarming threat,
not only to other amphibian species but also to Madagascar’s en-
vironment as a whole (Fig, 4.16}. The toad is known to be invasive
and has caused conservation 1ssues 1n many other places in the
world, such as Timor and Bali {CrurcH 1960; TRAINOR 2009).
In Madagascar, the introduced toad could lead to an ecological
disaster, including the poisoning of vulnerable native predators
(CroTTINI €1 af. 20142; KOLBY ef g/ 20145 MARSHALL ¢t @/, 2018).
The toad was first reported to the scientific communiry in
March 2014 from an area near the city of Toamasina (ANDREONE
et al, 20142; KoLy er af. 2014). However, subsequent mterviews
with residents suggested that the toad most likely arrived prior
to 2010 (Moore ¢z al. 2015). Toamasina 1s Madagascar's second
largest ciry and largest seapore, and it 1s suspected char the first
toads arrived within a shipping container of imported material
or goods. Notably, there was a surge in the amount of imported
material €0 an otherwise rather rural location on the ousskires of
Toamasina during the construction phase of 2 nickel and cobalt
processing plant between 2007 and 2011, Analysis of mitechondri-
al DNA sequences were conducted to thoroughly investigate the
geographic origin of this invasion, revealing that it was likely the
result of a single introduction event with specimens in Madagascar
identical (ar che analysed mitochondrial marker) to a lineage of
D, melanostictus distribured in Cambodia and southern Vietnam
{VENCES ¢ af, 2017).
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Two operative commirtees were created ro coordinate activities
related to the fight against the invasive toad. First, a national com-
mittee led by ASG Madagascar was put in charge of maintaining
a relationship with the nacional government and communication
berween stakeholders. Simultaneously, the General Secretary of
the Atsinanana Region took on the responsibility of supervising
regional activities. In lace 2014 a teamn of internacional experts on
invasive species assessed the feasibilicy of eradication and recom-
mended that effores to eradicate this spectes proceed. although
they warned chat the likelihood of success was very low and that
no eradication of an amphibian at such a large scale had been at-
tempted before (MCCLELIAND et 4l 2013).

Visual-encounter surveys conducted in 2014 as part of the erad-
ication feasibility study showed that D. melenostictus already oc-
cupied an area of at least 108 km?® to the South and South-West
of Toamasina city centre (MoOORE ¢f 4. 2015). In Toamasina, the
toad was found to be extremely abundant, with 30 or more adults
abserved in an hour of active searching (E C.E. RapeMananjara,
unpublished data). In September 2017 estimates showed the invad-
ed area to have increased to at least 549 kin? (LicaTa ¢ 2l 2019),
and the toad was found to be widely distributed both n utban
and rural areas. The most recene estimarte of population size was
7.2 million toads (Licara ez 4/, 2020), in comparison to the 3,77
million toads sstimated from data coliected in zo14 (McCrLErLAND
er &l 2015; REARDON er af. 2058). Despite hopes for eradication in
2014, today the invasive population appears too large to be eradi-

ety ¥ .

celebrations at the Ankaratra Massif and nearby sires.

Fig, 4.17: Celebrations of some local festivals dedicated 1o the conservatian of frogs. {A~C) The "“Tomato Frog Festival” held in Maroanesetta in 2009; (D} Ope of the

cated and instead there is now an emphasis only on control to
limit or slow its spread.

Like most other bufonids, 1. melanostictus secreies bufadicno-
lides that are potent toxins (UJVARI e7 @/, 2015). Across its native
range, the coevolution of toxic toads with native fauna saw the
emergence of numerous instances of resistance to bufadienolides
(Urvart ez al 2015). Unfornarely, in Madagascar a recent scudy
revealed widespread vulnerability of potential predators to the
bufotoxins of the introduced Asian Toad (MarsHALL e L 2018).
Addinonally, the toad is a potential source of introduced pacho-
gens and parasites of amphibians. Studies to investigate this more
thoroughly are currently running, with special focus on highly vir-
ulent pathogens, such as the chytrid fungus and Ranawirus (G.M.
Rasa, unpublished data),

Models of species’ distributions suggest that the lowlands of the
eastern and north-western coasts of Madagascar are most suitable
for further invasion (VENCES er 2l. 2017). Although there are no
threatened or locally endemic amphibian species occurring in
Toamasina city itself, the Parc Ivoloina and Betampona Sirict Na-
ture Reserve (respectively inhabited by 12 and 76 amphibian spe-
cles, including several candidate species and species with restricted
distributons) (Rosa et af. 2012; CroTTING €2 41, 2014b}), are 1n close
proximity to Toamasina. Monitoring these sites and trial efforts to
prevent colonization by the invasive toad hopefully will provide
useful information to help implement control measures and limit

the toad's spread in Madagascar (SHINE 2018).

{Photographs by B Anoreone [A-C), and E C. E. Rasemananyara [D])
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VI. CONSERVATION

A. Awareness and perception of amphibians by the public
Activities that increase the public’s awareness of amphibians and to
educate them about these fascinating animals are central to con-
servation wordwide. Such efforts are especially important for am-
phibians, which often are considered lesser fauna and pet always
deemed worthy of targeted conservation programmes. Madagascar
is chronically affected by setious economic and political problems,
and daily subsistence is the top priosity for most people. The goal
of improving the perception of amphibians and increasing knowl-
edge of their value within Madagascar has been of high prionity
but often difficult to accomplish and requires further effore (An-
DREONE et 2f. 2008a,b).

Since the launch of the Sahonagasy Action Plans and ACSAM
workshops (ANDREONE & RANDRIAMAHAZO 2008a, by ANDREONE
et al. 2016), one of the main achievements fostering awareness of
the importance of amphibians has been the realisarion of 2 num-
ber of booklets and materials for distribution in Madagascar (AN-
DREONE ¢f al. 20073, b, ¢, 2008b, ¢; JovANQVIC 7 4/, 20073, b;
ANDREONE 2019}, These materials feature iconic species, such as
those in the genus Manzells, and provide a more general overview
of the threatened status of many amphibian species in Madagascar.

Fucthermore, there have been a number of fescivals and cele-
brations. Notably, in June 2009 a festival dedicated to the conser-
vation of the Tomato Frog (Dyscophus antongilii) was held in the
coastal town of Marcantsetra (Fig. 4.17). The event was attended
by more than 800 participants and featured songs, dances, and
specches highlighting the importance of the Tomato Frog, which
is endemic to the area around Maroanusetra. The Golden Mantella
frog, Mantella aurantiaca, is also a flagship species used to increase
awareness of the importance of amphibians and their environ-
ment at two annually held festivals: World Wetlands Day at the
Torotorofotsy Ramsar Site and the Mangabe-Ranomena-Sasatotra
celebration of biodiversity promoted by the NGO Madagasikara
Voakajy.

While these festivals and publications have helped raise aware-
ness of amphibians in Madagascar, they have only touched a small
segment of the population. To be truly effective, frogs will need
to be integrated more broadly as part of environmental education
campaigns, or even included within the national science curric-
ulum, However, it is interesting To note that the new 100 Ariary
banknote of Madagascar now features Baron's Mantella, Manzella
barons, a significant step forward towards promoting awareness of
amphibians in Madagascar and amphibians as iconic animals for
the island.

B. Conservation actions for iconic species

Three of Madagascar's most iconic frog species have been used
t0 launch focused conservation plans. For these species, attention
has been given to forming new protected areas, with amphibians
serving a Hagship role. Here, we report on conservation plans that
have targeted Mansella aurantiaca, M. cowants, and Dyscophus an-
tongiléi (Fig, 4.18).

1. The Golden Mantella

The Critically Endangered frog Mantella anrantiaca is one of the
better-known Malagasy species and serves as an ambassador for the
amphibians of Madagascar. It has a spectacular colouration, from

bright yellow to red, which makes it particularly popular within
the international pet rrade. Almosc every tetracium hobbyist boolk
features at least one photograph of this frog that consequendy has
been exported in high numbers and is currendy kept by many
zoological institutions and private breeders (Garcia ef ¢l 2008).
The species has a restricted distribution in east-central Madagascar
in already highly fragmented habirat (CroTTINI €7 2L 2019), where
its breeding ponds continue to be threarened by mining and by
loss of forest (Bora ef al 2010; RANDRIANAVELONA €2 al. 20104,
b; PrLuny er @l 2015). A species conservation serategy for M. au-
rantiaca was Jaunched in February 2011 by the government of
Madagascar that set out the key steps over the next five years to
conserve this species in the wild.

Results from genetic analyses have demonstrated the existence
of three sub-populations that serve as conservation units for M.
aurantiaca. A northern lineage is found around the Torotorofot-
sy-Ambatovy area and two southern lineages (Sasarotra and Be-
sariaka + Andranomandry, the latter in the southwest) are known
from near Mangabe (CroTTINI 02 4. 2019). Recent surveys have
identified 139 ephemeral ponds where the species occurs, 103 in
the southern and 36 in the northern portion (PILUDU € al. zo15),
The NGO Madagasikara Voakajy initiated a survey to assess the
frog populations and the habirat-qualities of individual ponds.
A habitat-suitability index was generated and used to selecr suit-
able sites for reintroduction, with the aim of relocating popula-
tions from habitats impacted by the Ambatovy nickel and cobalt
mining project.

The Ambatovy mine is one of the largest of s kind world-
wide and to date is the greatest foreign financial investment in
Madagascar. The mining project has impacted 2 number of im-
portant breeding ponds for M. aurantiaca, the footprint of the
mine being centered within the last habitar remaining for the
northern sub-population. To ateempt to mitigate habitar damaged
and destroyed on the mine’s footprint, the Ambatovy project fo-
cused on recavery of the population, habitat-compensation, and
the establishment of a captive survivai-assurance colony. Results
of these recently launched initiatives to offset biodiversity are still
forthcoming,

With the loss of habitat being the greatest threat to the spe-
cies, protecting what remains is key 1o ensuring a future for M.
aurantiaca. Three main areas have been identified for protection
and are in various stages of being developed: (1) Mangabe-Ranom-
ena-Sasarorra, (z) Torotorofotsy Ramsar Site, and (3) the Forest
Corridor Analamay-Mantadia. Mangabe-Ranomena-Sasarotra is
the furchest along towards protection and supports most of the
southern sub-populatons of M. aurantiaca, which includes 79
ponds within a strict conservation zone, as well as others in an area
for sustainable use and a buffer zone around the protected area.
Mangahe-Ranomena-Sasarotra obtained the temporary status of
"new protected area” in December 2010 and, as of this wniting,
ten local community groups (known as COBAs or Communautés
Locales de Base) have been created to help manage M. gurantiaca
habitat.

Farcher north, the sub-population at Torotorofotsy wetland is
monitored by the community groups of Association Mitsinjo and
Taratra in collaboration with the NGO Asity, and at the Forest
Cottidor Analamay-Mantadia by Mamelontsoa, Telomira, and
Fampana. Periodic visits to breeding sites for increasing public
awareness and dissuading illegal mining activity are conducred by
local government and monitoring agents several times per year.
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Fig. 4.18: Threarened amphibian species with ongoing conservarion peojects, (A) Golden Maneella, Mantelle aurantieca is an Endangered species which s being

affected

by mining acthnty in the Andasibe area (Bekalada site); (B) Harlequin Mantella, Manietla cowanss, from a population close to Antoctra; (C) Tomaro Frog, Dyscophus
antongifii and 1ts habitar around Anwara on the East coast, whete populations inhabit a non-urban habicat and breed in slow-moving waters.

To some extent this action has helped control illegal artisanal
gold-mining, which is onc of the major threats to the habirar of
this species,

To help promote sustainable livelihoods for communities in the
vicinity of M. aurantiaca habitat, four women's assoclations were
established in 2010. Members were trained in sewing embroidety
to sell at markets, and some of the resulting work has featured M.
aurantizca as a flagship species. In addition, local communities
at Mangabe-Ranomena-Sasarotra and Torotoroforsy Ramsar Site
have been trained in new agricultural techniques and methods
for rearing livestock to provide alternatives to more harmful, bue
widely pracriced, shifting agricultural methods that continue 10
threaten M. aurantiaca’s breeding ponds.

Although loss of habitat is the main threac facing M. asurantiaca,
concern has also been raised regarding the collection of wild frogs
for the pet trade. Accordingly, an already greatly reduced annual
expott quota of s50 individuals established for 2012 and 2013 under
CITES, was lowered to 280 individuals in 2015-2019. Following
monitoring in 2010, 2012, and 2013, three sites, represented by 11

{Photogtaphs by E AnprEONE)

ponds, were identified in Mangabe-Ranomena-Sasarotra for use
for commercial collection.

The conservation strategy aimed at M. aurantiaca also has in-
volved community outreach and awareness, Sessions have been
conducted at schools around Mangabe that help highlight the
ecological importance of the environment where M. aurantidca 13
found and its unique endemism to the local area. An annual fes-
tival to celebrate the impottance of conserving the forests around
Mangabe-Ranomena-Sasarotra also takes place. This event is an
occasion for the local community and che monitoring groups of
which they are a part to share the results of their efforcs cowards
the conservation of their local threarened species, which includes
M. aurantiaca. Although there is still much to be done to assure
o future for the Golden Mantella, the past decade of work has
demonstrated substantial progress.

2. The Harlequin Mantella
The Harlequin Mantella, Manzella cowanit s among the most
threatened amphibian species in Madagascar (RapIB1sos e al.
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2013). Its distribution s restricted to the central highlands, and
there are few known populations (RaBIBisoa er 24 2009}, These
are mainly based around four areas— Antoetra, Itremo, Betafo,
and Anrakasina—which are all over 1400 m a.s.]. At these sites
M. cowanii can be found within gallery forest and along humid
rockwalls in otherwise degraded savannah.

The town of Antoestra was chosen as an area to dedicate to the
conservation of M, cowantt {(RaBiBIsoa 2008). One sice, Fohisoki-
na (also known as Vohisokina), has been set aside for protection
and 1s currently managed by local authondes with the assistance of
Conservation International and the NGO Man and the Environ-
ment, A second site, Soamazaka, is planned as an area for visiting
researchers and tourists so as to limit the impact of visitors on the
species.

To date, conservation acrivities around Antoetra include (1) ini-
tiatives to provide sustainable livelihoods, such as planting native
trecs for the production of essential oils (in partcular Ravintsara,
Cinnamomum camphora) and for use as fuel-wood, and (2) stricter
conservation measures, such as the implementation of firebreaks
to protect the last of the tiny remaining habitat whete the frog
occurs (ANDREONE ¢t 2l 2013¢). A group called “Sahona Mena”
was self-constituted by the community of Antoetra to help manage
sites that support M. cowaniz, This group patrols the territory and
reports on actions thar threaten two sites. However, further worl
is needed to assure the species’ survival considering other recent
threats, such as hybridization with M. barens (CHiaRI ef 41, 2005)
ot potential impact from a chytrid fungus Bd (BLETZ ez 4/, 20152},

In December 2018, 2 meeting-workshop was held in Ambosicra
to discuss and develop a new action plan for the species. Among
the scheduled actions are an increase in ecological research, a bio-
molecular assessment of the known populations (including recent-
ly found populations in the Betafo region}, development of [ocal
populations, and assessment of captive breeding. These actions
were subsequently summarized in the McAP, the Mantelle cowanii
Action Plan 2021-2025 (ANDREONE ¢t 4/. 2020).

3. The Tomato Frog

A third iconic frog species that has recently been involved in a con-
servation campaign is the Tomato Frog, Dyscopbus antongilsi. The
Tomato Frog appears less in peril than the two Maneella species
discussed previously, being currently assessed as Least Concern by
the IUCN Red Lise, Its range is also larger than formerly believed,
and 1t 15 present not only in the Marcantsetra and Makira area
(North-East Madagascar) but also farther South, e.g., around the
sites of Antara and Tampirano (Tessa ez 4/, 2008). Still, the Maro-
anrsetra population is notable since the species is synanthropic and
can be found in ponds, roadside ditches, and residents’ gardens. It
serves as a true Hagship species for amphibian conservation.

Such an iconic species occurring in an urban environment
provides a unique epporwunity for education and environmental
cutreach, and it has been featured widely around Maroantserra
in festivals and community events. Notably, in 2009 ASG Mad-
agascar and the Madagascar Fauna and Flora Group organized a
“Tomato Frog Festival” which was widely attended and reached
many people (Fig. 4.17). Data collected during activities supported
by the European Assaciation of Zoos and Aquaria (EAZA) helped
10 reassess the species’ status, which passed from former inclusion
in CITES Appendix I to Appendix IL

During recent years, the Tomato Frog’s population around Ma-
reantsetra has appeared to have declined. The driver of chis decline

remains unknown, bur it is suspected ro be related 1o increased
urbanisation and resulting loss of habitat. Its habitat and espe-
cially the aquaric areas needed for breeding have not been taken
into considetation as development proceeds and as new roads and
houses are built, For this reason, a small patch of land adjacent to
one of the best-known breeding sites for the species was purchased
using funds obtained from BIOPAT (Patrons for Biodiversity,
hezp:Hfwun bigpat.de) and placed under management of the local
NGO Anrongil Conservation. Unfortunately, due 1o a series of
difficulties associated with the lowering of the level of groundwater
in Maroantsetra, the Dyscophus populations are still experiencing

levcal decline.

C. Ex sitr populations as a tool for conservation

When a species or population is in decline, securing captive-assuc-
ance colotiies can serve as a rapid response, and in some situations
may be the only option available to prevent imminent extinction
{GAGLIARDO et af. 2008: BROWNE et 2/, 2011; ZIPPEL et af, 2011).
Such interventions hold populations of threatened species in cap-
tvity, maintaining a viable genetic representation which can pro-
vide animals for supplementation or reintroduction programmes,
which have to follow very strict protocols to avoid doing harm
when aiming ro do good {e.g.. importing diseases with the rein-
troduced animals).

The development of such programmes provides important
opportunities to build capacity and expertise, to answer research
questions that have implications for conservation, and to generate
interest in, and raise funds for, amphibian conservation (BLoxam
& TowaE 1995; MENDELSON et 4l 2007; BULEY ¢ 4. 2008; ZipPEL
et al. 2011; PREININGER et a/. 2012}, However, such goals must be
secondary to safeguarding against extinction, and ex sitx conserva-
tion programmes should only be enacted following the guidelines
provided by the [UCN (2014).

Given the goal of releasing captive-bred frogs back into nat-
ural habitats, conservation efforts must address and mitigate
the causes of amphibian declines in addition to enacung breed-
ing programmes {GRIFFITHS & PaAVATEAU 2008; HarDING er al
2016}, Other scenarios may involve translocation of populations
to sites that were occupled 1n the past or to incroduce species to
new suitable stees. Yet, all of these interventions are shrouded wich
concerns, e.g., reducing the fitness of reintroduced animals and
inbreeding depression (SMITH ef 4f. 2019), Moreover, ex situ pro-
grammes are expected to follow biosecurity measures so as to min-
imise the bidirectional risk of introducing pathogens (GREEN e¢ 4/,
2009). This 1s particularly relevant when maintaining amphibians
outside of their native range or 1n facilities with non-sympatric
species (TaPLEY et of. 2015).

D. Malagasy frogs in captivity to date

Madagascar is home to many charismatic species of frogs familiar
to zoological institutions. Well-known examples include those in
the genera Mantella, Dyscophus, Heterixalus, and Scaphiophryne,
most of which are artractively coloured and maintained infor-
mally in captivity for display. Some Malagasy species, such as che
Golden Mantetla, Mantella aurantiaca, have a history of being
kept and bred in captivity dating from the carly 1970’ (Aupy
1973; MUDRACK 1974). Despire the interest, chere s still a huge
lack of knowledge and expertise on the requirements for captive
husbandry for most of the island’s amphibian species (Garcia ez
al. 2008; GRIEFITHS & PAVAJEAU 2008), and the species currently
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Fig. 4.19: Examples of zoological instcutions committed to opamisation of husbandry pracocols and rechniques ta successfully breed Malagasy amphibian species.

{A) Exzhibit of the False Tomato Frog, Dyscophus guanet: at the Acquario di Genova (Genoa, Tialy); (B} A breeding pair tn amplexus; (C} Husbandry unit for breeding

population of Mantelfs lrevigata within “Masoala Regenwald” in Zoo Ziirich (Switzerland).

maintained represent only a tiny fraction of the amphibian species
diversicy found on the island, A survey of the international zoo
community conducted in 2007 found merely 27 Malagasy frog
species being maintained in captivity and of these barely half (14)
had been bred in the past decads (GaRCIA e 2l 2008). A search
of the database six years later revealed no significant changes and
the only improvement was an increase in the diversity of Maniella
species that were being kept and bred. The lack of diverstty rep-
resented in captivity hinders the abilicy of the ex srsw conservation
community to address the threats thar Malagasy amphibians face
through captive-breeding programmes. However, when compared
to the amphibian species of the entire Afrotropical region, LoT-
TERS (2008) found that those from Madagascar already amounted
to half of all species maintained by zoological institutions, and so
comparatively, the scenario for Malagasy frogs may not be as dire
as elsewhere,

1. Amphibian husbandry ouside Madagascar

Qutside Madagascar, many zoological institutions have contnibut-
ed to captive-hreeding programmes for Malagasy amphibtans. The
Acquaric di Genova in Italy (Girt 2008) and Riga Zoo in Latvia
have been developing husbandry techniques to successfully breed
Tomato Frogs (Dyscophus spp.} (Fig. 4.19; Rosa ¢f 4l 2009). In
Switzerland, Zoo Ziirich has an entire building {greenhouse) de-
voted to the fauna and flora of Madagascar (the “Mascala-Halle”)
where some Malagasy frogs breed, such as the Climbing Mantella
(Mantella laevigata; Fig. 4.1.C). These and numerous other proj-
ects with Malagasy species in Europe and North America have

(Photographs by G. M. Ross [A, B, and S. Fureer [C])

played a fundamental role m raising public awareness abroad
about the diversity and threats facing amphibians in Madagascar;
examples are the “Year of the Frog” and the “Madagascar” cam-
paigns in 2007-2008.

Captive collections at zoos can contribute to understanding
the ecology and behaviour of poorly known Malagasy species.
By disseminating results to the ex srtx conservation communiry,
zoos can better contribute o helping conservanonmists and wildlife
managers make informed decisions and provide a foundacion on
which to base furure captive-breeding in Madagascar. The vision
of locally staffed regional amphibian captive-breeding and research
centres has been enhanced by a team of international conserva-
tion and policy authorities (MeNDELSON er 2L 2006; TaPLEY 22
&l. 2015). When developed within the native country of a species,
captive-breeding programmes encourage autenomy of local insti-
tutions, reduce biosecurity risks, and instill a sense of pride within
local stakeholders that contributes to a lasting impact upon con-
servation (GaGuLIARDO et al 2008; TarLEy et 2l 1075).

2. Amphibian busbandry in Madagascar

Historically, captive amphibians in Madagascar have been used
for dispiay ac zoological parks such as the Parc Botanique et
Zoologique de Tsimbazaza (Antananariva), Croc-Farm {Antanan-
arivoy, or the Peyrieras Madagascar Exotique (Marozevo). Animals
wete typically sourced from the wild and often kept overstocked
and poorly maintained (Fig. 4.20). After a general call for capaci-
ty-building of amphibian husbandry (ANprEONE e 4. 20065 Fur-
RER 2008; MENDELSON & MooRE 2008), the first steps were tak-
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Fig. 4.20: In country facilities leeeping Malagasy amphibian speciss. {A) False Tomato Frogs {Dyscophus guénesd) sourced Fram the wild and maincained in large

rumbers, near Marozevo; (B) The “harrachorium” amphibian exhibits at the Pare Botanique et Zoalogique de Tsimbazaza, in Antananarivo.

en to develop expertise in captive husbandey within Madagascar;
these were supporred later by an amphibian husbandry workshop
{see below; RAKOTONANAHARY ez af. 2017). Several organisations in
Madagascar ate now putring effort into developing the infrastruc-
ture and capacity needed to manage captive amphibian popula-
tions (EDMONDSs ez 4f, 2012, 20153 DAWSON ef al 2014).

The TParc Ivoloina is a zoological and botanical garden man-
aged by Madagascar Fauna and Flora Group (MFG) and locat-
ed 12 kin from che porr city of Toamasina in eastern Madagascar.
They developed an exhibit for the Tomato Frog (D. antongifii) in
2008. The project aimed both to expand expertise in amphibian
husbandry among staff as well a5 to raise awareness of the plight
of the Tomato Frog. A few years later, MFG also constructed a
small centre to expand their amphibian husbandry, where they
have maintained a group of reed frogs, Heterixalus madagascar-
iensts, and work to culrure live foods (Fig. 4.21; EDMoNDs 2013,
2014; IAMBANA 2015). This project seems to be suspended, at least
for the moment.

In Andasibe, the community-run Association Mitsinjo has de-
veloped a breeding facility specifically for managing capuve sur-
vival-assurance populations of its local species of frogs. Support to

“ e
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Fig. 4.21: {A) Amphibian breeding facility realised ar the Parc [voioina to build local capaciry for husban

{Photographs by G M. Rosa)

initiate the project was given by Amphibian Ark and the Associ-
ation of Zoos and Aquariums (AZA), with the resulting building
measuring 185 m* and consiscing of three rooms: one for produc-
tion of live food, one for quarantine, and one for mainraining
captive frogs (Fig. 4.22; EDMONDS 7 4l 2012). The project was
officially launched in April 2on1 through a contract of collabo-
ration between Association Mitsinjo, ASG Madagascar, and the
Direction Générale des Foréts. In this same month, the first frogs
were collected and established ar the facility, consisting of four
locally common species to serve as practice for technicians while
they developed expertise in husbandry.

During the six months it tock to build the infrastructure in
Andasibe, local invertebrares were collected, and trials were carried
out 1o develop techniques for the production of live food prior to
maintaining populations of frogs. Through this process, Associa-
tion Mitsinjo and the Mention Zoologie et Biodiversité Animale
at the University of Antananarivo (formerly Département de Bi-
ologie Animale} wotked together 1o develop colonies of live inver-
tebrates to use as food for future captive frogs. Today, Association
Misinjo cultures five species of locally-sonrced crickets, a fruit fly,
cockroaches, and springrails.

dry; {B) Currently housing live food colonies and Hererdaafus
{Photographs by B, [aseana)
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Fig. 4.22: Amphibian captive breeding facility in Andasibe managed by Assaciarion Misinjo. (A) Floor plan af the building; (B) Overview of the building;
{C} Terraria setup on shelving and plumbed so waste water flows into a drain 1n the floor; (D) Crickers being bred for live food.

In 2012, 2 training course focussing exclusively on the more
technical side of the husbandry of captive amphibians, was sup-
ported by the EAZA (European Association of Zoos and Aquaria)
and led collectively by the Durrell Wildlife Conservarion Trust
and the Chester Zoo; it was held in Andasibe under the coordi-
nation of the Association Mitsinjo. The course was composed of
lectures, activities, and group-wark, as well as of on-site training
at the Andasibe breeding facility. Eight Malagasy instirutions and
NGO’s patticipated in the training and developed further apti-
tude to manage Jocal ex sitw amphibian conservation centres and
research facilities. Additional in-country building of capacity since
then has consisted of exercises in amphibian-marking rechniques
carried out with staff from Chester Zoo, as well as veterinary sup-
port and screening of disease through the San Diego Zoo Institute
for Conservation Research and the Woodland Patk Zoo.

As of 2018, 14 spectes of frogs have been kept at the Micsinjo
amphibian breeding centre in Andasibe (Fig. 4.23). Eight of these
have reproduced, several to the second or third generations. The
Malagasy staff already are well versed in techniques to maintain
various types of amphibians (and their food supply) in capuvity.
Technicians, who are local residents of Andasibe, and who have
expetience in caring for frogs that have a varied set of life-history
teaits, assist in carrying out investigations into the optimal require-
ments of species from different ecological guilds. Working with
a divetsity of species helps prepare for the emergence of threats,
which may require rapid action to prevent extirpation or extinction.

{Photographs by G. M. Rosa [B, D], and §. Sam[ C])

To complement Association Mitsinjo’s work and fulfill an ob-
jective within the national conservation strategy for the species
{RANDRIANAVELONA ¢f 2. 2010, b), a captive population of the
Golden Mantella, Manrella anwrantiaca, was also established at the
facility (Fig. 4.24; EDMONDS ef 2/. 2015; RAKOTONANAHARY of al.
z017). Offspring produced in captivity are used for reintroduc-
tions at created receptor sites to help mitigate the destruction of
habicat on the Footprint of che aforementioned Ambatovy nickel
and cobalt mine.

3. Priovities for amphibian ex situ conservation
Lists of priority amphibian species have been developed for nu-
merous countries and regions, including Madagascar, thereby pro-
viding direction for the network of stakeholders involved in ex
situ amphibian conservation (ANDREONE et al. 2008a). Notably, it
was stressed to call for the ex szt community to focus husbandry
research on Malagasy species representative of various ecological
guilds, especially with regard to these that may be able to serve as
surrogates for threatened species (ANDREONE 8 RANDRIAMAHAZO
20082, b), The expectation is that surrogate species with simnilar
ecological and life-history traits to those that are a high priority
can serve as models o develop expertise in husbandry prior o
establishing captive colonies of threatened species when needed
(BULEY er &l 2008).

Malagasy osganisations, such as the Association Mitsinjo, have
developed infrastructure for captive breeding programmes and
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Fig. 4.23: Some of the frog species kepr ar the Association Mitsinjo capuve breeding facility (A) Hereriealur bersifeo; (B) Hetevixalus punctatus; (C) Boophis pyrrbms
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(D) Gadbernarrs prleher; (E) Gatbemaneis sp, atk, atbolineatns, (F) Blommersia blommersae; (G) Mantells awantiaca; (H) Mantidactylus bessileanses, (1) Stumpffia sp.

staff now have expertise in the husbandry of captive amphibians,
However, there continues to be a lack of long-term susrainable
support from conservation organizations and zeological parks out-
side of Madagascar to ensure chese programmes continue in the
future. Additionally, while training in the rechniques of husbandry
has been provided, the ambition to search for support to take on
new captive-breeding projects of a significanc magnitude continues
to fall short within Madagascar.

To overcome these challenges requires a multitude of stakehold-
ers to work togesher. Organisations in Madagascar will need excer-
nal financing and lasting commitments from the international ex
sity conservation community. Zoological institutions abroad that
already maintain amphibian species from Madagascar In captivity
should consider becoming involved in the effort. Malagasy staff
from various organisations also will need to partner together, al-
lowing the technical aspects of amphibian captive husbandry to be
shared through training exchanges and addittonal capacity-build-
ing workshops. Fortunately, authorities 1n Madagascar are on
board to develop further capacity for captive breeding, and with
the New Sahonagasy Action Plan (see below) ratified by the Mala-
gasy state there 1s an exisung framework for appropnate actons.

There is also a need to increase the available information on
captive husbandry for Malagasy amphibian species currentdy held
by zoological institutions. Individual zockeepers, technicians, stu-
dents, and breeders should meke an effort to conduct scientific
investigations into the species of frogs from Madagascar they al-

{Phatographs by E Avpreone [B, C], D Epmonos {A, E-I], and D Vauran [D])

ready mainrain, and then disseminate this infermarion through
peer-reviewed publications. Far too often only anecdotal reports
of captive husbandry exist, or valuable behavioural observations
are left to hearsay, and while this ts better than nothing, ideally the
community of amphibian breeders can work together to test some
of the assumprions made about the frogs they keep, especially for
species from Madagascar for which lictle information is available
otherwise.

While 1t may be intimidating o confront the difference between
what resources are available in Madagascar and whar is needed to
enact further ex sitw programmes, the developments during the
past decade are encouraging. Mitsinjo’s in-country faciliry is now
operational, although still in its formative years. Care should be
taken that these, and future, ex sitw programmes align with s sftu
conservation action, and that prospective captive-breeding proj-
ects in Madagascar have clearly defined objectives. The harmony
of parallel ex sitw and in situ conservation actions will be based
on stakeholders planning conservation strategies together, main-
taining communication, and implementing adaptive management
practices. Ideally, an ex sz national coordinator for amphibian
conservation should be appointed to facilitate these goals.

International stakeholders can contribute to the caprive-breeding
effort in Madagascar by making the lasting commitments of sup-
port needed to further these projects, as well as by sharing infor-
manon garnered through studies of caprive husbandry So far, de-
spite the alarming threats the frogs of Madagascar face, no modern
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extinctions have been detected (ANDREONE ¢z 2 2008a). This pro-
vides hope that there may still be time left to further prepare the
infrastructure, knowledge, and capacity for priority species in time
to be able to rapidly implement programmes for captive breeding,

E. The ACSAM Initiative and the Sahonagasy Action Plans

In 2006, the “A Conservation Scrategy for the Amphibians of
Madagascar” (ACSAM) meeting was held in Antananarivo and led
by ASG Madagascar. The meeting resulted in several publications,
including an important monograph and a book of contributions,
as well as the first Sahonagasy Action Plan (ANDREONE & RaANDRI-
AMAHAZO 2008a, b).

The implementadion of the Sahonagasy Action Plan was est-
mated to cost almost 1.8 million EUR over a five-year period, but
only a fraction of these funds eventually were raised (ANDREONE
et al 2012). The conservation actions launched as parr of the 2008
Sahonagasy Actien Plan soon faded into the background as the
2009 polirical crisis led to the suspension of donor activity from
many of the traditional funding sources for the conservation of
biediversity, Only in 2014 did the democratic election of a new
president take place, helping renew partnerships with international
aid. During this gap period many problems arose for wildlife and
the environment, among which was the rampant illegal logging of
Malagasy hardwoods, especially rosewood, from protected areas,
notably in the North-East around the Masoala Peninsula and at
Marojejy (ScruurMan & Lowry 2009; BARRETT ez 2L 2010). The
illegal logging from protected areas was also linked to the inability
of Malagasy authorities to enforce the laws managing the use of
natural resources.

In November 2014, a second amphibian conservation workshop
(ACSAM2) was held at Centre ValBio in Ranomafana (Rosa ¢#
al. 2015; ANDREONE ef ¢/, 20163 Fig. 4.10C). More than 70 her-
petologists, conservationists, and politicians participated. Among
the main topics discussed at ACSAMz2, two issues emerged as
new potential threats: the detection of a chyrrid fungus (BLerz
et al. 20154, b) and the introduction of the Asian Common Toad
{CrorTIN et 2/ 2014a). Additional topics included long-term
population monitoring, captive breeding, standardisation of field
protocols, and a review of progress since the first ACSAM. The
ACSAM2 meeting resulted in the publication of the New Sahona-
gasy Action Plan (NSAP}, which is now ratified by the Malagasy
government and sets priorities for amphibtan conservation for che
five-year peniod of 2016—2020.

The NSAP has six main themes/topics: (1) Coordination of Re-
search and Conservation, (2) Monitoring Madagascar’s Amphib-
ians and cheir Environment, (3} Emerging Infectious Diseases,
{4) Stte-Management, (5) Harvesting and Trade, and (6) Captive
Breeding and Zoo Actions. Within each theme, participants of
ACSAM: denufied specific conservation actions that were need-
ed, their priority, the timeframe of their activity, indicators of suc-
cess, and the responsible institutions. The new plan provided clear
direction for amphibian research and conservation in Madagascar,
and with support from funding agencies and continued political
stability chere is real potential to see a positive outcome for the

frogs of the island.

E Where will amphibian conservation go in Madagascar?

As we have shown, the conservation of Madagascar’s amphibians is
a task to which many herpetologists and naturalists have devoted
(and are still devoting) a great amount of time and passion. This

Fig. 4.24; Captive Golden Mantellas (Maniella aurantiaca) in the Mitsinjo
breeding facility in Andasibe, (A) Population in the quarantine-restricted arca;
{B) Frogs in a rerrarinem.

{Photographs by G.M. Rosa [A], and D. Eomowns [B])

is especially true when considering the work conducted over the
past decade, coordinated in large part by the IUCN SSC Amphib-
ian Specialist Group. Several areas around the world that support
high levels of biodiversity fall in countries that are characrerised
by serious socioeconomic problems and instability. Madagascar
supports a very high number of amphibian species (likely maore
than 500; PERL 7 2/ 2014), but at the same time continues in a
critical socioecanomic situation. We strongly reaffirm our convic-
tion that the promotion of amphibian conservation chroughout
Madagascar is extremely impottant because amphibians make up a
spectacular component of the istand's unique biodiversity, and like
the renowned lermurs, we hope thar amphibians can serve as a new
flagship for the island’s conservation. Biodiversity is probably the
only long-lasting resource of Madagascar, and we believe that its
management can play a crucial role in the economic development
of the country. The publication of two action plans (ANDREONE
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& RANDRIAMAHAZO 20083, b; ANDREONE ¢ 2l 2016) 1§ an op-
portunity to drive nature conservarion in Madagascar by taking
into consideration the need for a global approach to biodiversity.
Madagascar’s high amphibian species diversity, together with old
threacs {e.g., deforestation} and novel ones (e.g., chytridiomyco-
sts; introduction of an invasive toad), make a clear case for the
importance of conservation. Conserving Madagascar's amphibians
means working for the love of its nature, wildlife, and people, and
believing in providing a future for the island’s unique frogs for
future generations.
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Due to their physiology, morphology and complex life
cyeles, amphibian species are often highly habitac-specific
and parricularly threatened by environmental changes.
Currently more than one third of all species is believed
to be threatened. The worldwide decline of amphibians
therefore has become a symbol for the Global Biodiversiry
Crisis.

Whereas in recent years many seudies have reported the
threat status of amphibians in the Northern Hemisphere,
Latin America and Australia, very little information was
available for Africa, in particular for sub-Saharan Africa.

This book illustrates the beauty of Afrotropical amphibi-
ans as well as their habirats and threats, summarizing our
previous knowledge and presenting new facts concerning
the status, threats and potential future of amphibians in
all sub-Saharan countries, Madagascar and western Indian
Ocean islands.

It will serve as a guideline for conservationists, decision
makers and researchers, and due to its lavishly illustrated
layout, will also be attractive to everybody interested in
African amphibians in particular and amphibian biology
and conservation in general.
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