In contrast, the populations of Furcifer pardalis on La Réu-
nion and Leiobeterodon madagascariensis on Grande Co-
moro are certainly due to human introductions.

All three near-certain introduced species, as well as most
species with populations outside Madagascar (Crocodylus
niloticus, R. braminus, L. madagascariensis, Cryptoblepha-
rus boutonii, Z. madagascariensis, Gebyra mutilata, Hemi-
dactylus mabouia, H. frenatus, P. dubia, P. laticauda, O. cu-
vieri, and F. pardalis) are known to occur in the Sambirano
region. This observation is interesting in two regards. First,
this is the zone of Madagascar that holds the earliest known
large village on Madagascar, Mahilaka, which dates from
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the eleventh century and has been and continues to be an
important center of maritime trade (Radimilahy 1997; see
Wright and Rakotoarisoa, this volume). This is a situation
that would favor introductions to and from Madagascar.
Second, the Sambirano region presents the shortest route
from Madagascar to the Comoro Islands, which, in asso-
ciation with favorable ocean currents, would provide
enhanced possibilities of natural dispersal between Mada-
gascar and these small islands. Phylogeographic and sys-
tematic studies of the species involved may provide the
means to assess the relative importance of thcse two factors
in the distribution of these animals.

Testudinae, Land Tortoises

M. Pedrono and L. L. Smith

The diverse reptile fauna of Madagascar includes four en-
demic land tortoises, Geochelone radiata, G. yniphora,
Pyxis arachnoides, and P. planicauda. A fifth species, Ki-
nixys belliana, is believed to have been introduced to the is-
land from mainland Africa by humans (see Raselimanana
and Vences, this volume). Two endemic giant tortoises,
Dipsochelys grandidieri and D. abrupta, are extinct from
Madagascar. The reason for their demise is not clear but is
probably associated with local natural environmental
change combined with overhunting and habitat alteration
(Burleigh and Arnold 1986; Bour 1994). None of the living
species are well known, and all four endemic species are
threatened by human activities.

Geochelone radiata, Radiated Tortoise, sokake

G. radiata is perhaps the best known of Madagascar’s four
tortoises (fig. 11.4), although surprisingly little information
is available about its status and behavior in the wild. This
species inhabits dry forests in the southern portion of the is-
land, roughly from Toliara to Tolagnaro. This region re-
ceives less than 400 mm of rainfall per year and supports
Spiny vegetation. Radiated tortoises occur in low spiny

bush habitat with a grassy understory (Juvik 1975). Sub-
fossil remains of this species have been discovered in the re-
gion of Morondava (Bour 1994), indicating that in the past
this species occurred more than 300 km north of its current
range. This reduction in range may be explained, in part, by
centuries of heavy exploitation by humans for food. Today,
populations at the periphery of the range and in close prox-
imity to towns and villages are rapidly being depleted by
human harvest for food and the pet trade (both local and
international). However, there are vast areas of forest south
of Morondava without tortoises even though there is little
or no human pressure in this region. The climate in south-
western Madagascar has become progressively more arid
over the past 10,000 years (Burney 1997), svggesting that
natural environmental change may have caused a range
contraction in this species. In remaining populations, tor-
toise densities vary from 2.6 to 10.7 individuals per ha,
with the highest densities occurring at the center of the
range near Lac Tsimanampetsotsa and Cap Sainte Marie
(Lewis 1995). Unfortunately, inhabitants of some of the
major population centers of southern Madagascar collect
adult specimens in these areas, and tortoise populations are
rapidly being depleted.

G. radiata is the most strikingly patterned of all the
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Figure 11.4

Malagasy tortoises, with a dark brown to black carapace
and yellow stripes radiating from the areolae of the verte-
bral and pleural scutes. The plastron is yellow with dark tri-
angles extending from all but the anal and gular scutes
(Ernst and Barbour 1989). Juvenile radiated tortoises are
quite colorfully marked, but the pattern typically fades with
age. Old individuals often lose the yellow striations entirely,
and the shell may appear uniformly dark brown. This spe-
cies has a highly domed shell with slightly flared, serrated
rear marginals. A cervical scute is present, and the gular
scutes typically are paired. The head and limbs are yellow
to tan in color, although the crown of the head may be
darkly pigmented. The tail lacks a large terminal scale.
Adults may reach a length of 38 cm and weigh approxi-
martely 13 kg (Pritchard 1979). Radiated tortoises exhibit
sexual dimorphism; adult males are larger than females and
have a concave plastron, a thicker xiphiplastron or poste-
rior plate of plastrum, and a longer tail than adult females.
This species is quite similar in appearance to the plough-
share tortoise, G. yniphora; and, in fact, an examination of
mitochondrial DNA supports a common subgenus for the

Radiated tortaise, Geochelone radiata, a species that formerly occurred across much of southwestern Madagascar, Because of locally heavy
ploitation for food, it has become rare or locally extirpated in certain areas. (Photograph taken by H. Schitz.)
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predation of nests in the wild, after covering the eggs, cap-
tive female radiated tortoises urinate above the nest, pre-
sumably to mask the scent of the eggs. In captivity, eggs
hatch after about 145 days; however, in the wild, hatchlings
probably emerge with the onset of seasonal rains, as has
been observed in G. yniphora. Although data on longevity
in the wild are lacking, captive individuals have been re-
ported to live for more than 150 years. One famous tor-
voise, Twi Malila, was a gift to the queen of Tonga from
Captain Cook in 1777. This tortoise died in 1966 at more
than 188 years of age!

Geochelone yniphora, Ploughshare
Tortoise, angonoka :

G. yniphora is the largest of Madagascar’s extant tortoises.
It received its English name for the distinctive long, plow-
like gular projection of adult males. Only a few small pop-
ulations of this rare tortoise are known to exist, all of which
occur in the vicinity of Baie de Baly in the west. The plough-
share tortoise occurs in secondary-growth habitat that con-
sists of bamboo (Perrierbambos madagascariensis) and
shrub thickets (Terminalia boivinii and Baubinia pervillei),
shrub-palm (Bismarkia nobilis) savanna, and forest edges.
Today, much of the region is covered in savanna, although
a few small patches of secondary growth and deciduous dry
forest still exist.

The first reported specimens of G. yniphora were ob-
tained from fisherman in the late eighteenth century. In ad-
dition, bones of G. yniphora have been identified from hu-
man midden remains at archaeological sites dating from the
eleventh to fourteenth centuriés in northwestern Madagas-
car (Rakotozafy 1996) and the Comoro Islands (Allibert
1989), clearly demonstrating that this species was once ex-
ploited and exported for food. Today, it is highly sought
after in the illicit pet trade. The remote locality and low
densities of wild populations probably discourage most col-
lectors. However, the theft of more than 70 G. yniphora
from the captive-breeding center at Ampijoroa in 1996
demonstrates the desirability of this species in the pet trade.

Five extant G. yniphora populations have been iden-
tified: three east of Baie de Baly (CapSada, Ankasakabe,
and Beheta) and two west of the bay (Betainalika and Am-
batomainty-Andranolava) (Smith et al. 1999a). The eastern
and western populations are separated by the Andrano-
mavo River, and it is unlikely that any contact and ex-
change occur between these tortoise populations. Densities
of the remaining populations are quite low compared with
those of other species of Malagasy tortoises. The most
recent estimates for G. yniphora range from 0.55 to 0.71
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tortoises per ha, and the five known populations may col-
lectively represent a total population of 600 individuals
(Pedrono 2000). Although estimates indicate that the total
population size of this species is dangerously small, nearly
half of the population is juveniles, perhaps indicating that
this species is recovering from historical exploitation.

Adult G. yniphora reach an average length of 40 cm. The '
shell is highly domed and somewhat less colorful than that
of G. radiata. Shell color of adult G. yniphora is yellow to
tan with dark brown to black margins on the vertebral and
costal scutes. The marginal scutes are transected by a dark
triangular pattern that extends ventrally. Dark triangles
also appeared on the plastron, where they radiate from
the midline through the pectoral, abdominal, and femoral
scutes. Large, presumably old tortoises tend to be uni-
formly dull yellow or tan in color. Hatchlings also have
dark margins on the vertebral and costal scutes, but the
marginal scutes lack the dark triangles visible in larger in-
dividuals. The skin of tortoises of all sizes. is tan, although
the heads of some adults are dark brown.to nearly black.
The scales on the front limbs are quite large. A cervical
scute is present in most individuals and is often greatly re-
curved. The most distinctive characteristic of this species
is the single, fused gular scute. The gular is greatly elon-
gated in both sexes but may exceed 10 cm in length in adult
males. Male G. yniphora reach a larger body size than
females. The largest male captured in the wild measured
48.5 cm in length (straight-line carapace length) and
weighed 19 kg, whereas the largest female measured
40.5 cm and weighed 13 kg. Adult male ploughshare tor-
toises have a concave plastron and an elongated gular pro-
jection. Males also have longer tails and a wider epiplastral
opening than females. These differences typically cannot be
distinguished until the tortoises reach a length of greater
than 30 cm (Smith et al. 2000).

Breeding activity of G. yniphora begins early in the wet
season (November and December), when males compete
for access to females. Males use the elongated gular pro-
jection in combat with other males and also to corral fe-
males before mating. The large, thick scales on the fore-
limbs may offer protection from the gular projection of
rival males. Scent may play an important role in enabling
males to locate females during the mating season. In the
wild, female ploughshare tortoises nest from January
through late May and may produce as many as four nests
per season (Pedrono et al. 2001). They typically nest in
open, nonvegetated areas (often directly adjacent to shrubs)
or in newly burned areas. Clutch size ranges from one to
six eggs, with an average incubation period of 240 days.
Hatchlings emerge at the onset of seasonal rains in Novem-
ber and, on average, are 4.5 cm long and weigh 24 g. As in
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most chelonians, ploughshare tortoises grow slowly and ex-
perience an attenuated growth pattern. Juveniles grow ap-
proximately 15% per year, as compared with only 5% per
year in adults (Pedrono 2000).

Activity in G. yniphora is closely tied to seasonal rain-
fall. Tortoises are most active during the wet season, from
November through April. During the dry season, May
through October, they rest under vegetative cover and are
rarely observed eating. Home-range size in G. yniphora
varies greatly among individuals but is positively correlated
with body size, and males use a larger area than females
(Smith et al. 1999b). The home range of an adult female is
on average 12 ha, whereas for adult males it is about 21 ha.
Juvenile G. yniphora are rather sedentary and apparently
do not disperse great distances (Pedrono and Sarovy 2000).
In addition, juveniles exhibit site fidelity; it is not uncom-
mon to recapture an individual at the same locality from
one year to the next. Little is known of the food habits of
ploughshare tortoises; however, they have been observed
feeding on grasses, sedges, and small forbs.

Other than humans, subadult and adult G. yniphora
(>23 cm carapace length) have no known predators. How-
ever, bush pigs (Potamochoerus larvatus), a non-native spe-
cies (see Goodman et al., this volume¢, and Andrianjakari-
velo, this volume), are known to destroy G. yniphora nests
(Pedrono et al. 2001). Other potential predators of eggs and
young tortoises include the Madagascar Buzzard (Buteo
brachypterus) and the introduced Indian civet (Viverricula
indica). Additional threats to ploughshare tortoise popu-
lations include brush fires, which can kill tortoises of all
sizes. Ectoparasites of this species include the mite Gecko-
bia enigmatica and an undescribed tick (Amblyomma sp.)
(L. Durden unpubl. data).

Pyxis arachnoides, Spider Tortoise, tsafaky, kapika

P. arachnoides occurs in coastal areas of southern Mada-
gascar between the region of Morombe in the north and
Amboasary-Atsimo in the south. This small species is mor-
phologically and phylogenetically similar to the flat-tailed
tortoise, P. planicauda (Bour 1981; Caccone et al. 1999).
However, P. arachnoides is unique among tortoises in that
it bas an anterior plastral hinge. Three subspecies are rec-
ognized based on geographic distribution and morphologi-
cal differences. The most obvious morphological difference
between the three subspecies is variation in the flexibility of
the plastral hinge. P a. brygooi, the northernmost sub-
species, is found southwest of the Mangoky River between
Morombe, Lac Thotry, and Baie de Fanemotry. This sub-
species has a rigid plastron and a strongly projecting gular.

E a. arachnoides occurs in the region of Toliara apg has
characteristics intermediate between the other two sub-
species. P. a. oblonga is the most southern form and ranges
from the Linta River to Lac Anony (Ernst and Barboyr
1989). In this last subspecies, the anterior lobe of the plas-
tron is completely mobile (Bour 1981). P arachnoides i
sympatric with Geochelone radiata over most of its range;
however, P. arachnoides prefers coastal dunes and is often
found under dry vegetation with a sandy substrate. Popu-
lation densities of three tortoises per hectare have been
reported for the region of Anakao (Jesu and Schimmentj
1995). .

P. arachnoides are small (<15 cm) and were named for
their shell pattern, which somewhat resembles the web of 5
spider. The background of the shell is dark brown, and yel-
low striations radiate from the light-colored rings (areolae)
on the cen;ral scutes of the.carapace. The pattern gradually
fades with age, and the carapace of old individuals appears
uniformly yellowish. The rear of the carapace is domed and
is somewhat flattened anteriorly. Individuals of P 4. ob-
longa have a black plastron, but the plastron of the other
two subspecies is lightly pigmented. The plastral hinge,
when present, is located between the humeral and pectoral
scutes. This species typically has 11 marginal scutes per
side, and the margins are smooth rather than serrated. The
head and limbs are black dorsally and pale yellow ventrally.
The tail is flattened and has a spinelike terminal scale that
is particularly well developed in males. The anterior plas-
tral hinge allows the tortoise to enclose the head and fore-
limbs for protection from predators. Adult males of this
species are larger than females.

Little is known of the biology of P arachnoides in the
wild. Research on this species has probably been inhibited
by local taboos against handling these tortoises. Mem-
bers of P. arachnoides are inactive during the extended
dry season, when they spend most of their time resting be-
neath patches of vegetation. The activity period for this spe-
cies begins in December with the first rains. As with the
other Malagasy tortoises, the P. arachnoides are most ac-
tive in the morning and late afternoon or after rain. Females
deposit one egg per nest, and the eggs are relatively large in
proportion to their body size (Bour 1981).

Remains of this genus have been recovered from
eleventh- to fourteenth-century human middens at the ar-
chaeological site of Mahilaka, indicating a long history of
use as food (Rakotozafy 1996). Today, P, a. arachnoides is
collected for the pet trade in the Anakao region and has be-
come a human food source in areas where G. radiata pop-
ulations have been depleted (Jesu and Schimmenti 1995).
Given the very low reproductive potential of this species,
any exploitation could have serious consequences for indi-
vidual populations.



Pyxis planicauda, Flat-tailed Tortoise, kapidolo

The small, secretive tortoise P. planicauda is found in the re-
gion of Morondava; its distribution extends from Ma-
soarivo in the north to Analaiva in the south (Rakotom-
bololona 1998). The species inhabits western deciduous
dry forest, which is characterized by a strongly seasonal
rainfall pattern. The cryptic nature of this tortoise has
hindered efforts to determine the status and distribution of
the species. Densities of 5.9 tortoises per ha have been re-
ported in the relatively undisturbed forests of Amborom-
potsy (Kirindy/CFPF) near the center of the species’ range
. 1996). Densities of only 3.0 individuals per

(Bloxam er a
ha were reported from a degraded area near Masoarivo.
Significant populations also may exist at Analaiva, Soa-
serana, and Andolomahatariky (Rakotombololona 1998).
Flar-tailed rtortoises are not regularly collecred for food.
However, international trade in this species recently has in-
creased sharply, raising serious concern about the status of
remaining populations (J. Behler unpubl. data).

Adult P. planicauda are generally less than 17.5 c¢cm in
length. The carapace is flattened dorsally and is somewhat
elongare (fig. 11.5). The species received its common name
from its flattened tail, which terminates in a blunt tubercle
(a thickened skin projection). The aperture berween the
posterior of the carapace and plastron is quite narrow.
However, the posterior lobe of the plastron of females is
slightly mobile to facilitate passage of relatively large eggs.
The nuchal scale is elongated, bur it is lacking in some in-
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dividuals. The gular scales are somewhat pronounced and
are angled dorsally. There are eight to nine flared, serrated
marginal scales per side. Unlike P. arachnoides, P. plani-
cauda has no plastral hinge. This species is cryprically col-
ored, with each brown-orange scute having a single dark
band. This color patterns blends in quite well with leaf lit-
ter. The shell pattern on juvenile P. planicaida is more strik-
ing than that of adults and apparently fades with age. The
shell of old individuals is sometimes covered with algae.
Adulr females of this species are larger than males (Kuch-
ling and Bloxam 1988).

The ecology of P planicauda is very poorly known
owing in part to its cryptic coloration and limited activity
season. This species is active only when it rains (early De-
cember through early May). It aestivates under leaf litter
during the extended dry season. In captivity, three nests
are laid per season (one egg per nest), and the harchlings
emerge from the nest in the wer season. In the wild, P pla-
nicauda eat fruits, seedlings, and leaves (Kuchling and
Bloxam 1988). Fungi are a preferred food in captive P. pla-
nicauda (Q. Bloxam pers. comm.)

Kinixys belliana, Bell's Hinged Tortoise,
kapila, angonoka

K. belliana is thought to have been introduced to Mada-
gascar from Africa by humans; however, this species has
apparently been established on the island for some time,

Fiqure 11.5

Flat-tailed tortoise, Pyxis planicauda, a species with an extremely limited distribution, found largely in the

Menabe region near Morondava. (Photograph taken by H. Schitz.)
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and the local form (K. b. domerguei) is considered a sub-
species distinct from African populations (see Raselima-
nana and Vences, this volume). This tortoise is found in
humid climates on the west coast of Madagascar from Am-
banja and Beramanja and from Nosy Faly and Nosy
Komba. Kuchling (1986) reported high densities of this spe-
cies at Nosy Faly, where the tortoises use secondary forest
and cultivated fields such as coconut plantations and are oc-
casionally encountered in villages.

The largest individuals of K. belliana may have a cara-
pace length of 22 cm and weigh up to 2 kg. Males and fe-
males are equal in size. Adults of this species have a well-
developed hinge between the fourth and fifth or second and
third bilateral scutes on the carapace. This hinge allows the

-rear of the carapace to be lowered over the hindlimbs. The

plastron of this species is not hinged. The carapace is yel-
low v -ith a black radial pattern, and the head and limbs are
entirely yellow (Broadley 1989). The subspecies K. b. do-
merguei is characterized by a fragmented frontal scale. In
addition, the width of the medial scale asid entire frontal
scale is less than or equal to the width of each prefrontal. In
the African forms, the frontal scale is unfragmented, and
the width of the frontal alone is much greater than the
width of the prefrontal (R. Bour unpubl. data).

In southeastern Africa, the K. belliana attain sexya] ma-
turity at about 11 years of age. Breeding takes place in the
rainy season (October—May), and eggs are laid from No-
vember to April. Females produce two to ten eggs per clutch
and lay more than one clutch per season (Broadley 1989),
Little is known of the reproductive ecology of the Madj.
gascar subspecies. However, Kuchling (1986) determineq
that female tortoises on Nosy Faly had an annual repro-
ductive potential of 1045 eggs per year. This species s
known to eat a variety of foods including leaves, stems,
fruit, mushrooms, insects, and snails (Kuchling 1986). Ac.
tivity diminishes in the dry season, when the tortoises aes-
tivate in burrows beneath the litter.

The discovery of remains of K. belliana in human mid-
dens at the eleventh- to fourteenth-century Mabhilaka ar-
chaeological site in northwestern Madagascar indicates
that this species was exploitrd in the past (Rakotozafy
1996). In the 1980s, this species was not collected for food
or the pet trade (G. Kuchling pers. comm.). However,
K. belliana from Madagascar have recently been offered in
the pet trade. The current.status of this species in the wild
is unknown. :

Pelomedusidae, Freshwater Turtles

G. Kuchling and G. Garcia .

Four species of freshwater turtles are found in Madagas-
car, all members of the hyperfamily Pelomedusoides with
two extant families, the Podocnemidae and Pelomedusi-
dae. Some taxonomists follow a different classification,
with two subfamilies Podocneminae and Pelomedusinae in
the family Pelomedusidae (e.g., Ernst and Barbour 1989).
Erymnochelys madagascariensis (rere, rereby, bibara in
Malagasy), representing a monotypic genus and subfamily
(Erymnochelinae), is endemic to Madagascar and the only
extant Old World representative of the family Podocnemi-
dae. The extant members of the subfamily Podocneminae
include seven species in two genera (Podocnemis and Pelto-
cephalus) occurring in tropical South America, but fossils
of the family Podocnemidae are also known from mainland
Africa, Asia, Europe, and North America (Lapparent de
Broin 2000). The other three species of Malagasy fresh-
water turtles belong to the family Pelomedusidae and are
also found in mainland Africa: Pelomedusa subrufa (kapi-

dolo, tsimbao, kapika), Pelusios .castanoides (kapika, kapi-
batana), and P. subniger (kapika).

Distribution
E. madagascariensis is a large turtle (carapace length up to

50 cm) found in the lowlands of western Madagascar, be-
tween the Mangoky River in the south and the area of

'Boriziny in the north. The species inhabits permanent wet-

lands, mainly rivers and lakes, and prefers clear and open
water. Pelomedusa subrufa may grow up to 25 cm in cara-
pace length and is found in southern and western Mada-
gascar north to Mahajanga (fig. 11. 6). It inhabits seasonal
and ephemeral wetlands, including pools of temporary
flowing creeks, swamps, temporarily inundated areas, and
rice fields. Pelusios castanoides (up to 30 cm carapac
length) seems to occur over most of Madagascar, including





