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The radiated tortoise or sokatra ( Geochelone radiata) is 
one of four tortoises endemic to Madagascar where its 
natural distribution is limited to the southwest (Iverson, 
1992) in the regions of the Mahafaly and Karimbola pla
teaus. Geochelone radiata have also been introduced on the 
islands of Mauritius and Reunion (Gonzalez Gonzalez, 
1993). The tortoise's habitat consists of xeric, spiny forest 
characterized by Didieraceae and Euphorbia sp. (Juvik, 
1975; Durrell et al., 1989; Ernst amt Barbour, 1989). 

The IUCN Red List (Hilton -Taylor, 2000) classified the 
radiated tortoise as Vulnerable ( defined as "not critically 
endangered or endangered but is facing a high risk of 
extinctio n in the wild in the medium -term future"). Specifi
cally, this classification is based either on a past 20% 
reduction or a projected future 20% reduction over 10 years. 
Such reductions are often caused by exploitation, decline in 
habitat quality, severe fragmentation of habitat as indicated 
by direct observation, a decline in area of occupancy, or a 
decline in the extent of occurrence. The two main threats to 
the radiated tortoise's survival, as with many reptiles, are 
over-collection, and habitat loss (Durrell et al., 1989; 
Nussbaum and Rax.worthy, 2000; Gibbons et al., 2000). 

Several studies have been published on captive radiated 
tortoises (Schweizer, 1965; Peters, 1969; Affenberg, 1978; 
Burchfield et al., 1980; Behler and laderosa, 1991), but few 

published data gathered in natural habitats exist 
(Andriamampiandry, 1987; Bloxam, 1988). We conducted 
research on G. radiata in southern Madagascar from No
vember 1998 to May 1999 and from January to June 2000 
with the following goals: 1) to examine the status and 
distribution of G. radiata in southwes t Madagascar, 2) to 
examine the extent of variation in tortoises occurring across 
the range, 3) to examine, via a field study, the reproductive 
biology of G. radiata, 4) to gather ancillary data on growth, 
diet, movemen ts, external parasites, and thermal ecology, 
and 5) to use this information to help improve conservation 
efforts. 

Methods. - Cap Sainte Marie, a Special Nature Re
serve (established in October 1962; 1750 ha, 110 to 199 m 
above sea level) in the extreme south of Madagascar (Nicoll 
and Langrand, 1989), was chosen as the main study site and 
the location of the reproductive study (UTM Location: 38J 
0514156 7169215). 

To determine the status and distribution of G. radiata, 
line ttansect sampling was conducted across the species' 
range. Seven sites were located and sampled during the 
1998-99 and 2000 field seasons. These included: 1) Cap 
Sainte Marie, 2) Lavanono, 3) Ankirikirika, 4) Nisoa
Ambony, 5) Lavavolo, 6) Vohombe, and 7) Lake 
Tsimanampetsotsa (Fig. 1). In addition, two sites (Beheloka 
and Mahaleotse) were found to have too few tortoises to 
survey. Andohahela (Ihazafotsy), the national park near Fort 
Dauphin, was already being surveyed by an ANGAP student 

To collect more comprehensive data on clutch size, 
clutch frequency, egg size, and duration of interval between 
clutches, a MinXray HF 80+ portable x-ray machine (Gib
bons and Greene, 1979; Turner et al., 1986; Hinton et al., 
1997) was used during the second field season. In 1998-99 
several tortoises were radiotracked to gather data on move
ment, home range, feeding behavior, and foods. 

Results and Discussion. - The Cap Sainte Marie radi
ated tortoise population appeared to be doing well. In two 
field seasons we marked and collected data on 1435 tortoises 
in an area no greater than 2 km2• During our second field 
season 442 of the 1030 total tortoises were recaptured. The 
transect data for the seven sites located through out the 
tortoise range have not yet been analyzed. 

No significant morphological variation was detected in 
the tortoises across the range. The Ankirikirika tortoises 
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Figure 1. Map showing location of7 transect sites for Geochelone 
radiata 1998- 2000 surveys in southern Madagascar. 

population did, however, seem to be slightly larger in size 
than tortoises in other populations. Blood samples were 
collected at each site to obtain information on the species' 
intraspecific phylogeography using mitochondrial DNA 
(Osentoski and Lamb, 1995). These analyses are currently 
on-going. There do not seem to be any significant physical 
barriers that prevent gene flow across the range. The Onilahy, 
Linta, and Menarandra rivers are dry during portions of the 
year and therefore do not hinder tortoise movement. Radi
ated tortoises are very good climbers and are capable of 
moving up and down the cliffs (f alaise ) found in southern 
Madagascar, especially movement between populations on 
the Mahafaly and Karimbola plateaus, and those along the 
coast. 

This study concentrated on reproductive biology. Over 
the two field seasons we collected data on 24 nests, and in the 
second field season we took over 200 radiographs and 
obtained data on 80 gravid females. The adult male to female 
ratio at Cap Sainte Marie in 1998-99 was 1.07:1.00 (n = 
307). 

Mating occurred from November to May with 45% of 
all observations occurring in December. The frequency of 
mating slowed down considerably by March (Fig. 2). Based 
on a total of 24 nests, oviposition occurred from February to 
May with 38% of all records in April. However, based on x
rays taken of 11 radiotelemetered females, the nesting sea-
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Figure 2. Frequency of occurrence of mating events. 

May 

son extended longer. There are two nesting periods within a 
longer 6 or 7-month nesting season from February to July or 
the beginning of August. Of the 11 tortoises we radiotracked 
biweekly, 2 did not produce eggs, 6 had detectable eggs in 
February, but 3 did not show eggs until April or May . 

Radiated tortoises at Cap Sainte Marie produced from 
1-5 eggs per clutch with a mean clutch size of2.54 ± 1.13 (n 
=62)eggs. Themeantotalmassperclutchwas 114.8±42.40 
g (n = 19). Individual females were multiparous, producing 
1-3 clutches per season (1.67 ± 1.07, n = 12). The interval 
between egg deposition and shelling (when eggs are visible 
in radiographs) of the next clutch was between 10--15 days. 
The eggs were generally spherical with a brittle calcareous 
shell, had a mean mass of 38.95 ± 5.84 g (n = 56), a mean 
length of 41.8 ± 2.4 mm (n = 58), and a mean width of38.4 
± 2.2 mm (n = 58). Egg size and mass decreased as clutch size 
increased (Fig. 3). 

The only parasites found on the tortoises were ticks of 
the speciesAmblyomma chabaudi. Ticks were less common 
on radiated tortoises than on spider tortoises (Pyxis 
arachnoides) in the area, and, if found on radiated tortoises, 
were generally on hatchlings or young juveniles. 

Since much of the data gathered have not been com
pletely analyzed, especially that on population densities, it is 
premature to make any conservation recommendations. 
Although Cap Sainte Marie is a stronghold for radiated 

Ur 
... 
... 

I I . 
u 

u 

.J 
2 3 

Clutch Size 

.. 

I· 
"'1 

J 
.. 

-t 5 

Figure 3. Radiated tortoise egg dimensions by clutch siz.e. Dark bars 
= mean egg length,lightbars = meaneggwidth, line=meaneggmass. 
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tortoises, this is not true throughout the range. As old taboos 
on eating tortoises break down and there is mixing of peoples 
from different parts of the country, pressures on radiated 
tortoise populations, especially at the northern and south
eastern limits of the range, are becoming evident. The 
national park service (ANGAP) has already developed sev
eral conservation policies for Cap Sainte Marie, but imple
mentation of these policies is problematic. On a positive 
note, Wildlife Conservation Society is currently conducting 
a program at Cap Sainte Marie to develop infrastructure and 
tourism in the area. This should help ANGAP improve and 
implement its already existing program for the special re
serve. 
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