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Over the years, many studies have been conducted on
passage of digesta through the vertebrate gut, particu-
larly in species considered to be important
endozoochorous agents, i.e. species that disperse seeds
in their faeces (Karasov et al., 1986; Hume, Morgan &
Kenagy, 1993; Martinez Del Rio & Restrepo, 1993). In
endozoochorous seed dispersal, seed survival depends
largely on how well the seeds are adapted to pass safely
through the digestive tract. Gut passage is a delicate but
necessary stage for seeds that are dispersed
endozoochorously (Stevens & Hume, 1995). Many au-
thors consider zoochory to be a means for seeds to (1) be
deposited in microsites with physical and biological
characteristics that increase the probability of successful
germination and establishment (Augspurger, 1984,
Howe, 1993a,b); (2) escape from natural predators
(Schupp, 1988; Hulme, 1998; Hulme, Lins E Silva &
Sousa, 2000); and (3) reduce intraspecific competition
(Loiselle, 1990; Notman, Gorchov & Cornejo, 1996). In
some plant species, seed passage through a dispersal
agent’s gut significantly increases the proportion of
seeds germinating and/or their speed of germination (in
chelonians: Braun & Brooks, 1987, Cobo & Andreu,
1988; in lizards: Willson et al., 1996; in birds: e.g.
Izhaki & Safriel, 1990; in mammals: e.g. Julliot &
Sabatier, 1993).

The great majority of studies on digestive processes
have been conducted onanimals in captivity, under con-
trolled conditions. These studies have shown that
digestive processes, particularly digesta transit rate, de-
pend on a variety of factors, such as temperature
(Parmenter, 1981, Spencer, Thompson & Hume, 1998)
and the composition and volume of digesta (Bjorndal,
1989; Clench & Mathias, 1992; Brand, Lanyon &
Limpus, 1999). The combined effects of these factors
make the understanding of how they affect the fate of
seeds a complex matter (Bjorndal, 1991).
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Most studies on endozoochory have two main objec-
tives: (1) to determine the effects of gut passage on seed
germination; and (2) to appreciate effects of scat deposit
site on seedling establishment. To conduct such studies,
it is necessary to collect animal faeces. How this is
achieved mostly depends on the habitat of the animal
that is studied. While it is relatively easy to collect fae-
ces of animals living in open habitats, it is much more
difficult in dense vegetation such as in tropical rain for-
ests. In the latter, the success of faeces collection will
depend largely on the type of animal studied. For in-
stance, in some primate species it is relatively easy to
detect droppings falling down from the canopy, espe-
cially whenthe animals defecate daily at fixed times and
locations (Julliot, 1996). In contrast, it is much more dif-
ficult to find scats of more inconspicuous animals, such
as tortoises, that live in dense vegetation at ground level.

The South American yellow-footed tortoise
(Chelonoidis denticulata) is a typical species of South
American tropical rain forests. It has a wide geographic
range throughout northern South America, and is absent
from only a few areas (e.g. Northern Colombia, Para-
guay). On average, the linear length of the shell varies
between 250 mm and 330 mm, and it weighs between
3.5 kg and 5.0 kg (Métrailler & Le Gratiet, 1996). Dur-
ing 15 months of field work at the Scientific Station of
Nouragues (C.N.R.S. UPS 656; 4°05°N, 52°40°W) in
French Guiana, I found no tortoise scats in the field,
even when using a spool-and-line method to study
movement patterns. Therefore, to obtain the faeces re-
quired for the study of their natural diet, tortoises were
captured and confined individually in closed, plastic
containers until they defecated (generally within 30
min), after which they were released. That study showed
that Chelonoidis denticulata is a generalist, opportunis-
tic feeder that feeds mainly on a variety of fruits. Thus,
C. denticulata might be an important endozoochorous
agent within neotropical rain forests.

For various reasons, “stress faeces” collected as de-
scribed above cannot be used to determine parameters
such as mean retention time, defecation rhythm and, es-
pecially, effects of gut passage on seed germination. For
example, it is usually not known when the seeds found in
such faeces were ingested, and seeds may not have un-
dergone the whole action of natural gut passage. Thus, a
faecal collector would be a useful device to easily obtain
naturally deposited faeces in the field.

Bjorndal (1991), and Avery et al. (1993) used a semi-
permanent device to collect all excreta voided by
Trachemys scripta. Their apparatus consisted of a modi-
fied tube connector that was placed over the turtle’s tail
and either glued to the turtle’s skin at the base of the tail
with a silicone sealant, or held around the tail with a
wire fitted around the tube and through two holes drilled
in the carapace. A large latex finger cot was attached to
collect all excreta, while spaces between the tubing and
the skin and the shell of the turtle were sealed with sili-
cone. In studies on tortoises, Bjorndal (1987, 1989) and
Meienberger, Wallis & Nagy (1993) used cloth bags
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FIG. 1. View showing each part of the faecal collector separately: the mesh wire framework (a) with its two flaps, the plastic base

(b) and the plastic cap (c).

that were attached to the animals by threads passed
through holes drilled in the rear of the carapace. The ani-
mals were housed in individual pens where the ground
was cleared of all objects that might tear the cloth bags.
Other experiments with faecal collectors were con-
ducted on animals housed in individual cages (Barboza,
1995; Hailey, 1998). All of these devices were designed
to be used on animals maintained in captivity, i.e. in a
simplified environment where most conditions were

=)

controlled (Hamilton & Coe, 1982). All the latter tech-
niques gave good results in their respective
circumstances but were basically unsuitable for use in
studies on free-ranging animals in complex environ-
ments. To enable the study of digestive processes in
free-ranging tortoises, I designed a faecal collector that
could be adapted to fit tortoises and that would with-
stand their normal negotiation of obstacles in their
natural environment.

FIG. 2. (a) Back view showing the inside of the faecal collector without the removable cap. The tail is maintained naturally curved.
The space between the shell and the plastron flap allowed the stretching of the tail along the plastron flap. (b) female equipped with
afaecal collector. This device consisted of a wire-mesh framework attached to the rear of the carapace, with two plastic parts fitted
around it and maintained with two bolts. (c) Details at the level of the hind foot. The framework and the plastic base were attached
to the rear of the carapace with the Sintofer filler. Open spaces around the thighs were filled-in with a silicone sealant. No faecal
matter could seep out. Key: a, mesh wire framework; b, plastic base; c, plastic cap; d, shell flap; e, plastron flap; f, lateral flaps; g,
tail; h, supracaudal scute; i, space closed by the plastic base; j, thigh; k, Sintofer filler; I, plastic base limit under which the cap fitted

into the base; m, bolt; n, silicone sealant (Drawings: S. Jouard).
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The faecal collector consisted of three different parts:
a wire-mesh framework and a soft, plastic casing in two
parts (Fig. 1). The mesh framework formed a rectangu-
lar cage (with the lateral edges tied together with
galvanized wire), 65 mm x 65 mm in cross section,
70 mm long, and open at both ends. Two flaps at one
end were fitted tightly around the carapace and the
plastron. The shape of the two flaps could be modified
to fit exactly the shape of the shell, which varies be-
tween individuals. The flaps were 50 mm wide and
either 40 mm long (carapace flap) or 80 mm long
(plastron flap). The greater length of the plastron flap
accommodated the more anterior position of the edge of
the plastron and the concavity of the male plastron. The
supracaudal scute of males is inwardly curved, reducing
the angle of axial stretching of the tail; this required the
plastron flap to be curved slightly, lowering the device a
few centimetres towards the ground. As the female
plastron is straight, the device was mounted level and
continuous with the plastron (Fig. 2b).

The plastic casing was made from a 1.5-litre plastic
bottle, square in cross section, in which drinking water
was sold. The bottle was slightly larger in cross section
than the mesh framework, and so fitted neatly around it.
The bottle collected liquid faecal matter that might oth-
erwise seep through the mesh, and also protected the
collected faecal matter from rainfall. The base of one
bottle was used as a removable cap that fitted over the
bottomless, lower part of a second bottle (Fig. 1). The
plastic casing had two flaps that were slightly shorter
than those of the mesh framework (Fig. 1); the plastic
flaps were drilled and attached to their corresponding
mesh flaps with wire. The plastic casing was trimmed to
fit the carapace closely, filling any gaps at the edges of
the mesh frame. The base of the device had to stop at the
level of the marginate scutes, in order not to hamper the
locomotion of the tortoise (Fig. 2c). Thus, profiling the
flaps demanded painstaking attention to detail. Once the
plastic base was shaped, the device was attached to both
shell and plastron with a two-component filler designed
for repairing coachwork (Sintofer standard polyester
filler, Sinto, Aubagne, France). Once dried, the filler
stuck very well to the rough surface of the carapace,
while both the casing and the frame were embedded
tightly in the filler.

Finally, to avoid loss of faecal matter around the hind
feet, open spaces were filled-in with a waterproof sili-
cone sealant (Rubson silicone made by Henkel, France
SA; Fig. 2c). Once dried, this material had to adhere
well to the animal’s skin, otherwise it might have fallen
offand left a gap. Such an opening would have remained
small while the animal was walking and in most other
positions. Only if the tortoise retracted wholly into its
shell (e.g. if danger threatened) would quite a large
space have appeared; in the unlikely event of the collec-
tor being full, leakage might thenoccur. The removable
cap facilitated quick retrieval of collected faeces. The
cap was held in place by two parallel, transverse bolts

that prevented it fromrevolving around its axis and thus
prevented leakage (Fig. 2b).

In tortoises, the tail is usually curled in the space be-
tweenthe carapace and the plastromr(Fig. 2a) and is only
extended when the animal defecates and during mating,
The device was designed so that it would not disturb this
extension. All wire-mesh edges that might have come in
contact with the tortoise’s skin were curved and coated
in silicone to prevent injuries. After use, it was relatively
easy to remove the device with a hammer and a chisel,
without injuring the animal. Usually, the Sintofer filler
could be removed all in one piece, leaving the carapace
clean. A health inspection of the tortoises at the end of
the experiment revealed no injuries caused by the de-
vice.

For use on sub-adult tortoises a smaller version of the
faecal collector was made from a 0.75-litre plastic bottle
and a wire mesh frame 42 mm long and 62.5 mm on
each side. The two mesh flaps were 45 mm wide and
20 mm and 40 mm in length for the carapace flap and
plastron flap, respectively.

Ten adult C. denticulata were fitted with the faecal
collector, as described. The mean mass (+SD) of the col-
lectors was 302434 g and the mean volume was
309453 ml, representing 8.1+£1.7% of the body mass
and 7.5+1.1% of the volume, respectively, of the
equipped tortoises. Six faecal collectors were equipped
with transmitters for radio-tracking. The mean mass
(£SD) of the transmitters was approximately 85+5 g and
the whole equipment (collector + transmitter) weighed
401+42 g (n=6), which was 9.9+1.5% of the body mass.
The smaller collector fitted to a sub-adult had a mass of
175 g and volume of 164 ml, corresponding to 8.0% of
the body mass and 9.7% of the volume of the tortoise,
respectively.

During the present study, the Sintofer filler used to
attachthe collector to the tortoise’s back was resistant to
moisture and all other factors impinging on the device.
Unlike previously described devices, this faecal collec-
tor did not suffer from forces of tearing or compression
and none was torn away from the free-ranging animals
over periods of 45 days.

As the plastic bottles were transparent, the presence
of faeces could be detected easily, albeit with the aid of a
flashlight when the device was dirty. Thus, tortoises
couldbe checked several times a day to estimate defeca-
tion rhythm and digesta transit time, but with minimal
disturbance. Faeces were removed, when detected, by
unscrewing the bolts and removing the cap. In general,
the retrieval of faeces took less than 10 min and could
usually be done at the site where the tortoise was found.
The time elapsed between consecutive defecations
ranged from one day to more than 38 days and depended
greatly on the activity level of the tortoise. Conse-
quently, any stress induced by the retrieval of faeces was
infrequent.

Once fitted, the collector (with its additional trans-
mitter) did not protrude above or to the sides of the
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carapace. Consequently, most normal movements of the
animals were not hindered. However, the additional
length at the back of the shell (73+13 mm, »=10) might
have hampered the animal when turning in very re-
stricted places, such as tree-fall gaps, which are
important as refuges. Moskovits (1985) showed that
gaps represented half of all shelters used by Chelonoidis
denticulata, whereas at Nouragues they represented on
average 44% of the shelters used (Josseaume, 2002). As
tree-fall gaps constituted 62% of all shelters used by tor-
toises equipped with the faecal collector in this study, it
appears that the collector did not prevent use of this im-
portant refuge. In terms of home range, the great
individual variability observed in many tortoise species
(e.g. Stickel, 1950; Kiester, Schwartz & Schwartz,
1982), including Chelonoidis denticulata (Moskovits,
1985; Josseaume, 2002), demands large sample sizes to
compare tortoises with and without a faecal collector. At
Nouragues, several individuals were followed using a
spool-and-line method, or by radio-tracking, to study
their displacement patterns. The mean home range (+
SD) of tortoises without a faecal collector, determined
by the minimum convex polygon method, was
5.4 £3.0 ha (»=7; minimum 2.3 ha; maximum 8.9 ha),
whereas that of free-ranging individuals equipped with a
faecal collector was 3.2+ 2.5 ha (#=6; min: 0.9 ha; max:
7.7 ha). The difference between the two samples was not
statistically significant (Mann-Whitney U-test: U=32,
P=0.116). Foraging patterns and feeding rates of ani-
mals with and without faecal collectors appeared similar
during direct observation of behaviour (Josseaume,
2002).

The carapace of tortoises constitutes a good support
for devices such as the faecal collector described here.
In general, these animals are both easy to handle and
very sturdy. Therefore, a small additional mass does not
affect their locomotion capacity (Zani & Claussen,
1994, 1995). For the researcher, this faecal collector is
simple to set up and use. It is adjustable for the sex and
the dimensions of the animal. The materials are easy to
manipulate; the wire mesh is flexible, yet strong enough
to resist both lateral and axial pressures resulting from
the movements of a tortoise in cluttered parts of its habi-
tat, such as tree-fall gaps.

In a study of the role of Chelonoidis denticulata as a
seed disperser, the faecal collector permitted collection
of seeds that had undergone the whole action of natural
gut passage, in dense forest understory where it was
practically impossible to find scats. This contributed
greatly to the study of gut digesta passage and defeca-
tion patterns under natural conditions. The mean
retention time in the field could be determined by feed-
ing the tortoises with exogenous markers (i.e.
non-indigenous seeds) just before they were released,
while data on the daily displacements of the species
could help in assessing the dispersal of tortoise-ingested
seeds. Effects on ingested seeds could be studied with
germination tests. Also, scat deposit sites, which may be
important in the study of directional seed dispersal

(Howe & Smallwood, 1982), could be determined. This
could be realized in an indirect way by combining the
use of faecal collectors and radio-tracking,

In conclusion, the present faecal collector offers
many new possibilities for the study of natural digestive
responses in tortoises living in inaccessible habitats that
are usually not amenable to this type of research.
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