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altered physiological state (DRAKE et al. 2012). Effects as-
sociated with the handling response have been observed in
some tortoises (CANABAC & BERNIERI 2000) and include
stress fever and tachycardia, as has been reported from
Clemmys insculpta LECONTE, 1830.

Almost immediately after extraction from a crevice,
Pancake Tortoises habitually defecate. This behaviour is
most likely a sign of handling stress. However, neither the
relationship between defecation and handling nor its phys-
iological effects on the species have as yet been elucidat-
ed. The direct stress caused by handling, subsequent faecal
elimination, and likely the loss of the water contained in
the voided faeces may have a negative impact on the fitness
of the handled tortoise.

In desert and semi-desert habitats, chelonians survive
the limited availability of water through a combination
of adaptations (ABERE & OGUZOR 2011). For example, the
American Desert Tortoise, Gopherus agassizii COOPER,
1863, and the African Spurred Tortoise, Geochelone sulcuta
MILLER, 1779, shelter inside subterraneous burrows or in
rock piles (AVERILL-MURRAY 2002). The Pancake Tortoise
employs a similar strategy and has even become depend-
ent upon rock crevices that will keep them shielded from
extreme temperatures as well as from attacks by generalist
predators (KLEMENS & MOLL 1995). As a further adapta-
tion to avoid thermal stress and water loss, the species may
avoid activity outside crevices during the hot days of the
dry season even though they have been observed to be ac-
tive any time of the day (MoLL & KLEMENS 1996, SCHMIDT
2002). However, this might be the case only during the wet
season when temperatures are more tolerable for these tor-
toises (MALONZA 2003). In this manner, they may avoid
the extreme and therefore unfavourable day tempera-
tures of the African semi-arid climate (NGANA 1992, KAN-
GALAWE 2003). Being a species of dry land, most of its wa-
ter requirements is sourced from its herbaceous diet, and
this is especially true during the long dry season. Water
conservation is therefore one of the ecological challenges
facing Pancake Tortoises.

Figure 1. A Pancake Tortoise hiding inside a rock crevice. Photo
by R. MwAYA.
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While faecal elimination in response to extraction from
a shelter crevice may affect body water homeostasis, the
improper transportation of live individuals can amplify the
effects even further (LUIIJF 1997, Faz10 et al. 2014). Unfor-
tunately, there is no study quantifying the effects of han-
dling and transportation stress. Understanding these ef-
fects and the associated water loss is important to all Pan-
cake Tortoise handlers including captive breeders and field
researchers. This knowledge would allow the formulation
of handling management strategies to alleviate stress and
its associated consequences. Thus, this study was carried
out specifically to; i) establish the proportion of sampled
individuals that respond with faecal elimination to han-
dling stress, and ii) to quantify the amount of water lost by
tortoises in the process.

Materials and methods
Description of the study area

Our study was conducted within the Tarangire-Manyara
ecosystem, beyond the northwestern boundary of the
Tarangire National Park. The whole ecosystem lies be-
tween latitudes 3°40’-5°35" S and longitude 35°45°-37° E at
an altitude between 1200 and 1600 metres above sea level
(MSsOFFE 2003). Specifically, the study area falls within the
Kwakuchinja Wildlife Corridor, which connects the Taran-
gire and Lake Manyara National Parks, and this area lies
within the graben of the eastern arm of the Great African
Rift Valley. Two sites (names withheld for conservation
reasons) outside Tarangire National Park were chosen for
our study because of convenient accessibility.

The Tarangire-Manyara ecosystem is part of the semi-
arid Maasai Steppe, receiving an average of 650 mm of rain
annually (NGANA 1992, KANGALAWE 2003, MSOFEE 2003).
The rain is bimodal with a longer rainy phase from March
through May, and a shorter rainy period in November and
December. It is especially hot between November and the
beginning of January, when temperatures reach up to 29°C.
While daytime temperatures rarely fall below 25°C, the
nights are considerably cooler during the long dry season.

The vegetation of the Tarangire-Manyara ecosystem
comprises mostly dry, open woodlands, including thorny
acacia thickets and some stands of flat-topped acacia,
Vachellia tortilis (Forsk.) dotted with Adansonia digitata
L. on the high ground. In areas with a better water sup-
ply, Vachellia xanthophloea BENTH. and occasional stands
of palm trees, Borassus spp. L, are common.

Field methods

Field data collection was conducted towards the end of the
wet season from 25 to 31 May. Three field-experienced per-
sons were involved in the microhabitat search for the tor-
toises and spent a total of 21 field man-days. Searches were
specifically focused upon among rocks on two rocky hill-
sides. When a suitable crevice was discovered, a battery-
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powered flashlight was used to check out the dark interior.
If it sheltered a tortoise it was retrieved using a modified
iron bar, about 100 cm long, slightly bent at its distal end
to form a hook.

Our field protocol regarding the extraction of tortoises
from their crevices was limited to a maximum of three
consecutive attempts with the iron bar. If the tortoise
could not be recovered it was left for the day. The three
attempts were furthermore limited to less than a half a
minute in duration. Our field experience showed that the
more time it takes to retrieve a tortoise, the more firmly
it would wedge itself in, and the more force it would re-
quire to loosen it. Indeed, the tortoise may end up being
injured.

The person handling a tortoise wore disposable surgical
gloves to avoid possible contaminations. Body mass was
measured using a portable solar-powered scale (MAUL
tronic), with an accuracy of + 1 g. Individuals were sexed
on the basis of tail shape. Tortoises with long and slender
tails were categorized as males whereas females were con-
sidered those with short and stumpy tails (MoLL & KLE-
MENS 1996).

A stopwatch was used to record the time from the point
when the tortoise was picked up by hand and held to the
time it defecated, if it indeed did. It excluded the time taken
to work the tortoise out of its crevice. The faeces were al-
lowed to drop into a drug prescription plastic bag, which
was immediately sealed to avoid moisture loss. Since the
faeces were relatively small, the MAUL tronic scale proved
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too insensitive for precise weighing. Therefore, a more ac-
curate electronic scale with an accuracy of 0.1 g was em-
ployed later the same day at the base camp.

To avoid recapturing and subjecting an already pro-
cessed tortoise to unnecessary repeated stress, individuals
were temporarily marked using nail vanish dabbed on the
tapering back of the carapace to avoid being easily scraped
off against the ceiling of a crevice. Five days later, at Mweka
Wildlife College, faecal samples were unpacked from the
plastic bags into the petri-dishes, re-labelled, and placed in
an oven. The samples were then dried at a constant temper-
ature of 50°C, and their weights were monitored until no
further weight loss was notable. This took approximately
eight hours. The differences between wet and dry weights
were recorded as the amounts of water originally contained
in the faeces.

The field data were transferred to a Microsoft Excel
spreadsheet and used for descriptive tabulation, bar charts,
and scatter graphs. A chi-square test of independence de-
termined whether the frequency of faecal elimination dif-
fered between sexes. The Student’s t-test for paired data was
used to compare between mean wet and dry faecal weights,

as well as between wet faecal weights versus the weight of
the water content in the faeces. We furthermore tested for
the correlation coefficient (r) between a tortoise’s body
mass and its excreted faecal mass as well as between wet
faecal mass and mass of water content alone. All inferential
statistics were considered significant at p < 0.05 (ZAR 1984,
HASSARD 1991).
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Figure 2. Different shapes of dried faeces from the Pancake Tortoise. (A) a small single faecal pellet voided by an immature tortoise,
(B) a lumped faecal mass, (C) fragmented faeces, (D) constricted piece of faeces. Photos by S. Kionpo.
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Results

A total of 31 Pancake Tortoises were located and extract-
ed from their crevices. Twenty-eight were sexed and yield-
ed an equal representation of 14 (45.27%) males and 14
(45.27%) females. Three (9.7%) were immature tortoises.
Out of the 31 temporarily collected tortoises, 22 (70.97%)
voided faeces within an average of 5 minutes (range: 1-9
minutes, N = 22) of handling, and nine (20.3%) did not.

Tortoises with faecal elimination (N = 22, 70.97%) in
response to handling were significantly greater in number
than those without elimination (N = 9, 20.3%) (> = 5.4,
df = 1, p < 0.05). Out of those tortoises that voided fae-
ces, 11 (39.29%) were males, nine (32.14%) females, and two
(18.57%) were immature. We found no influence of sex on
faecal elimination following handling (X2 = 0.70, df =1,
p < 0.05). The faeces voided by the Pancake Tortoises were
quite amorphous. Whereas some faecal masses came out in
fragments of two or more unequal chunks, often voided by
adults, the three immature tortoises all voided smaller but
coherent faeces (Fig. 2).
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Figure 3. Mean faecal wet and dry weights (g) from twenty-one
tortoises were statistically significant (t = 3.4, df = 20, p < 0.05).
Error bars are standard deviations (SD).
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Figure 4. Mean faecal weight (g) versus weight of water content
(g) in the faeces were not statistically significant (t = 2.04, df =
20, p > 0.05). Error bars are standard deviations (SD).
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The mean mass of wet faeces was 6.68 g (SD *3.91, N =
22) while the mean mass of dry faeces was 1.16 g (SD + 0.74,
N = 22). The mean percentage of water contained in the
faecal wet mass was 82% (SD + 10, N = 22) (Fig. 3). Apply-
ing a paired t-test between mean wet and dry faecal masses
revealed a statistical significance (t = 3.4, df = 20, p < 0.05).
However, there was no statistical difference between wet
faecal mass and mass of water content in the faeces (t =
2.04, df = 20, p > 0.05) (Fig. 4).

There was a weak but significant positive correlation
(r* = 0.255, y = 0.019X + 0.579) between tortoise body mass
and wet faecal mass (r = 0.505, df = 20, p > 0.05) (Fig. 5).
Furthermore, there was a high positive correlation (r* =
0.99, V = 0.848x + 0.177) between wet faecal mass and mass
of water content in the faeces (Fig. 6) and this was highly
significant (r = 0.994, df = 20, p > 0.05).

Discussion

Faecal elimination response to human handling appears
to be common in wild Pancake Tortoises, at least during
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Figure 5. A weak, but significant, correlation (r*= 0.255, y =
0.019x + 0.579) between body mass and wet faecal mass (r =
0.505, df = 20, p < 0.05).
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Figure 6. A significant correlation (r* = 0.99, y =0.848x - 0.177)

between wet faecal mass and water content (r = 0.994, df = 20,
p < 0.05).
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