
See	discussions,	stats,	and	author	profiles	for	this	publication	at:	https://www.researchgate.net/publication/220028468

Sexual	disparity	in	activity	patterns	and	time
budgets	of	angulate	tortoises	(Chersina
angulata)	on	Dassen	Island,	South	Africa

Article		in		African	Zoology	·	October	2006

DOI:	10.3377/1562-7020(2006)41[224:SDIAPA]2.0.CO;2

CITATIONS

13

READS

77

3	authors:

Some	of	the	authors	of	this	publication	are	also	working	on	these	related	projects:

Headstarting	Agassiz's	Desert	Tortoises	View	project

Tortoise	ecology	and	conservation	View	project

Toby	Keswick

University	of	the	Western	Cape

7	PUBLICATIONS			40	CITATIONS			

SEE	PROFILE

Brian	Henen

116	PUBLICATIONS			1,379	CITATIONS			

SEE	PROFILE

Margaretha	Hofmeyr

University	of	the	Western	Cape

87	PUBLICATIONS			664	CITATIONS			

SEE	PROFILE

All	content	following	this	page	was	uploaded	by	Toby	Keswick	on	24	July	2014.

The	user	has	requested	enhancement	of	the	downloaded	file.

https://www.researchgate.net/publication/220028468_Sexual_disparity_in_activity_patterns_and_time_budgets_of_angulate_tortoises_Chersina_angulata_on_Dassen_Island_South_Africa?enrichId=rgreq-6cafc8fb9b26dace2e5d148889861bb3-XXX&enrichSource=Y292ZXJQYWdlOzIyMDAyODQ2ODtBUzoxMjI0NzIwNzg3NzgzNjlAMTQwNjIxMTAyNzE5Mg%3D%3D&el=1_x_2&_esc=publicationCoverPdf
https://www.researchgate.net/publication/220028468_Sexual_disparity_in_activity_patterns_and_time_budgets_of_angulate_tortoises_Chersina_angulata_on_Dassen_Island_South_Africa?enrichId=rgreq-6cafc8fb9b26dace2e5d148889861bb3-XXX&enrichSource=Y292ZXJQYWdlOzIyMDAyODQ2ODtBUzoxMjI0NzIwNzg3NzgzNjlAMTQwNjIxMTAyNzE5Mg%3D%3D&el=1_x_3&_esc=publicationCoverPdf
https://www.researchgate.net/project/Headstarting-Agassizs-Desert-Tortoises?enrichId=rgreq-6cafc8fb9b26dace2e5d148889861bb3-XXX&enrichSource=Y292ZXJQYWdlOzIyMDAyODQ2ODtBUzoxMjI0NzIwNzg3NzgzNjlAMTQwNjIxMTAyNzE5Mg%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/project/Tortoise-ecology-and-conservation?enrichId=rgreq-6cafc8fb9b26dace2e5d148889861bb3-XXX&enrichSource=Y292ZXJQYWdlOzIyMDAyODQ2ODtBUzoxMjI0NzIwNzg3NzgzNjlAMTQwNjIxMTAyNzE5Mg%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/?enrichId=rgreq-6cafc8fb9b26dace2e5d148889861bb3-XXX&enrichSource=Y292ZXJQYWdlOzIyMDAyODQ2ODtBUzoxMjI0NzIwNzg3NzgzNjlAMTQwNjIxMTAyNzE5Mg%3D%3D&el=1_x_1&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Toby_Keswick?enrichId=rgreq-6cafc8fb9b26dace2e5d148889861bb3-XXX&enrichSource=Y292ZXJQYWdlOzIyMDAyODQ2ODtBUzoxMjI0NzIwNzg3NzgzNjlAMTQwNjIxMTAyNzE5Mg%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Toby_Keswick?enrichId=rgreq-6cafc8fb9b26dace2e5d148889861bb3-XXX&enrichSource=Y292ZXJQYWdlOzIyMDAyODQ2ODtBUzoxMjI0NzIwNzg3NzgzNjlAMTQwNjIxMTAyNzE5Mg%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/University_of_the_Western_Cape?enrichId=rgreq-6cafc8fb9b26dace2e5d148889861bb3-XXX&enrichSource=Y292ZXJQYWdlOzIyMDAyODQ2ODtBUzoxMjI0NzIwNzg3NzgzNjlAMTQwNjIxMTAyNzE5Mg%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Toby_Keswick?enrichId=rgreq-6cafc8fb9b26dace2e5d148889861bb3-XXX&enrichSource=Y292ZXJQYWdlOzIyMDAyODQ2ODtBUzoxMjI0NzIwNzg3NzgzNjlAMTQwNjIxMTAyNzE5Mg%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Brian_Henen2?enrichId=rgreq-6cafc8fb9b26dace2e5d148889861bb3-XXX&enrichSource=Y292ZXJQYWdlOzIyMDAyODQ2ODtBUzoxMjI0NzIwNzg3NzgzNjlAMTQwNjIxMTAyNzE5Mg%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Brian_Henen2?enrichId=rgreq-6cafc8fb9b26dace2e5d148889861bb3-XXX&enrichSource=Y292ZXJQYWdlOzIyMDAyODQ2ODtBUzoxMjI0NzIwNzg3NzgzNjlAMTQwNjIxMTAyNzE5Mg%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Brian_Henen2?enrichId=rgreq-6cafc8fb9b26dace2e5d148889861bb3-XXX&enrichSource=Y292ZXJQYWdlOzIyMDAyODQ2ODtBUzoxMjI0NzIwNzg3NzgzNjlAMTQwNjIxMTAyNzE5Mg%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Margaretha_Hofmeyr?enrichId=rgreq-6cafc8fb9b26dace2e5d148889861bb3-XXX&enrichSource=Y292ZXJQYWdlOzIyMDAyODQ2ODtBUzoxMjI0NzIwNzg3NzgzNjlAMTQwNjIxMTAyNzE5Mg%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Margaretha_Hofmeyr?enrichId=rgreq-6cafc8fb9b26dace2e5d148889861bb3-XXX&enrichSource=Y292ZXJQYWdlOzIyMDAyODQ2ODtBUzoxMjI0NzIwNzg3NzgzNjlAMTQwNjIxMTAyNzE5Mg%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/University_of_the_Western_Cape?enrichId=rgreq-6cafc8fb9b26dace2e5d148889861bb3-XXX&enrichSource=Y292ZXJQYWdlOzIyMDAyODQ2ODtBUzoxMjI0NzIwNzg3NzgzNjlAMTQwNjIxMTAyNzE5Mg%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Margaretha_Hofmeyr?enrichId=rgreq-6cafc8fb9b26dace2e5d148889861bb3-XXX&enrichSource=Y292ZXJQYWdlOzIyMDAyODQ2ODtBUzoxMjI0NzIwNzg3NzgzNjlAMTQwNjIxMTAyNzE5Mg%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Toby_Keswick?enrichId=rgreq-6cafc8fb9b26dace2e5d148889861bb3-XXX&enrichSource=Y292ZXJQYWdlOzIyMDAyODQ2ODtBUzoxMjI0NzIwNzg3NzgzNjlAMTQwNjIxMTAyNzE5Mg%3D%3D&el=1_x_10&_esc=publicationCoverPdf


Sexual disparity in activity patterns and time

budgets of angulate tortoises (Chersina angulata)

on Dassen Island, South Africa
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Behavioural frequencies and time budgets for male and female Chersina angulata were
recorded in spring, September 2004. The daily activity of the population was 10.51 ± 0.42 h
(mean ± CI), but individual males and females were in the open for 2.57 ± 1.12 h and 1.58 ±
1.44 h, respectively. Both sexes spent nearly 3.5 h per day basking with 90% of the basking
time in the cover of sparse vegetation. Feeding and walking were the most frequent active
behaviours. The activity pattern of the sexes differed between 10:00 and 12:00 in the morning
when males spent more time out of cover on active behaviours, particularly feeding, than
females did. The daily activity pattern of the population peaked between 10:00 and 12:00,
reflecting the activity pattern of the more active sex, males. Females were out of cover, active,
and feeding at higher temperatures than were males. The high temperatures probably allowed
females to complete activities more efficiently, reducing their exposure time and predation
risk. Although fighting and mating represented small fractions of male time budgets, the
extended physical presence through walking and feeding may help males to establish
dominance hierarchies and enhance mating success.

Key words: activity pattern, behaviour, temperature, thread-trailing, time budget, tortoise.

INTRODUCTION
Field studies of animal behaviour have progressed
from being largely descriptive to quantifying and
explaining observed behaviour. This change is not
to be perceived as one superseding the other, as
without description there can be no explanation
(Altmann & Altmann 2003). By observing and
describing functional traits (e.g. foraging), we can
investigate causality (e.g. foraging to provide
energy for sexual reproduction) and form falsi-
fiable hypotheses (Altmann & Altmann 2003).
Testing such hypotheses may provide insight into
the importance of behaviour to the perpetuation
of a species and thus assist in conservation
(Altmann & Altmann 2003).

Time budgets document the time spent in
behavioural categories (e.g. walking) and have
been compiled for several taxa, including birds
(Wolf & Hainsworth 1971; Bubier 1996) and
mammals (Weller & Bennett 2000; Sharpe & Rosell
2002). Time budgets are valuable as they describe
behavioural allocation for individuals or groups
in relation to their environment – one obvious
example being behavioural changes among
seasons. An individual’s behaviour may be a
reflection of what it needs to survive and repro-

duce at any particular point in time (Wolf &
Hainsworth 1971). Time budgets may also differ
between sexes due to sexual differences in repro-
ductive behaviours (e.g. male displays, male–male
combat, and mate choice by females).

A number of studies have evaluated activity and
behaviour patterns in chelonians (Rose & Judd
1975; Douglass & Layne 1978; McRae et al. 1981;
Brown & Brooks 1993; Kazmaier et al. 2001). Few
studies, however, constructed time budgets
(Hailey & Coulson 1999) and evaluated the differ-
ent time allocations of the two sexes (Lagarde et al.
2002). Researchers often use undirected searches,
opportunistic encounters, or continuous short-
term observations of individuals to evaluate
activity patterns and the frequencies of different
behaviours for the population. Time budgets
based on results from these sampling methods,
however, can grossly overestimate the activity
level of individuals (Moskovits & Kiester 1987;
Hailey & Coulson 1999). Accurate estimates of
the frequencies and durations of the different
behaviours require continuous monitoring of
individuals throughout the daily activity period of
the population (Hailey & Coulson 1999). Thread-
trailing (Breder 1927) facilitates observation of
specific individuals and Hailey & Coulson (1999)
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used thread-trailing to compile time budgets for
the Speke’s hinged tortoise, Kinixys spekii.

Temperature is an important aspect to consider
when constructing time budgets of ectotherms.
Most reptiles have a preferred body temperature
range and may use different behaviours to achieve
and maintain eccritic temperatures (Pough et al.
2001). Temperature influences the metabolic rate
of reptiles and active behaviours may require
higher body temperatures than passive behaviours
(Meek 1988). The low metabolic rate of ectotherms
and the effect of temperature on their activity may
explain why many chelonians remain inactive for
long periods of the day (Douglass & Layne 1978;
Pough 1980; Nagy & Medica 1986; Lagarde et al.
2002).

There has been only one explicit study of the
behavioural activity of Chersina angulata. Ramsay
et al. (2002) found that weather conditions influence
the daily and seasonal activity patterns of angulate
tortoises and that tortoises are more active in
spring than at other times of the year. Structured
searches revealed that a larger proportion of male
than female tortoises is active in spring and in
summer. Chersina angulata males engage in
agonistic behaviours in spring (Ramsay et al. 2002;
Mann et al., in press), a time when females are
vitellogenic and still nesting (Hofmeyr 2004).
Ramsay and co-workers engaged several methods
to collect behavioural data from angulate tortoises.
These methods were suited to population sam-
pling and the authors did not monitor the behav-
iour of individual tortoises throughout the day.

In this study, we used focal observations of
individual males and females to characterize the
behaviour of angulate tortoises in spring. The
results of individuals were interpreted against
results from population scans obtained under
similar weather conditions. Our objectives were
to: 1) determine if male and female angulate
tortoises spend the same amount of time on spe-
cific behaviours; 2) establish if the temporal
pattern of behaviour is similar for the sexes;
3) evaluate if males and females perform specific
behaviours at similar temperatures; 4) construct
detailed time budgets for both sexes, and 5) evalu-
ate the information provided by focal and popula-
tion scan methods.

MATERIALS & METHODS
We studied the behaviour of angulate tortoises on
Dassen Island, which is approximately 9 km off the
coast of Yzerfontein in the southwestern Cape,

South Africa (33°25’S, 18°5’E). The vegetation
consists of large open areas with low-growing
mosses and annuals interspersed with taller plants
(c. 25–100 cm). The open vegetation and the
extremely high density of angulate tortoises
(c. 100–200 tortoises per hectare; M.D. Hofmeyr,
unpubl. data) made it possible to monitor popula-
tion activity while doing focal observations on
individuals.

Data collection
In order to compare male and female activities

under the same weather conditions, we observed
one male and one female simultaneously per
day. We used thread-trailing to facilitate the track-
ing and simultaneous observation of the two
individuals; thread-trailing also helped minimize
or eliminate observer disturbance of tortoise
behaviour. We obtained complete data sets (from
sunrise to sunset) for 10 male–female pairs between
10 and 30 September 2004 (early spring). On the
eve of each study day, we chose one adult male
and one adult female, in close proximity to one
another, for our focal observations the next day.
Tortoises were found partially buried in vegeta-
tion and we selected two tortoises with similar
amounts of cover to not bias emergence times the
following day.

We used duct tape to fit a simple harness
containing 150 m of cotton thread to the carapace
of the tortoise. The loose end of the thread was tied
to a flag planted near each tortoise to help locate
tortoises at the beginning of the observation day.
Applying the harness required only a few minutes
of gentle handling and after the harness was
attached, most tortoises remained at the same
position; some tortoises moved a few metres to a
new refuge. Because the disturbance was minimal
and the tortoises had more than 12 hours to recover,
we assumed that tortoise activity the next day was
not affected by the procedure.

Observation days began at 07:00 and ended at
18:30, approximately sunrise and sunset, encom-
passing the activity period of C. angulata in
September 2004. The observer was positioned
between the two focal animals, and used the
instantaneous sampling method (Altmann 1974)
to score the behaviour of the male and female every
five minutes. Behavioural categories (Table 1)
were based on previous observations of C. angulata
at Dassen Island (Ramsay et al. 2002; M.D.
Hofmeyr & B.T. Henen, pers. obs.). After scoring
focal animals, the observer used field binoculars to
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count the number of tortoises visible (in the open)
within a radius of approximately 100 m of the focal
animals. It was possible to do focal and population
scans every five minutes because the two focal
animals seldom moved long distances; average
(±95% CI) displacement for males and females
was 10.9 ± 8.1 m and 8.2 ± 5.5 m, respectively. On
two days, the females moved too far away to
continue recordings for both animals. We obtained
complete datasets for 10 pairs and incomplete
datasets for two pairs. During nine of the ten
complete observation days, we also recorded air
temperature (±0.1°C), in the shade at a height of
1 m, every 30 minutes using an APPA 53 digital
thermometer.

At the end of each observation day, the harnesses
were removed and the two tortoises were then
weighed to 0.5 g using an O’Haus CT6000 portable
balance, and measured. Their straight carapace
length, shell width and shell height were mea-
sured to 0.01 mm using Kanon vernier callipers.
Each tortoise was marked on the plastron with a
permanent marker pen to avoid selecting the same
tortoises on subsequent observation days. Obser-
vations days were alternated with one day of rest
for the observer.

Data analysis
For the focal animals, each of the behaviour

categories was scored as either one or zero for each
five-minute period. We also combined categories
to form the larger categories of active behaviours
(walking, feeding, mating and fighting), animals
in the open (active behaviours, open alert, open
alert shade), animals in cover (cover withdrawn,
cover alert, cover alert basking and ‘other’) and
basking (open alert and cover alert basking). The

category ‘other’ represented four records of one
male in cover during the day, with his eyes shut
and head extended to the ground (probably sleep-
ing).

For the population scans, we calculated the
average number of tortoises in the open for each
five-minute interval of the day (n = 10 days). To
compare focal animal and population results, we
calculated the average score for the category
‘open’ for each sex (n = 10 individuals), for every
five-minute interval of the day. These five-minute
averages represented the proportion of focal
individuals in the open over the course of the day.
Time budgets for individuals were calculated in
hours with 139 counts representing 11.58 hours
(from 07:00 to 18:30). Temperature readings were
interpolated between 30-minute recordings to
give temperatures for every five-minute behav-
ioural period.

To evaluate temporal differences in the activities
of male and female tortoises, we divided the data
for each focal individual into five two-hour periods
(08:05–10:00, 10:05–12:00, 12:05–14:00, 14:05–16:00
and 16:05–18:00); few tortoises were active before
08:00 in the morning. For each individual, we
calculated the proportion of each two-hour period
(i.e. proportion of 24 five-minute intervals) exhib-
ited in each behaviour, and each combination of
behaviours (e.g. active). When statistically evaluat-
ing temporal patterns of behaviour, we considered
only the two frequent active behaviours, walking
and feeding, and the combined categories, bask-
ing, active and in the open. For the temperature
analyses, we excluded behaviours that were rarely
observed; mating, fighting, open alert shade and
other.

Values are reported as means ±95% CI and
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Table 1. Description of angulate tortoise behaviours recorded on Dassen Island, South Africa, September 2004.
Basking is comprised of open alert and cover alert basking.

Behaviour Description

Cover withdrawn Under vegetation, no appendages visible.
Cover alert Under vegetation, appendages protruding/visible.
Cover alert basking Under diffuse vegetation, with some or all appendages exposed to sunlight.
Open alert shade In the open, appendages extended but in shade (e.g. under cloud cover).
Open alert In the open, appendages protruding/visible.
Walking Any form of locomotion; includes motionless when standing (legs extended).
Feeding Sniffing or biting a food item.
Fighting Males ‘sparring’, including attempting to topple each other with gular regions.
Mating A male pursuing, craning neck to smell, mounting, or attempting to mount a female.
Other Any other behaviour not stated (e.g. drinking).



statistical tests were considered significant at P <
0.05. When we tested for significance between
matched pairs, we used paired t-tests (tdf) when
data passed the test for normality, and the
Wilcoxon signed rank test (T+,–) when data failed
the normality test. To compare independent
population means, we used Student’s t-tests (tdf)
on parametric data and Mann-Whitney tests (Tn,n)
on nonparametric data. Despite using square root,
arcsine square root, logarithmic and rank transfor-
mations, the data did not meet the assumptions
for multifactorial analysis of variance (ANOVA) or
multivariate ANOVA). Consequently, we used
multiple univariate analyses (t-test or ANOVA),
and applied the Bonferroni procedure to adjust
the significance level to control the Type I error
rate in each family of tests (Quinn & Keough 2002).
When testing within a sex for differences among
behaviour types, or among time sessions for
specific behaviours, we used either a repeated
measure ANOVA (Fdf) or a Friedman’s ANOVA
(χ2

df). We used a Kruskal-Wallis ANOVA on ranks
(Hdf) when comparing temperatures among all
behavioural categories within each sex. We used
the Student-Newman-Keul’s (SNK) method for
comparisons following ANOVA (all P < 0.05).
Pearson’s correlations (rn) and Spearman’s rank
order correlations (rs), respectively, were used to
evaluate associations between population and
focal animal results, and associations between
temperature and the scores for different behaviours.

RESULTS
Air temperature (shade) during daytime observa-
tions was 16.74 ± 0.30°C (n = 213), with daily
means ranging from 15.3 to 18.9°C. Daily minima
and maxima ranged from 8.5 to 13.6°C and 17.8 to
21.3°C, respectively. The sky was partly cloudy on
three days, with rain falling after 16:00 on one day.
Otherwise, the days were sunny and clear. Although
focal males tended to be larger than focal females
(c. 5–10%, Table 2), statistically, males had only lon-
ger and wider carapaces. Body masses were not
significantly higher for males than for females
(t18 = 1.81, P = 0.087).

Activity pattern
Individuals within the population were active

for 10.51 ± 0.42 h per day during the 10 days of
observation; tortoises became active between
07:15 and 07:40 (mean 07:19 ± 9.5 min) and
inactive between 17:10 and 18:30 (mean 17:52 ±
17.5 min). The earliest time focal animals emerged

into the open was 07:30 for females (mean 09:53 ±
127 min, n = 8), and 07:45 for males (mean 09:05 ±
66 min, n = 9). The latest time focal animals
returned to cover for the night was 16:50 for
females (mean 14:31 ± 123 min, n = 8) and 17:15
(mean 15:18 ± 79 min, n = 9) for males. Not all focal
individuals were active, two females and one male
remained within their retreats the entire day.
There was no significant difference in the time
focal males and females became active or the time
they retired (all P > 0.45).

The activity pattern of the population was
broadly unimodal with the main peak between
10:00 and 12:00 (Fig. 1a). There was a small after-
noon peak between 15:00 and 17:00. At a crude
level, the focal animals showed a similar pattern of
activity to the population, but with a greater
proportion of activity in the afternoon (Fig. 1b).
For focal individuals, male activity appeared to
have two peaks (Fig. 1c) but female activity varied
little throughout the day (Fig. 1d). The morning
activity of males peaked (c. 10:00–12:00) while
female activity was low. The activity levels of focal
tortoises, i.e. males and females combined, and the
population, showed a strong positive correlation
(r139 = 0.73, P < 0.0001). Similarly, the activity of
focal males was highly correlated to that of the
population (r139 = 0.71, P < 0.0001), but the correla-
tion was not as strong between focal females and
the population (r139 = 0.49, P < 0.0001).

Time budget
The proportion of the daily time budget allocated

to specific behavioural categories differed widely
for male (χ2

9 = 72.0, P < 0.0001) and female (χ2
7 =

45.1, P < 0.0001; the categories fighting and other
were excluded) angulate tortoises (Table 3). For
females, cover withdrawn was the most frequent
behaviour, followed by cover alert basking. There
was no difference among cover alert, feeding and
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Table 2. Mean (±95% CI) morphometrics of 10 male and
10 female angulate tortoises on Dassen Island, South
Africa, in September 2004. Sexual differences were
detected at P < 0.05 (*) and < 0.0005 (***) using
Student’s t-tests.

Male Female

Carapace length (mm)*** 199.4 ± 8.5 178.4 ± 7.0

Carapace width (mm)* 126.1 ± 6.0 116.4 ± 4.6

Carapace height (mm) 91.0 ± 3.7 87.1 ± 2.6

Body mass (g) 1205 ± 135 1076 ± 89



walking, but these behaviours occurred in higher
frequencies than did open alert, mating and open
alert shade. Males allocated similar time to cover
withdrawn and cover alert basking, and feeding
was the third most frequent behaviour. There was
no difference between cover alert and walking,
which occurred more often than the remaining
behaviours.

During the day, focal tortoises spent more than
75% of their time in cover (Table 3). Males and
females spent little time (2.15 ± 0.88 and 1.13 ±
0.82 hours, respectively) in the active behaviours,
i.e. walking, feeding, fighting, and mating. Most of

this active time was spent feeding or walking,
with male feeding being the only active behaviour
exhibited for more than one hour per day. Assuming
that tortoises were in cover withdrawn during the
night (12.42 h), active behaviours represented less
than 10% of the 24 h time budget, and less than
20% of the daytime budget. Fighting and mating
represented miniscule portions of the daytime
and 24 h budgets (<1% and <0.4%, respectively;
Table 3). However, basking represented substantial
portions of female and male budgets during day-
light hours (28% and 30%, respectively), with
about 90% of the basking time spent while in cover
of vegetation (Table 3).

There was large individual variation in the male
and female behaviour. For example, the coefficient
of variation (CV) for ‘in the open’ was 127% for
females and 61% for males. Compared to males,
females also had a large CV for active behaviours
(101% vs 57%), feeding (110% vs 57%) and walking
(92% vs 60%). Consequently, we found no sexual
difference in time allocated to a) any single behav-
iour, b) the combination of active behaviours, or
c) the amount of time spent in cover or in the open
(all P > 0.05; Table 3), when comparing daily time
budgets for the 10 males and 10 females. Never-
theless, males tended to spend more time feeding
(t9 = 2.21, P = 0.054), walking (t9 = 1.91, P = 0.088),
and in active behaviours (t9 = 2.20, P = 0.055) than
did females.

Temporal analysis of behaviour
Both males and females showed temporal

changes in basking activity (Fig. 2a; males: F4,36 =
6.64, P = 0.00041; females: F4,36 = 5.15, P = 0.0022).
Female basking was higher in the second (10:05 to
12:00) and third (12:05 to 14:00) periods than in the
fifth time-period (16:05 to 18:00), with no differ-
ence among the other periods (all significant SNK
results at P < 0.05). For males, basking activity did
not differ among the first four periods, but was
lowest in the fifth period. The pattern for males in
the open (Fig. 1c; F4,36 = 5.98, P = 0.00085) and
being active (Fig. 2b; F4,36 = 4.55, P = 0.0045)
changed with time, whereas there was no tempo-
ral difference for females (Figs 1d & 2b; all P >
0.20). The time males spent in the open was high-
est in the second time-period, and male activity in
the second period was higher than in the first and
fifth periods. The time that males fed during the
second time-period was higher than during the
first, third and fifth periods (Fig. 2c), and the
fourth period was higher than the fifth period
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Fig. 1. In relation to time of day, the number of angulate
tortoises in the open for the population (a), and the
proportion of focal animals in the open (b–d represent
all, male and female focal tortoises, respectively).
Average values for 10 days are indicated for every
five-minute recording but 95% confidence intervals are
reported on the hour between 07:00 and 18:30.



(F4,36 = 5.34, P = 0.0018; all significant SNK results
at P<0.05). Female feeding activities, by contrast,
showed no temporal effect (P = 0.12). There was
no temporal effect on the amount of time spent
walking for either males or females (Fig. 2d; both
P > 0.063).

When comparing male and female data within
each of the five time-periods, we applied the
Bonferroni correction for multiple testing; these
comparisons required a P < 0.010 for significance.
Male and female basking activities did not differ in
any of the five periods (all P > 0.15). Although
there was no difference between active males and
females in the first period (08:05 to 10:00; Fig. 2b),
males were more active than females were in the
second period (10:05 to 12:00; t9 = 4.23, P = 0.0022).
Active behaviours of males and females did not
differ for the other three periods. Similarly, we
found that males spent more time feeding (t9 =
4.30, P = 0.0020) and walking (t9 = 3.86, P = 0.0039)
than females did in the second time-period
(Fig. 2c,d), whereas the two sexes did not differ in
the other periods. During the second period, the
time that males spent in the open was greater than
the time females spent in the open (t9 = 3.28, P =
0.0095).

Temperature effects
The mean air temperature during the day was

lowest at 07:00 (11.7 ± 1.2°C), peaked at 14:30
(18.8 ± 0.7°C) and dropped to 14.7 ± 0.8°C at 18:30.
Individuals in the population were in the open
at air temperatures ranging from 8.5 to 21.3°C.
Approximately 72% of the animals in the popula-
tion scans were in the open between 16 and 19°C.
For focal males and females, there were positive
correlations between air temperature and their
scores in the open, active, basking, cover alert
basking, and feeding (rs between 0.16 and 0.33,
all P < 0.0001, n = 1251). We found an inverse
correlation between air temperature and cover
withdrawn (respectively for females and males:
rs = 0.42 and 0.36, P < 0.0001, n = 1251).

For males, air temperatures differed significantly
among behavioural categories (H5 = 177.8, P <
0.0001), with feeding temperatures higher than
temperatures for cover withdrawn, open alert,
and cover alert (SNK post-hoc tests, P < 0.05;
Fig. 3). Additionally for males, air temperatures
while in cover withdrawn were significantly lower
than the temperatures were in cover alert basking,
walking and cover alert (all P < 0.05). Similarly,
air temperatures differed among behavioural
categories for females (H5 = 254.3, P < 0.0001),
with temperatures for feeding exceeding tempera-
tures for cover alert basking, walking, cover alert,
cover withdrawn and open alert (all P < 0.05;
Fig. 3). Cover alert basking temperatures for
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Table 3. Behavioural time budgets of 10 male and 10 female angulate tortoises on Dassen Island, South Africa, in
September 2004. Budgets are expressed in hours (mean ± 95% CI) and as a percentage of daylight hours (11.58
hours per day; n = 10 days). Additionally, budgets are expressed as a percentage of a 24-hour day, with the 12.42
hours of dark represented by the category cover withdrawn (CW). Active equals the sum of walking (W), feeding (F),
fighting (Fi) and mating (M). Basking equals the sum of cover alert basking (CAB) and open alert (OA). Additional
categories include cover alert (CA) and open alert shade (OAS).

Behaviour Male Female Male Female Male Female
hours hours % day % day % 24 h % 24 h

CW 4.96 ± 2.13 6.22 ± 2.33 42.81 53.67 72.40 77.64
CA 0.92 ± 0.38 0.74 ± 0.39 7.91 6.40 3.82 3.09
CAB 3.11 ± 1.55 3.04 ± 1.70 26.83 26.26 12.95 12.67
OAS 0.04 ± 0.09 0.23 ± 0.51 0.36 1.94 0.17 0.94
OA 0.37 ± 0.37 0.23 ± 0.27 3.24 1.94 1.56 0.94
W 0.63 ± 0.27 0.35 ± 0.23 5.47 3.02 2.64 1.46
F 1.43 ± 0.58 0.71 ± 0.56 12.30 6.11 5.94 2.95
Fi 0.02 ± 0.03 0.00 ± 0.00 0.14 0.00 0.07 0.00
M 0.08 ± 0.13 0.08 ± 0.12 0.65 0.65 0.31 0.31
Other 0.03 ± 0.08 0.00 ± 0.00 0.29 0.00 0.14 0.00

Active 2.15 ± 0.88 1.13 ± 0.82 18.56 9.78 8.96 4.72
Basking 3.48 ± 1.48 3.27 ± 1.67 30.07 28.20 14.51 13.61
Open 2.57 ± 1.12 1.58 ± 1.44 22.15 13.67 10.69 6.60
Cover 9.01 ± 1.12 10.0 ± 1.44 77.85 86.33 89.31 93.40



females exceeded those for cover alert, cover with-
drawn and open alert. Between sexes, air tempera-
tures for females were higher than temperatures
for males when feeding (t212 = 4.12, P < 0.0001;
Fig. 3), being active (T100,218 = 18676, P < 0.0001) and
in the open (T113,257 = 23909, P < 0.0019).

DISCUSSION

Population activity
Throughout its range, C. angulata is active in all

seasons (Branch 1989; Boycott & Bourquin 2000).

Within the Mediterranean region of its distribution,
the angulate tortoise experiences winter rainfall
and warm dry summers, so winter and spring
provide the greatest access to food and water
(rainfall or fog). Consequently, angulate tortoises
are active in the cooler periods, including winter
and spring. In spring 2004, angulate tortoises
on Dassen Island were active or in the open at
temperatures lower than previously recorded for
this species (Branch 1984; Els 1989; Ramsay et al.
2002).

In spring 2004, the broadly unimodal pattern of
activity that we observed was probably a conse-
quence of the relatively cool ambient tempera-
tures. The peak of population activity between
10:00 and 12:00 followed a 5–6°C increase in
ambient temperature from sunrise, when we
started observations. Subsequently, ambient
temperature increased very little, from 18.3°C at
12:00 to the peak temperature (18.8°C) at 14:30. In
the Eastern Cape Province, South Africa, where
the climate is temperate and it rains through much
of the year, the activity pattern for C. angulata
appears to be unimodal in winter and summer (Els
1989). The Dassen Island population of C. angulata
can switch between unimodal and bimodal
patterns of activity among seasons, probably in
response to changes in ambient temperatures
and aridity (Ramsay et al. 2002). Chersina angulata
activity can respond quickly to environmental
changes, for example, becoming unimodal on cool
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Fig. 2.A temporal comparison between the proportion of
time that 10 male (black circles) and 10 female (white
circles) angulate tortoises spent (a) basking, (b) being
active, (c) feeding and (d) walking. Each graph repre-
sents the average and 95 % confidence intervals for the
10-day study period, of the half-hourly average scores for
each individual per behavioural category. Although
averages were plotted for each half hour, data were
analysed statistically for every two-hour period from
08:00 to 18:00.

Fig. 3.Air temperatures in the shade for male and female
behaviours, including in cover withdrawn (CW), cover
alert (CA), cover alert basking (CAB), open alert (OA),
walking (W) and feeding (F). Combined categories
include active (Act) and open (Op). The symbols repre-
sent medians and the error bars represent 25th and 75th
percentiles.Asterisks indicate that temperatures differed
between sexes for these behaviours.



wet days in summer (Ramsay et al. 2002). The large
variation in population activity at 10:00 (Fig. 1a)
reflects an advance in activity on two warmer
days during our study. Angulate tortoises also
responded immediately to rainfall in spring 2004,
emerging from refugia after sunset in order to
drink. Their response to subsequent rains was
mild, similar to results for Texas tortoises (Gopherus
berlandieri; Rose & Judd 1975), suggesting at least
partial satiation from the first rains.

The positive correlation between the activity of
population scans and focal observations suggests
that harnesses had little effect on behaviour. How-
ever, the lower correlation for females suggests
that the population scans reflect largely the behav-
iour of male C. angulata (Fig. 1a,c,d). Focal results
showed that female activity remained at a low
level throughout the day whereas male activity
peaked and was higher than female activity was at
approximately 10:00 to 12:00. The results from
population scans should thus be interpreted with
caution because the population pattern may
reflect the pattern of the more active sex and may
obscure differences between males and females.
The relative proportions of the morning and after-
noon activity seemed to differ between popula-
tion and focal results, perhaps a consequence of
the two different methods. Using the thread trails
allowed accurate recording of focal animal behav-
iours, even if focal animals moved into areas with
thicker vegetation. The population animals were
less visible in thicker vegetation, obfuscating
accurate recording of population activity.

Tortoises in the population were in the open for
about 10.5 hours, whereas individuals were in the
open only 1.6 to 2.6 hours per day, and active only
1.1 to 2.2 hours per day. The activity of the Dassen
Island population in spring 1998 (3.5% of 24 h;
Ramsay et al. 2002) was similar to our records for
focal animal females (Table 2) and half of that for
our focal animal males. In essence, individual
angulate tortoises are active for small portions of
the day. The total period of activity for Speke’s
hinged tortoises (Kinixys spekii; Hailey & Coulson
1999) during summer was 13 hours per day but
individuals were active (walking, feeding, court-
ing and nesting) for only three hours per day.
Similarly, a low level of daily activity has been
noted for other tortoise species (Nagy & Medica
1986; Moskovits & Kiester 1987). Population scans
provide useful information about the periods
when individuals may be active, as well as the
intensity of activity at different times of the day.

Population scans, however, reflect the activity of
any tortoise in the open and does not provide
information on the duration of daily activity for
individuals.

Time budgets and temporal patterns
Through the course of the day, males and females

progressed from inactivity (cover withdrawn) to
basking, which formed an important component
of their daily time budgets. Basking should have
had thermoregulatory benefits for male and female
C. angulata in September 2004 due to relatively low
ambient temperatures. Elevating body temperature
via basking should enhance feeding rate (Spencer
et al. 1998), digestion, metabolism and activity, all
of which would help tortoises capitalize on the
food available in spring. Elevated body tempera-
ture, metabolism and feeding would benefit
females through enhanced vitellogenesis and egg
production, which are most rapid for C. angulata
during spring (Hofmeyr 2004). Basking within
cover of vegetation, about 90% of all basking
observations, offers the benefits of thermoregu-
lation while being less exposed to potential preda-
tors.

In the late morning, males spent more time in the
open on active behaviours, particularly feeding,
than did females. This period coincided with the
peak basking time of females (in cover), providing
males with fewer opportunities to opportunisti-
cally encounter females for mating. For C. angulata,
the peak mating period appears to be summer,
whereas male fighting activity peaks in spring
(Ramsay et al. 2002, M.D. Hofmeyr & B.T. Henen,
pers. obs.). Fighting was rare in our focal observa-
tions, perhaps due to risks of injury or death
associated with fighting. Being active or in the
open may benefit males agonistically, as displays
or patrols, and probably help to establish and
maintain dominance structures before the peak
mating season. The high level of male activity in
the morning provides males with more daylight
hours to display to other males (in essence defend-
ing mating resources) and acquire food to improve
body condition or growth.

Female activity remained low throughout the
day, yet females were active in the open, and feed-
ing, at higher temperatures than were males.
Although not statistically significant, females
spent less time per day feeding than did males.
The higher temperatures may accelerate feeding
rates and make female foraging more efficient (i.e.
require less time per unit food consumed) than at
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lower air temperatures. By saving time in foraging
activities, females might save energy for mainte-
nance, growth or reproduction and reduce expo-
sure to predators.

The sexual disparity in activity patterns and time
budgets of angulate tortoises are realized through
their different temporal patterns in behaviour. The
sexual differences in body size are too small to
explain these behavioural differences. By mini-
mizing feeding and activity costs, females could
conserve resources for reproductive allocations
(eggs), and ultimately enhance their fitness. By
contrast, increased feeding and activity times in
males may enhance agonistic displays and mate
encounter rates, and ultimately their fitness. This
type of sexual difference in behaviour may be
common in tortoises (Douglass & Layne 1978;
McRae et al. 1981), and particularly pronounced in
the breeding season (Moskovits & Kiester 1987).
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