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a b s t r a c t

We examined the monthly shrub use and the thermal utility of the desert shrub, Artemisia monosperma,
by the globally endangered Egyptian tortoise, Testudo kleinmanni, in Sinai, Egypt. A. monosperma is a
common desert shrub that is often used by the Egyptian tortoise as a refuge. Egyptian tortoises had the
highest mean carapace temperature and lowest carapace temperature range during summer months,
which coincided with the aestivation period and the Egyptian tortoise’s use of larger shrubs. Our results
suggest that the thermal characteristics of larger shrubs are important to the microhabitat use of the
Egyptian tortoise and likely long-term survival. Larger shrubs were effective as thermal refuges that
ameliorated and stabilized micro-climatic variation. Smaller shrubs were not an adequate thermal refuge
in the summer because the mean temperature, and its fluctuation range beneath them was too high to
offer adequate refuge during aestivation. The tortoises used the smaller shrubs in the fall, winter, and
spring seasons for basking, thermoregulation, and concealment and used shrubs with a cover diameter
greater than one meter during the aestivation season. The future conservation of the Egyptian tortoise
should focus on protecting and restoring existing habitat by maintaining large perennial shrubs for
refuge and aestivation sites.

� 2013 Elsevier Ltd. All rights reserved.
1. Introduction

Plants in arid ecosystems often act as thermal and biodiversity
‘islands’ (Brown and Porembski, 1997; El-Bana et al., 2002, 2003;
Moro et al., 1997a, 1997b; Vetaas, 1992). Desert shrubs create mi-
croclimates that ameliorate environmental conditions by
decreasing solar penetration and surface temperature extremes
and increasing soil moisture (El-Bana et al., 2002; Moro et al.,
1997b, 1997a; Qin et al., 2004; Tracol et al., 2011). Individual
plants also provide leaf litter, shelter from predators, improved soil
nutrients, and buffer against aeolian process by acting as fine par-
ticulate traps which can lead to the formation of nabkhas or phy-
togenic mounds (El-Bana et al., 2002, 2003; Moro et al., 1997a,
1997b). In addition, larger shrubs often support high plant density
and richness within their immediate vicinity (El-Bana et al., 2002,
2003); however, for some species an inverse relationship exists
between shrub size and species richness (Moro et al., 1997b).

Desertification, the reduction of vegetation cover in arid lands,
often results in a reduction of species diversity and an increase in
All rights reserved.
aeolian processes due to human activities and/or climate change
(Brown, 2003; Geist and Lambin, 2004; Verón et al., 2006). As
desertification in the Middle East and North Africa is likely to in-
crease in the future, ecologists are attempting to predict the effects
of these impacts on species survival and diversity (Attum et al.,
2006; Barrows, 2011; Sears et al., 2011; Sinervo et al., 2010;
Verón et al., 2006). Overgrazing and vegetation cutting, which
contribute to desertification, are detrimental to many vegetation
communities because such practices reduce species diversity,
vegetation height, and percent vegetation cover (Attum et al.,
2006; El-Bana et al., 2003; Fleischner, 1994; Milchunas and
Lauenroth, 1993). Given the widespread effects of anthropogenic
disturbances on vegetation cover, one would expect consequential
negative impacts on associated animal communities that depend
upon vegetation. Wildlife declines often occur when vegetation
complexity decreases, which causes a reduction in thermal refuge
and food availability, while increasing environmental severity and
predation risk (Attum and Eason, 2006; Attum et al., 2006; Bentley
et al., 2000; Laurance, 1994; Saunders et al., 1991). The use and
availability of thermal refuges may represent one of the funda-
mental mechanisms that allow wildlife to survive in arid envi-
ronments (Beck and Jennings, 2003; Bulova, 2002; Lagarde et al.,
2012).
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Reduced activity, such as aestivation, is an important strategy
for wildlife in arid environments during prolonged periods of food
reduction or unfavorable environmental conditions, such as high
ambient temperatures or drought (Hailey and Loveridge, 1997;
Kennet and Christian, 1994; Roe et al., 2008; Seidel, 1978). Chelo-
nians that undergo prolonged reduced activity may experience a
reduction in field metabolic rates, with or without physiological
adjustments (Roe et al., 2008; Seidel, 1978). A reduced field meta-
bolic rate allows animals to conserve water, conserve energy stores,
and remain inactive until environmental conditions or food avail-
ability improves (Hailey and Loveridge, 1997; Henen, 1997; Kennet
and Christian, 1994; Loehr et al., 2009; Roe et al., 2008).

The Egyptian tortoise Testudo kleinmanni is one of the smallest
andmost endangered tortoise species in theworld, having themost
restricted range of all tortoises in the Mediterranean Basin (Baha El
Din et al., 2003). Chelonians of arid lands have evolved in envi-
ronments that experience long term, potentially lethal tempera-
tures and low resource availability (Barrows, 2011; Loehr et al.,
2009). Small body size is an adaptation to environments with low
productivity because smaller animals typically have lower resource
demands (Nagy, 2005). In addition, being small allows animals to
use the smaller refuges, such as rodent burrows, crevices, or un-
derneath vegetation in landscapes characterized by limited avail-
ability of larger refuges (Attum and Eason, 2006; Attum et al., 2006;
Bonnet et al., 2001; Geffen and Mendelssohn, 1989; Loehr, 2002;
Loehr et al., 2009). Egyptian tortoises typically aestivate or expe-
rience prolonged dormancy in the summer months, starting from
the middle of May to early June until the end of September to the
beginning of October e a period characterized by extremely high
ambient temperatures, no rainfall, and the lowest food availability
(Attum et al., 2006, 2007b, 2008; Geffen and Mendelssohn, 1989).

Habitat loss, fragmentation, and the illegal pet trade have led to
dramatic declines in wild populations of T. kleinmanni over the last
few decades. In Egypt, much of the Mediterranean coast has been
altered by urban development and large-scale agriculture. Suitable
Egyptian tortoise habitat now exists only in a few protected areas,
which are inhabited by local pastoralists who use the existing
vegetation for livestock grazing and fuel (Attum et al., 2007a; Baha
El Din et al., 2003).

The objective of this study was to examine shrub use and the
thermal utility of desert shrub, Artemisia monosperma, to the
Egyptian tortoise. We first examined the thermal attributes of
different sized A. monosperma shrubs over the course of a year by
studying the relationship between shrub size (maximum diameter)
and themean temperature and temperature range beneath a shrub.
We then examined the patterns of Egyptian tortoise use of differ-
ently sized A. monosperma shrubs throughout the year. Finally, we
examined the monthly variation in Egyptian tortoise carapace
temperature.

2. Methods and materials

2.1. Location & vegetation selection

This study took place in Zaranik Protected Area (ZPA) in North
Sinai, Egypt. ZPA is located 30 km west of the town El Arish (N 31�

050, E 33� 250), occupies 250 km2, has an altitude range of sea level
to 30 m, is characterized by stable and unstable sand dunes, and
receives 50e100 mm rainfall per year. The perennial vegetation
within ZPA mostly consists of 5e10% coverage and is dominated by
the shrub A. monosperma. We chose the shrub A. monosperma as
our model species to examine the relationship between shrub size
and substrate temperature because A. monosperma is the most
common shrub at our study site and widely used by the Egyptian
tortoise as a refuge. We, however, were not able to examine the
relationship between shrub size and substrate temperature for
each shrub species used by the Egyptian tortoise because of
financial constraints.

2.2. Data collection e vegetation and ambient temperatures

We used 29 Thermochron ibutton temperature loggers
(DS1921G) to record temperature beneath differently sized shrubs,
and one temperature logger was used to record the temperature
just beneath the surface of bare ground. Temperature loggers were
placed on the southern side of the shrub at the base of the trunk
and submerged in the sand, with the top of the temperature logger
being covered by 3 mm of sand. Temperature of the bare ground,
located approximately 3 m from the nearest shrub, was estimated
by submerging and covering a temperature logger with 3 mm of
sand. The ibutton records temperatures within a range of �40 �C to
85 �C, with an accuracy of �1 C�, and resolution of 0.5 �C. The
ibuttons were programmed to record temperatures between 11/1/
06 and 10/8/07 every four hours at the following time intervals:
03:00, 07:00, 11:00, 15:00, 19:00, and 23:00. The maximum
diameter for each shrub was recorded with a tape measure to the
nearest cm. The temperature loggers were checked weekly to
ensure that they were covered with the above described levels of
sand. The data from one temperature logger placed beneath a 1.7 m
diameter shrub was removed from the analysis due to malfunction.
We, therefore, used data from only 28 temperature loggers.
Ambient air temperature was determined by the publicly available
historic weather data from the 623370 (HEAR) weather station in El
Arish, Egypt (31.08� N, 33.83� E, Alt: 31 m) located approximately
30 km away.

2.3. Data collection e vegetation use

We examined monthly variation in the vegetation use
(maximum shrub diameter) by five Egyptian tortoises (one male
and four females), utilizing data collected from a previous radio-
telemetry study at the same site (Attum et al., 2008). The mean
carapace length was 97.7 mm � SE: 3.2, and the mean weight was
205.5 g � 13.5 for the five tortoises. Tortoises were located weekly
between February 2005 andMay 2006. We recorded the vegetation
species and corresponding maximum diameter for each shrub used
by the animal. We only included Egyptian tortoise refuge use of
A. monosperma in our final analysis, as our data on shrub diameter
and temperature were only collected from A. monosperma.

2.4. Data collection e tortoise carapace temperature

We recorded the daily tortoise carapace temperature of fourteen
tortoises at the above described times by attaching temperature
loggers onto the lateral-posterior end of the carapace in the field
with an epoxy glue (Edwards and Blouin-Demers, 2007). We
attached ibuttons onto 10 females (mean � SE: carapace length
106.3 mm� 2.9, weight 213.7 g� 19.1) and four males (mean� SE:
carapace length 93.1 mm � 4.8, weight 133.5 g � 9.8). We painted
the ibuttons’ exterior to match the carapace color. The combined
mass of the ibuttons and epoxy was between three and four grams,
which was less than 5% of tortoises’ body mass. The majority of the
tortoises were captured the week prior to the first programmed
temperature-recording event. Two tortoises were captured on 11/
19/06, and we used data starting on 11/20/06 for those individuals
in the analysis. The temperature loggers were removed from the
tortoises during a mark-recapture study during the following
December 2007 and 2008. Two temperature loggers did not have
stored data, and four temperature loggers had fallen off the tor-
toises during the course of the study. We, therefore, used data from



Table 1
The results of linear mixed analysis examining the relationship between shrub
diameter and temperature beneath the shrub. Individual shrubs were treated as the
subjects, day as the repeated effect, shrub diameter as the fixed effect, and daily
mean temperature, daily temperature range, daily maximum temperature, or daily
minimum temperature as the dependent variable. Size threshold represents the
minimum shrub diameter in which the measured temperatures begin to stabilize.
Threshold was calculated using Akaike’s information criterion. The r2 values were
generated by separate linear regressions.

Test F values Significance r2 Size
threshold

Spring
Mean F16, 346.6 ¼ 135.59 p < 0.001 0.038 0.6 m
Range F16, 2007.0 ¼ 635.78 p < 0.001 0.447 0.6 m
Max F16, 1147.1 ¼ 310.24 p < 0.001 0.227 0.5 m
Min F16, 656.0 ¼ 98.76 p < 0.001 0.050 0.8 m
Summer
Mean F16, 1750.4 ¼ 667.54 p < 0.001 0.226 0.6 m
Range F16, 2878.6 ¼ 1310.17 p < 0.001 0.540 0.6 m
Max F16, 2438.2 ¼ 1096.83 p < 0.001 0.468 0.6 m
Min F16, 1698.3 ¼ 325.95 p < 0.001 0.137 0.8 m
Fall
Mean F16, 272.4 ¼ 39.60 p < 0.001 0.006 0.6 m
Range F16, 683.7 ¼ 227.25 p < 0.001 0.338 0.6 m
Max F16, 441.4 ¼ 218.27 p < 0.001 0.140 0.5 m
Min F16, 430.3 ¼ 45.22 p < 0.001 0.031 0.8 m
Winter
Mean F16, 663.4 ¼ 37.25 p < 0.001 0.005 0.5 m
Range F16, 1585.2 ¼ 532.22 p < 0.001 0.361 0.6 m
Max F16, 877.6 ¼ 293.92 p < 0.001 0.181 0.5 m
Min F16, 945.7 ¼ 58.04 p < 0.001 0.077 0.8 m

O. Attum et al. / Journal of Arid Environments 96 (2013) 73e79 75
eight individuals (seven females, one male) in our final analysis,
combining the data from both sexes to increase sample size. We
were not able to concurrently study the vegetation refuge use of the
Egyptian tortoise through the use of radio-telemetry, along with
recording carapace temperature because of concerns that the
combined weight of the radio-transmitters and temperature log-
gers would exceed 5% of the tortoise body mass. We assumed that
the tortoises with attached temperature loggers behaved similarly
to the tortoises from the radio-telemetry study because they were
studied in the same location.

2.5. Data analysis e vegetation temperature

We examined the overall relationships between shrub diameter
and daily mean temperature, daily temperature range, daily
maximum temperature, and daily minimum temperature. These
relationships were determined separately for the spring months
(March, April, May), summer months (June, July, August,
September), fall months (October, November), and the winter
months (December, January, February) through the use of eight
linear mixed-model analysis using individual shrubs as the sub-
jects, day as the repeated effect, shrub diameter as the fixed effect,
and daily mean temperature, daily temperature range, daily
maximum temperature, or daily minimum temperature as the
dependent variable. The relationships were considered significant
if p < 0.05. Once the relationships were determined, the diameter
threshold at which the effect stabilized was determined by calcu-
lating Akaike’s information criterion (AIC) for all possible thresh-
olds for each of the eight relationships and by determining the
lowest AIC value for each relationship. Lastly, we examined the
strengths of the relationships between shrub diameter and daily
mean temperature, daily temperature range, daily maximum
temperature, and daily minimum temperature for each season
individually through the use of 4 separate linear regressions for
each relationship. We used Bonferroni corrections to minimize
Type I errors by adjusting the p values for the multiple regression
tests. Linear regression tests were significant if p < 0.013. All ana-
lyses were conducted using SPSS 19.

2.6. Data analysis e vegetation use & tortoise carapace
temperature

We tested whether the monthly mean diameter of vegetation
refuges used by the Egyptian tortoise changed each month, as well
as whether the monthly mean daily range (monthly mean daily
maximum carapace temperature e monthly mean daily minimum
carapace temperature) and monthly mean daily carapace temper-
ature of the Egyptian tortoise differed amongmonths. We did these
tests using repeatedmeasures ANOVA, and corrected the degrees of
freedom using GreenhouseeGeisser estimates of sphericity
( 3¼ 0.20, 3¼ 0.27 and 3¼ 0.20, respectively). The ANOVAs were
significant if p < 0.05. We had to remove one individual tortoise
from the repeated measures analysis of vegetation refuge size used
by the Egyptian tortoise because that individual did not use
A. monosperma in some months.

3. Results

3.1. Vegetation temperature

The highest temperature recorded on the open ground was
54.5 �C; this temperaturewas recorded on 10 June 2007. The lowest
temperature recorded on the open ground was 3.0 �C; this tem-
perature was recorded on 18 December 2006. The highest tem-
perature recorded beneath any of the shrubs was 52.0 �C; this
temperature was recorded on 10 June 2007 beneath a shrub with a
0.2 m diameter. The lowest temperature beneath any of the shrubs
was 4.5 �C; this temperature was recorded on 16 December 2006
beneath a shrub with a 0.3 m diameter and on 18 December 2006
beneath three shrubs with diameters of 0.2 m, 0.3 m, and 0.4 m.

For all seasons, there was a significant relationship between
shrub diameter and daily mean temperature, daily temperature
range, daily maximum temperature, and daily minimum temper-
ature (Table 1). The shrub size threshold at which temperature
began to stabilize ranged from 0.5 m to 0.8 m, depending upon
season and temperature category (Table 1). Shrubs with a larger
diameter experienced significantly overall lower mean tempera-
tures until reaching their respective size threshold (Table 1), where
mean temperatures appeared to have stabilized around 19 �C in the
spring, around 30 �C in the summer, 17 �C in the fall, and around
12 �C in the winter (Fig. 1A). Daily temperature range significantly
decreased as shrub diameter increased until reaching their
respective size thresholds (Table 1), where temperature range ap-
pears to have stabilized at around 8 �C in the spring and summer
and around 6 �C in the fall and winter (Fig. 1B). Daily maximum
temperature significantly decreased as shrub diameter increased
until reaching their respective size threshold (Table 1), where the
daily maximum temperatures appears to have stabilized at around
24 �C in the spring, around 34 �C in the summer, around 21 �C in the
fall, and around 15 �C in the winter (Fig. 2A). Daily minimum
temperature significantly increased as shrub diameter increased
until reaching their respective size threshold (Table 1), where daily
minimum temperatures appeared to have stabilized at around
15 �C in the spring, around 25 �C in the summer, around 14 �C in the
fall, and around 11 �C in the winter (Fig. 2B).

The regression tests reiterated the significance of the relation-
ships between shrub diameter and daily mean temperature, daily
temperature range, daily maximum temperature, and daily mini-
mum temperature in all seasons. The p value was 0.010 or less for
all relationships. Shrub diameter size explained more of the vari-
ation (r2) of all of the relationships in the summer months than in
the other seasons (Table 1).



Fig. 1. The relationship between shrub size and mean daily temperature (A.), and the
relationship between shrub size and mean daily temperature range (daily maximum
temperature � daily minimum temperature) (B.) beneath the shrub for each season.

Fig. 2. The relationship between shrub size and mean daily maximum temperature
(A.), and the relationship between shrub size and mean daily minimum temperature
(B.) beneath the shrub for each season.
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3.2. Vegetation use

The vegetation size used by the Egyptian tortoise was signifi-
cantly different amongmonths, with the largest shrubs used during
the summer months and the smallest shrubs used during the
winter months (F2.2, 6.7 ¼ 14.45, p ¼ 0.003; Fig. 3).

3.3. Tortoise carapace temperature

Both the mean carapace temperature and mean carapace tem-
perature range of the Egyptian tortoise were significantly different
among months (respectively: F2.2, 15.4 ¼ 617.54, p < 0.001; F2.9,
20.6 ¼ 40.42, p < 0.001). Egyptian tortoises had the highest mean
carapace temperature and lowest mean carapace temperature
range during summer months, and the lowest mean carapace
temperature and the highest mean carapace temperature range
during the winter months (Fig. 4). The low fluctuation and high
carapace temperatures coincided with the aestivation period of the
Egyptian tortoise. The mean daily temperature experienced by the
tortoises during the aestivation period from 1 June to 30 September
was (28.5 � SE 0.23)�C, and the mean daily temperature range
experienced during this time was (9.6 � SE 0.77)�C. The mean
carapace temperature was higher than the bare ground and
ambient air temperature between November and March and the
carapace temperaturewas lower than the bare ground temperature
between May and October (Fig. 4). The highest carapace
temperature recorded was 45.0 �C; this temperature was recorded
for one tortoise on 9 March 2007. The lowest carapace temperature
recorded was 3.0 �C: this temperature was recorded for three tor-
toises on 18 December 2006.

4. Discussion

4.1. Benefit of large shrubs

Our results suggest that the thermal buffering of larger shrubs is
important to the Egyptian tortoises’ likely long-term survival.
Extreme temperatures are an evolutionary force that limits species
distribution and survival (Sinervo et al., 2010). Thermal heteroge-
neity is important for a species’ survival because it determines the
costs of behavioral thermoregulation during fluctuating environ-
mental conditions (Angilletta, 2009; Huey, 1991; Huey and Slatkin,
1976; Sears et al., 2011). The availability of thermal retreats that
ameliorate extreme temperatures is critical for a species survival,
especially during seasons that are thermally challenging (Beck and
Jennings, 2003; Bulova, 2002; Huey, 1991). The suitability of a
microhabitat as a thermal retreat is often correlated with micro-
habitat size (Huey, 1991; Huey et al., 1989; Lagarde et al., 2012).

Smaller shrubs are not adequate thermal refuges for Egyptian
tortoises in the summer, as the daily temperature and temperature



Fig. 3. The mean � SE diameter of A. monosperma used by the Egyptian tortoise.
Sample size (n) of the number of shrub measurements per month: January ¼ 12,
February ¼ 12, March ¼ 23, April ¼ 30, May 28, June 18, July ¼ 17, August ¼ 24,
September ¼ 24, October ¼ 18, November ¼ 13, December ¼ 10.

Fig. 4. The monthly carapace temperature of the Egyptian tortoise compared to the
monthly recorded ground and ambient temperatures. A.) The mean � SE carapace
temperature, mean recorded ground temperature, and mean recorded ambient air
temperature. B.) The mean � SE daily carapace temperature range (daily maximum
temperature � daily minimum temperature), mean recorded ground temperature
range, and mean recorded ambient air temperature range.
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fluctuation under them are probably too extreme (Figs. 1e3). Larger
shrubs serve as thermal refuges that ameliorate and stabilize
micro-climatic variation, which are especially important to Egyp-
tian tortoises during the aestivation season. Larger shrubs are more
valuable as thermal refuges during the summer months because
shrub size was responsible for explaining more of the variation in
mean temperature, temperature range, and daily maximum tem-
perature than the non-summer months (Table 1). The summer
months are characterized by daily, potentially lethal maximum
daytime temperatures; therefore, the benefits of the shade pro-
vided by large shrubs as thermal refuges would be more valuable
during this period when the tortoises aestivate.

Temperaturefluctuationsappear to stabilizewhenA.monosperma
shrubs have a diameter greater than 0.6e0.8 m (Table 1). However,
during the aestivation season, Egyptian tortoises used shrubs that
had a diameter greater than 1 m. The discrepancy between the pro-
posed size threshold and size of shrubsused by the Egyptian tortoises
maybedue toother confounding factors.Ourdiametermeasurement
was intended as a relative measure to compare sizes of different
shrubs but does not take into account the patchiness in vegetation
coverandshrub shape. Forexample, someshrubshavedifferent sized
gaps of exposed surface within their canopy, and there are slight
deviations in the circular shape of shrubs, which potentially reduce
the thermal buffering in the summer (Lagarde et al., 2012). In addi-
tion, tortoises could be choosing shrubs larger than the threshold size
due to larger shrubs having better concealment or higher humidity
levels that assist in water conservation (Bulova, 2002).

Shrub size explained less variation in all the temperature met-
rics outside of the summer months possibly because the temper-
ature dichotomy between highs and lows is not as extreme during
non-summer months, and therefore the temperature beneath the
shrub may be less dependent upon shrub size and more dependent
upon environmental conditions (Figs. 1e3). In addition, large
shrubs appear to have greater insulation properties than smaller
shrubs, allowing the large shrubs to retain some heat at night
during the winter months, which would make the canopy of larger
shrubs cooler than the surrounding desert during the day but
slightly warmer at night relative to the bare ground (Niachou et al.,
2001; Fig. 2B).

4.2. Vegetation importance during aestivation

The aestivation period of the Egyptian tortoise in our study
coincided with the period of the lowest carapace temperature
range, highest carapace temperatures, and highest surface tem-
peratures (Fig. 4). High non-lethal body temperatures may be
important for triggering metabolic depression during physiological
aestivation as some reptiles have a reduced metabolic rate at high
body temperatures (Dawson and Bartholomew, 1956; Kennet and
Christian, 1994; Moberly, 1963). The use of large shrubs as aesti-
vation sites helps to reduce the range of temperature fluctuation,
which in turnwould assist in maintaining relatively stable carapace
temperatures. Stable body temperatures are important for reducing
metabolic costs of prolonged inactivity by reducing basal metabolic
rates (Beck and Jennings, 2003; Kennet and Christian, 1994).

4.3. Vegetation importance outside of aestivation

Tortoises in arid environments often use shrubs with smaller
diameters during the cooler months to increase potential temper-
ature exposure (Douglas and Rall, 2006). Egyptian tortoises use
smaller shrubs as refuge in the fall, winter, and spring seasons,
when the threat of overheating is reduced due to the overall cooler
ambient air temperatures (Figs. 3 and 4). The use of small shrubs as
refuge outside of the summermonthsmay also be advantageous for
thermoregulatory purposes by allowing tortoises to bask and be
exposed to sunlight while being partially concealed from predators.
Our results suggest that the Egyptian tortoise is actively thermo-
regulating as the mean carapace temperature was higher than the
bare ground and ambient air temperature from November until
March. Many reptiles and amphibians use structural microhabitats
to cryptically conceal themselves from predation while thermo-
regulating (Cunnington et al., 2008; Huey et al., 1989; Jennings,
2007; Rittenhouse and Semlitsch, 2007; Seebacher and Alford,
2002; Steen et al., 2007).
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4.4. Conclusion

The future conservation of the Egyptian tortoise in Egypt is
dependent on protecting and restoring existing habitats. Deserti-
fication, characterized by a reduction in vegetation cover by over-
grazing and vegetation removal, increases the severity of an already
harsh environment, which may drive the local extinction of many
desert generalist species that are not adapted to extreme desert
conditions, while desert specialists may be able to persist because
of adaptations to hyper-arid deserts (Attum and Eason, 2006;
Attum et al., 2006; Sinervo et al., 2010). We believe that the
Egyptian tortoise would not be able to persist through any
desertification and reduction of vegetation cover, just like other
chelonians in arid environments (Lagarde et al., 2012). Habitat
protection and restoration of sand dune vegetation is possible as
past studies have shown that the sand dune habitats of the region
can recover fairly quickly from degradation if given the opportunity
(Attum et al., 2006; Seifan, 2009). We recommend that these
restoration efforts should include maintaining thermal heteroge-
neity by including the presence of large perennial shrubs as an
important component for the long term survival of the Egyptian
tortoise (Lagarde et al., 2012).

Acknowledgment

We would like to thank the Egyptian Environmental Affairs
Agency, Zaranik Protected Area, S. Osman, B. Rabia and the staff and
the local community trackers of Zaranik Protected Area for logis-
tical support and field assistance. We would also like to thank
Sridhar Ramachandran for his statistical advice and Bruce Kings-
bury for his logistical support. The constructive criticisms provided
by John Roe improved the manuscript. This research is a byproduct
of support for Egyptian tortoise conservation from the Columbus
Zoo, Woodland Park Zoo, Indiana University Southeast, and Zaranik
Protected Area.

References

Angilletta, M.J., 2009. Thermal Adaptation: a Theoretical and Empirical Synthesis.
Oxford University Press, Oxford.

Attum, O., Eason, P., 2006. Effects of vegetation loss on a sand dune lizard. Journal of
Wildlife Management 70, 27e30.

Attum, O., Eason, P., Baha el Din, S.M., Cobbs, G., 2006. Response of a desert lizard
community to habitat degradation: do ideas about habitat specialists/general-
ists hold? Biological Conservation 133, 52e62.

Attum, O., Baha El Din, M., Baha El Din, S., Habinan, S., 2007a. Egyptian tortoise
conservation: a community-based, field research program developed from a
study on a semi-captive population. Zoo Biology 26, 397e406.

Attum, O., Esawy, M., Farag, W., Gad, A., Baha El Din, S., Kingsbury, B., 2007b.
Returning them back to the wild: movement patterns of repatriated Egyptian
tortoises. Zoology in the Middle East 41, 35e40.

Attum, O., Rabea, B., Osman, S., Habinan, S., Baha El Din, S., Kingsbury, B., 2008.
Conserving and studying tortoises: a local community visual-tracking or radio-
tracking approach? Journal of Arid Environments 72, 671e676.

Baha El Din, S., Attum, O., Baha El Din, M., 2003. Status of Testudo kleinmanni and
T. werneri in Egypt. Chelonian Conservation and Biology 4, 648e655.

Barrows, C.W., 2011. Sensitivity to climate change for two reptiles at the Mojave-
Sonoran Desert interface. Journal of Arid Environments 75, 629e635.

Beck, D.D., Jennings, R.D., 2003. Habitat use by Gila monsters: the importance of
shelters. Herpetological Monograph 17, 111e129.

Bentley, J.M., Catterall, C.P., Smith, G.C., 2000. Effects of fragmentation of araucarian
vine forest on small mammal communities. Conservation Biology 14, 1075e
1087.

Bonnet, X., Lagarde, F., Henen, B.T., Corbin, J., Nagy, K.A., Naulleau, G., Balhoul, K.,
Chastel, O., Legrand, A., Cambag, R., 2001. Sexual dimorphism in steppe
tortoises (Testudo horsfieldi): influence of the environment and sexual se-
lection on body shape and mobility. Biological Journal of the Linnean Society
72, 357e372.

Brown, G., Porembski, S., 1997. The maintenance of species diversity by miniature
dunes in a sand depleted Haloxylon salicornicum community in Kuwait. Journal
of Arid Environments 37, 461e473.

Brown, G., 2003. Factors maintaining plant diversity in degraded areas of Northern
Kuwait. Journal of Arid Environments 54, 183e194.
Bulova, S.J., 2002. How temperature, humidity, and burrow selection affect
evaporative water loss in desert tortoises. Journal of Thermal Biology 27,
175e189.

Cunnington, G.M., Schaefer, J., Cebek, J.E., Murra, D., 2008. Correlations of biotic and
abiotic variables with ground surface temperature: an ectothermic perspective.
Ecoscience 15, 472e477.

Dawson, W.R., Bartholomew, G.A., 1956. Relation of oxygen consumption to body
weight, temperature, and temperature acclimation in lizards Uta stansburiana
and Sceloporus occudentalis. Physiological Zoology 29, 40e51.

Douglas, R.D., Rall, M., 2006. Seasonal shelter selection by Leopard tortoises (Geo-
chelone pardalis) in the Franklin Nature Reserve, Free State, South Africa.
Chelonian Conservation and Biology 5, 121e129.

Edwards, A.L., Blouin-Demers, G., 2007. Thermoregulation as a function of thermal
quality in a northern population of painted turtles, Chrysemys picta. Canadian
Journal of Zoology 85, 526e535.

El-Bana, M.I., Nijs, I., Kockelbergh, F., 2002. Microenvironmental and vegetational
heterogeneity induced by phytogenic nebkhas in an arid coastal ecosystem.
Plant and Soil 247, 283e293.

El-Bana, M.I., Nijs, I., Khedr, A.A., 2003. The importance of phytogenic mounds
(Nebkhas) for restoration of arid degraded rangelands in Northern Sinai.
Restoration Ecology 11, 317e324.

Fleischner, T.L., 1994. Ecological costs of livestock grazing in western North America.
Conservation Biology 8, 629e644.

Geffen, E., Mendelssohn, H., 1989. Activity patterns and thermoregulatory behavior
of the Egyptian tortoise Testudo kleinmanni in Israel. Journal of Herpetology 23,
404e409.

Geist, H.J., Lambin, E.F., 2004. Dynamic causal patterns of desertification. Bioscience
54, 817e829.

Hailey, A., Loveridge, J.P., 1997. Metabolic depression during dormancy in the Afri-
can tortoise, Kinixys spekii. Canadian Journal of Zoology 75, 1328e1335.

Henen, B.T., 1997. Seasonal and annual energy budgets of female desert tortoises
(Gopherus agassizii). Ecology 78, 283e296.

Huey, R.B., Slatkin, M., 1976. Costs and benefits of lizard thermoregulation. Quar-
terly Review of Biology 51, 363e384.

Huey, R.B., Peterson, C.R., Arnold, S.J., Porter, W.P., 1989. Hot rocks and not-so-hot-
rocks: retreat site selection by garter snakes and its thermal consequences.
Ecology 70, 931e944.

Huey, R.B., 1991. Physiological consequences of habitat selection. The American
Naturalist 137, S91eS115.

Jennings, A.H., 2007. Use of habitats and microenvironments by juvenile Flor-
ida box turtles, Terrapene carolina bauri on Egmont Key. Herpetologica 63,
1e10.

Kennet, R., Christian, K., 1994. Metabolic depression in the estivating long-neck
turtles (Chelodina rugosa). Physiological Zoology 67, 1087e1102.

Lagarde, F., Louzizi, T., Slimani, T., El Mouden, H., Ben Kaddour, K., Moulherat, S.,
Bonnet, X., 2012. Bushes protect tortoises from lethal overheating in arid areas
of Morocco. Environmental Conservation 39, 172e182.

Laurance, W.F., 1994. Rain forest fragmentation and the structure of small mammal
communities in tropical Queensland. Biological Conservation 69, 23e32.

Loehr, V.J.T., 2002. Population characteristics and activity patterns of the Nama-
qualand speckled padloper (Homopus signatus signatus) in the early spring.
Journal of Herpetology 36, 378e389.

Loehr, V.J.T., Hofmeyr, M.D., Henen, B.T., 2009. Small and sensitive to drought:
consequences of aridification to the conservation of Homopus signatus signatus.
African Journal of Herpetology 58, 116e125.

Milchunas, D.G., Lauenroth, W.K., 1993. Quantitative effects of grazing on vegetation
and soils over a global range of environments. Ecological Monographs 63, 327e
366.

Moberly, W.R., 1963. Hibernation in the desert iguana, Dipsosaurus dorsalis. Physi-
ological Zoology 36, 152e160.

Moro, M.J., Pugnaire, F.I., Haase, P., Puigdefabregas, J., 1997a. Effect of the canopy of
Retama sphaerocarpa on its understory in a semiarid environment. Functional
Ecology 11, 425e431.

Moro, M.J., Pugnaire, F.I., Haase, P., Puigdefabregas, J., 1997b. Mechanisms of inter-
action between a leguminous shrub and its understory in a semi-arid envi-
ronment. Ecography 20, 175e184.

Nagy, K.A., 2005. Field metabolic rate and body size. Journal of Experimental
Biology 208, 1621e1625.

Niachou, A., Papakonstantinou, K., Santamouris, M., Tsangrassoulis, A.,
Mihalakakou, G., 2001. Analysis of the green roof thermal properties and
investigation of its energy performance. Energy and Buildings 33, 719e729.

Qin, Z., Xu, B., Li, B., Zhang, W., Karnieli, A., 2004. Ground temperature measure-
ments to verify thermal anomaly observed on satellite image of arid ecosystems
across the Israel-Egypt border. IEE International Geosciences and Remote
Sensing Symposium VII, 4651e4654.

Rittenhouse, T.A.G., Semlitsch, R.D., 2007. Postbreeding habitat use of wood frogs in
a Missouri oak-hickory forest. Journal of Herpetology 41, 645e653.

Roe, J.H., Georges, A., Green, B., 2008. Energy and water flux during terrestrial
estivation and overland movement in a freshwater turtle. Physiological and
Biochemical Zoology 81, 570e583.

Saunders, D.A., Hobbs, R.J., Margules, C.R., 1991. Biological consequences of
ecosystem fragmentation: a review. Conservation Biology 5, 18e32.

Sears, M.W., Raskin, E., Angilletta, M.J., 2011. The world is not flat: defining relevant
thermal landscapes in the context of climate change. Integrative and Compar-
ative Biology 51, 666e675.



O. Attum et al. / Journal of Arid Environments 96 (2013) 73e79 79
Seebacher, F., Alford, R.A., 2002. Shelter microhabitats determine body temperature
and dehydration rates of a terrestrial amphibian (Bufo marinus). Journal of
Herpetology 36, 69e75.

Seidel, M.E., 1978. Terrestrial dormancy in the turtle Kinosternon flavescens: respi-
ratory metabolism and dehydration. Comparative Biochemistry and Physiology
61A, 1e4.

Seifan, M., 2009. Long-term effects of anthropogenic activities on semi-arid dunes.
Journal of Arid Environments 73, 332e337.

Sinervo, B., Mendez-de-la-Cruz, F., Miles, D.B., Heulin, B., et al., 2010. Erosion of
lizard diversity by climate change and altered thermal niches. Science 328,
894e899.
Steen, D.A., Sterrett, S.C., Miller, S.A., Smith, L.L., 2007. Terrestrial movements
and microhabitat selection of overwintering subadult eastern mud turtles
(Kinosternon subrubrum) in southwest Georgia. Journal of Herpetology 41,
532e535.

Tracol, Y., Gutiérrez, J.R., Squeo, F.A., 2011. Plant Area Index and microclimate un-
derneath shrub species from a Chilean semiarid community. Journal of Arid
Environments 75, 1e6.

Verón, S.R., Paruelo, J.M., Oesterheld, M., 2006. Assessing desertification. Journal of
Arid Environments 66 (4), 751e763.

Vetaas, O.R., 1992. Micro-site effects of trees and shrubs in dry savannas. Journal of
Vegetation Science 3, 337e344.


	Thermal utility of desert vegetation for the Egyptian tortoise and its conservation implications
	1. Introduction
	2. Methods and materials
	2.1. Location & vegetation selection
	2.2. Data collection – vegetation and ambient temperatures
	2.3. Data collection – vegetation use
	2.4. Data collection – tortoise carapace temperature
	2.5. Data analysis – vegetation temperature
	2.6. Data analysis – vegetation use & tortoise carapace temperature

	3. Results
	3.1. Vegetation temperature
	3.2. Vegetation use
	3.3. Tortoise carapace temperature

	4. Discussion
	4.1. Benefit of large shrubs
	4.2. Vegetation importance during aestivation
	4.3. Vegetation importance outside of aestivation
	4.4. Conclusion

	Acknowledgment
	References


