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Abstract. A common perception is that desert birds 
experience greater extremes of heat and aridity than 
their mammalian counterparts, in part, because birds 
do not use burrows as a refuge from the desert envi- 
ronment. We report observations of Dunn’s Larks (Er- 
emalauda dunni), Bar-tailed Desert Larks (Ammo- 
manes cincturus), Black-crowned Finch Larks (Ere- 
mopterix nigriceps), and Hoopoe Larks (Alaemon 
alaudipes) using burrows of the large herbivorous liz- 
ard Uromastyx aegypticus as thermal refugia during 
hot summer days in the Arabian Desert. Continuous 
recordings of shade air temperature (T,), soil surface 
temperature (T,,,,), burrow air temperature (Ta_burrow), 
and burrow substrate temperature (TsubsVate) showed that 
T surface exceeded 60°C on most days. T, typically ex- 
ceeded 45°C whereas Ta_burrow was around 41°C during 
midday. Calculations of total evaporative water loss at 
different temperatures indicated that Hoopoe Larks can 
potentially reduce their water loss by as much as 81% 
by sheltering in Uromastyx burrows during the hottest 
periods of the summer day. 
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Environments of hot deserts can include periods of 
high ambient air temperature (T,), sometimes in excess 
of So”C, intense solar radiation, desiccating winds, 
lack of surface water for drinking, and low primary 
production, conditions which in combination may pose 
a serious challenge to the survival and reproduction of 
inhabitants (Meigs 1953, Louw and Seely 1982). Stud- 
ies on vertebrate animals that live in these habitats 
have often revealed both physiological and behavioral 
specializations which function in concert enabling spe- 
cies to maintain a positive water balance. For birds, 
behavioral strategies, such as selection of favorable 
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microenvironments, are often identified as the most ef- 
fective means of water conservation (Dawson and Bar- 
tholomew 1968, Williams et al. 1995, Maclean 1996). 
Many small mammals that live in deserts evade the 
vicissitudes of their environment because they forage 
at night, and remain within a subterranean burrow dur- 
ing the day where T,s are less thermally stressful 
(Schmidt-Nielsen 1964). Desert birds, which are most- 
ly diurnal, usually seek shade during midday when so- 
lar radiation is most intense and T,s are highest, but 
the physiological consequences of this microsite selec- 
tion have been seldom explored (Walsberg 1985, Wolf 
and Walsberg 1996, Wolf et al. 1996). Knowledge 
about how birds perform under these conditions pro- 
vide insights that are fundamental to the understanding 
of the ecology of species that live in deserts. 

It is often stated that arid-zone birds do not use bur- 
rows as a shelter, and as a result, experience greater 
extremes of heat and aridity than many of their mam- 
malian counterparts (Dawson and Bartholomew 1968, 
Wolf et al. 1996). Although birds do not dig under- 
ground tunnels to avert exposure to high T,s of the 
desert, we observed Dunn’s Larks (Eremalauda dun- 
ni), Bar-tailed Desert Larks (Ammomanes cincturus), 
Black-crowned Finch Larks (Eremopterix nigriceps), 
and Hoopoe Larks (Alaemon alaudipes) using burrows 
of the large herbivorous lizard Uromastyx aegypticus 
as thermal refugia during hot summer days in the Ara- 
bian Desert. We document this unusual behavior, de- 
scribe the thermal environment of these burrows, and 
estimate the consequences of their use for the water 
economy of the Hoopoe Lark. 

METHODS 

Our study area consisted of the eastern portion of Ma- 
hazat as-Sayd, a 2,244 km2 fenced reserve located in 
the west-central region of the Arabian Desert (22”15’N 
41”50’E), among the hottest regions of the world 
(Meigs 1953). The terrain of this area consisted of flat 
gravel plains, known as regs, occasionally interdigitat- 
ed by dry sandy wadis. Air temperatures (T,) in Ma- 
hazat, as recorded in a standard weather shelter, often 
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FIGURE. 1. (A). The relationship between the number of birds observed in Uromastyx burrows and time of 
day. (B). The relationship between ambient temperature T,, the temperature of the soil surface Tsu,tacer the air 
temperature in the burrow Ta_burrowr and the burrow substrate temperature Tsubse.te vs. the time of day. 

tral region of the body of Hoopoe Larks is devoid of 
feathers which would enhance dry heat loss to the soil. 

When we purposefully flushed Hoopoe Larks from 
lizard burrows during the hottest part of the day, forc- 
ing them to find other shade, without exception, birds 
flew to another burrow and disappeared from our view 
(n = 10). If we evicted them from this second burrow, 
birds would either return to the first, or find another 
one. On 17 July, after we forced a bird from its burrow, 
it flew to one nearby, and was vigorously attacked by 
the Hoopoe Lark that was the occupant. On several 
days we observed an adult sharing a burrow with a 
second bird, presumably one of its offspring. The large 
proportion of the Hoopoe Lark population employing 
burrows as refuge, their unwillingness to use alterna- 
tive sites, and their vigorous defense of burrows, to- 
gether suggest that this microsite is important to their 
survival. 

T s”&Ca often exceeded 60°C during the middle part 
of the day (Fig. 1B). At these extreme environmental 
temperatures larks must find microsites of lower tem- 
perature or suffer fatal consequences (Tieleman and 
Williams, unpubl. data). Larks that remain above 
ground experience T,s in excess of 45°C a temperature 
above their upper critical temperature (Tieleman and 
Williams, unpubl. data). At these high T,s, we noted 
that birds were usually resting in the shade with the 

ventral parts of their bodies pressed tightly to the 
ground, a behavior that would dissipate heat by con- 
ductance instead of by evaporative cooling and may 
result in significant water savings. However, we also 
noted that birds sometimes panted, an indication that 
metabolic heat could not be totally dissipated by con- 
duction to the soil. 

DISCUSSION 

Our data show that occupancy of lizard burrows is a 
common behavior among larks in the Arabian Desert, 
and that Hoopoe Larks, the largest of the species (40- 
50 g), select this microsite more frequently than do 
smaller species, even though Hoopoe Larks were less 
common than either Dunn’s Larks or Black-crowned 
Finch Larks (Newton and Newton 1997; Shobrak, un- 
publ. data). Although two earlier reports have men- 
tioned that desert birds may seek shelter in under- 
ground burrows, Spike-heeled Larks Cherosomanes al- 
bofasciata in the Kalahari (Maclean 1974), and An- 
teating Chats Mynnecocichla fomicivora in Bushman 
land, South Africa (Watkeys 1987), neither presented 
data describing the frequency that these microsites 
were selected, the environmental circumstances ac- 
companying such behavior, or the physiological con- 
sequences of such behavior. Our data represent the first 
detailed assessment of this behavior among desert- 
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TABLE 1. Estimates of total evaporative water loss for 
Hoopoe Larks exposed to different environmental temper- 
atures. 

Temperature 
CC) 

Water loss 

gH*Ohr-’ 8 Hz0 5 hrr’ 
% body mass 

hr-’ a 

60.7 3.99 19.96 8.9 
48.9 1.35 6.74 3.0 
41.9 0.47 2.34 1.0 
39.0 0.25 1.27 0.6 

some aspects of the Biology of Uromastyx aegyp- 
tius, and ways to conserve the species from ex- 
tinction in Saudi Arabia. Publ. Natl. Comm. 
Wildl. Conserv. Development, Riyadh, Saudi Ara- 
bia (in Arabic). 

BAKKEN, G. S. 1976. A heat transfer analysis of ani- 
mals: unifying concepts and the application of me- 
tabolism chamber data to field ecology. J. Theor. 
Ecol. 60:337-384. 

birds, p. 3?7-394. In G. W. Brown [id.], Desert 
biology. Vol. 1. Academic Press, New York. 

GATES, D. M. 1980. Biophysical ecology. Springer- 

DAWSON, W. R., AND G. A. BARTHOLOMEW. 1968. Tem- 
oerature regulation and water economy of desert 

a Based on a body mass of 45 g. 

dwelling birds, and the first observations of this be- 
havior for birds in the Arabian Desert. 

From our recordings of temperatures, from 17-22 
July, T,, T,,,r,,,, Ta_burrow. and Tsubstrate averaged 489°C 
60.7”C, 41.9”C, and 39.O”C, respectively, between 11: 
00 and 16:O0. In the laboratory, over a temperature 
range of 35-50°C total evaporative water loss 
(TEWL) of Hoopoe Larks increases curvilinearly: 
TEWL (g day-‘) = 142.6 - 8.4lT, + 0.126 T,2 (9 = 
0.96) (Tieleman and Williams, unpubl. data). Based on 
the relationship between measurements of TEWL and 
T, for Hoopoe Larks, we have estimated TEWL for 
this species at the average temperatures given above 
(Table 1). If T, of a Hoopoe Lark in full sun on the 
ground approaches Tsutiace (Williams et al. 1995), then 
water loss would be nearly 9% of its body mass hr’, 
a rate that could be sustained for only short periods 
(Table 1). Wolf et al. (1996) calculated that Verdins 
Auriparusjuviceps (7 g) in the full sun in the Sonoran 
Desert would lose 7% of their body mass hrr’. 

If Hoopoe Larks (40-45 g) remained above ground, 
but sought shade, at a T, of 48.9”C, they would evap- 
oratively lose 1.35 g H,O hr-I, or 3.0% of their body 
mass (Table 1). By seeking underground shade, larks 
could reduce their TEWL to 0.47 g H,O hrr’, or 2.34 
g H,O over 5 hr, a 65% reduction. By pressing their 
ventral apteria to the burrow substrate, Hoopoe Larks 
can further reduce their TEWL, perhaps as low as 0.25 
g H,O hrr, a value 81% lower than for water loss in 
above ground shade. These calculations emphasize that 
the use of burrows can provide a significant savings to 
the water economy of Hoopoe Larks, and indicate that 
this behavior is potentially important to their survival. 
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