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Abstract: We studied the thermal ecology of the amphisbaenianTrogonophis wiegmanniat the Chafarinas Islands
(North Africa). We aimed to evaluate the extent of thermoregulation in this fossorial amphisbaenian by analyzing the
relationships between environmental available operative (Te) and body (Tb) temperatures of active individuals found
under stones. Amphisbaenians are typical thigmotherms that obtain heat through contact with soil and, thus,Tb was
closely correlated toTe under stones. However, the comparison ofTb with Tes available in the study area indicated that
Tb deviated less from the set-point range of preferred temperatures than would result from a random response, which is
indicative of behavioral temperature regulation. Measurements ofTe under rocks selected byT. wiegmannideviated
significantly less from the range of preferred temperatures thanTe beneath available rocks. This suggests that
amphisbaenians occupied rocks with or when thermal properties were suitable for maintaining their preferredTb. We
found a bimodal pattern ofTb during the day, with amphisbaenians being active at higherTb during the afternoon than
in the morning. This did not reflect changes in the thermal environment, but was presumably a voluntary selection pat-
tern, as indicated by similar results obtained in thermal gradients in a previous study. Also, juveniles had higherTb

than adults, but this might be a biophysical effect of differences in body size and heating rates. We conclude that
amphisbaenians seem capable of regulating body temperature to an extent that comparable with epigeal diurnal lizards.

Résumé: Nous avons étudié l’écologie thermique de l’amphisbénienTrogonophis wiegmannidans les îles Chafarinas
(Afrique du Nord). Notre objectif était d’évaluer l’importance de la thermorégulation chez cet amphisbénien fouisseur,
par l’analyse des relations entre les températures de fonctionnement disponibles dans l’environnement (Te) et la tempé-
rature du corps (Tb), chez des individus actifs trouvés sous les pierres. Les amphisbéniens sont des organismes thigmo-
thermes typiques qui captent la chaleur du sol par contact et, de ce fait,Tb s’est révélée en corrélation étroite avecTe

sous les pierres. Cependant, la comparaison deTb aux températuresTe disponibles dans l’environnement indique queTb

s’éloigne moins de l’étendue des valeurs de référence des températures préférées que si elle était déterminée de façon
aléatoire, ce qui indique un contrôle comportemental de la température. Les températuresTe sous les pierres choisies
par T. wiegmannis’éloignent moins de l’étendue des températures préférées que les températuresTe sous les pierres
disponibles. Cela semble indiquer que les amphisbéniens choisissent les pierres avec des propriétés thermiques qui per-
mettent le maintien de leur températureTb préférée. Nous avons constaté que la températureTb suit une courbe bimo-
dale durant le jour; les amphisbéniens sont plus actifs à des températuresTb plus élevées l’après-midi que le matin.
Cela ne reflète pas des changements dans l’environnement thermique, mais relève probablement d’un pattern de sélec-
tion volontaire, si on en juge par les résultats semblables obtenus le long de gradients thermiques au cours d’une étude
antérieure. De plus, les températuresTb des juvéniles sont plus élevées que celles des adultes, mais il peut s’agir là
d’un effet biophysique relié à des différences dans la taille du corps ou les taux de réchauffement. Les amphisbéniens
semblent donc capables de contrôler la température de leur corps autant que le font les lézards épigées diurnes.

[Traduit par la Rédaction] 47
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In ectotherm animals, such as reptiles, the attainment and
regulation of an optimal body temperature range is essential,
to maximize numerous physiological and ecological processes

(Huey 1982). Careful behavioral thermoregulation increases
the time that reptiles spend at physiologically favorable body
temperatures (Grant and Dunham 1988; Bauwens et al. 1996).
Recent studies have established a comprehensive protocol
for analyzing thermoregulation in reptiles by comparing data
on selected temperatures, the operative temperatures available
to field-active animals, and the resultant field body temperatures
(Hertz 1992; Hertz et al. 1993, 1999), and by evaluating the
contribution of behavioral mechanisms to temperature regu-
lation (Bauwens et al. 1996). However, most studies of rep-
tilian thermal biology are based primarily on easily watched
epigeal taxa, such as lizards and snakes (Avery 1982; Huey
1982). In contrast, the thermal ecology of fossorial reptiles
is poorly known, because observations under natural condi-
tions are difficult (but see Papenfuss 1982; Martín et al.
1990; Gil et al. 1993; López et al. 1998) and because evalu-
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ating the extent of thermoregulation in fossorial ectotherms
is difficult.

Epigeal lizards are able to maintain their body temperature
within relatively narrow ranges through behavioral means,
by modifying basking frequency, activity times, and micro-
habitat use (Huey 1982; Waldschmidt and Tracy 1983; Adolph
1990). However, behavioral thermoregulation may sometimes
be too costly in terms of time and energy expended (Huey
and Slatkin 1976) and, in such cases, some epigeal lizards
can become relative thermoconformers (Hertz and Huey 1981).
Thus, the relatively low field body temperatures that characterize
most fossorial reptiles (Avery 1982), including amphisbaenians
(Gatten and McClung 1981; Papenfuss 1982; Abe 1984; Martín
et al. 1990; Hailey and Elliot 1995; Al-Johany 1999), have
been considered as a convergent adaptation to the limitations
of the underground environment. Nevertheless, recent stud-
ies of the amphisbaenianBlanus cinereushave shown that,
although its field body temperatures are relatively low and
strongly dependent on substrate temperatures (Martín et al.
1990), it seems able to maintain its preferred temperature by
moving vertically between cooler areas deep below the sur-
face and warmer areas nearer the surface, and by actively se-
lecting rocks of different thicknesses at different times of
day (López et al. 1998). These studies, however, examined
the thermal biology of a single species inhabiting Mediterra-
nean temperate habitats in which diel as well as seasonal
substrate temperature cycles may constrain amphisbaenians
from thermoregulating optimally and prevent them from
achieving optimal temperatures (López et al. 1998). To know
whether fossorial reptiles have the ability to thermoregulate
or whether they are thermoconformers, it is necessary to an-
alyze the thermal biology in relation not only to the field
body temperatures but also to the thermal environment of
taxonomically diverse species inhabiting warmer climates
where underground thermal restrictions may be unimportant.
Under such conditions, amphisbaenians may not only achieve
higher field body temperatures (e.g., Al-Johany 1999) but,
also, thermoregulation may be more effective, allowing
amphisbaenians to maintain their preferred body tempera-
tures in the field for longer with low thermoregulatory costs.

We present the results of a field study designed to exam-
ine the relationship between available underground thermal
environment and the thermal biology of the amphisbaenian
Trogonophis wiegmanni, a fossorial reptile that is the only
representative of subfamily Trogonophidae in North Africa
(Bons and Geniez 1996). It is a Mograbin endemic with a
range in the Mediterranean biome that extends from south-
west Morocco to northeast Tunisia. Its elongate limbless
body, reduced vision, and compact skull are morphological
adaptations for burrowing (Gans 1974, 1978) and, thus, it
lives buried in the soil in areas with sandy soils or an abun-
dance of leaf litter. It is usually found under rocks or dead
wood, especially in the wetter seasons, but, in summer, is
usually found buried deep in the ground (Bons and Geniez
1996). Little research has been carried out on this species,
but some data have been published on body temperature
preferences in a laboratory thermal gradient (Gatten and
McClung 1981), aerobic- and anaerobic-activity metabolism
(Kamel and Gatten 1983), and the reproductive cycle (Bons
and Saint Girons 1963). In this paper, we specifically exam-
ine the thermal biology ofT. wiegmanni, by presenting field

body temperatures and patterns of presence under stones at
the Chafarinas Islands (North Africa). Our aim was to evalu-
ate the extent of thermoregulation in this amphisbaenian by
analyzing the relationships between body and environmental
available operative temperatures.

Methods

Study area
We conducted the field work at the Chafarinas Islands

(Spain). The archipelago of the Chafarinas is located in the
southern–western area of the Mediterranean Sea (35°11′00′′N,
2°25′35′′W), 2.5 nautical miles to the north of the Moroc-
can coast (Ras el Ma, Morocco) and 27 miles to the east of
the Spanish city of Melilla. It consists of three islands:
Congreso, Isabel II (the only one inhabited), and Rey Fran-
cisco. Congreso is the westernmost, largest (25.6 ha), and
highest (137 m asl) of the islands and Isabel II (15.1 ha;
35 m asl), located between Congreso (at 1 km) and Rey
Francisco (at 175 m), is the most eastern, smallest (13.9 ha),
and lowest (31 m asl). The islands present a dry, warm,
Mediterranean climate very influenced by dominant winds
from the east and west. The vegetation is conditioned by the
aridity of the climate (an average annual precipitation of
300 mm), the higher soil salinity, and the guano accumula-
tion from numerous seabird colonies. The current vegetation
is dominated by plants adapted to the salinity and drought,
such as species ofAtriplex, Suaeda, andSalsola. In general,
the soils of the islands are little developed and immature.
They are characterized by a thin layer rich in organic matter,
where the vegetation settles, that is underlain almost directly
by the original volcanic rock (andesite or basalt).

Field body temperatures
The study area was visited regularly during March and oc-

casionally from May to June 2000. We followed 73 different
random routes (approx. 100 m/h) covering all the habitats
available in the islands. The transects were walked at known
times for a total of 19 days in March and 11 days in May–
June during the day between 07:00 and 18:00 (GMT),
searching for amphisbaenians by lifting all stones found.
Amphisbaenians were typically found active under stones.
Body (= cloacal) temperatures (Tb) were recorded (to the
nearest 0.1°C) within 10 s after lifting the stones, using a
digital thermometer. The small size of the thermometer
(3 mm at the tip) allowed us to insert it into the cloaca of ev-
ery specimen. To prevent alterations inTb during readings,
specimens were kept on the substrate by means of a wooden
stick. We also recorded date, time of day, age (adults versus
juveniles), sex of adults, snout–vent length (adults, 142 ±
2 mm (mean± SE); juveniles, 93 ± 4 mm), and body mass
(adults, 5.7 ± 0.2 g; juveniles, 1.8 ± 0.2 g). The frequency of
appearance ofspecimens under stones in relation to search ef-
fort was recorded. Thenumber of observations was divided
by the number of routes followed in that hour during the
sample period.

Environmental operative temperatures
In many studies, the thermal environment has been measured

using copper models resembling the study animal (Bakken
1992). However, in a study of fossorial ectotherms, the main
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mechanism of heat transfer for a model buried in the soil is
conduction, and there are no effects of the absorption of so-
lar and thermal radiation by the surface of the model (López
et al. 1998). The thermal environment beneath a rock ap-
proaches blackbody condition (Kearney and Predavec 2000).
Thus, soil temperature is generally a sufficient parameter to
estimate the steady-state body temperature of an animal rest-
ing at a particular point underground. We used an electronic
digital thermometer (range = –10 to 110°C, resolution =
0.1°C) to record the environmental available operative tem-
peratures (Tes) at the study site.Te was recorded at the exact
capture site of each amphisbaenian (Tes) immediately after
capture, with the probe of the thermometer (3 mm at the tip)
slightly buried in the soil under the rock. Air temperature
(Ta) was also recorded, with the shaded thermometer at 5 cm
above the ground, Additionally, to estimate the availability
of temperatures in the study area during the same sample pe-
riod, operative temperatures (Tea) in the soil under randomly
chosen rocks of different thicknesses were recorded, again
with the probe of the thermometer slightly buried in the soil.
To explore spatial and temporal variability, measurements
were taken under different stones and in different times
throughout the day (between 07:00 and 18:00 GMT).

Evaluating the extent of thermoregulation
To test whether amphisbaenians regulateTb, we compared

Te with Tb of amphisbaenians. We used indices proposed by
Hertz et al. (1993) to test whetherTbs of amphisbaenians de-
viate less from their preferred (selected) temperature range
(Tsel) than doTe values. The value of theTsel range (21.7–
23.4°C) was taken from an experiment that measuredTbs
selected byT. wiegmanniin a laboratory thermal gradient
(Gatten and McClung 1981). Thereafter, we calculateddb,
computed as the mean of the absolute values of the deviations
of Tb from Tsel, which measures the accuracy of temperature
regulation. We also calculateddea and des, computed as the
mean of the absolute values of the deviations ofTea or Tes,
respectively, fromTsel, which measure the quality of the
thermal environment for amphisbaenians. Ifdb ≥ dea, then
amphisbaenians are not regulatingTb (see Hertz 1992; Hertz
et al. 1993, 1999).

Given the large size of the area surveyed and the high
density of amphisbaenians, and because we avoided walking
routes taken previously, the probability of sampling the
same individual more than once was very low. We therefore
treated all measurements as independent. We used Pearson’s
correlation and partial correlations to evaluate relationships
between temperatures, and we compared means with one-way
analysis of variance (ANOVA) or with analysis of covariance
(ANCOVA), to exclude the effect of covariation ofTb with
Tes (Sokal and Rohlf 1995). Data were log-transformed to
ensure normality. Tests of homogeneity of variances (Hartley’s
Fmax test) showed that, in all cases, variances were not sig-
nificantly heterogeneous.

Results

Field body temperatures and patterns of presence
under stones

The average fieldTb of amphisbaenians captured under
stones ranged between 17.6 and 27.6°C (mean ± SE = 22.0 ±

0.3°C;N = 55). Associated operative temperature under these
stones (Tes) varied from 17.1 to 27.7°C (21.5 ± 0.4°C) and
Ta varied from 15.6 to 26.5°C (21.6 ± 0.3°C). The correla-
tion betweenTb and Tes was highly significant (Pearson’s
correlation,r = 0.93,F[1,53] = 349.97,P < 0.0001) (Fig. 1a),
whereas the correlation betweenTb and Ta was weaker but
still significant (r = 0.30, F[1,53] = 5.05, P = 0.03; Fig. 1b).
However, partial correlations showed thatTb was more
strongly influenced byTes (r = 0.93) than byTa (r = 0.16)
(P < 0.001 in at test for correlation coefficients). Differ-
ences betweenTb and Tes ranged from –2.2°C to +2.8°C
(mean ± SE = 0.4 ± 0.1°C). No significant correlation was
found betweenTb and the difference betweenTb andTes (r =
–0.18,F[1,53] = 1.85, P = 0.18).

Amphisbaenians showed a bimodal pattern of presence
under stones (Fig. 2). Thus, the percentage of individuals
observed under stones, corrected for search effort, was maxi-
mum at mid-morning (about 71% of observations were made
between 09:00 and 13:00 GMT), with another peak at mid-
afternoon (26% of observations were made between 14:00
and 17:00 GMT).

© 2002 NRC Canada
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Fig. 1. Relationship between field body temperature of
T. wiegmannifound under rocks (N = 55) and (a) the environ-
mental available operative temperatures under rocks selected by
amphisbaenians and (b) the air temperature at 5 cm above the
rocks. The regression lines for each relationship are shown.
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Daily and intraspecific variation of body temperatures
There was a significant hourly variation inTb of

amphisbaenians. When all observations were grouped into
two time periods, amphisbaenians showed significantly lower
Tb in the morning (08:00–13:00 GMT, 21.6 ± 0.4°C) than in
the afternoon (13:00–17:00 GMT, 23.2 ± 0.6°C), even after
excluding the effect of covariation ofTb with Tes (ANCOVA,
F[1,51] = 7.46, P = 0.009).

With respect to intraspecific differences between sexes
and between age-classes, adult amphisbaenians (mean ± SE =
21.8 ± 0.4°C) had significantly lowerTb than juveniles (22.9 ±
0.8°C), even after excluding the effect of covariation ofTb
with Tes (ANCOVA, F[1,51] = 10.28, P = 0.002), whereas
adult males (21.7 ± 0.5°C) and females (21.8 ± 0.6°C) did
not significantly differ inTb after excluding the effect ofTes
(ANCOVA, F[1,40] = 1.17, P = 0.29).

Available temperatures and quality of the thermal
environment

In a comparison withTe measured under rocks in the
study area during the day,Tbs of amphisbaenians were sig-
nificantly lower than availableTeas (ANOVA, F[1,78] = 6.35,
P = 0.014) (Fig. 3); however,Tbs of amphisbaenians were
not significantly different fromTess, that is, under rocks that
were selected by amphisbaenians (F[1,109] = 1.05, P = 0.31;
Fig. 3). Also,db (1.5 ± 0.2°C) was significantly smaller than
dea (3.5 ± 0.9°C;F[1,78] = 8.28,P = 0.005), whereasdb was not
significantly different fromdes (1.9 ± 0.2°C;F[1,109] = 2.71,P =
0.10) anddes was significantly lower thandea (F[1,81] = 5.08,
P = 0.027). These results indicate that amphisbaenians re-
sponded nonrandomly to the thermal environment, so that
the deviation ofTb from Tsel was reduced by selecting rocks
with thermal properties that allowed them to maintain their
preferred temperatures.

Discussion

Body temperatures ofT. wiegmannishowed a strong correla-
tion with environmental temperatures. As might be expected
for a species of subterranean habits, body temperatures are

closely correlated with operative temperatures under stones
and, thus, it might initially be considered thatT. wiegmanni
demonstrate a certain degree of thermoconformism (Huey
and Slatkin 1976). Amphisbaenians are typical thigmotherms
that obtain the heat they need through contact with the soil
and by taking advantage of the heat stored in the stones
under which they are frequently found. A similar situation was
found for the amphisbaenianB. cinereus(Martín et al. 1990;
López et al. 1998). However, the comparison of body tem-
peratures with available temperatures indicates thatT. wiegmanni
behave nonrandomly with respect to the available thermal
environment. This is based on the fact that body tempera-
tures deviated less from the set-point range of preferred tem-
peratures (i.e.,db < dea) than they would given a random
response, which is indicative of behavioral temperature reg-
ulation (Hertz et al. 1993).

Under laboratory conditions,T. wiegmannishowed a bi-

Fig. 2. Percentage of individualT. wiegmannifound under rocks
(N = 55) for each hourly period between 07.00–18.00 GMT (cor-
rected for search effort, see Methods).

Fig. 3. Distribution of body temperatures (Tb) of T. wiegmanni
found under rocks (N = 55) (upper panel); distribution of avail-
able operative temperatures under rocks when they were selected
by amphisbaenians (Tes) (middle panel); and distribution of avail-
able operative temperatures under randomly chosen rocks ex-
posed to the sun at the study site (Tea) (N = 25) (lower panel).
The shaded area identifies the selected temperature range (Tsel).
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modal pattern of temperature selection in a thermal gradient
during the day (Gatten and McClung 1981). Interestingly, in
our field study, a similar bimodal pattern of body tempera-
tures was also found forT. wiegmanni, even after excluding
the effect of covariation with substrate temperatures. Thus,
amphisbaenians were active at higher body temperatures dur-
ing the afternoon than in the morning. This may reflect not
only changes in the thermal environment but, presumably,
also a voluntary selection pattern, as indicated by the results
from the laboratory study where there were no thermal re-
strictions (Gatten and McClung 1981) and by our conclusion
that T. wiegmannican behaviorally regulate body tempera-
ture. Although reasons for such a pattern remain to be exam-
ined, one possible explanation might be related to the
selection of elevated body temperatures following feeding
(as seen in other epigeal lizards; Tossini et al. 1994), which
is aimed at increasing both the digestive rate and its effi-
ciency (Harwood 1979). Thus, amphisbaenians might forage
through the soil after heating themselves in the morning, and
then come back under stones in the afternoon, selecting
higher temperatures to maximize digestion. The bimodal
pattern of body temperatures was also found forB. cinereus
in the field, but itdepended on covariation with substrate tem-
peratures (Martín et al.1990) and was not found in a labora-
tory gradient (López et al. 1998). This might suggest that, in
the more temperate habitat occupied byB. cinereus, thermal
restrictions prevent amphisbaenians from increasing their
body temperatures in the afternoon, whereas in warmer habi-
tats, such as those occupied by other amphisbaenian species,
better thermal opportunities may allow higher body tempera-
tures to beachieved (Al-Johany 1999) and a more precise
thermoregulationpattern to be maintained. The relatively low
preferred body temperatures that characterize most fossorial
reptiles (Avery 1982), including amphisbaenians, seem to be
a convergent adaptation to the underground environment,
because diel and seasonal environmental temperature cycles
may prevent a fossorial ectotherm from achieving higher
body temperatures even in warm climates. Thus, the selec-
tion of relatively low body temperatures could enable
fossorial reptiles to maximize the period during which they
can maintain body temperatures within an acceptable range
(Christian et al. 1983).

Measurements of operative temperatures indicated that the
thermal environment deviated from the range of selected
temperatures significantly less under rocks selected by
T. wiegmannithan it did beneath available rocks (i.e.,dea <
dea). This suggests that amphisbaenians occupied rocks with
or when thermal properties were suitable for maintaining
their preferred body temperatures. A similar situation has
been observed in retreat-site selection of snakes and geckos
during long periods of inactivity (Huey et al. 1989; Kearney
and Predavec 2000). However, amphisbaenians use the thermal
environment under rocks to gain and maintain their tempera-
ture during periods of activity and, when thermal conditions
are not favorable, they can move to areas deeper in the
ground, thus tracking variations of temperature in the sub-
strate that may allow them to be active for longer at pre-
ferred temperatures. This was also suggested by the bimodal
pattern ofT. wiegmannipresence under stones, where the pe-
riods of minimum presence at midday would coincide with
high temperatures in the substrate that could exceed the

amphisbaenians’ preferred range. Similarly, in other species
of amphisbaenian, it has been suggested that, in the early
morning, as substrate temperatures increase, amphisbaenians
can increase their body temperature by moving near the sur-
face and under rocks and that later in the day they might
move through the soil searching for prey with low thermo-
regulatory costs (Papenfuss 1982; Martín et al. 1990; López
et al. 1998).

JuvenileT. wiegmannihad significantly higher body tem-
peratures than adults. Although this might reflect a voluntary
selection of warmer substrates, it is more likely to be a bio-
physical effect of differences in body size. Juveniles with
small body mass and high surface-to-volume ratios are sub-
jected to faster heating rates and can reach an equilibrium
body temperature in a shorter time than adults. However, this
simple physical constraint could affect the thermoregulatory
and foraging behavior of juveniles, because long periods of
heating under stones would not be needed and more time
could be devoted to other activities in deeper layers of the
soil, as has been suggested for other lizards (Carrascal et al.
1992). However, juveniles would also cool faster and, thus,
should return to the stones to regain temperature more fre-
quently than adults. This points out the need for further
studies of thermoregulatory behavior in amphisbaenians that
consider body size differences within a species and that pro-
vide comparative analyses of temperatures of different spe-
cies, given the wide range of body sizes present in this and
other groups of fossorial lizards.

Given the data from this and other studies, we conclude
that, although body temperatures of amphisbaenians are low
and highly dependent on available environmental tempera-
tures, they cannot be considered to be thermoconformers,
because they seem capable of regulating body temperature to
an extent comparable with epigeal diurnal lizards. Further
studies on the thermoregulatory behavior of these and other
species of amphisbaenians would contribute to understand-
ing the ecological strategies of fossorial reptiles.
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