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Amphisbaenians are reptiles specialized for a fossoríal lifestyle, which may limit 
their opportunities for microhabitat selection in comparison with epigeal reptiles, 
\Ve hypothesized that. given the fossorÍal ha bits of amphisbaenians. a detailcd 
analysis of the physical and chemical properties of the soil may reveal their 
patterns of habitat use, \Ve investigated microhabitat and soil use by a population 
of the amphisbaenian Trogonophis H,iegmWJI1i from the Chafarinas Islands 
(North- \Vest Africa) and compared them with those available in the habitat. 
Results showed that sorne soil physical and ehemical characteristics determined 
microhabitat use by T. wiegmanni. Amphisbaenians selected soils that were rela
tively sandy. basic. carbonated and shallow, having a high cover of medium-sized 
rocks, whereas they avoided marine salinized, more acid and deeper heavy
textured soíls (í.e. with percentages 01' silt eomparatively high), and those covered 
mainly by small rocks. No differences were found betwecn soíls with and without 
influence of seabírd colonies, although this was the main driver of soil ehemicaJ 
variations in these Islands. Vegetation cover per se did not seem to havc a direct 
influence on microhabitat use, \Ve discuss how energetic costs of burrowing anu 
the direct and indirect influences of s011 chemical propertíes could explain these 
patterns of habitat use. 

Introduetion 

Amphisbaenians are reptiles highly specialized for a fossorial 
lifestyle (i,e. reduced vision, elongated body, compact skull 
and loss of limbs in most species) (Gans, 1974, 1978,2005; 
Navas el al., 2004). These adaptations constrain amphis
baenians to solve their ecological demands with a suite of 
original responses different from those of epigeal reptiles (e,g. 
Papenfuss, 1982; Martín, López & Salvador, 1990; Martín, 
López & Salvador, 1991; Salvador & Martín, 1998; 
Colli & Zamboni, 1999; \Vebb el al., 2000). However, there is 
very little information on the ecological requirements of 
amphisbaenians because of their fossorial secretive habits, 

Habitat seleetion ís an important component ofthe biology 
of any organism (Huey, 1991). Many surface-Iiving reptiles 
exploit microhabitats according to their req uirements for ther
moregulation, foraging, mate searching or predator avoidance 
(Heatwo1e, 1977; H uey, 1991). Reptiles can disperse and rely 
on structural characterístics of the available habitats (vegeta
tion, rocks, etc,) to select an optimal microhabitat (Schoener, 
1977). However, in amphisbaenians, morphologieal modifica
tions, locomotory costs and restrictions for moving through 
their environment (Gans, 1974; Navas el al" 2004) could 
deerease their opportunities for microhabitat selection, The 
amphisbaenian Trogonophis lViegmanni uses available types of 

vegetation in proportion to their availability, but it avoíds 
areas with small rocks far from bushes (Civantos, Martín & 
López, 2003), Moreover, soil characteristics directly influenee 
microhabitat selection of the amphisbaenían Blanlls cinerells. 
which prefers sandy soils and avoids those with high c1ay 
content (Martín el al., 1991). These studies suggest that 
amphisbaenians do not use habitat randomly. \Ve hypoth
esized that, given the fossorial ha bits of amphisbaenians, a 
more detailed analysis ofthe physical and chemical character
istics of the s011 may further reveal the patterns of habitat 
selection of these animals. Similarly, soil characteristics may 
explain the dístribution of fossorial skinks (Greenville & 
Dickman, 2009) and subterranean mammals (Jaekson el al" 
2008), This is maínly explained by locomotory eosts of moving 
underground, but other factors such as thermoregulation and 
prey availability may al so be important (Martín el al., 1991; 
Luna & Antinuchi, 2006; Greenville & Diekman, 2009), 

The amphisbaenian T. wiegmanni is a representative of the 
family Trogonophidae in North Africa (Gans, 2005), where it 
is found from southwest Morocco to northcast Tunisia (Bons 
& Geniez, 1996). It lives buried in the soil and it is usually 
found under rocks (Civantos el al., 2003), Little research has 
been carríed out on this species, as on other amphisbaenians, 
but thcre is sorne information on its thermal biology (Gatten 
& McClung, 1981; López, Civantos & Martín, 2002), 



reproduction (Bons & Saint Girons, 1963), sexual dimor-
phism, social behavior and population structure (Martín
et al., 2011b,c, 2012). Also, a previous study analyzed some
aspects of its habitat use, restricted to vegetation and rock
cover (Civantos et al., 2003), but the potential selection of
different types of soils has not been considered. We investi-
gated here microhabitat and soil use by T. wiegmanni.
We specifically studied vegetation and rock cover, and
physical and chemical characteristics of the soils available
in the habitat, and compared them with those used by
amphisbaenians.

Material and methods

Study area

We conducted fieldwork at the Chafarinas Islands (Spain), a
small island archipelago located in the south-western area of
the Mediterranean Sea (35°11′N, 2°25′W), 2.5 nautical miles
to the north of the Moroccan coast (Ras el Ma, Morocco) and
27 miles to the east of the Spanish city of Melilla. It consists of
three islands: Congreso (25.6 ha; 137 m asl), Isabel II (15.1 ha;
35 m asl; the only one inhabited) and Rey Francisco (13.9 ha;
31 m asl). Vegetation is conditioned by the arid climate
(average annual precipitation of 300 mm), the soil salinity and
the guano accumulation from seabird colonies, which induces
deep changes in soil chemical properties (García, Marañón &
Clemente, 2002a; García et al., 2002b). Plants adapted to the
salinity and drought, such as the woody bushes Salsola
oppositifolia, Lycium intricatum and Atriplex halimus domi-
nate vegetation. Soils are poorly developed and immature and
are characterized by a thin horizon rich in organic matter,
which is underlain almost directly by volcanic rocks (andesite
or basalt) (Clemente, García & Rodríguez, 1999; García,
2005; García et al., 2007).

Habitat and soil characteristics

We visited the study area for 2 weeks in March 2011. We
walked haphazardly covering all the habitats and types of soils
available in the three islands (García, 2005). Walks were per-
formed on warm sunny days and between 07:00 and 18:00
(GMT). We lifted all rocks found searching for amphisbaeni-
ans, which where fully active under rocks (Martín et al.,
2011a). We captured amphisbaenians by hand, measured and
released them at their exact point of capture in less than 1 min.
Given the high amphisbaenian density (Martín et al.,
2011a,c), and because we avoided sampling the same area
twice, the probability of repeated sampling of the same indi-
vidual was very low. We therefore treated all observations as
independent.

To characterize microhabitat use of adult amphisbaenians,
we took a circular area of 2 m diameter around the rock where
the amphisbaenian was found. We estimated visually percent
cover of each vegetation type – ‘grasses’ at the ground level,
and cover of the three dominant large woody bushes
(‘Salsola’, ‘Lycium’ and ‘Atriplex’) above surface level – and

calculated ‘mean bush height’ (Table 1). We also estimated
percent cover of ‘small rocks’ (6–20 cm) and ‘medium rocks’
(20–60 cm). ‘Soil compaction’ was measured using a hand
penetrometer (Eijkelkamp Co., Em Giesbeek, The Nether-
lands) (Herrick & Jones, 2002). During testing, the penetrom-
eter was pushed vertically into the ground at a slow, steady
speed. We measured compaction at five random points close
to the central rock and calculated an average value for each
site.

Then, we took a bulked soil sample (around 300 g) between
the surface and 10 cm depth (or less if the soil was shallower),
coinciding with the soil layers used by amphisbaenians (pers.
obs.). After taking the soil sample, we excavated until finding
the basal rock layer of the soil to determine ‘soil depth’. In the
laboratory, soil samples were air-dried, crushed and sieved
(<2 mm). Particles between 2 and 60 mm were weighed to
calculate the percentage of ‘gravel’ in the sample. Thereafter,
we used wet sieving to separate the sand fractions (‘coarse
sand’: 2–0.2 mm, and ‘fine sand’: 0.2–0.05 mm). The percent-

Table 1 Variables (mean � SE) that characterize microhabitats and soils
available and used by Trogonophis wiegmanni amphisbaenians

Available Used by T. wiegmanni

(n = 39) (n = 40)

Vegetation cover:
Grasses (%) 24.5 � 3.6 24.1 � 3.1
Salsola (%) 21.7 � 3.2 13.4 � 2.6
Lycium (%) 7.2 � 2.4 4.1 � 1.8
Atriplex (%) 1.7 � 1.2 0.6 � 0.5
Mean bush height (cm) 65.1 � 8.3 73.4 � 9.8
Rock cover:
Small rocks (%) 28.9 � 4.4 23.1 � 2.8
Medium rocks (%) 9.5 � 1.9 35.1 � 2.4
Physical characteristics of soil:
Soil compaction (kg cm-2) 1.8 � 0.2 1.5 � 0.1
Soil depth (cm) 12.1 � 0.9 10.5 � 0.8
Gravel (%) 41.2 � 2.0 42.3 � 1.5
Coarse sand (%) 46.4 � 1.6 48.7 � 2.4
Fine sand (%) 9.7 � 0.5 14.8 � 0.7
Silt (%) 15.7 � 0.9 18.3 � 0.8
Clay (%) 28.1 � 0.9 18.1 � 1.6
Chemical characteristics of soil:
pH H2O (1/2.5) 7.58 � 0.08 7.95 � 0.11
pH KCl (1/2.5) 7.05 � 0.09 7.39 � 0.09
Total inorganic carbonates (%) 6.0 � 0.9 17.3 � 1.8
Organic C (%) 3.2 � 0.2 3.1 � 0.2
NKjeldalh (%) 0.4 � 0.1 0.3 � 0.1
POlsen (mg kg-1 soil) 294.7 � 89.6 180.3 � 24.1
Electrical conductivity (dS m-1) 0.74 � 0.12 0.54 � 0.05
Na+

1/5 (mg kg-1 soil) 241.4 � 22.3 196.2 � 16.7
K+

1/5 (mg kg-1 soil) 219.0 � 28.2 129.2 � 14.2
Ca++

1/5 (mg kg-1 soil) 209.4 � 18.7 139.4 � 13.9
Mg++

1/5 (mg kg-1 soil) 105.8 � 14.9 30.1 � 2.1
Cl-1/5 (mg kg-1 soil) 1069.7 � 167.7 387.9 � 45.4
NO3

- (mg kg-1 soil) 36.7 � 9.3 24.8 � 2.9
NH4

+ (mg kg-1 soil) 133.8 � 53.1 48.8 � 9.0
SO4

=
1/5 (mg kg-1 soil) 98.3 � 44.4 148.6 � 48.7
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age of ‘silt’ (0.05–0.002 mm) and ‘clay’ (<0.002 mm) in the fine
earth was determined by using the Bouyoucos hydrometer
method. We classified ‘soil texture classes’ based on the rela-
tive proportion of the different ranges of sizes of soil particles,
following the classification system of the US Department of
Agriculture (for details of physical analyses see Dane & Topp,
2002).

We also analyzed chemical characteristics of soil samples.
Soil ‘total inorganic carbonates’ (TIC) were measured using
a pressure calcimeter. Organic carbon (C) was determined
using a modified Walkley and Black method, and total
organic nitrogen (N) using a Kjeldahl digestion and
distillation-titration of the produced ammonium. Available
phosphorus (P) was extracted using sodium bicarbonate
(0.5 M, pH 8.5), and measured by visible spectrophotometry
using ammonium molybdate and ascorbic acid. We meas-
ured ‘pH’ with a combined electrode in soil paste with water
or KCl (1:2.5). ‘Electrical conductivity’ was measured elec-
trometrically in aqueous extracts (1:5 soil : water). In these
extracts, soluble ions (Na+, K+, Ca2+, Mg2+, Cl-, NO3

-
, NH4

+

and SO4
2-) were measured. Na+ and K+ were measured by

flame photometry, Ca2+ and Mg2+ by atomic absorption spec-
troscopy, Cl- by titration with AgNO3, and NO3

-, NH4
+ and

SO4
2- by visible spectrophotometry (for details of chemical

analyses see Sparks, 1996).
Availability of microhabitats and soils in the study area

was estimated along a series of random transects covering
the whole area. A sample was taken every 25 m, choosing the
nearest stone to a given transect point as the center of the
sampling area. Then, we followed the same procedure as when
encountering amphisbaenians to measure habitat variables
and we took a soil sample for analyses.

Data analyses

We used principal component analysis (PCA) to reduce the 29
microhabitat and soil variables (see Table 1) to a smaller
number of independent principal components (PCs). Vari-
ables expressed as percentages were subjected to angular
transformation; the remainder, except pH, were logarithmi-
cally transformed to ensure normality. The initial factorial
solutions were rotated by the Varimax procedure to maximize
the variance on the new axes and to show a clear pattern of
factor loadings (Tabachnick & Fidell, 2007). We used two-
way analyses of variance (ANOVAs) to analyze whether the
microhabitat and soil characteristics defined by the PC scores
differed between sites available and used by amphisbaenians,
and among the three islands (Sokal & Rohlf, 1995). We
applied a false discovery rate tablewise correction to control
for Type I error inflation (Hochberg & Benjamini, 2000;
García, 2003, 2004). In addition, we used the meaningful
extracted PCs (those with eigenvalues >1) as independent vari-
ables in a subsequent discriminant analysis to test whether
microhabitat and soil characteristics could be used to predict
the presence of amphisbaenians. To detect differences in the
use of soil texture classes, we used a c2 test and t-tests for
similarity between percentages.

Results

Average characteristics of microhabitats available and used by
T. wiegmanni amphisbaenians are described in Table 1. The
PCA produced eight PCs with eigenvalues >1 that together
accounted for 75.7% of the variance (Table 2). The first PC
(PC-1) was a combined salinity-eutrophication soil gradient.
It had positive values describing highly eutrophicated (mainly
in mineral N and P) and nitrate-enriched-saline ornithogenic
soils typical of seagull nesting/roosting areas. PC-1 identified
seabird influence as the main driver of soil composition (25%
variance explained). The second PC (PC-2) was interpreted as
a combined gradient of texture and soil reaction. It described
a gradient from basic, sandy soils to heavier (with more silt
and clay) and more acidic soils. The third PC (PC-3) described
a vegetation gradient from areas with low cover of low bushes
(mainly Salsola) and with high cover of grasses to areas with
high cover of tall Salsola bushes. The fourth PC (PC-4)
described a gradient of soil shallowness, from areas with deep
soils to areas with shallow soils. The fifth PC (PC-5) repre-
sented a gradient of soil looseness coupled to a gradient of
organic matter enrichment, ranging from compact mineral
soils in the negative side to looser soils with high percentages
of organic C and N. The sixth PC (PC-6) described a gradient
from non-gravelly soils with high cover of Atriplex bushes, to
soils having high percentages of gravel. The seventh PC (PC-7)
described an inverted marine-dependent salinity gradient. It
described a gradient from soils enriched in salt of marine
origin (i.e. dominated by Na and Cl) with high electrical con-
ductivity to non-saline sandier soils. Finally, the eighth PC
(PC-8) represented a combined gradient of stone size and soil
TIC content. It ranged from highly carbonated soils with a
high cover of medium-sized rocks to soils having a high cover
of small rocks and low carbonates content.

There were significant differences between microhabitats
available and used by amphisbaenians (Table 3; Fig. 1). The
most significant differences were found for PC-8 (rock size-
TIC) and PC-7 (marine origin salinity), while PC-2 (texture
and soil reaction) and PC-4 (soil depth) were just significant.
Thus, according to the relationship of the PCs with the vari-
ables (see Table 2), amphisbaenians selected soils relatively
sandy, basic, carbonated and shallow, having a high cover of
medium-sized rocks, whereas they avoided marine salinized,
more acid and deeper heavy-textured soils (i.e. with percent-
ages of silt comparatively high), and those covered mainly by
small rocks (Fig. 1). There were also inter-island differences in
most PCs (Table 3), which were explained by the different
availability of microhabitats and soils in the different islands.
The significant interaction terms in PC-2 and PC-8 indicated
the different magnitudes of the differences between the char-
acteristics of the microhabitats used by amphisbaenians
(which were similar among islands) and the microhabitats
available (which differed between islands) (Fig. 1).

The discriminant analysis using the PC scores showed sig-
nificant differences between available and occupied sites
(Wilk’s l = 0.302, F(8,70) = 20.52, P < 0.0001). Correct classifi-
cation was achieved for 95% of the observations of amphis-
baenians. Therefore, the presence of amphisbaenians in a
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determined site might be predicted with a high degree of
success based on characteristics of the microhabitats and soils
defined by the PCs.

With respect to the textural classes of soils, available soils in
the islands ranged from the ‘loamy sand’ to the ‘clay’ classes,
but the most frequent available soils had a ‘sandy clay loam’
texture. However, amphisbaenians did not significantly use
the different types of soils in relationship to their availability
(c2 = 27.30, 4 d.f., P < 0.0001; Fig. 2). Amphisbaenians tended
to use more than expected the scarce ‘loamy sand’ soils (t-test
for similarity between percentages, P = 0.051) and used sig-
nificantly more than expected the similarly scarce ‘sandy loam’
soils (with >60% of sand particles) (P = 0.0002), and signifi-
cantly less than expected the predominant ‘sandy clay loam’
soils (with >20% of clay particles) (P < 0.0001). Amphisbae-
nians were rarely found in ‘clay loam’ and ‘clay’ soils (with
>30% of clay particles) (P > 0.56 in both cases), but these soils

Table 2 Principal components analysis for variables describing microhabitats and soils available and used by Trogonophis wiegmanni
amphisbaenians

PC-1 PC-2 PC-3 PC-4 PC-5 PC-6 PC-7 PC-8

Vegetation cover:
Grasses -0.07 -0.06 -0.73 -0.23 -0.20 0.05 0.24 0.12
Salsola -0.01 0.06 0.68 -0.06 0.16 0.24 -0.18 0.15
Lycium -0.06 0.04 0.03 0.08 0.06 -0.02 0.10 0.09
Atriplex 0.01 0.08 0.05 -0.13 -0.05 -0.80 0.02 0.04
Mean bush height -0.01 0.12 0.71 -0.06 -0.27 -0.18 0.24 0.05

Rock cover:
Small rocks -0.04 -0.03 0.01 0.33 0.03 0.23 0.13 0.64
Medium rocks 0.05 0.04 -0.05 0.25 0.18 0.05 0.22 -0.72

Physical characteristics of soil:
Soil compaction 0.11 0.38 0.03 -0.08 -0.68 0.23 -0.13 0.06
Soil depth -0.10 -0.01 -0.05 -0.88 0.03 -0.05 0.10 0.08
Gravel 0.08 0.29 0.28 -0.18 -0.26 0.60 0.19 0.10
Coarse sand -0.01 -0.95 -0.14 0.04 -0.05 0.02 0.08 -0.15
Fine sand -0.03 0.17 -0.12 0.25 -0.13 -0.36 0.36 -0.42
Silt -0.05 0.86 -0.05 0.09 0.06 -0.02 0.04 -0.18
Clay 0.06 0.60 0.27 -0.23 0.10 0.15 -0.31 0.50

Chemical characteristics of soil:
pH H2O -0.24 -0.60 0.51 0.01 -0.20 0.22 0.05 -0.17
pH KCl -0.38 -0.47 0.48 0.04 -0.25 0.31 0.01 -0.14
Total inorganic carbonates -0.12 -0.44 0.15 0.04 -0.17 0.21 0.06 -0.61
Organic C 0.08 0.16 0.13 -0.06 0.76 0.14 -0.23 -0.08
N 0.34 0.12 0.02 -0.02 0.75 0.06 -0.27 -0.01
P 0.93 -0.03 0.10 0.08 0.21 -0.02 -0.07 0.01
Electrical conductivity 0.73 0.01 -0.02 0.06 0.21 0.03 -0.61 -0.03
Na+ 0.17 0.13 0.08 0.01 0.23 -0.01 -0.82 -0.07
K+ 0.56 0.18 -0.06 0.02 0.30 -0.22 -0.61 0.06
Ca++ 0.69 -0.10 -0.26 -0.02 0.01 0.11 -0.45 0.21
Mg++ 0.28 -0.10 -0.01 0.18 -0.11 -0.01 -0.59 0.51
Cl- 0.04 -0.01 0.06 0.03 0.05 -0.01 -0.91 0.23
NO3

- 0.89 0.22 0.10 -0.10 0.07 -0.04 -0.14 -0.05
NH4

+ 0.94 -0.06 0.08 0.08 0.01 -0.08 0.01 0.09
SO4

= 0.77 -0.07 -0.24 0.05 -0.01 0.17 -0.02 -0.06
Eigenvalues 7.10 3.33 2.90 2.42 2.14 1.51 1.40 1.16
% Variance explained 24.5 11.5 10.0 8.3 7.4 5.2 4.8 4.0

Correlations in bold lettering correspond to variables sharing at least 30% variance with the components, according to Tabachnick & Fidell (2007).

Table 3 Results (F, P) of two-way analysis of variances testing
differences between microhabitats and soils [defined by the
different principal component (PC) scores] available and used by
Trogonophis wiegmanni amphisbaenians in three islands

Available versus used Island Interaction

F(1,73) P F(2,73) P F(2,73) P

PC-1 0.61 0.44 1.49 0.23 0.38 0.68
PC-2 4.02 0.048 28.79 <0.0001 3.02 0.006
PC-3 0.14 0.71 2.29 0.11 2.14 0.12
PC-4 4.10 0.046 7.08 0.0015 2.09 0.13
PC-5 0.68 0.41 24.59 <0.0001 0.16 0.85
PC-6 0.76 0.39 5.30 0.007 0.22 0.80
PC-7 6.24 0.014 3.26 0.044 2.18 0.12
PC-8 112.05 <0.0001 6.27 0.003 11.23 <0.0001

Significant probabilities after applying a sharpened false discovery rate
correction (corrected threshold: P � 0.048) are marked in bold.
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were also scarce in the islands. In summary, amphisbaenians
preferred to use soils of textures coarser than loam and tended
to avoid soils of heavier textures, despite the latter being much
more frequent.

Discussion

Our study clearly shows that some soil characteristics deter-
mined microhabitat use by T. wiegmanni amphisbaenians.
With respect to the physical characteristics of the soil, amphis-
baenians preferred to use loose, sandy, shallow soils, which
were available in many parts of the islands, but avoided areas
with compact, heavy-textured, deep soils. With respect to the
chemical properties of the soil, amphisbaenians preferred
basic soils with high percentages of inorganic carbonates and
avoided highly saline soils, with lower pH. Finally, amphis-
baenians preferred areas with high cover of medium rocks, but
avoided areas with high cover of small rocks. In contrast,
vegetation cover per se did not seem to have a direct influence
on microhabitat selection of amphisbaenians (see also
Civantos et al., 2003), although correlations between soil
properties and vegetation occur (see García et al., 2002a,b).

Several ecological requirements of amphisbaenians could
explain these patterns of soil selection. The ability for burrow-
ing and its energetic costs may be a main factor to consider.
Thus, soil texture seems to be the main variable that deter-
mines habitat selection of amphisbaenians. Sandy loose soils
are clearly easier for burrowing, which would reduce costs of
foraging, mate searching, etc. Moreover, trogonophid
amphisbaenians are especially adapted to dig into sand and
have special adaptations to shave sand grains while digging, in
contrast to other amphisbaenians that construct tunnels by
compacting the soil to the tunnel walls (Gans, 1974). Simi-
larly, soil compaction determines habitat use in other amphis-
baenians (Martín et al., 1991), fossorial skinks (Greenville &
Dickman, 2009) or subterranean mammals (e.g. Hansson,
1982; Jackson et al., 2008). In subterranean rodents, energetic
costs of movement underground increase considerably in hard
soil types (Luna & Antinuchi, 2006). Energetic costs of sand
swimming in the golden mole are less than one-tenth of the
energy required by rodents tunneling through compact soils
(Seymour, Withers & Weathers, 1998). In addition, soil com-
paction and soil porosity can restrict the mobility and activity
of soil invertebrates (Whalley, Dumitru & Dexter, 1995),
leading to low abundances of potential prey for amphisbaeni-
ans. On the other hand, soil texture has a strong influence on
soil water retention and availability. In arid areas, fine tex-
tured (‘heavy’) soils hold scarcer amount of the rainwater they
receive at lower matrix potentials than coarse-textured soils at
the same water content (the ‘inverse texture effect’, Noy-Meir,
1973). Furthermore, the higher saturated hydraulic conduc-
tivity allows coarser soils to infiltrate a higher proportion of
rainfall water (Fernández-Illescas et al., 2001). Therefore,
under arid or semiarid conditions, fossorial organisms are
subjected to higher water losses in heavier than in coarser
soils.

Some chemical characteristics of the soil also influenced
microhabitat selection of T. wiegmanni. Contrary to what we
expected, the main soil chemical gradient, related to seabird
products accumulation, did not contribute to explain habitat
selection. However, amphisbaenians avoided saline soils
enriched in salt of marine origin (i.e. dominated by Na and
Cl) with high electrical conductivity. In fact, there are

Figure 2 Frequencies of the textural classes of soils available in the
habitat (open boxes) and used by Trogonophis wiegmanni amphisbae-
nians (solid boxes).

Figure 1 Mean (�SE) principal component (PC) scores from a PC analy-
sis on all variables describing microhabitats and soils available and used
by Trogonophis wiegmanni amphisbaenians in three different islands
(solid boxes = Congreso; open boxes = Isabel; dashed boxes = Rey).
Only those PC scores differing significantly (P < 0.05) between available
and used sites are shown.
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conspicuous gaps in the microgeographic distribution of
T. wiegmanni in Congreso island (Martín et al., 2011a),
which coincide with the distribution of highly to extremely
saline soils (Clemente et al., 1999; García, 2005). Soil water
osmotic potential is inversely related to soil salinity (Bresler,
McNeal & Carter, 1982). This implies that soil water avail-
ability is much lower for organisms living in saline soils,
which should affect directly osmoregulation of amphisbaeni-
ans (Shoemaker & Nagy, 1977). Extremely high salinity may
cause osmotic dehydration of animal tissues and intoxication
by the excess of some soluble ions (e.g. Na, Cl). Also, salin-
ity imposes a strong physiological filter, with only a small
number of species being able to cope with high salinity
levels, which reduces the abundance and diversity of vegeta-
tion and potential prey of amphisbaenians (García et al.,
1993; McKenzie, Burbidge & Rolfe, 2003).

Also, T. wiegmanni amphisbaenians preferred soils with a
more basic pH, even when soil textures were similar, and with
high concentrations of inorganic carbonates. The reasons of
such patterns are not clear, but they might be related to the
abundance of invertebrate macrofauna that are potential prey
of amphisbaenians, which is intimately linked to chemical and
physical attributes of the soil. On the one hand, soil acidity
reduces the diversity and abundance of macrofauna and meso-
fauna and the activity of decomposer organisms (e.g. Geissen,
Gehrmann & Genssler, 2007; Moço et al., 2010). Therefore,
the selection of basic soils might also be partly related to high
abundances of prey. Alternatively, because total salinity and
pH are negatively correlated in calcareous soils (Al-Busaidi &
Cookson, 2003), amphisbaenians might simply use more basic
soils because they avoid saline soils.

Inorganic carbonates were more abundant in the sites used
by T. wiegmanni. One possible reason for this is that carbon-
ates came partly from the rests of shells of the very abundant
terrestrial snails that take refuge under rocks (pers. obs.).
Snails are an important prey of T. wiegmanni (unpubl. data),
and their abundance might explain the use of these sites by
amphisbaenians. Abundance of carbonates also contributes to
buffer soil pH in the basic range (around 8). An interesting
indirect effect of seagull colonies on amphisbaenians distribu-
tion may be related to the remotion of the soil inorganic
carbonate reserve (followed by a decrease of soil pH) caused
by the acid products derived from bird feces and their subse-
quent mineralization (see García et al., 2002b; García, 2008).

Rock cover was also important in microhabitat selection of
T. wiegmanni, as it was found previously (Civantos et al.,
2003). Rocks of an appropriate medium-size are used for
amphisbaenians to thermoregulate under them without being
exposed to predators (Martín et al., 1990; López et al., 1998,
2002). Rock size is important because the thermal environ-
ment deviates from the range of selected temperatures signifi-
cantly less under rocks selected by T. wiegmanni than it does
beneath available rocks (López et al., 2002). Relative humid-
ity is also higher beneath stones, which is important in this
arid environment. Also, many social interactions occur under
rocks (Martín et al., 2011b). Finally, a high diversity of poten-
tial prey are found sheltering under rocks but not buried in the
soil (López, Martín & Salvador, 1991).

We conclude that physical and chemical properties of the
soil significantly influence microhabitat use of T. wiegmanni
amphisbaenians. Different amphisbaenian species have
evolved diverse adaptations for burrowing, especially in head
size and shape, and in excavation patterns (Gans, 1974; Navas
et al., 2004). Thus, some amphisbaenian species have a higher
ability than others for digging in hard substrates (Gans, 1974).
Future studies should consider soil selection patterns of
several species of amphisbaenians to analyze a possible rela-
tionship between selected soil types and burrowing ability.
The influence of soil chemical properties on invertebrate prey
should also be examined.
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