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ABSTRACT

Soil alteration is one of the major threats in arid environments, which can have serious
consequences for soil biodiversity. However, the ecology of fossorial animals is poorly
understood and their low conspicuousness may lead researchers and managers to overlook
potential conservation problems. Amphisbaenians are fossorial reptiles and, because of their
secretive habits, there is a chronic almost lack of data on their conservation state. Here, we
examined the effects of diverse natural (salinization and seagulls influence) and anthropogenic
factors (disturbance of the soil physical structure and lead contamination) that affect physical and
chemical properties of the soil on body condition of Trogonophis wiegmanni amphisbaenians
from the Chafarinas Islands, in North Africa. Results indicated that soil salinization and human
induced mechanical disturbance and compaction of the soil affected negatively to body condition
of amphisbaenians. In contrast, the increase in organic matter and heavy metals pollutants in the
soil, either because of the seagull or anthropogenic influence, did not seem to affect body
condition of amphisbaenians. We suggest potential management techniques to solve these
problems and emphasize the need for periodic surveys of subterranean herpetofauna to prevent

future conservation problems.

Keywords: Reptiles, Amphisbaenia, Soil degradation, Salinization, Seagull influences, Soil

compaction


Piluca
Cuadro de texto
Postprint del artículo publicado en: Journal of Arid Environments 122: 30–36 (2015)


1. Introduction

Soil alteration is one of the major threats in arid environments (Dregne, 1976; Zeppel et
al., 2003), which can have serious consequences for soil biodiversity. However, compared to
terrestrial epigeal animals, the fossorial fauna inhabiting underground environments has been
little studied and their ecology is little understood (Copley, 2000). Soil biodiversity is considered
to be an important factor in regulating the functioning of terrestrial ecosystems, but this
importance is often not appreciated (Decaens et al., 2006), and the absence of concern about
fossorial animals from conservationists is conspicuous (Wolters, 2001; Béhm et al., 2013). This
may have unfortunate consequences for conservation planning, because fossorial species may be
at particular risk from anthropogenic disturbance and local extinction of fossorial populations due
to landscape and soil alterations may be occurring unnoticed (How and Shine, 1999; McKenzie et
al., 2003; Zeppel et al., 2003; Measey, 2006; Measey et al., 2009).

Moreover, most studies deal with soil invertebrate ecology, while fossorial vertebrates are
largely overlooked (Measey, 2006; Bohm et al., 2013). Among them, several groups of reptiles
and amphibians, as much as 20%, nearly 3,000 species of the world’s herpetofauna, are fossorial
(Measey, 2006), and their ecology and conservation status is much less well understood than that
of their epigeal relatives (Bohm et al., 2013). Amphisbaenians are one of the prominent groups of
fossorial reptiles with important morphological and functional adaptations to the underground life
(e.g. reduced vision, elongated body, and loss of limbs in most species) (Gans, 1978, 2005) and a
suite of original responses to ecological demands (e.g. Papenfuss, 1982; Martin et al., 1990,
1991; Lbpez et al., 1998; Webb et al., 2000). However, because of the fossorial secretive habits
of amphisbaenians, there is very little information on the ecological requirements of most species,
and there is a chronic almost lack of data on their potential conservation problems (Bohm et al.,
2013). Most amphisbaenians live in tropical wet areas, but also in arid regions there are a few
species, such as the Checkerboard Worm Lizard, Trogonophis wiegmanni, a representative of the
family Trogonophidae inhabiting North Africa (Bons and Geniez, 1996; Gans, 2005). It lives
buried in the soil and it is usually found thermoregulating or foraging under rocks (L6pez et al.,
2002; Civantos et al., 2003; Martin et al., 2011b,c, 2012, 2013a,b). It is listed as of ‘Least
Concern’ by the IUCN in view of its wide distribution and “presumed” large population (Mateo
et al., 2009). However, the potential threats to this species have not really been studied and are,



therefore, not well known. We predicted that, given the fossorial habits, soil alterations should
have a profound impact on health state and conservation of amphisbaenians.

In this paper, we examined diverse natural and anthropogenic factors that affect physical
and chemical characteristics of soils used by a population of T. wiegmanni amphisbaenians from
the Chafarinas Islands, in North Africa. We specifically considered the following potential threats
identified in a preliminary survey (Martin et al., 2001a): two of natural origin (salinization and
influence of seagulls on soil properties) and two of anthropogenic origin (disturbance of the soil
physical structure and contamination by lead).

One of the threats of soil degradation in arid habitats is salinization (Zeppel et al., 2003;
Rengasamy, 2006). Salinization can be caused by natural processes, such as mineral weathering
or the gradual withdrawal of the sea, but it also may be induced by intense use of groundwater
resources. Salts from the groundwater are raised by capillary action to the surface of the soil,
decreasing soil water osmotic potential (Bressler et al., 1982). Therefore, water availability is
much lower in saline soils, which may affect directly osmoregulation and cause dehydratation of
amphisbaenians tissues (Schoemaker and Nagy, 1977). Thus, we predicted that more saline soils
may affect negatively to amphisbaenians.

On the other hand, concentration of seagulls in nesting and resting areas also induces
profound changes in soil chemical properties including eutrophication, salinization, acidification
and nutrient imbalances (Garcia et al., 2002a,b). Moreover, seabirds may be the main vectors
moving heavy metals to soils (Headley, 1996; Otero, 1998; Garcia et al., 2002a,b, 2007b), which
can be then transferred to plants and soil invertebrates, and go up the food chain to reach high
toxicological concentrations in vertebrate tissues (e.g. Marquez-Ferrando et al., 2009). We
predicted that if there were actual differences in chemical properties of the soil in sites used by
seagulls, these could affect negatively to amphisbaenians.

In addition to natural causes, urbanization by man has induced modifications of physical,
chemical and biological properties of soils (Craul, 1992). Anthropic activities have led to
profound modifications of the original soil horizons affecting their physical properties and the
addition of organic residues and materials of domestic or industrial origin (Craul, 1992; Effland
and Pouyat, 1997). These soil alterations may lead to increased compaction, restricted aeration
and water drainage and the possible presence of contaminants, especially lead (Markus and
McBratney, 2000). Anthropic soils are, however, often used by fossorial animals that live near



human settlements. Thus, we predicted that if anthropogenic disturbance resulted in alteration of
the physical properties of the soil and lead contamination, these changes may also affect
negatively to amphisbaenians.

To assess how these potential threats to soil characteristics may affect amphisbaenians, we
measured body condition of individual T. wiegmanni amphisbaenians that used these soils. Body
condition is an important measure of the fitness of an animal, because it reflects the relative
amount of energy stores (Green, 2001; Schulte-Hostedde et al., 2005), which can be allocated to
maintenance, growth or reproduction (Perrin and Sibly, 1993; Heino and Kaitala, 1999; Madsen
and Shine, 2002). Information on the condition of individuals in a population is necessary to
predict potential reproductive output and changes in population size. Thus, a population with
many animals in poor condition could indicate that individuals have a low reproductive potential

and the population might be declining.

2. Material and methods

2.1. Study area

We conducted field work at the Chafarinas Islands (Spain), a small island archipelago
located in the southwestern area of the Mediterranean Sea (35°11°N, 2°25°W), 2.5 nautical miles
off the northern 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), Isabel Il (15.1 ha) and Rey
Francisco (13.9 ha). The islands present a dry, warm, Mediterranean climate, very influenced by
dominant winds from the east and west. Vegetation is conditioned by the aridity of the climate
(an average annual precipitation of 300 mm), the high soil salinity, and the guano accumulation
from numerous seabird colonies (in Congreso and Rey Francisco) (Garcia et al., 2002a,b).
Vegetation is dominated by woody bushes (Salsola, Suaeda, Lycium and Atriplex) adapted to
salinity and drought (Garcia et al., 2002a,b). Natural soils are poorly developed and immature
and are characterized by a thin A horizon, rich in organic matter, which is underlain by the
original volcanic rock (Clemente et al., 1999; Garcia, 2005; Garcia et al., 2007a). Only Isabel 11
Island is currently inhabited by a small population (less than 50 people). However, the islands
supported a greater population until half of the 20th century, and many buildings (some in ruins)



and paved streets cover 34 % of the Isabel island surface, and 1 % of surface in each of Rey and
Congreso (Garcia, 2005).

Two of the islands, Congreso and Rey, support nesting colonies of two species of
seagulls; the Audouin’s gull (Larus audouinii) (897 nests in Rey in 2011), a rare and protected
Mediterranean seabird, and the widespread yellow-legged gull (L. cachinnans) (2250 nests in
Rey and 3244 nests in Congreso in 2011), a Mediterranean seabird “‘pest’’. The population of
yellow-legged gull has increased considerably in the last years as in 1976 the figures were 300
nests in Rey and 600 nests in Congreso. There is also an important breeding colony in Congreso
of Cory’s shearwater (Calonectris diomedea) (400-500 nests in burrows or under rocks). The
third island (Isabel) is inhabited by man and has had negligible seabird influence since 1848.

2.2. Study animals and body condition

We visited the study area during two weeks in March 2011. We walked haphazardly
covering all the habitats and types of soils available in the three islands (Clemente et al., 1999;
Garcia, 2005), on days with favorable climatic conditions (warm sunny days) and between 07:00
and 18:00 (GMT), searching for amphisbaenians by lifting all stones found. We captured
amphisbaenians by hand, gathered morphological measurements in situ and released them at their
exact point of capture in less than 5 min. We determined sexes of adult amphisbaenians by
examining cloacae (Martin et al., 2011c). For each individual we measured total length (TL; from
the tip of the snout to the tip of the tail) with a metallic ruler (to the nearest 1 mm) and body mass
with a pesola spring scale (to the nearest 0.01 g). To avoid confounding effects, we measured
individuals with empty stomachs. Amphisbaenians usually expulsed most gastrointestinal
contents when handled, but we also compressed gently their vents to force the expulsion of feces.
The residuals of an ordinary least squares linear regression of log-transformed mass against log-
transformed total length (r = 0.97, Fy33 = 645.37, P < 0.0001) were used as a body condition
index. It has been argued that such residuals provide the cleanest way to separate the effects of
condition from the effects of body size (Bonnet and Naulleau, 1994; Jakob et al., 1996; see
reviews in Green, 2000; Schulte-Hostedde et al., 2005). Body condition indexes are used as
proxies of health state in many animals (e.g. Schulte-Hostedde et al., 2001; Amo et al., 2006,
2007; Wikelski and Cooke, 2006; Hickman and Swan, 2010; Brischoux et al., 2012).



2.2. Soil characteristics

Sampling sites were classified according to the presence/absence of seabird influence as
a) sites close to dense nesting colonies during most years and having recent evident signs of
seagull activities on the soil surface (drops, feathers, etc.), or b).sites relatively far (> 80 m) from
the nesting or roosting places and with no evidence of seagull activities on the soil surface. Also,
we classified sites according to the anthropogenic influence on the soil indicated by the
presence/absence in the soil of rests of anthropogenic materials (tiles, bricks, glass, plastic, etc.)
or natural materials removed and brought to the surface by men (i.e. alteration of the soil
horizons).

We subsequently measured ‘soil compaction’ at five random points immediately close to
the rock where an amphisbaenian was located, and calculated an average value for each site. We
used a hand penetrometer (Eijkelkamp Co., Em Giesbeek, The Netherlands) that was pushed
vertically into the ground at a slow, steady speed (Herrick and Jones, 2002).

Subsequently, we took a bulked soil sample (around 300 g) between the surface and 10
cm depth (or less if the soil was less deep), coinciding with the soil layers used by
amphisbaenians (pers. obs.). In the laboratory, soil samples were air-dried, crushed and sieved (<
2 mm). Particles between 2 to 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 percentage of ‘silt’ (0.05-0.002 mm) and ‘clay’ (< 0.002
mm) in the fine earth was determined by using the Bouyoucos hydrometer method (for details of
physical analyses see Dane and Topp, 2002)

We also used these soil samples to analyze chemical characteristics. 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 (0.5M, pH 8.5), and measured by visible
spectrophotometry using ammonium molybdate and ascorbic acid. ‘pH’ was measured with a
combined electrode in soil paste with water or KCI (1:2.5). Electrical conductivity’ (EC) was

measured electrometrically in aqueous extracts (1:5 soil:water). In these extracts, soluble ions



(Na*, K*, Ca**, Mg®*, CI", NO3~ NH;* and SO,*") were determined. Na* and K* were measured
by flame photometry, Ca?* and Mg?* by atomic absorption spectroscopy, Cl~ by titration with
AgNO3, and NO5, NH4" and SO4> by visible spectrophotometry. The availability of nine heavy-
metal micronutrients (Cd, Co, Cr, Cu, Fe, Mn, Ni, Pb and Zn) was determined using an ICP-OES
device, after extraction with a neutral 0.05 M-EDTA solution (for details of chemical analyses
see Sparks, 1996).

2.3. Data analyses

Given the high amphisbaenian density (Martin et al., 2011a,c), and because we avoided
sampling the same area twice, the probability of repeated sampling of the same individual was
very low. We therefore treated all observations as independent. To test for overall differences
between sites with presence/absence of seagull influence on soil properties, we used a
multivariate analysis of variance (MANOVA) (Sokal and Rohlf, 1995). After rejecting the
multivariate null hypotheses we performed univariate  ANOVAs to locate which soil
characteristics explained the significant multivariate differences found in the previous MANOVA
(Scheiner, 2001; Garcia, 2004). To control Type | error inflation, we applied a FDR (False
Discovery Rate) tablewise correction (see Garcia, 2003, 2004). For other comparisons we used
ANOVAs and simple correlations (Sokal and Rohlf, 1995).

3. Results
3.1. Body condition

There were not overall significant differences in body condition of amphisbaenians
between sexes (males: -0.02 + 0.04; females: 0.02 + 0.04; Two-way ANOVA, F;3,=0.01, P =

0.99) nor among islands (Isabel: -0.01 + 0.04; Rey: 0.05 + 0.04; Congreso: -0.06 + 0.05; Fy34 =
0.97, P = 0.39) and the interaction was not significant (F, 3, =0.13, P = 0.88).



3.2. Soil salinization

Amphisbaenians typically avoided using highly to extremely saline soils enriched in salt
of marine origin (i.e. dominated by Na and CI) with high electrical conductivity. However, the
few amphisbaenians that were found in soils with higher values of electrical conductivity (i.e.
more saline) had significantly lower body conditions than amphisbaenians that live in less saline
soils (r = -0.39, F13s = 6.95, P = 0.012) (Fig. 1). On the other hand, we found a significant
negative correlation between soil pH and soil electrical conductivity (r = -0.52, F133=14.34, P =
0.0005).

3.3. Seagull influence on soils

The presence of nesting colonies of gulls affected significantly through the feces of gulls
to the chemical properties of the soil (MANOVA: Wilks’A = 0.085, Fz415 = 6.68, P = 0.0002)
(Table 1). Univariate ANOVAs showed that soil samples at points with influence of seagulls
presented significantly more acidic pH, higher levels of total C and N and much higher available
P (4x) with respect to soils having negligible inputs of seabird products. Seabird influenced soils
had also significantly higher levels of overall salinity (1.5x), but with different salt composition
that sites salinized by sea salts. In seabird-salinized sites dominant ions were NOs (4.5 times
higher than in non-affected soils), NH," (3.5x), and K* (2.5x) while typical sea ions (CI" and Na®)
were increased only by a 1.6 factor. On the contrary, soil inorganic carbonate reserve was
significantly reduced (by 60%) in highly seabird influenced sites, as were also soluble Ca"™
levels. Additionally, we found higher available concentration of most of the measured heavy
metals (Table 1). This increase was particularly relevant for several micronutrients (Co, Fe, Mn,
and Zn, from 2.0 to 4.5x) and for some toxic metals (Cd, Ni or Cr, from 1.5 to 2.0x). Pb had an
opposite tendency; it was about 50% lower in seabird affected soils, mainly because Pb is more
abundant in the soils of the inhabited Isabel island (see below). Therefore, the presence of
seagulls resulted in highly eutrophicated (mainly in available N and P) and nitrate-enriched-saline
ornithogenic soils, and with higher heavy metal availability, except for Pb.

Nevertheless, the body condition of amphisbaenians in soils with influence of gulls was

not significantly different from locations where there was no seagull influence (-0.004 + 0.036



vs. +0.005 + 0.041 respectively; ANOVA: Fy33=0.02, P = 0.88). Therefore, seagull influence on
soil chemical properties did not appear to be relevant in determining the body condition of

amphisbaenians.

3.4. Anthropogenic disturbance of soil characteristics

Amphisbaenians found in disturbed soils, with signs of anthropogenic activities, had a
significantly lower body condition than those found in unaltered natural soils (ANOVA: Fy 35 =
16.45, P = 0.0002) (Fig. 2). This relationship could be explained because anthropogenic disturbed
soils had significantly higher contents of gravel than unaltered soils (43.8 + 0.9 % vs. 34.1 + 1.1
%; ANOVA: F133=5.07, P =0.03). In addition to natural stones, this gravel frequently consisted
of remains of anthropogenic activities (e.g. bricks, tiles, or artificially crushed rock or soil
deposits of removed "rubble™). In contrast, there were not significant differences between
anthropogenic disturbed and natural soils in contents of sand, silt or clay (F135< 1.23, P > 0.27 in
all cases). Soils were significantly more compact when they had more gravel (r = 0.39, Fy 35 =
6.89, P = 0.012), and the amphisbaenians that occupied more compact soils, which are more
difficult to excavate, had significantly lower body conditions (r = -0.37, F1 33 = 6.00, P = 0.019)
(Fig. 3).

On the other hand, concentrations of lead (Pb) in the soils of the inhabited Isabel island
(30.1 + 2.8 mg/kg soil) were two or three times significantly higher than in the other two
uninhabited islands (Rey: 16.2 + 2.8 mg/kg soil; Congreso: 10.0 + 3.4 mg/kg soil; F,37=11.66, P
= 0.00012; Tukey’s tests P < 0.004 in both cases), which did not differ (P = 0.34). However,
there were not significant differences in Pb concentration between physically altered and
unaltered soils within Isabel island (29.3 + 5.6 mg/kg soil vs. 31.3 + 6.9 mg/kg soil; Mann-
Whitney’s U-test: U = 21.00, Z = 0.71, n = 15, P = 0.48), suggesting that lead contamination
affected to all the soils of the inhabited island. Nevertheless, amphisbaenian body condition was
not significantly related to Pb concentration (r = 0.14, F;33=0.74, P = 0.40).
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4. Discussion

We have found that body condition of fossorial amphisbaenians T. wiegmanni varied
along some chemical and disturbance soil gradients. Our results suggest that anthropogenic
disturbances can be more important than most of naturally induced changes in soil properties.
With respect to natural alterations, a strong marine influence (either by direct salt spray
deposition or derived from ulterior transport and accumulation) seems to be more harmful to
amphisbaenians than soil chemical changes derived from seabird influence. With respect to
anthropogenic influences, mechanical disturbance and compaction of the soil affected negatively
to body condition of amphisbaenians. In contrast, the increase in organic matter and pollutants in
the soil, either because of the seagull or anthropogenic influence, did not seem to affect body

condition of amphisbaenians.

4.1. Salinization of the soil

Amphisbaenians that used soils more enriched in salt of marine origin (i.e. dominated by
Na and ClI), with high electrical conductivity, had a lower body condition. Soil water osmotic
potential is inversely related to soil salinity (Bresler et al., 1982), which implies low soil water
availability in saline soils. This may cause serious osmoregulation problems to animals
(Shoemaker and Nagy, 1977), including osmotic dehydratation of tissues and intoxication by the
excess of some soluble ions (e.g. Na, CI). Thus, for example, even sea snakes that are adapted to
living in salt water have lower body condition during periods of high oceanic salinity (Brischoux
et al.,, 2012). In addition, soil salinity restricts the abundance and diversity of vegetation and
invertebrate prey of amphisbaenians (Garcia et al., 1993; McKenzie et al., 2003).

Interestingly, although amphisbaenians have no obvious adaptations to saline ambients, T.
wiegmanni and other species have an urinary bladder (Gans, 1978). This is a water storage
structure from which resorption can occur in times of water stress, and may also function in
osmoregulation when water resorption is accompanied by ion transport (Shoemaker and Nagy,
1977; Beuchat et al., 1986; Davis and DeNardo, 2007). This might allow amphisbaenians to use
xeric saline soils to a higher extent than expected. However, our results suggest that this may be
costly because increased soil salinity leads to lower body condition.
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4.2. Seabird influences

Out results confirmed that seabird products induce deep soil chemical modifications
(Garcia et al., 2002a,b, 2007b). Several of these changed soil parameters are critical for plant and
soil fauna conditions, since extreme values represent strong ecological filters, which drastically
reduce species richness and individual performance because they should invest a large amount of
energy in maintaining homeostasis (Garcia et al., 2002a,b). However, there is a lack of effect of
seagulls-induced transformations of the soil on the condition of amphisbaenians. It remains to be
analyzed whether toxic heavy metals are being incorporated into amphisbaenians tissues through
the trophic chain, and which could be the negative consequences of this potential accumulation

(e.g. Méarquez-Ferrando et al., 2009).

4.3. Anthropogenic influences

The pavement of surfaces and the construction of buildings directly eliminate the habitat
available for soil animals (Craul, 1992). But, in addition, even anthropogenic alteration of soil
properties in the trails and the areas close to buildings may be a major thread to fossorial animals.
Amphisbaenians are still abundant in the seminatural areas close to buildings, below anthropic
materials such as bricks, tiles or concrete roof tiles. Anthropic altered soils are, however, more
compact and have more gravel, and body condition of amphisbaenians is lower in these most
compact soils.

The ability for burrowing and its energetic costs may explain this result. Loose soils are
clearly easier for burrowing, which would reduce costs of foraging, mate searching, etc. Soil
compaction determine habitat use in this and other amphisbaenians (Martin et al., 1991, 2013a),
fossorial skinks (Greenville and Dickman, 2009) or subterranean mammals (e.g. Jackson et al.,
2008), which underground movements are energetically more costly in hard soil types (Seymour
et al., 1998; Luna and Antinuchi, 2006). In addition, soil compaction can also limit the
movements and reduce the availability of soil invertebrate prey (Whalley et al., 1995).

Chemical properties may also be altered by men activities. In the inhabited island of
Isabel, soils had on average two to three times greater amounts of Pb than in the other two
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islands. Contamination by lead can come from water dissolution of old lead pipes, paint chips
from buildings, or from incineration of garbage that contain lead (Markus and McBratney, 2000).
Exposure to lead may cause adverse effects to human health and the environment (Carrington and
Bolger, 1992). However, we have not found an effect of lead on body condition of
amphisbaenians, which may be explained by the relatively low levels of lead contamination (i.e.
only 10% of the Isabel values exceed allowed maximum for agricultural soils; L.V. Garcia
unpubl. data). Nevertheless, in urban areas in the mainland the lead levels could be much greater

and have greater effects on amphisbaenians.

4.4. Implications for conservation and management of fossorial animals

Our study indicates that both natural and anthropic alterations of the soil may affect body
condition of T. wiegmanni amphisbaenians, and thus probably their fitness and the “health” of the
populations. Nevertheless, future studies should examine the relevance of the observed low body
condition indexes on reproductive output and survival of amphisbaenians. Also,, our study may
suffer from some limitations because we did not explore seasonal variation in body condition. We
selected a study period with typical spring weather conditions, which coincided with maximum
activity of amphisbaenians. However, extreme climatic conditions (e.g. years with lack of rains)
might result in different effects of alterations of the soil on body condition. The question that
arises is to what extent improved management practices may help to mitigate negative
consequences of soil alteration on amphisbaenians.

On the one hand, natural modifications of the soil (i.e. salinization and seagull influence)
seem difficult and too expensive to control with small scale management techniques.
Amphisbaenians avoid using saline soils (Martin et al., 2013a), but these soils occupy small
surface areas in comparison with other more favorable types of soils (Garcia, 2005). Moreover
saline soils are of natural origin in our study area and have peculiar ecological characteristics that
should also be preserved (Garcia, 2005). Also, seagulls, including one threatened species
(Audouin’s gull), are naturally nesting here and do not seem to affect amphisbaenians.
Nevertheless, an excess of the common yellow legged gulls population is currently subjected to

control plans to avoid detrimental effects on soil and vegetation (Garcia et al., 2002a,b).
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With respect to the anthropogenic effects, mechanical soil disturbance may probably
explain the absence of amphisbaenians in areas where the soil is more altered by men (Martin et
al., 2011a). This might be mitigated by controlling the deposition of building materials and other
residues, and avoiding increased compaction of the soil with heavy machinery. Restoration plans
of altered soils and associated vegetation might be made if the potential alteration sources can be
eliminated. Also, given the low dispersal rates of subterranean animals, a natural recolonization
of restored areas may not be expected in a short time, and a possible posterior reintroduction of
amphisbaenians and other soil fauna might be reconsidered. Finally, our study emphasizes the
need for periodic surveys to collect baseline data on the densities and health state of the little
known fossorial herpetofauna in order to prevent future conservation problems before it was too

late to solve them.
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Seagull influence on chemical properties (mean + SE) of soils used by T. wiegmanni

amphisbaenians. After applying a sharpened FDR correction, the new calculated significance

threshold exceeded the uncorrected one. Therefore, the latter (i.e. P < 0.05) was applied, and the

significant values marked in bold.

Without gulls With gulls Fi2s P
(n=17) (n=23)

PH 1120 125) 8.4 + 0.1 7.6 + 0.2 17.16 0.0002
PH «ci ars) 7.7 + 0.1 7.2 + 0.1 8.58 0.006
Total inorganic carbonates (%)  25.8 + 25 10.9 + 1.6 28.12 <0.0001
Organic C (%) 2.3 + 0.2 3.7 + 0.3 11.35 0.0017
Nkjetdain (%) 0.2 + 0.0 0.5 + 0.0 33.40 < 0.0001
Poisen (MQ/Kkg soil) 61.5 + 104 2681 + 302 3234 < 0.0001
Electrical conductivity (dSm™) 0.4 + 0.1 0.6 + 0.1 4.68 0.037
Na*ys (mg/kg soil) 146.8 + 27.5 2328 + 175 7.61 0.009
K*ys (mg/kg soil) 70.9 + 139 1724 + 178 1794 0.00014
Ca™"y5 (mg/kg soil) 1546 + 30.0 128.2 + 10.0 0.87 0.36
Mg* "5 (mg/kg soil) 29.5 + 3.8 30.6 + 25 0.06 0.80
Cl'ys (mg/kg soil) 2847 + 75.6 4642 + 516 4.13 0.049
NOs (mg/kg soil) 8.3 + 2.3 37.0 + 29 54.66 <0.0001
NH," (mg/kg soil) 21.2 + 19 69.2 + 144 811 0.007
SO, 15 (Mg/kg soil) 1733 + 1117 1304 + 241 0.8 0.67
Cd (mg/kg soil) 0.1 + 0.0 0.2 + 0.0 31.21 <0.0001
Co (mg/kg soil) 0.2 + 0.0 0.4 + 0.0 29.28 <0.0001
Cr (mg/kg soil) 0.1 + 0.0 0.2 + 0.0 2.26 0.14
Cu (mg/kg soil) 2.8 + 0.3 4.3 + 0.6 4.50 0.04

Fe (mg/kg soil) 23.8 + 28 89.8 + 184 9.28 0.004
Mn (mg/kg soil) 21.6 + 5.2 93.5 + 125 2216 < 0.0001
Ni (mg/kg soil) 0.4 + 0.1 0.6 + 0.1 471 0.036
Pb (mg/kg soil) 27.4 + 4.1 14.3 + 12 11.82 0.0015
Zn (mg/kg soil) 16.4 + 1.8 42.2 + 6.5 11.05 0.002
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Fig. 1. Relationship between soil electrical conductivity (i.e. soils with higher values are more
saline) and body condition of amphisbaenians found in those soils.
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Fig. 2. Comparison of body condition (mean; SE) of amphisbaenians found in natural soils or

disturbed soils with signs of anthropogenic activities.
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Fig. 3. Relationship between soil compaction and body condition of amphisbaenians found in

those soils.
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