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Smooth snakes at an Iberian mountain isolate and the
relationship with competing southern smooth snakes
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Smooth snakes (Coronella austriaca) confined to cold-humid environments in Iberian high mountains may be threatened
by the effects of climate warming, such as the expansion uphill of competing southern smooth snakes (C. girondica), but
demographic studies allowing the assessment of population tendencies are lacking. Here, we determined the distributions
and abundances of both species at Serra da Estrela based on records over 18 years (1993–2010). Smooth snakes comprised
an isolated population at altitudes above 800 m. Abundances were highest above 1300 m, with densities of about one smooth
snake per hectare above 1580 m. The distributions of the two species overlapped at altitudes of about 800–1600 m. We did
not find any evidence for range shifts, or changes in smooth snake abundance over the past 18 years. Sex ratios were even,
and high dietary specialization may contribute to the species’ vulnerability. Efforts to conserve the smooth snake at Serra da
Estrela should encompass studies aiming to improve knowledge of the species’ demography, as well as continued monitoring
to evaluate potential threats posed by climate warming. Our study may provide a baseline tool for future research on this
poorly known snake.
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INTRODUCTION

enter the Iberian Peninsula from the Atlantic. The climate
is characterized by dry warm summers and a wet cold
season from October to May with frequent snowfall at
higher altitudes (Vieira et al., 2005). The high plateaux
host a rich assembly of plants and animals adapted to
cold-humid environments, many of which are Iberian and
local endemics (Jansen, 2002; Vieira et al., 2005). Among
the reptiles, they harbour relict populations of the Iberian
rock lizard (Iberolacerta monticola; Moreira et al., 1999)
and the smooth snake (Coronella austriaca; Malkmus,
2008). These species became confined to high elevations
during the Messinian desiccation of the Mediterranean
Sea, and have persisted at Serra da Estrela, amongst other
mountainous regions, throughout the glacial and interglacial cycles of the Quaternary (Arribas et al., 2006; Santos
et al., 2008).
The smooth snake is a medium sized (up to 80 cm total length) nonvenomous ovo-viviparous colubrid with
diurnal and rather secretive habits. It is widely distributed in Europe, and reaches its southwestern limits in
Iberia where it shows a continuous distribution throughout the northern regions, with population isolates in the
Portuguese Atlantic coast, central Portugal, and central
and southern Spain (Gálan, 2002; Malkmus, 2008; see
Gálan, 2009 for species review). Two subspecies are recognized based on morphological traits (Malkmus, 1995),
and molecular evidence suggests that C. a. acutirostris is
distributed in northwestern Iberia, whereas C. a. austriaca represents the remainder of the species’ range (Santos
et al., 2008). In northern Spain, smooth snakes are occasionally found in high numbers, and may be considered

M

ountain ecosystems support a large fraction of
the world’s biological diversity, host evolutionarily unique and species-rich assemblages, and provide a
wealth of ecological services and natural resources to humans (Diaz et al., 2003). However, they are also highly
vulnerable to anthropogenic habitat degradation and are
at risk for biodiversity loss due to global climate warming (Nogués-Bravo et al., 2007; Sorte & Jetz, 2010). To
keep up with increasing temperatures, many species have
already shifted their ranges towards higher latitudes and
altitudes (Parmesan, 2006; Parmesan & Yole, 2003; Root
et al., 2003). Montane species are becoming increasingly
confined to mountain tops (Colwell et al., 2008; Wilson
et al., 2005), and many are at risk of becoming extinct
because of decreased ranges, altitudinal limits and low
population sizes (Harris & Pimm, 2007; Schoo et al.,
2005; Sekercioglu et al., 2008), and because suitable habitats will disappear (Benning et al., 2002; Williams et al.,
2003). In addition, extinction of montane populations due
to competitive exclusion and disease caused by invading
low-altitude species is already widespread (Benning et
al., 2002; Pounds et al., 2006; Sinervo et al., 2010).
The Serra da Estrela is located at the west tip of the
Iberian Central Cordillera (40o20´N, 7o35´W) and is the
highest mountain in continental Portugal. It shows stairlike plateaux between 1400 m above sea level and the
summit (Torre) at 1993 m, dominated by glacial erosional
landforms (Vieira, 2008). Serra da Estrela is also an important condensation barrier to the moist air masses that
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Table 1. Number of smooth snake (Coronella austriaca) observations and minimum number of individuals, based
on number of days (hours) of field research and surveyed area in hectares at four study sites during 1993–1999
and 2008–2010.
Lagoa

Days
Hours
Area
Obs.
Ind.

1993
17
103
0.81
1
1

1994
8
40
0.81
1
1

1995
23
97
1.44
4
3

1996
8
39
1.44
4
2

1997
12
42
1.44
3
3

1998
22
49
1.44
0
0

1999
8
26
1.44
1
1

2008
9
30
1.44
2
1

2009
16
60
1.44
0
0

2010
6
32
1.44
1
1

Perús

Days
Hours
Area
Obs.
Ind.

-

-

7
36
0.64
0
0

6
27
0.64
2
2

11
37
0.64
0
0

10
42
0.64
0
0

8
27
0.64
2
2

9
33
0.64
0
0

9
39
0.64
1
1

8
28
0.64
2
1

Ski

Days
Hours
Area
Obs.
Ind.

-

16
87
0.64
3
1

34
152
0.64
7
3

6
30
0.64
0
0

7
26
0.64
0
0

9
39
0.64
1
1

6
20
0.64
0
0

32
90
0.64
3
2

37
163
0.64
0
0

11
38
0.64
0
0

Torre

Days
Hours
Area
Obs.
Ind.

20
107
0.4225
0
0

17
104
0.4225
0
0

38
162
0.4225
0
0

9
33
0.4225
0
0

13
49
0.4225
0
0

33
117
0.4225
0
0

12
30
0.4225
0
0

-

-

-

common (Galán, 2009). Santos et al. (2009) showed that
populations in southern Iberia persist only as vulnerable
small isolates confined to high elevations.
In the Baetic range, the smooth snake is rare and highly
vulnerable to local extinction, partly due to low population
densities and the effects of climate warming, including
the uphill expansion of predators and competitors (Santos
et al., 2009). The southern smooth snake (C. girondica),
an oviparous species with a circummediterranean range
and a widespread distribution in Iberia (Santos & Pleguezuelos, 2009), may constitute the main competitor of the
smooth snake in Iberia (Santos et al., 2009). Both snakes
feed mostly on small lizards and rodents (Gálan, 2009;
Santos & Pleguezuelos, 2009) and, when they occur in
close proximity, show highly overlapping trophic niches
(Gálan, 1988). Concerns over the vulnerability of smooth
snakes are reinforced by the recorded sharp decline in
recent years of one population from southern England
(Reading et al., 2010). The smooth snake is evaluated
as Least Concern in Europe (Cox & Temple, 2009) and
Spain (Gálan, 2002), and as Vulnerable in Portugal (Cabral et al., 2005). However, the assessment of smooth
snake populations in Iberia is hampered by the lack of
studies addressing the species’ demography and, in particular, the relationship between its abundance and that of
competing southern smooth snakes.
Here, we address whether the smooth snake at Serra
da Estrela is threatened by the expansion of southern
smooth snakes and, furthermore, aim to provide a baseline for future population monitoring. We determined the
distributions and abundances of both snakes based on

records between 1993 and 2010. We also characterized
the smooth snake population structure and diet as main
factors that can influence the species’ vulnerability.

MATERIALS AND METHODS
Range and altitudinal distribution

Over the past 18 years (1993–2010), we have recorded
the date and geographical coordinates of smooth snakes
(n=124) and southern smooth snakes (n=27) at the Natural Park of Serra da Estrela and near surroundings,
through repeated visits covering the entire extension of
the Park and field research of quantified sampling effort
(see below). Further records of smooth snakes (n=20) and
southern smooth snakes (n=9) from the same period were
compiled from Park surveys (Brito-Abreu et al., 1994;
Paupério et al., 2005). To establish the distributions of
the two species, and to examine the species’ altitudinal
distributions, relative abundances and altitudinal overlap,
we mapped all records using a Geographical Information
System. We tested whether the species shifted uphill in
the past 18 years by dividing this time frame into two
nine-year periods (1993–2001 and 2002–2010).

Abundance at study sites, along transects and
on roads

Field research to measure snake abundances was conducted at four sites during 1993–1999 and 2008–2010 (see
Table 1). Sites were located between 1580 and 1980 m,
and consisted of square grids permanently marked on the
ground to allow accurate determination of animal sight162

S m o ot h s n a ke mo unt ain is olate

Fig. 1. Location of 144 smooth snake (Coronella austriaca) and 36 southern smooth snake (C. girondica) records
at the Natural Park of Serra da Estrela and its surroundings. Multiple observations of the same species in the same
locations are represented by a single point. Altitudes are represented within the boundaries of the Natural Park.

ing coordinates. “Lagoa” was located at 1580 m; the grid
measured 50 × 50 m during 1993–1994 and was thereafter
enlarged to 80 × 80 m. “Perús” was located at 1870 m and
“Ski” at 1910 m and both measured 40 × 40 m. “Torre”
was located at 1980 m (close to the mountain summit)
and measured 25 × 25 m (site locations in Fig. 1). All
sites were characterized by high rock cover, and shrub
cover decreasing with altitude. Lagoa showed high cover
of dwarf juniper (Juniperus communis), heath (Erica sp.)
and broom (Cytisus sp. and Genista florida), Perús and
Ski showed sparse junipers and heath, and Torre was devoid of shrubs. Fieldwork was conducted between March
and September, following the emergence of reptiles from
hibernation and before the return of winter conditions.
The number of days (hours) of fieldwork differed between
sites and years (see Table 1), with uniform surveying
methods between sites and years. Researchers walked
within 20 m from grid outer limits searching visually
for snakes during a recorded time period (typically from
1000–1100 to 1800–1900 with a pause at midday; pauses
were discounted from the quantification of sampling effort). The coordinates of all sightings of snakes and of
two skin sheds were recorded. Captured snakes were

identified (all were smooth snakes except one southern
smooth snake at Lagoa in 1995), measured and weighed
(as below), marked on the dorsal scales with acrylic paint
for visual identification, and returned to capture locations
the following day. Snake densities could not be estimated
by capture–recapture methods due to scarcity of observations. Instead, we calculated the number of smooth snake
observations (skin sheds excluded) per hour of fieldwork
and area surveyed in hectares. In 80% of cases it was
possible to distinguish between individual snakes, which
differed in snout–vent length (SVL) and tail length (TL)
in addition to the colour marks. Thus, we also calculated
the number of different smooth snakes according to area
surveyed in hectares. Snakes observed more than 20 m
from the grid were excluded from the analyses. To examine whether smooth snake abundance varied spatially
and temporally, we compared observations/hour/ha and
smooth snakes/ha between sites and sampling periods.
Twenty-six transect walks were conducted along seven
different routes (one route was conducted 10 times, one
nine times, two twice and the remainder only once) at
altitudes that ranged between 500 m and the mountain
summit (see Fig.1). Transects were conducted on sunny
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with 50 g maximum capacity (three males and one female
weighed >50 g). Live snakes were bagged following capture and returned to capture locations the following day.
When unforced regurgitation occurred, the diet remains
were identified.
We used the observed sexual differences in TL/SVL
among dead snakes (SVL >250 mm in all cases; one
snake was excluded due to an incomplete tail) to sex live
snakes with intact tails, with the exception of five juveniles (probably in their first year of life) with SVL <200
mm (Reading, 2004a). By pooling together data from
dead and live snakes with assigned sex, we determined
the population sex ratio (male/female) and tested for
sexual differences in SVL, TL, body length (SVL+TL)
and TL/SVL using snakes with intact tails (two were excluded). To test for sexual differences in head length and
body mass, we used only live snakes because some dead
snakes (mostly roadkills) had damaged heads.

Total (1993-2010)

0.9
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0.8
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Fig. 2. Cumulative percentage of 144 smooth snake
(Coronella austriaca) and 36 southern smooth snake
(C. girondica) records according to altitude over the
entire study period (1993–2010), and for two nine-year
periods (1993–2001 and 2002–2010).

RESULTS
Range and altitudinal distribution

Smooth snakes were not recorded below 800 m and
southern smooth snakes were not recorded above 1600 m
(Figs 1, 2). Smooth snake records ranged between 868
and 1980 m, and southern smooth snakes ranged between
442 and 1580 m; the altitude of records differed significantly between the species (Kolmogorov–Smirnov test,
D=0.861, P<0001). At altitudes where the two species cooccurred (868–1580 m), the relative abundance of smooth
snakes changed markedly with altitude (Fig. 3). Smooth
snakes were found between 800 and 1300 m in 13–25%
of their records (20% when pooling 100 m levels), with
80–98% of records between 1300 and 1600 m (92%
when pooling 100 m levels; Fig. 3). There was no evidence for an uphill shift in the distribution of either of the

days from May to July between 2002 and 2007 and totalled 203 km. Observed snakes were captured, identified
and released. Due to the limited number of observations,
we pooled the data from all transects and calculated the
number of observations according to the distance walked
at four levels of altitude. These levels correspond to altitudes where only southern smooth snakes were recorded
(<800 m), where both species were recorded but smooth
snakes represented the minority (800–1300 m) or the majority (1300–1600 m) of records, and where only smooth
snakes were recorded (>1600 m; see Fig. 3).
Road surveys were conducted during 1993–1999,
2004–2006 and 2008–2010 on sunny days between March
and September along the EN-339, EM-552 and EN-338
that connect towns at the foothills of Serra da Estrela
(Seia, São Romão and Manteigas; altitudes ranging from
500 to 700 m) to the mountain summit (see Fig. 1). These
surveys took place over 12–94 days per year, and totalled
578 days and 13896 km. To quantify the abundance of
both species, we pooled the data from all surveys and calculated the number of observations per 1000 km at each
level of altitude. The surveys involved both directions at
each day along the same road, but we only considered the
distance travelled in one direction.

1.0

Smooth snake relative abundance

0.9

Smooth snake sex ratio, morphology and diet

0.8
0.7
0.6
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Nineteen dead smooth snakes collected over the years
were preserved in 70% alcohol. We recorded SVL and TL
to the nearest 1 mm, head length to the nearest 0.1 mm
and determined body mass to the nearest 0.001 g using a
digital balance (100 g maximum capacity). Snakes were
dissected and sexed by ascertaining the presence or absence of hemipenes and, when present, stomach contents
were identified. Furthermore, 47 live smooth snakes were
also measured, except that body mass was weighed to the
nearest 0.1 g during 1993–1999 using a spring balance

Altitude (m)

Fig. 3. Proportion of smooth snake (Coronella austriaca)
records relative to total records of smooth snakes and
southern smooth snakes (C. girondica) divided into
100 m altitude levels. Number of total records per
altitude are indicated in brackets.
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Table 2. Abundance of smooth snakes (Coronella austriaca) and southern smooth snakes (C. girondica) at four
altitude levels based on data from transect walks (observations/1 km) and road travels (observations/1000 km).
Distance covered and number of observations per surveying method are indicated.

Altitude (m)
<800
800–1300
1300–1600
>1600

Transect walks
Road travels
Southern smooth
Southern smooth
Smooth snake
snake
Smooth snake
snake
Dist. (km) Obs. Obs./1 km Obs. Obs./1 km Dist. (km) Obs. Obs./1000 km Obs. Obs./1000 km
12
0
0
0
0
954
0
0
1
1.05
68
0
0
3
0.04
4748
2
0.42
2
0.42
34
1
0.03
0
0
3636
5
1.38
1
0.28
90
7
0.08
0
0
4558
6
1.32
0
0.00

species over the study duration. The relative abundance
of smooth snakes at 800–1300 m (11% in 1993–2001
and 25% in 2002–2010) and at 1300–1600 m (95% in
1993–2001 and 81% in 2002–2010) did not differ significantly between the two periods of study (chi-square tests,
800–1300 m, χ2=0.48, P=0.488; 1300–1600 m, χ2=0.14,
P=0.707). The altitude of smooth snake records differed
significantly between 1993–2001 and 2002–2010 (Kolmogorov–Smirnov test, D=0.381, P<0001), but records
at lower altitudes were more frequent in 2002–2010 than
in 1993–2001 since four of five records below 1300 m (all
roadkills) were made in 2002–2010 (Fig. 2). The altitude
of southern smooth snake records did not differ significantly between the two periods (Kolmogorov–Smirnov
test, D=0.368, P=0.164; Fig. 2).
Across the entire study area, the overlap between the
altitudinal limits of the two species was 712 m. However,
this value is highly influenced by low altitude (<1300 m)
smooth snake records along the Zêzere river valley (along
the EN-338 connecting Manteigas to the EN-339) and the
north (along and to the north of EN-232) and by high altitude (>1300 m) southern smooth snake records in the

northwest (along the EN-339 and EM-552 connecting
Seia and São Romão to Lagoa). When examining specific
areas of Serra da Estrela, the altitudinal overlap between
species was much narrower. Along the Zêzere river valley, in the north and northwest respectively, the altitudinal
limits of the two species overlapped by 102 m, 430 m and
229 m. In the south (area south of Torre), the two species did not overlap, and the lowest smooth snake record
was 175 m higher than the highest southern smooth snake
record.

Abundance

Altogether, 38 smooth snake observations were made at
Lagoa, Perús and Ski; no snakes were observed at Torre
(Table 1). Smooth snake observations averaged one observation/nine days or 38 hours of recording. The number
of observations per year standardized by sampling effort (observations/hour/ha) was 0.031±0.024 at Lagoa,
0.048±0.056 at Perús and 0.024±0.030 at Ski. The differences between sites were statistically significant when
all sites were considered (median test, χ2=10.63, df=3,
P=0.014), but not when Torre was excluded from the

Table 3. Morphological traits of juvenile, male and female smooth snakes (Coronella austriaca). Snout–vent
length (SVL), tail length (TL), body length (SVL+TL) and TL/SVL were calculated for smooth snakes with intact tails
(recorded dead and alive). Head length and body mass were calculated only for live snakes. P-values for t-tests on
morphological sexual differences are shown.
Juveniles
Mean Min

Males

Max

SD

Females

n Mean Min

Max

SD

n

Mean Min

Max

SD

n

P

SVL (mm)

188

178

200

9

5

435

250

560

85

30

462

290

620

83

29

0.229

TL (mm)

39

28

46

8

5

109

62

148

21

30

94

57

122

14

29

0.002

Body length
(mm)
227

211

241

11

5

544

312

708

106 30

556

347

717

93

29

0.651

0.207 0.140 0.242 0.044 5 0.251 0.234 0.273 0.011 30 0.206 0.152 0.233 0.023 29

<0.001

TL/SVL
Head (mm)

8.6

8.3

9

0.4

5

13.7

10.2

16

1.6 21

12.8

10.2

15

1.5

20

0.232

Mass (g)

3.5

2.9

4.7

0.8

5

46.1

12

96

19.8 18

39.8

8.2

83

21.3 19

0.359
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1300 m. Smooth snakes were three times more abundant
above 1300 m than at 800–1300 m, and the abundance of
southern smooth snakes decreased steadily with altitude
(Table 2).

Smooth snake sex ratio, morphology and diet

Dead snakes that were sexed and had intact tails included
nine males and nine females. TL/SVL ranged between
0.234 and 0.273 mm (0.253±0.013) among males, and
0.195 and 0.233 (0.218±0.015) among females. TL/
SVL did not overlap between sexes and was significantly
higher for males than for females (t-test, t=5.37, df=16,
P<0.001). The highest value of TL/SVL observed among
dead females (0.233) was used as the cut-off point to sex
live adult snakes. Among the 19 dead and 41 live snakes
that were sexed, 30 (50%) were males and 30 (50%) were
females. Only TL and TL/SVL differed significantly between sexes, with males having both higher TL and higher
TL/SVL than females (Table 3).
The diet was restricted to Iberian rock lizards and lacertid eggs. Among the dead snakes, one snake contained
an adult gravid female with seven eggs and a juvenile,
and another snake contained 16 eggs, possibly belonging
to two clutches (11 eggshells in the upper region of the
stomach and five further down). Regarding live snakes,
two regurgitated the remains (tails and limbs) of Iberian
rock lizards, and another regurgitated an entire adult. All
dead and live specimens whose diet was determined were
collected above 1400 m.

Fig. 4. Mean (minimum–maximum) number of smooth
snakes (Coronella austriaca) observed per hectare at
four study sites during the entire study period (1993–
2010).

analyses (median test, χ2=0.07, df=2, P=0.964). The 38
observations represented a minimum of 26 individuals
(Table 1). The number of different smooth snakes per year
at each site did not correlate positively with sampling effort expressed in days (Spearman rank order correlation,
absolute rs<0.59, P>0.127 in all cases) or hours (absolute
rs<0.58, P>0.103 at Lagoa and Ski and rs=–0.69, P=0.056
at Perús), which suggests that sampling effort was large
enough to detect most individuals. The number of smooth
snakes/ha/year was 1.01±0.74 at Lagoa, 1.17±1.39 at
Perús and 1.22±1.71 at Ski (Fig. 4). The maximum values of smooth snakes/ha across years were 2.08 at Lagoa,
3.13 at Perús and 4.69 at Ski (Fig. 4). The number of
smooth snakes/ha differed significantly between sites
when all sites were considered (median test, χ2=10.63,
df=3, P=0.014), but not when Torre was excluded from
the analyses (median test, χ2=0.07, df=2, P=0.964). The
number of observations/hour/ha did not differ significantly between 1993–1999 and 2008–2010 at Lagoa, Perús
and Ski (Mann–Whitney U test, Z<0.798, P>0.425 in all
cases) and the number of smooth snakes/ha did not differ significantly between these periods (Mann–Whitney
U test, Z<1.481, P>0.138).

DISCUSSION
The smooth snake has a wide European distribution, but
knowledge of the conservation status of its populations
is scarce. This is certainly due to the species’ secretive
habits and typically low population densities (Goddard;
1984, Spellerberg & Phelps 1977), which render longterm individual-based demographic and behavioural field
studies difficult to accomplish (but see Goddard & Spellerberg, 1980; Luiselli et al., 1996). Nonetheless, there is
evidence that smooth snakes are declining, possibly due
to climate warming (Reading et al., 2010; Santos et al.,
2009). Here, we addressed whether smooth snakes at
Serra da Estrela are threatened by the uphill expansion
of competing southern smooth snakes and, furthermore,
aimed to provide a baseline for future population monitoring.
Smooth snakes at Serra da Estrela are confined to altitudes above 800 m. The population is probably isolated
by distances of more than 20–80 km to other mountains
where the species was recorded (Malkmus, 2008); the
lowlands surrounding Serra da Estrela are characterized
by hot dry summers, seemingly unsuitable for smooth
snakes (Santos et al., 2009). Despite low densities, this
population may constitute an important reservoir of the
species’ genetic diversity as it is located at the southern
limits of the distribution of C. a. acutirostris (Santos et
al., 2008).
The distributions of both snake species overlap at altitudes of 800–1600 m overall, although the overlap only
covered 102–430 m in altitude when different areas of

Abundance along transects and on roads

Eight smooth snakes and three southern smooth snakes
were recorded during 26 transect walks, and 13 smooth
snakes and four southern smooth snakes (all roadkills)
were observed during road surveys (Table 2). When examining snake abundances according to altitude levels,
smooth snakes were more abundant above 1300 m, whereas southern smooth snakes were more abundant below
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