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Long-term and short-term effects of temperature on snake
detectability in the wild: a case study with Malpolon
monspessulanus
Gregorio Moreno-Rueda & Juan M. Pleguezuelos
Departamento de Biología Animal, Facultad de Ciencias, Universidad de Granada, Spain

The relationship between temperature and rates of detection of the Mediterranean snake Malpolon monspessulanus
(Montpellier snake) in the wild was analysed over a 26-year period. We used records of live and freshly road-killed
snakes in south-eastern Spain. A short-term effect of temperature on rates of snake detection was found: the higher the
yearly temperature, the higher the snake detectability was that year. Moreover, a long-term effect of temperature on
snake detectability was found, as snake abundance in year x was also strongly affected by temperature during year x–
1 and x–2. A multiple-regression model demonstrated that these effects were independent. These long-term effects are
probably due to an effect of temperature on snake population dynamics.
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INTRODUCTION

MATERIALS AND METHODS

n contrast to endotherms, ectotherms do not regulate
their temperature by means of metabolism, but as a function of external temperature (Pough et al., 2004). This
makes them very sensitive to environmental temperature,
and in fact, many traits of ectotherm biology are temperature-dependent (e.g. Shine, 2005). As global temperatures
are currently increasing (Houghton et al., 2001), it is predictable that many aspects of ectotherms’ natural history
will be affected (Hughes, 2000; Walther et al., 2002). Indeed, some studies have shown variation in the
phenology of ectotherms in response to climate change
(e.g. Forchhammer et al., 1998), as well as variation in
body size (Tryjanowski et al., 2006), or even variation in
fitness (Chamaillé-Jammes et al., 2006).
Because of their limited dispersal abilities, amphibians
and reptiles are probably more vulnerable than
endotherms to a rapid climatic change (Gibbons et al.,
2000). As a result of their sensitivity to water availability,
it is predictable that climatic warming will harm amphibians (Alford & Richards, 1999). However, for reptiles, the
effect of climate warming is unclear (Araújo et al., 2006).
Rising temperatures may provide more opportunities for
feeding, growth and breeding in temperate reptiles (Frazer
et al., 1993; Chamaillé-Jammes et al., 2006), which may provoke a population increase, although it may be negative
for equatorial or montane reptiles. In this study, we analyse the short- and long-term effects of environmental
temperature on the detection of the Montpellier snake
(Malpolon monspessulanus) in the wild. The annual activity period of this snake increases with temperature
(r=0.62, P=0.02, n=16 years; Fig. 1; unpublished data), and
therefore, the within-year number of individuals detected
should increase as a short-term response to temperature
increase. Moreover, growth in the population size of the
Montpellier snake would be expected as a long-term effect
of environmental temperature.

Field searches for the Montpellier snake were performed
in the south-eastern Iberian Peninsula (38º30'–37º15'N;
5º30'–2º30'W), a region with altitudes ranging from sea
level to 3482 m a.s.l. Analyses, however, were restricted to
records from 500–1300 m, an area demonstrating similar
climatic regimes corresponding to the Meso-Mediterranean thermoclimatic stage (Rivas-Martínez, 1981) and
occupying approximately 17,500 km2. We assumed that
population dynamics in this species varied little within
the elevation-constrained area considered. The climate in
this area is typically Mediterranean; mean ± standard deviation of temperature was 7.2±1.96 ºC in winter (January)
and 25.3±2.36 ºC in summer (July); average yearly rainfall
was 412.1±226.72 mm (climatic data for the 1980–2005 period; Junta de Andalucía, 2001; and data on the web).
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Fig. 1. Relationship between Montpellier snake annual
activity period and temperature during the study
(1983–2004).
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Fig.. 2. Relationship between Montpellier snake detectability and temperature in a) year x, b) year x–1, c) year x–
2, and d) with year during the study period.

stations homogeneously distributed within the study
area, and which did not show spatial autocorrelation
(Junta de Andalucía, 2001; and additional data on the
web). We used mean annual temperature because it was
the thermal measure available for most meteorological stations, and is strongly correlated with minimum and
maximum temperature in the study area (r>0.80). All variables had a normal distribution (Lillierfors test), justifying
the use of parametric statistics (Sokal & Rohlf, 1995).

Field sampling was conducted from 1980 to 2005,
within the framework of a larger study on the snake fauna
of the region (details in Feriche, 1998). Searches were
scheduled on the basis of a rather constant effort, both
within and among years, of about three field days per
month (approximately 5 h each), throughout all months of
the year. We recorded data from live and road-killed individuals, mainly on unpaved roads. As road-killed snakes
were active prior to death, we consider these data informative regarding behavioural and population dynamics of
this snake. Moreover, the number of road-killed snakes
was positively correlated with the number of live snakes
recorded (r=0.77, P<0.001, n=18 years; only years with
data for both sampling methods were used), suggesting
that both means of sampling gave similar patterns. With
these data, we considered the number of individuals detected per year as an indicator of snake abundance and
snake activity in the field. Nevertheless, we are dealing
with a model organism, the Montpellier snake, which is a
predator (Valverde, 1967; Pleguezuelos, 1998), relatively
scarce, very elusive, and for which encounters are scarce,
as in most snake species (Fitch, 1987). This probably increased the measurement error for snake abundance, but
this error should diminish the statistical power of our
analysis (Yezerinac et al., 1992), causing our results to be
conservative.
To analyse the effect of climate on snake detectability,
we used a multiple linear regression with number of specimens detected per year as the dependent variable. We
analysed the effect of the mean annual temperature of
year x, as well as mean annual temperature of year x–1 and
the year x–2. We also tested the effect of annual precipitation. Climatic data were compiled from 98 meteorological

RESULTS
Throughout the study period, we detected 424 (249 roadkilled) snakes in the field (16.3 snakes per year ± 2.43 S.E.,
range 0–47, n=26 years). The annual number of observations of males and females were highly correlated (r=0.81,
P<0.001, n=26 years), and the two sexes were grouped for
a more reliable measure of annual snake detectability.
Snakes detected in year x were positively correlated with
the average temperature that year (r=0.56, P=0.003, n=26
years; Fig. 2a), but also significantly correlated with the
temperature of year x–1 (r=0.47, P=0.02, n=25; Fig. 2b) and
almost significantly correlated with the mean temperature
during year x–2 (r=0.37, P=0.077, n=24; Fig. 2c). Temperature for year x did not correlate with temperature for year
x–1 (r=0.003, P=0.99, n=25) or year x–2 (r=-0.01, P=0.96,
n=24), suggesting that the effect of each year was independent and that there was no temporal autocorrelation,
justifying the use of multiple-regression methods
(Stewart-Oaten et al., 1986). A multiple-regression model
with temperature for years x, x–1 and x–2 as predictors revealed an independent and significant effect of
temperature in each of those years on snake detectability
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Table 1. Multiple-regression model statistics for the
relationship between the effects of temperature in the
year x, x–1 and x–2 on snake detectability in the year x.
R2=0.64, F3, 20=11.61, P<0.001.

Year x
Year x-1
Year x-2

Beta (± SE)

t20

P

0.57±0.14
0.42±0.14
0.38±0.14

4.19
3.12
2.84

<0.001
=0.005
=0.01

1989). Moreover, the availability of prey for snakes may
also be positively affected by climate (e.g. Morrison &
Bolger, 2002), especially considering that the Montpellier
snake is mainly lizard-eating (Pleguezuelos, 1998). However, because of the secretive nature of most snakes, data
to test these hypotheses are difficult to gather, at least
under natural conditions, and thus we did not test these
mechanisms.
The environment is currently changing, and temperature is increasing (Houghton et al., 2001; Jones et al., 1999,
2001; unpublished data for the study area). Climate warming may increase the extinction risk of many species
(Thomas et al., 2004), and it has been related to the global
decline of amphibians (e.g. Alford & Richards, 1999) and
reptiles (Gibbons et al., 2000). However, climate warming
may also favour some species or populations (see
Chamaillé-Jammes et al., 2006). For example, butterfly species richness in the United Kingdom has increased in
response to climate warming (Menéndez et al., 2006).
Findings in this study suggest that the Montpellier snake
may benefit from climatic warming, as its detectability in
the wild (and presumably its population size) increases
with temperature. In fact, it is a thermophilous snake
(Blázquez, 1995) and its relative importance in the snake
community in the study area has increased during the
study period from 27.1% to 52.0% of the snakes recorded
(C. Segura, unpublished data). In conclusion, this study
suggests that the climate affects the population size of
the Montpellier snake, and therefore, that climate warming
may favour this ectothermic and thermophilous vertebrate, increasing its population size.

in the wild (Table 1). The mean temperature for year x–3
had no significant effects on snake detectability (multiple
regression, t18=0.66, P=0.52). There was no correlation between total precipitation and snake detectability (r=–0.02,
P=0.93, n=20 years). No correlation was found, either, between mean altitude of records each year and snake
detectability (r=–0.23, P=0.27, n=26 years), suggesting
that the results were not confounded by altitude. Lastly,
snake detectability did not vary significantly with years
(r=0.28, P=0.17; Fig. 2d).

DISCUSSION
This study shows that detectability of the Montpellier
snake in the wild in year x was affected by environmental
temperature that year. This result is to be expected, because activity is regulated by temperature in ectotherms
(Pough et al., 2004), and the extension of the activity period of the Montpellier snake is affected by environmental
temperature (unpublished data). The higher the temperature for a given year, the more time the snakes were active,
and the more snakes were detected. However, notably,
the average temperature for years x–1 and x–2 also affected snake detectability during year x. It is improbable
that climate in the previous years affected the activity of
snakes during year x, but it is more conceivable that temperature in the previous years affected snake population
size by increasing individual survival and/or breeding
success (Lourdais et al., 2002). However, only 2.8% of individuals found were immature, suggesting that
temperature affected mainly adult survival.
Chamaillé-Jammes et al. (2006), for example, showed
that higher temperatures favoured breeding success and
juvenile growth in the common lizard (Lacerta vivipara),
and Altwegg et al. (2005) showed that higher winter temperature favours the survival of juvenile asp vipers
(Vipera aspis). Similarly, temperature may favour breeding and juvenile survival in the Montpellier snake.
However, we have no data on breeding success and juvenile abundance in the field according to year, although
the low frequency of immature individuals recorded in
this study suggests that the effect on breeding success
was small. The effect of temperature on snake survival
and breeding success may be mediated by many factors
(Peterson et al., 1993), the most crucial being improved
mobility of snakes, which increases with temperature
(Stevenson et al., 1985), affecting their foraging performance (more time to forage, improved strike speed;
Greenwald, 1974) and probably also their capacity to escape from predators (Peterson, 1987; Goode & Duvall,

ACKNOWLEDGEMENTS
We are grateful to people who altruistically collaborated
in sampling. Comments by referees and by Wolfgang
Wüster greatly improved the manuscript. David Nesbitt
improved the manuscript.

REFERENCES
Alford, R.A. & Richards, S.J. (1999). Global amphibian
declines: a problem in applied ecology. Annual Review in
Ecology and Systematics 30, 133–165.
Altwegg, R., Dummermuth, S., Anholt, B.R. & Flatt, T.
(2005). Winter weather affects asp viper Vipera aspis
population dynamics through susceptible juveniles.
Oikos 110, 55–66.
Araújo, M.B., Thuiller, W. & Pearson, R.G. (2006). Climate
warming and the decline of amphibians and reptiles in
Europe. Journal of Biogeography 33, 1712–1728.
Blázquez, M.C. (1995). Body temperature, activity
patterns and movements by gravid and non-gravid
females of Malpolon monspessulanus. Journal of
Herpetology 29, 264–266.
Chamaillé-Jammes, S., Massot, M., Aragón, P. & Clobert, J.
(2006). Global warming and positive fitness response in
mountain populations of common lizards Lacerta
vivipara. Global Change Biology 12, 392–402.
Feriche, M. (1998). Ecología de la Reproducción de los
Colúbridos del Sureste de la Península Ibérica. PhD
thesis. Granada: University of Granada.

206

Effects of temperature on snake field detectability

Peterson, C.R., Gibson, A.R. & Dorcas, M.E. (1993). Snake
thermal ecology: the causes and consequences of bodytemperature variation. In Snakes: Ecology and
Behaviour, 241–314. Seigel, R.A. & Collins, J.T. (eds).
New York: McGraw-Hill.
Pleguezuelos, J.M. (1998). Malpolon monspessulanus
(Hermann, 1804). In Fauna Ibérica, Volumen 10:
Reptiles, 408–427. Ramos, M.A. (ed.). Madrid: Museo
Nacional de Ciencias Naturales (CSIC).
Pough, F.H., Heiser, J.R. & Janis, C.M. (2004). Vertebrate
Life. New Jersey: Prentice Hall.
Rivas Martínez, S. (1981). Les étages bioclimatiques de la
vegetation de la Peninsule Iberique. Anales del Jardín
Botánico de Madrid 37, 251–268.
Shine, R. (2005). Life-history evolution in reptiles. Annual
Review of Ecology, Evolution and Systematics 36, 23–46.
Sokal, R.R. & Rohlf, F.J. (1995). Biometry, 3 rd edn. New
York: Freeman.
Stevenson, R.D. (1985). The relative importance of
behavioural and physiological adjustment controlling
body temperature in terrestrial ectotherms. American
Naturalist 126, 362–386.
Stewart-Oaten, A., Murdoch, W.W. & Parker, K.R. (1986).
Environmental impact assessment: “pseudoreplication”
in time. Ecology 67, 929–940.
Thomas, C.D., Cameron, A., Green, R.E., Bakkenes, M.,
Beaumont, L.J., Collingham, Y.C., Erasmus, B.F.N.,
Ferreira de Siqueira, M., Grainger, A., Hannah, L.,
Hughes, L., Huntley, B., van Jaarsveld, A.S., Midgley,
G.F., Miles, L., Ortega-Huerta, M.A., Peterson, A.T.,
Phillips, O.L. & Williams, S.E. (2004). Extinction risk
from climate change. Nature 427, 145–148.
Tryjanowski, P., Sparks, T.H., Rybacki, M. & Berger, L.
(2006). Is body size of the water frog Rana esculenta
complex
responding
to
climate
change?
Naturwissenschaften 93, 110–113.
Valverde, J.A. (1967). Estructura de una Comunidad de
Vertebrados Mediterráneos. Madrid: Mografías de
Ciencia Moderna, CSIC.
Walther, G.-R., Post, E., Convey, P., Menzel, A., Parmesan,
C., Beebee, T.J.C., Fromentin, J.-M., Hoegh-Guldberg,
O. & Bairlein, F. (2002). Ecological responses to recent
climate change. Nature 416, 389–395.
Yezerinac, S.M., Lougheed, S.C. & Handford, P. (1992).
Measurement error and morphometric studies: statistical
power and observer experience. Systematic Biology 41,
471–482.

Fitch, H.S. (1987). Collecting and life-history techniques. In
Snakes: Ecology and Evolutionary Biology, 143–164.
Seigel, R.A., Collins, J.T. & Novak, S.S. (eds). New
York: MacMillan.
Forchhammer, M.C., Post, E. & Stenseth, N.C. (1998).
Breeding phenology and climate. Nature 391, 29–30.
Frazer, N.B., Greene, J.L. & Gibbons, J.W. (1993).
Temporal variation in growth rate and age at maturity of
male painted turtles, Chrysemys picta. American
Midlands Naturalist 130, 314–324.
Gibbons, J.W., Scott, D.E., Ryan, T.R., Buhlmann, K.A.,
Tuberville, T.D., Metts, B.S., Greene, J.L., Mills, T.,
Leiden, Y., Poppy, S. & Winne, C.T. (2000). The global
decline of reptiles, déjà vu amphibians. BioScience 50,
653–666.
Goode, M.J. & Duvall, D. (1989). Body temperature and
defensive behaviour of free-ranging prairie rattlesnakes,
Crotalus viridis viridis. Animal Behaviour 38, 360–362.
Greenwald, O.E. (1974). The thermal dependence of striking
and prey capture by gopher snakes. Copeia 1974, 141–
148.
Hughes, L. (2000). Biological consequences of global
warming: is the signal already. Trends in Ecology and
Evolution 15, 56–61.
Houghton, J.T., Ding, Y., Griggs, D.J., Noguer, M., van der
Linden, P.J., Dai, X., Maskell, K. & Johnson, C.A. (eds)
(2001). Climate Change 2001: The Scientific Basis. New
York: Cambridge University Press.
Jones, P.D., Osborne, T.J. & Briffa, K.R. (2001). The
evolution of the climate over the last millenium. Science
292, 662–667.
Jones, P.D., New, M., Parker, D.E., Martin, S. & Rigor, I.G.
(1999). Surface air temperature and its changes over the
past 150 years. Reviews of Geophysics 37, 173–199.
Junta de Andalucía (2001). Red Medioambiental de
Andalucía. Seville: Junta de Andalucía.
Lourdais, O., Bonnet, X., Shine, R., DeNardo, D., Naulleau,
G. & Guillon, M. (2002). Capital-breeding and
reproductive effort in a variable environment: a
longitudinal study of a viviparous snake. Journal of
Animal Ecology 71, 470–479.
Menéndez, R., González-Megías, A., Hill, J.K., Braschler,
B., Willis, S.G., Collingham, Y.C., Fox, R., Roy, D.B. &
Thomas, C.D. (2006). Species richness changes lag
behind climate change. Proceedings of the Royal Society B
273, 1465–1470.
Morrison, S.A. & Bolger, D.T. (2002). Variation in
sparrow’s reproductive success with rainfall: food and
predator-mediated processes. Oecologia 133, 315–324.
Peterson, C.R. (1987). Daily variation in the body
temperature of free ranging garter snakes. Ecology 68,
160–169.

Accepted: 23 July 2007

207

