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Abstract.—The Large Psammodromus (Psammodromus algirus) is a lizard that has flexible antipredator behavior, 
with a considerable preference for finding shelter in the leaf litter under short scrub, and which rarely uses tree 
trunks to escape from predators.  Nevertheless, few works have studied the microhabitat uses and the antipredator 
behavior of this species in more simplified landscapes, such as agricultural areas.  In this work, we studied the 
microhabitat use (where they were observed and to where they escaped) of the lizard Psammodromus algirus in two 
types of olive groves located in southern Spain: with herbaceous ground cover and with bare ground.  We found a 
large number of lizards in olive trees, which were their preferred destination after fleeing behavior in both types of 
olive groves, although the proportion of individuals fleeing towards the trees was greater in plots with bare ground.  
Moreover, a large proportion of the lizards observed on the ground fled towards the olive trees, suggesting that they 
actively seek the trees as a place of refuge.  These results suggest that the lack of suitable microhabitats proving 
shelter on the ground forces these terrestrial lizards to use trees, which may allow them to colonize simplified 
landscapes such as olive groves in which there is no alternative shelter.
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Antipredatory behavior in reptiles, such as escaping, 
hiding in a refuge, or vigilance, have important costs 
because it reduces the time available for other activities 
such as basking, foraging, resting, or mating (Amo et al. 
2007).  That is, there is a trade-off between the benefits of 
obtaining food and reproduction and the cost associated 
with the risk of predation (Lima and Dill 1990; Cooper 
and Frederick 2010; Samia et al. 2016).  Prey species, 
therefore, perceive and evaluate predation risks to select 
those habitats that have a high availability of both food 
and refuge from predators (Abrams 2000).  It is for these 
reasons that lizard species modify their escape response 
depending on the habitat, thus making flexibility in their 
behavior a key factor (Martín and López 2000).

Reptiles are highly sensitive to modifications made 
to both landscape and microhabitat (Santos et al. 2014; 
Carpio et al. 2016; Badiane et al. 2017).  Increased 
agricultural development has greatly modified their 
natural habitats, thus reducing both food and the 
availability of shelter, and affecting reptile abundance 
in different ways (Böhm et al. 2013; Carpio et al. 
2021).   How increased agricultural development affects 
the behavior of reptiles, however, has not well studied 
(but see Biaggini et al. 2009; Ebrahimi and Bull 2015; 
Simbula et al. 2022).

We studied the microhabitat use and escape behavior 
of the Large Psammodromus (Psammodromus algirus) 

in olive groves in southern Spain.  Psammodromus 
algirus is one of the most common lacertid on the 
Iberian Peninsula (Salvador 2015), but its ecology in 
agricultural systems is relatively unknown.  Although it 
can be found in a wide range of habitats, its abundance 
is affected by the quality and structure of microhabitats, 
particularly alterations to scrubland.  It is most abundant 
in complex and heterogeneous habitats characterized 
by a dense cover of short scrub with abundant leaf 
litter on the ground, and it avoids both open pasture 
and closed woodland (Díaz et al. 2000; Godinho et al. 
2011; Fernandes et al. 2019).  This lizard can modify its 
movement patterns and escape performance depending 
on the predation risk assessment and the features of its 
microhabitat (López and Martín 2013).  For instance, 
it can modulate its flight distance, the distance that a 
predator can approach before it flees, and its escape 
speed depending on vegetation cover, its perception of 
a safe refuge, and the probability of escape (Martín and 
López 1995, 1998, 2000; Amo et al. 2007; López and 
Martín 2013).

In more natural habitats, this species spends more 
time basking or foraging on the ground around bushes 
(Zamora-Camacho et al. 2014), seeking shelter in the 
leaf litter under scrub, and only occasionally within 
rock crevices (Martín and López 2000; Salvador 2015).  
Climbing trees to escape from predators, however, has 
only rarely been observed in this species.  Climbing 
trees may be an alternative behavior for this species 
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to elude nearby predators that might not have been 
detected with sufficient time to be able to employ normal 
evasive action (Martín and López 2000).  At the scale of 
microhabitats, certain characteristics such as cover or 
plant richness, the presence of rocks and other refuges, 
or exposure to the sun, may be important to determine 
whether an individual changes from having terrestrial 
behavior to arboreal behavior (Webb and Shine 1998; 
Kim and Holt 2012; Elzer et al. 2013).  

Olive orchards are the most common woody crop 
on the Iberian Peninsula, and the current area devoted 
to olive production is of approximately 2.5 million ha 
(Guerrero-Casado et al. 2022a).  The ground in olive 
orchards is typically free of vegetation and the most 
common practice to keeping the ground bare all year 
round is the intensive use of herbicides and ploughing 
(Carpio et al. 2017; López-Vicente et al. 2021).  These 
conditions, therefore, reduce the shelter on the ground 
available to P. algirus.  During the past decade, 
however, an increasing number of farmers have allowed 
herbaceous plants to grow around their olive trees to 
prevent soil erosion, and this may provide shelter and 
insects as prey for lizards (Rey et al. 2019; Carpio et 
al. 2019).

In the light of these considerations, we evaluate the 
microhabitat use made by P. algirus populations that live 
in simplified landscapes in which there is little shelter, as 
is the case of olive groves.  We specifically hypothesize 
that their arboreal behavior is affected by the amount of 
bare ground.  We predict that we will find lizards in olive 
trees significantly more often when the ground surface is 
bare than when it is covered by herbaceous pants.

mAteriAlS And methodS

Study site and experimental design.—The study was 
carried out on six plots in olive groves in the province 
of Córdoba, southern Spain (Latitude 38.059, Longitude 
˗4.278).  The study area has a temperate climate typical 
of the Mediterranean region, with hot, dry summers 
and mild, relatively wet winters.  The average annual 
temperature is 18º C and the average annual rainfall is 
445 mm (Climate-data.org).  The olive groves in this 
area are classified as mountain olive groves owing to the 
steep slopes, which make mechanization difficult.  The 
presence of hedges, small patches of natural vegetation, 
stones, and dry-stone walls at the edges of the crops is 
relatively common in this area.  All plots are formed of 
old olive trees (> 100 y) with two or three trunks per 
tree and a low tree density (the spacing between two 
olive trunks is approximately 10 m).  Three olive groves 
had spontaneous (not sown) herbaceous ground cover 
between the rows of olive trees, which were mowed 
in late spring before the dry season (Fig. 1).  On the 
other three plots, herbicides were applied to prevent 

the growth of herbaceous vegetation, thus keeping the 
ground bare throughout the year.

Lizard sampling.—We collected data in 2021 and 
2022 by walking transects done in a zigzag pattern 
to reduce resightings (Carpio et al. 2015, 2017).  We 
conducted surveys in March, April, and May of each 
year when the reptiles are most active and coinciding 
with their breeding season (Guerrero-Casado et al. 
2022b).  We visited each plot every two weeks during 
each month, walking transects eight times in 2021 and 
five times in 2022.  We used time as the basis for transect 
length, and in each visit, each transect was walked for 
30 min, and the total sampling effort amounted to 6.5 h 
of observation in each plot (39 h in total).  Considering 
that the activity of most reptiles depends on the 
environmental conditions, we only walked transects on 
sunny days with little wind.

Whenever possible, we recorded the escape behavior 
for each individual lizard we encountered.  We recorded 
the place in which the lizard was observed.  After 
each detection, we approached the animal by walking 
toward it and then recorded the place to which it fled.  
We categorized places from which lizards fled (place 
of observation) as: (1) rocks or stones; (2) ground, 
including herbaceous ground cover; and (3) olive trees, 
including tree trunks and any holes or cavities.  We 
used the same categories for the places to which they 
escaped and added a fourth category of no escape if the 
individual did not display any escape behavior.  

Statistical analysis.—We calculated the absolute and 
relative frequencies of the number of individuals with 

FiGure 1.  The two types of olive groves sampled, with herbaceous 
cover (upper) and with the bare ground (lower). (Photographed by 
José-Guerrero-Casado).
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respect to the place of observation and that to which they 
escaped.  This was done separately for olive groves with 
herbaceous ground cover and groves with bare ground. 
We compared the proportions of the three categories 
(olives, ground, and rocks) in both types of olive groves 
using Fisher’s Exact Tests (α = 0.05).  We also made a 
Sankey diagram to visualize the flows from the place of 
observation to the place of escape.

reSultS

After pooling the data obtained in the two years 
studied, we found 205 P. algirus, of which we found 47 
individuals (22.9 %) in olive groves with bare ground 
and 158 (77.1 %) in olive groves with herbaceous 
ground cover.  Overall, we found 68 individuals (33.2 
%) on olive trees, 30 individuals (14.6 %) on rocks, and 
107 (52.2 %) on the ground when first spotted.  There 
were no significant differences in the places in which we 
first found individuals between olive groves with and 
without herbaceous ground cover (Fisher’s Exact Test, 
P > 0.05; Fig. 2).

Of the 205 individuals we observed, 107 (52.2 %) 
escaped toward the olive trees, 62 (30.2 %) toward the 
ground, and 28 (13.7 %) toward the rocks, while eight 
individuals (3.9 %) did not attempt to escape (Fig. 2).  
There were significant differences among the places to 
which lizards escaped in olive groves with herbaceous 
ground cover and groves without cover, with a larger 
proportion of individuals that fled toward the olive trees 
on plots with the bare ground (Fisher’s Exact Test, P 
= 0.046), while a larger proportion of individuals fled 
toward the ground in olive groves with herbaceous 
ground cover (Fisher’s Exact Test, P = 0.044).  There 
were no significant differences between the proportion 
of individuals that did not escape (Fisher’s Exact Test, 
P = 0.685) and those that fled toward the rocks (Fisher’s 
Exact Test, P = 0.471) between grove types.

Moreover, most of the lizards observed (91.2 %) on 
the trunks of olive trees escaped towards holes or cavities 
in those trees (Fig. 2).  Moreover, many individuals 
(42.1 %) located on the ground also escaped towards the 
olive trees (Fig. 2).  Finally, the lizards observed on the 
rocks preferred to use those rocks as the place to which 
to escape (76.7 %).

DiScuSSion

We found P. algirus has developed an arboreal escape 
strategy that allows this species to colonize olive groves.  
Previous studies have stated that climbing a tree trunk is 
an unusual antipredatory strategy for P. algirus (Martín 
and López 1998; 2000) and that only those animals 
with a high body temperature were able to climb trees 
(Martín and López 2000); however, we found that a 
large proportion of individuals use olive tree trunks for 
both basking and hiding.  In this simplified landscape in 
which the loss of habitat heterogeneity entails a loss of 
microhabitats for basking, foraging, and seeking shelter, 
the trunks of old olive trees, with their multiple holes and 

FiGure 3.  A male Large Psammodromus (Psammodromus 
algirus) basking on an olive tree trunk, approximately 1.5 m above 
the ground.  (Photographed by José-Guerrero-Casado).

FiGure 2.  Sankey diagram showing the place in which the Large 
Psammodromus (Psammodromus algirus) individuals were 
observed (left) and where they escaped to (right), for olives groves 
with herbaceous ground cover (upper) and bare ground (lower).  
The numbers in brackets indicate the percentage of individuals.
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cavities provide a suitable refuge.  Indeed, almost half of 
the individuals observed on the ground fled towards the 
tree trunks, signifying that they actively seek this resource 
as a preferred refuge.  Biaggini et al. (2009) also showed 
a clear preference for olive trees as refuges in the case of 
the lacertid Italian Wall Lizard (Podarcis sicula), even if 
this meant traversing a greater distance.

This arboreal behavior was more marked (in relative 
terms) in olive groves with bare ground than ground 
covered by herbaceous plants; however, a larger proportion 
of lizards that we found were sheltering at ground level on 
plots in which there was herbaceous vegetation than bare 
ground, thus suggesting that the lack of herbaceous plant 
cover may be the reason for the greater use of the trunks 
of olive trees.  Sex, age, body condition, air temperature, 
and season can also affect escape behavior of lizards 
(Martín and López 1995; Amo et al. 2007; Iraeta et al. 
2010; Zamora-Camacho et al. 2014), and further studies 
should, therefore, test how these variables influence the 
arboreal behavior of P. algirus.  Olive groves with ground 
cover also harbor a more diverse reptile community 
than groves with bare ground (Carpio et al. 2017), but in 
Andalusia, which is the largest olive oil producing region 
in the world, most olive groves are kept with bare ground 
(López-Vicente et al. 2021).  The use of olive trees may 
be true of other lizard species in Spain.

In conclusion, our results show that the lizard P. 
algirus greatly depends on the trunks of olive trees to 
find shelter, particularly in olive groves with bare ground.  
This arboreal behavior has not been reported previously.  
This change in the antipredatory response of this species 
probably allows it to persist in a simplified landscape 
such as olive groves.  

Unfortunately, some old olive trees are being replaced 
with younger trees (which lack cavities in their trunks) to 
establish new intensive crop systems (Guerrero-Casado 
et al. 2021), and this may affect the capacity of P. algirus 
to avoid predation in groves with bare ground and young 
trees.  The use of olive trees by P. algirus in new groves 
would be worth studying.

Acknowledgments.—The authors gratefully 
acknowledge funding support from the Spanish 
State Research Agency (PID2019-107693RR-C21/
AEI/10.13039/501100011033).  We are grateful to 
the owners of the olive groves for their hospitality and 
assistance during the fieldwork, and particularly to Franco 
Castillo. We are very grateful to Manuel Mármol for his 
help during the fieldworks. No animals were handled or 
captured during the study.

literAture cited

Abrams, P.A. 2000. The evolution of predator-prey 
interactions: theory and evidence. Annual Review of 

Ecology and Systematics 31:79–105. 
Amo, L., P. López, and J. Martín. 2007. Habitat 

deterioration affects antipredatory behavior, 
body condition, and parasite load of female 
Psammodromus algirus lizards. Canadian Journal of 
Zoology 85:743–751.

Badiane, A., C. Matos, and X. Santos. 2017. Uncovering 
environmental, land-use and fire effects on the 
distribution of a low dispersal species, the Hermann’s 
Tortoise Testudo hermanni. Amphibia-Reptilia 
38:67–77.

Biaggini, M., R. Berti, and C. Corti. 2009. Different 
habitats, different pressures? Analysis of escape 
behaviour and ectoparasite load in Podarcis sicula 
(Lacertidae) populations in different agricultural 
habitats. Amphibia-Reptilia 30:453–461.

Böhm, M., B. Collen, J.E.M. Baillie, P. Bowles, J. 
Chanson, N. Cox, G. Hammerson, M. Holffmann, 
S.R. Livingstone, M. Ram et al. 2013. The 
conservation status of the world’s reptiles. Biological 
Conservation 157:372–385. 

Carpio, A.J., M. Cabrera, and F.S. Tortosa. 2015. 
Evaluation of methods for estimating species 
richness and abundance of reptiles in olive groves. 
Herpetological Conservation and Biology 10:54–63.

Carpio, A.J., J. Castro, V. Mingo, and F.S. Tortosa. 2017. 
Herbaceous cover enhances the squamate reptile 
community in woody crops. Journal for Nature 
Conservation 37:31–38.

Carpio, A.J., J. Castro, and F.S. Tortosa. 2019. 
Arthropod biodiversity in olive groves under two 
soil management systems: presence versus absence 
of herbaceous cover crop. Agricultural and Forest 
Entomology 21:58–68.

Carpio, A.J., M.E. Ortiz-Santaliestra, F.S. Tortosa, and 
J. Guerrero-Casado. 2021. The role of intensive 
agriculture in Mediterranean woody crops as 
regards the conservation of reptiles. Pp. 107–144 
In Agricultural Research Updates. Volume 37. 
Gorawala, P., and S. Mandhatri (Eds.). Nova Science 
Publishers, New York, New York, USA.

Carpio, A.J., J. Oteros, F.S. Tortosa, and J. Guerrero-
Casado. 2016. Land use and biodiversity patterns 
of the herpetofauna: the role of olive groves. Acta 
Oecologica 70:103–111.

Cooper, W.E., and W.G. Frederick. 2010. Predator 
lethality, optimal escape behavior, and autotomy. 
Behavioral Ecology 21:91–96.

Díaz, J.A., R. Carbonell, E. Virgós, T. Santos, and J.L. 
Tellería. 2000. Effects of forest fragmentation on the 
distribution of the lizard Psammodromus algirus. 
Animal Conservation 3:235–240.

Ebrahimi, M., and C.M. Bull. 2015. Behavioural 
changes in an endangered grassland lizard resulting 
from simulated agricultural activities. Journal of 



 159   

Herpetological Conservation and Biology

organic carbon fractions due to water erosion in 
a Mediterranean olive grove. Soil and Tillage 
Research 213:1-14. https://doi.org/10.1016/j.
still.2021.105119.  

Martin, J., and P. López. 1995. Influence of habitat 
structure on the escape tactics of the lizard 
Psammodromus algirus. Canadian Journal of 
Zoology 73:129–132.

Martín, J., and P. López. 1998. Shifts in microhabitat 
use by the lizard Psammodromus algirus: responses 
to seasonal changes in vegetation structure. Copeia 
1998:780–786.

Martín, J., and P. López. 2000. Fleeing to unsafe 
refuges: effects of conspicuousness and refuge safety 
on the escape decisions of the lizard Psammodromus 
algirus. Canadian Journal of Zoology 78:265–270.

Rey, P.J., A.J. Manzaneda, F. Valera, J.M. Alcántara, 
R. Tarifa, J. Isla, J.L. Molina-Pardo, G. Calvo, 
T. Salido, J.E. Gutiérrez, et al. 2019. Landscape-
moderated biodiversity effects of ground herb 
cover in olive groves: implications for regional 
biodiversity conservation. Agriculture, Ecosystems 
and Environment 277:61–73.

Salvador, A. 2015. Lagartija colilarga - Psammodromus 
algirus. En: Enciclopedia Virtual de los Vertebrados 
Españoles. Salvador, A., Marco, A. (Eds.). Museo 
Nacional de Ciencias Naturales, Madrid, España.

Santos, X., E. Mateos, V. Bros, L. Brotons, E. De Mas, 
J.A. Herraiz, S. Herrando, A. Miño, J.M. Olmo-
Vidal, J. Quesada, et al. 2014. Is response to fire 
influenced by dietary specialization and mobility? A 
comparative study with multiple animal assemblages. 
PloS ONE 9:1-10. https://doi.org/10.1371/journal.
pone.0088224.  

Samia, D.S.M., D.T. Blumstein, T. Stankowich, and W.E. 
Cooper. 2016. Fifty years of chasing lizards: new 
insights advance optimal escape theory. Biological 
Reviews 91:349–366.

Simbula, G., A.M. Bissattini, and L. Vignoli. 2022. 
Linking agricultural practices to lizard trophic 
behaviour: an ecological approach. Science of 
the Total Environment 830:1-10. https://doi.
org/10.1016/j.scitotenv.2022.154822. 

Webb, J.K., and R. Shine. 1998. Using thermal ecology 
to predict retreat-site selection by an endangered 
snake species. Biological Conservation 86:232–242. 

Zamora-Camacho, F.J., S. Reguera, M.V. Rubiño-
Hispán, and G. Moreno-Rueda. 2014. Effects of limb 
length, body mass, gender, gravidity, and elevation 
on escape speed in the lizard Psammodromus algirus. 
Evolutionary Biology 41:509–517.

Arid Environments 113:102–107.
Elzer, A.L., D.A. Pike, J.K. Webb, K. Hammill, R.A. 

Bradstock, and R. Shine. 2013. Forest-fire regimes 
affect thermoregulatory opportunities for terrestrial 
ectotherms. Austral Ecology 38:190–198.

Fernandes, J., F. Petrucci-Fonseca, M. Santos-Reis, and 
L.M. Rosalino. 2019. Drivers of Psammodromus 
algirus abundance in a Mediterranean agroforestry 
landscape. Agroforestry Systems 93:2281–2291.

Godinho, S., A.P. Santos, and P. Sá-Sousa. 2011. 
Montado management effects on the abundance 
and conservation of reptiles in Alentejo, Southern 
Portugal. Agroforestry Systems 82:197–207.

Guerrero-Casado, J., A.J. Carpio, M. Canós-Burguete, 
M. Torrijo-Salesa, and F.S. Tortosa. 2022b. The 
modernization of traditional vineyards into intensive 
trellis systems reduces the species richness and 
abundance of reptiles. Spanish Journal of Agricultural 
Research 20:1-8. https://doi.org/10.5424/
sjar/2022202-18224. 

Guerrero-Casado, J., A.J. Carpio, F.S. Tortosa, and 
A.J. Villanueva. 2021. Environmental challenges of 
intensive woody crops: the case of super high-density 
olive groves. Science of the Total Environment 798:1-
4. https://doi.org/10.1016/j.scitotenv.2021.149212. 

Guerrero-Casado, J., C.A. Rivas, and F.S. Tortosa. 
2022a. The expansion of olive groves is reducing 
habitat suitability for the Great Bustard Otis tarda 
and the Little Bustard Tetrax tetrax in Southern 
Spain: could Important Bird Areas (IBAs) reduce 
this expansion? Bird Conservation International 
32:544–558.

Iraeta, P., A. Salvador, C. Monasterio, and J.A. 
Díaz. 2010. Effects of gravidity on the locomotor 
performance and escape behaviour of two lizard 
populations: the importance of habitat structure. 
Behaviour 147:133–150. 

Kim, T.N., and R.D. Holt. 2012. The direct and indirect 
effects of fire on the assembly of insect herbivore 
communities: examples from the Florida scrub 
habitat. Oecologia 168:997–1012.

Lima, S. L., and L.M. Dill. 1990. Behavioral decisions 
made under the risk of predation: a review and 
prospectus. Canadian Journal of Zoology 68:619–640.

López, P., and Martín, J. 2013. Effects of microhabitat-
dependent predation risk on vigilance during 
intermittent locomotion in Psammodromus algirus 
lizards. Ethology 119:316–324.

López-Vicente, M., J.A. Gómez, G. Guzmán, J. Calero, 
and R. García-Ruiz. 2021. The role of cover crops 
in the loss of protected and non-protected soil 



 160   

Llorca et al.—Arboreal behavior of Psammodromus algirus in olive groves.

AnA b. llorcA is a Biologist and is currently studying to obtain a Master’s degree in Environmental 
Management and Biodiversity.  She has also been collaborating with the research group in the 
Department of Zoology at Córdoba University, Spain, for several years.  Thanks to this, her knowledge 
regarding the conservation and behavior of different animal taxa is increasing, and she intends to focus 
on these areas in the future.  (Photographed by Carlos Molina).

frAnciSco S. tortoSA is a Biologist who has been working at Cordoba University, Spain, since 1992.  
He has been a full Professor in the Zoology Department at Cordoba University since 2017.  His research 
group has been working with different taxa such as birds, mammals, lizards, and insects, focusing on 
the effect of agriculture methods on farmland biodiversity.  His current research interests are focused on 
woody crops such as olive crops or vineyards, where most of the field work carried out takes place.  He 
also has been studying game species in either forest or agricultural landscapes.  (Photographed by José 
Guerrero).

JoSé Guerrero-cASAdo is a Biologist with a Ph.D. in Natural Resource Management.  He is currently 
working as an Assistant Professor in the Zoology Department at the University of Cordoba, Spain.  His 
research focuses on the effect of agricultural practices on the diversity of vertebrates, and the conservation 
of wild mammals in human-modified landscapes in both Spain and Ecuador.  (Photographed by Ana B. 
Llorca).




