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Lack of maintenance of motorway 
fences works against their intended 
purpose with potential negative 
impacts on protected species
Miguel A. Farfán1*, John E. Fa   2, Adrián Martín-Taboada1, José María García-Carrasco1 & 
Jesús Duarte3

Linear infrastructure intrusions into natural ecosystems, such as motorways and high-speed railways, 
causes direct loss of habitat but also impacts fauna through collisions. Wildlife road mortality is well 
documented and extensive conservation legislation exists in many countries to minimise the negative 
impact of these infrastructures. However, although these measures are implemented because of 
legislation, these structures are often not adequately maintained. Here we present data on the 
functionality of perimeter fences along two motorways in Malaga province (southern Spain) erected to 
prevent collisions with the common chameleon (Chamaeleo chamaeleon). We sampled the fences along 
the 14 km of the two motorways included in the 17 1 × 1 km squares of the study area. Our results show 
that the reptile fence is permeable throughout at those points where the metal sheeting was absent 
and where the vegetation had overgrown around the fence, hence allowing chameleons to cross. Given 
our results, we conclude that this situation is likely to be similar in other regions of Spain and in other 
countries. This is because construction/concessionary companies do not consider the environmental 
impact of construction projects in the medium and long term, and environmental authorities do not 
ensure that companies comply with the legislation.

Cities, states and metropolitan areas throughout the world share an underlying need for modern, efficient and 
reliable infrastructure. Man-made linear infrastructure such as roads and motorways cause disruptions of terres-
trial ecosystems and wildlife populations, such as habitat loss and fragmentation, spread of invasive alien species 
as well as animal injury and mortality e.g., roadkill1–3.

The ecological effects of road infrastructure intrusions have been extensively investigated to understand the 
causes of impact and how it can be mitigated1,4. Road mortality rarely affects population viability5 of the more 
abundant species with high reproductive rates6, but it can be detrimental for species of low population densities 
and reproductive rates (reviewed by7). The sensitivity of some wildlife populations as well as the danger to people 
posed by wildlife‐vehicle collisions has encouraged the field of road ecology and mitigation efforts (reviewed 
by4,5,8). In the case of roads, mitigation often consists of exclusion fencing (to prevent animals from accessing the 
road) coupled with crossing structures9.

Wildlife road mortality in European countries can be high. As many as 27 million birds have been estimated 
to be killed annually on roads in some European countries10, and in Spain alone at least 10 million vertebrate 
deaths are caused by vehicle collisions11. These numbers, although significant, are likely to be an underestimate 
given that assessments of vertebrate road mortality in other countries, such as the USA, can be as high as 1 mil-
lion individuals per day12. As a result, European environmental legislation now insists that an Environmental 
Impact Assessment (EIA) is completed before proposals for a motorway or railway project are allowed to start13–

15. Depending on the EIA, authorities may insist that the construction company implement a variety of mitigation 
measures to protect wildlife16,17. For reptiles and amphibians, these measures must include searching and picking 
up all individuals before the start of works15. Additionally, to prevent animals crossing the road or track, fences are 
to be erected once the infrastructure is completed18–20. To guarantee fence effectiveness, these are to be designed 
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according to the characteristics and requirements of the target species, implemented correctly, and must be reg-
ularly maintained20–22.

In this study, we examine the success of exclusion structures designed for and installed around motorways 
to avoid road mortality of the common chameleon (Chamaeleo chamaeleon) in southern Spain. In Europe, the 

Figure 1.  (A) Iberian Peninsula with common chameleon distribution in 10 × 10 km green squares (taken from 
http://siare.herpetologica.es/bdh/distribucion). (B) Delimitation of Malaga province (black line) with common 
chameleon distribution in 10 × 10 km yellow squares, and the study area in 1 × 1 km red squares. (C) Study area 
in 1 × 1 km red squares. Created with ArcGIS 10.6 (source: Esri, DigitalGlobe, GeoEye, Earthstar, Geographics, 
CNES/Airbus, DS, USDO, USGS, AeroGRID, IGN, and the GIS User Community). The numbers of each square 
correspond to the numbers in the “Square” field of Table 1.

Square Metal sheet Vegetation Both

1 1 1 1

2 1 1 1

3 1 1 1

4 1 1 1

5 1 1 1

6 1 1 1

7 1 1 1

8 1 1 1

9 1 1 1

10 1 0 0

11 1 1 1

12 1 1 1

13 1 1 1

14 1 1 1

15 1 1 1

16 1 1 1

17 0 1 0

N 16 16 15

% 94.1 94.1 88.2

Table 1.  Types of anomalies detected in the 1 × 1 km squares of the study area. Total squares of the study 
area = 17 (see Fig. 1). 0: reptile fence without anomaly; 1: reptile fence with anomaly.
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species is found only within a small distribution range in southern Spain and Portugal. Although the species may 
have been introduced to Iberian Peninsula from northern Africa in prehistoric or and historical times23, since the 
Spanish populations are morphologically indistinguishable from those of northern Africa24, individuals of the 
species are not allowed to be killed nor their breeding sites or resting places disturbed. The common chameleon 
is included in Annex IV of the EU Habitat and Species Directive (92/43/CE) as a species of interest and is strictly 
protected in Annex II of the Bern Convention. In Spain, mortality caused by collision with vehicles is one of the 
main threats to the species25–27.

Material and Methods
Study area.  Our study area is located within the main distribution zone of the common chameleon25. This 
area is considered as one of the populations experiencing significant declines in the south of Spain28. We focused 
on two motorways in the north of the city of Malaga - AP-46 “Las Pedrizas” (24.5 km) and A-7 “Ronda Oeste de 
Málaga” (23 km); at its southernmost point the AP-46 connects with the A-7 (Fig. 1). These motorways came into 
operation in 2010–2011. The AP-46 has a N-S orientation and together with the A-45 road that runs parallel to 
it, are the main access roads to Malaga for the cities in central and northern Spain. The A-7 has an E-W direction 
and connects Malaga with the coastal cities to the east and west of Spain (Fig. 1).

In this study, we investigated the following kilometre points (kp): 1) AP-46, kp 24 (S)-kp 17 (N). 2) A-7, kp 
241 (E)-kp 234 (W). We divided the length of these sections into 1 × 1 km squares, the territorial units used 
in our analyses. The landscape surrounding the motorways is open, with varying elevations. The area has a 
Mediterranean climate with an average temperature of 12.3 °C in January and 25.6 °C in August, and an annual 
precipitation of 520 mm29. The dominant vegetation is composed of crops, mainly olive trees (Olea europaea) and 
almond trees (Prunus amygdalus), and scrubland constituted by Retama broom (Lygos sphaerocarpa), European 
fan palm (Chamaerops humilis), rosemary (Rosmarinus officinalis) and rock rose bushes (Cistus spp.).

Fence surveys.  Exclusion fences are found continuously along the AP-46 and A-7 motorways. To exclude 
reptiles from highways, an aluminum metal sheet extending 80 cm above and 10 cm below-ground was affixed to 
the base of a 2 m tall chain-link fence to exclude large ungulates (Fig. 2).

Figure 2.  Top image: reptile fence. Left image: chain link fence without metal sheet. Right image: reptile fence 
with vegetation around it.
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During June 2019 we inspected the fences along the 14 km of the two motorways included in the 17 1 × 1 km 
squares of the study area. We searched for breaks in the continuity of the reptile fences. We classified these inter-
ruptions as: a) the absence of the metal sheet and b) the presence of vegetation growing around the fence (Fig. 2). 
Fences were inspected by two observers from a car driven by a separate person at constant speed of 80 km/h 
along the motorways (see30). Observers recorded the location of breaks in the reptile fence using the Mapas de 
España (6.5) mobile application software31. We recorded all fence breaks on both sides of the two motorways. All 
locations were downloaded onto a computer and processed using ArcGIS 10.6. We calculated the percentage of 
1 × 1 km squares of the study area where the motorways had anomalies on the reptile fence.

Results and Discussion
We detected anomalies in at least one point within the road sections included in all 1 × 1 km squares of the study 
area. For both the percentage of squares in which the fence was permeable due to vegetation growing around it, 
and as a result of the absence of metal sheet portions was the same (94.1%) (Table 1). Absence of the metal sheet 
as well as vegetation growing over it was found in 88% of squares.

Although there is published evidence to show that mitigation measures along roads can reduce animal mor-
tality19,32, relatively few studies have investigated their effectiveness6, especially over the longer term33. Our study, 
arguably the first one in Spain demonstrates that although road mortality mitigation measures can be effec-
tive5,34 their impact can easily be nullified without adequate follow-up maintenance. We show that in all 1 × 1 km 
squares, all fences inspected by us were permeable, suggesting that these barriers posed a threat to the endangered 
species for which they were meant to protect. If this is the case along the entire length of fences for all motorways 
within the distribution range of the chameleon in southern Spain, the impact of the lack of fence maintenance 
could be devastating for the species.

Understanding of the environmental impact associated with the expansion of linear infrastructures (roads or 
railways) has proliferated in recent decades35. Parallel to this, in many countries specific environmental legislation 
has emerged, aimed at mitigating or eliminating the negative effect of infrastructures on wildlife. For example, 
the approval of an EIA by the competent environmental authorities is now required by construction compa-
nies before starting any infrastructure project. In many cases, the implementation of mitigation measures is also 
required; the latter often adding greater expense to the construction projects. As examples, the USA government 
spent 94 million dollars on road mitigation measures between 1992–200836 and in the Netherlands, a total of 70 
million euros (10% of road project budget) were spent by the government to counteract the negative impact of a 
42-km highway on wildlife37.

Overall, motorway construction/concessionary companies are aware of their legal obligations and often show 
good disposition to help minimize road/wildlife conflict21. Moreover, construction/concessionary companies are 
also aware that the installed structure to mitigate impacts deteriorate with the passage of time and suffer dam-
age compromising their effectiveness, thus adequate maintenance is fundamental, with regular inspections and 
immediate repairs. Despite this, construction/concessionary companies lack standardized protocols for evalu-
ating the long-term effectiveness of the mitigation measures implemented. The result is that little attention is 
still given to ensure that environmental impacts are lessened. As we show in our study, if no attention is placed 
in maintaining the effectiveness of road mortality mitigation measures, we argue here that this is effectively 
the abandonment of responsibilities by competent authorities in environmental conservation matters. Thus, to 
achieve adequate environmental integration of large infrastructure projects, it is essential that environmental 
authorities enforce environmental legislation that obliges construction companies not just to implement mitiga-
tion measures but to maintain these over the entire lifetime of the infrastructures21. Construction/concessionary 
companies must assume that mitigation measures are more than specific actions taken to satisfy legislation, as 
it is a means to develop infrastructures that really reduce the impact that infrastructures have on wildlife19. This 
implies that construction/concessionary companies have to bear the costs of implementing mitigation measures 
and to maintain these in good condition over time.

Received: 22 October 2019; Accepted: 2 January 2020;
Published: xx xx xxxx

References
	 1.	 Trombulak, S. C. & Frissell, C. A. Review of Ecological Effects of Roads on Terrestrial and Aquatic Communities. Conserv. Biol. 14, 

18–30 (2000).
	 2.	 Benítez-López, A., Alkemade, R. & Verweij, P. A. The impacts of roads and other infrastructure on mammal and bird populations: 

A meta-analysis. Biol. Conserv. 143, 1307–1316 (2010).
	 3.	 Labarraque, D., Roussel, S. & Tardieu, L. Exploring direct and indirect regulation ecosystem services loss caused by linear 

infrastructure construction. Rev. Econ. Polit. 125, 277–298 (2015).
	 4.	 Van der Ree, R., Smith, D. J. & Grilo, C. The ecological effects of linear infrastructures and traffic: challenges and opportunities of 

rapid global growth. In Handbook of road ecology 1–9 (John Wiley & Sons, 2015).
	 5.	 Forman, R. T. T. & Alexander, L. E. Roads and Their Major Ecological Effects. Annu. Rev. Ecol. Syst. 29, 207–231 (1998).
	 6.	 Glista, D. J., Devault, T. L. & Dewoody, J. A. A review of mitigation measures for reducing wildlife mortality on roadways. Landsc. 

Urban Plan. 91, 1–7 (2009).
	 7.	 Fahrig, L. & Rytwinski, T. Effects of roads on animal abundance: An empirical review and synthesis. Ecology. Ecol. Soc. 14, 21–41 

(2009).
	 8.	 Beckmann, J. P. Safe passages: highways, wildlife and habitat connectivity. (Island Press, 2010).
	 9.	 Clevenger, A. P., Chruszcz, B. & Gunson, K. E. Highway mitigation fencing reduces wildlife-vehicle collisions. Wildl. Soc. Bull. 29, 

646–653 (2001).
	10.	 Erritzoe, J., Mazgajski, T. D. & Rejt, Ł. Bird Casualties on European Roads — A Review. Acta Ornithol. 38, 77–93 (2003).
	11.	 Caletrio, J., Fernández, J. M., López, J. & Roviralta, F. Spanish National inventory on road mortality of vertebrates. Glob. Biodivers. 5, 

15–18 (1996).

https://doi.org/10.1038/s41598-020-57767-4


5Scientific Reports |          (2020) 10:791  | https://doi.org/10.1038/s41598-020-57767-4

www.nature.com/scientificreportswww.nature.com/scientificreports/

	12.	 Lalo, J. The problem of roadkill. Am. For. 50, 50–52 (1987).
	13.	 Lawrence, D. P. Quality and effectiveness of environmental impact assessments: lessons and insights from ten assessments in 

Canada. Proj. Apprais. 12, 37–41 (1997).
	14.	 Badr, E. S. A., Zahran, A. A. & Cashmore, M. Benchmarking performance: environmental impact statements in Egypt. Environ. 

Impact Assess. Rev. 31, 279–285 (2011).
	15.	 Farfán, M. Á., Duarte, J., Real, R. & Vargas, J. M. Definition of a methodological search technique for the common chameleon for 

use in the preventive measures of infrastructure projects. Vie Milieu – Life Environ. 61, 139–144 (2011).
	16.	 Vanderheage, M. & Muro, E. Contribution of a European spatial data infrastructure to the effectiveness of EIA and SEA studies. 

Environ. Impact Assess. Rev. 25, 123–142 (2005).
	17.	 European Commission. Commission implementing decision 2018/945 of 22 June 2018 on the communicable diseases and related 

special health issues to be covered by epidemiological surveillance as well as relevant case definitions. (2018).
	18.	 Aresco, M. J. Mitigation measures to reduce highway mortality of turtles and other herpetofauna at a North Florida lake. J. Wildl. 

Manage. 69, 549–560 (2005).
	19.	 Dodd, C. K., Barichivich, W. J. & Smith, L. L. Effectiveness of a barrier wall and culverts in reducing wildlife mortality on a heavily 

traveled highway in Florida. Biol. Conserv. 118, 619–631 (2004).
	20.	 Baxter-Gilbert, J. H., Riley, J. L., Lesbarrères, D. & Litzgus, J. D. Mitigating reptile road mortality: Fence failures compromise 

ecopassage effectiveness. PLoS One 10, 1–15 (2015).
	21.	 Ruiz-Capillas, P., Mata, C. & Malo, J. E. Beyond the biological perspective of the road/fauna conflict: vertebrates in the decision 

making of Spanish motorway operating companies. Oecologia Aust. 17, 386–396 (2013).
	22.	 Gagnon, J. W. et al. Cost-effective approach to reducing collisions with elk by fencing between existing highway structures. Human-

Wildlife Interact. 9, 248–264 (2015).
	23.	 Díaz-Paniagua, C. & Mateo, J. A. El camaleón común (Chamaeleo chamaeleon) en la península ibérica. Boletín la Asoc. Herpetológia 

Española 26, 46–51 (2015).
	24.	 Paulo, O. S., Pinto, I., Bruford, M. W., Jordan, W. & Nichols, R. A. The double origin of Iberian peninsular chameleons. Biol. J. Linn. 

Soc. 75, 1–7 (2002).
	25.	 Mellado, J., Giménez, L., Gómez, J. & Sanjuán, M. El camaleón en Andalucía. Distribución actual y amenazas para su supervivencia. 

(Fundación Alcalde Zoilo Ruiz-Mateos, 2001).
	26.	 PMVC. Mortalidad de vertebrados en carreteras. Documento técnico de conservación no 4 (2003).
	27.	 Cuadrado, M. Camaleón común Chamaeleo chamaeleon. Enciclopedia Virtual de los Vertebrados Españoles (2015).
	28.	 Franco, A. & Rodríguez De Los Santos, M. Libro Rojo de los Vertebrados Amenazados de Andalucía. in Libro Rojo de los Vertebrados 

Amenazados de Andalucía (ed. Junta de Andalucía) 68–69 (2001).
	29.	 AEMET. Guía resumida del clima en España (1981-2010) (2019).
	30.	 Rouco, C. et al. Favourability for the presence of wild rabbit warrens in motorway verges: Implications for the spread of a native 

agricultural pest species. Ecol. Indic. 104, 398–404 (2019).
	31.	 Instituto Geográfico Nacional. Mapas de España [Mobile application software] (2018).
	32.	 Lehnert, M. E. & Bissonette, J. A. Effectiveness of highway crosswalk structures at reducing deer-vehicle collisions. Wildl. Soc. Bull. 

25, 809–818 (1997).
	33.	 Parker, I. D., López, R. R., Silvy, N. J., Davis, D. S. & Owen, C. B. Long-term effectiveness of US 1 crossing project in reducing Florida 

Key deer mortality. Wildl. Soc. Bull. 35, 296–302 (2011).
	34.	 Van der Grift, E. A. et al. Evaluating the effectiveness of road mitigation measures. Biodivers. Conserv. 22, 425–448 (2013).
	35.	 Spellerberg, I. F. Ecological effects of roads. (Science Publisher, 2002).
	36.	 National Transportation Enhancements Clearinghouse. Transportation enhancements: summary of nationwide spending as of FY 

2008 (2009).
	37.	 Kusiak, L. & Hamerslag, D. Together on the road to a mobile, safe and accessible Limburg (2003).

Author contributions
M.A.F. and J.D. designed the project. M.A.F. and J.E.F. wrote the main manuscript text. M.A.F., A.M.T. and 
J.M.G.C. analyzed the data and prepared the maps and figures. M.A.F., A.M.T. and J.M.G.C. did the fieldwork. All 
authors reviewed and commented on the manuscript.

Competing interests
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to M.A.F.
Reprints and permissions information is available at www.nature.com/reprints.
Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the 
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.
 
© The Author(s) 2020

https://doi.org/10.1038/s41598-020-57767-4
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Lack of maintenance of motorway fences works against their intended purpose with potential negative impacts on protected sp ...
	Material and Methods

	Study area. 
	Fence surveys. 

	Results and Discussion

	Figure 1 (A) Iberian Peninsula with common chameleon distribution in 10 × 10 km green squares (taken from http://siare.
	Figure 2 Top image: reptile fence.
	Table 1 Types of anomalies detected in the 1 × 1 km squares of the study area.




