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Factores que afectam a mortalidade de prqdadores por

atrop.elamento: será a disponibilidade de presas importante?

Resumo

Potencialmente, as bermas de estrada providenciam habitat para micromamíferos

e coelhos, incrementando a sua úundÍincia e atraindo predadores paÍa a proximidade

das estradas. Est€ estudo pretendeu determinar arclarfio enfie a abundância de presas,

micromamífeÍos e coelhos, nas bermas e a mortalidade de predadores por

atropelamento, tendo em consideração cancterísticas da eshada e da berma e a

paisage,m adjacente, a Sul de Poúugal. As relações ente a mortalidade de predadores e

os diferentes tipos de variáveis exploratórias foram analisados afiaves de GLM

(Generalized Linear Models) e RDA @edundancy Analysis). Os resultados

demonstaram que as presas são um factor importante aumentando a ocorrência de

mortalidade de predadores, particularme,nte dos mamíferos carnívoros e rapinas

noctunras. Adicionalmente, este grupo de variáveis, juntamente oom a paisagem,

explica a maioria da morAlidade de Elaphe scalaris, Tyto alba e Herpestes ichneumon.

São analisadas medidas de gestão de bermas e propostas acções de mitigação dos efeitos

negativos da estrada
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F'actors influencins n tor road-kills: does Drev

availabilitv matter?

Abstract

Verges provide potential habitat for small mammals and rabbits, especially if
habitat of adjacent areas is not zuitable. The increasing use of veÍges by these preys

might att.act predators to the road neighbouring. This study aimed to access the effect

of prey availability (rabbits and small mammals) on verges and predator road casualties,

taking into account road and verge characteÍistics and the surrounding landscape, in

southern Portugal. Relationships among predator mortality and the different kinds of

explanatory variables were evaluated with Generalized Linear Models and Redundancy

Analysis, Results have shown that prey is an important factor enhancing occurrence of

predator mortality especially for camivore mammals and owls. MoreoveÍ, this set of

variúles, along with landscape, explains most of the fatalities of Elaphe scalwis, Tyto

alba arrd Herpestes ichneumon Implications for verge managemeú and implementation

of mitigation actions are discussed.
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Introdução

A ecologia de estadas é a fuea da ecologia que estuda a interacção entre os

organismos e o sistema estrada-ambiente (Forman et a1.,2003). As estradas afectam os

componentes bióticos e abióticos da paisagem, atavés da alteração da dinâmica das

popúações de plantas e animais, da modificação dos fluxos de materiais, inEodução de

elementos exóticos e alteração da disponibilidade de recursos, como a ágoab luz e

nutrientes (Coffin, in press). Visto que, paÍa além disso, a quantidade de estradas e o

táfego continuam, globalmente, a aumentaÍ (Forman, 2000), toma-se relevante analisar

os efeitos destas infra-estnrturas nos ecossistemas.

O aumento do número de esEadas afectq de diversas formas, os ecossistemas e a

conservação de bioüversidade (e.g. Forman and Alexander, 1998). A perda e

fragmentação de húitats, o efeito barreira, a perturbação e poluiçEio, o papel ecológico

das bermas e a mortalidade por afopelamento são considerados os maiores impactos na

biodiversidade (e.g. Forman and Alexander, 1998; Forman et a1.,2003; l,uell et al.,

2003).

A perda e fragmentação de húitats e o efeito barreira afectam a dinâmica das

populações animais, zubdiüdindo populações inicialmente grandes em populações mais

psquenas, à medida que surgem ráreas de menoÍes dimensões, devido à densidade

crescente de esEadas. Este facto provoca o apaÍecimento de populações isoladas, menos

estráveis e mais vulnenáveis à extinçâo, que utilizam áreas distantes das estradas (e.g.

Forman and Alexander, 1998; Seiler, 2003\. O uso de habitats adjacentes à estrada pela

fauna também pode ser alterado pelo efeito da perturbação e polúção causadas pelas

eshadas em si e pelo tnâfego a elas inerente (e.g. Iuell et a1.,2003). A polúção altera as

características químicas e rcológicas dos húitats (e.g. luelT et a1.,20O3; Seiler, 2003),

enquanto a perturbação sob, por exemplo, a forma de ruído e übração pode repelir

algumas espécies (e.g. Forrran and Alexander,1998-Iuell et a1.,2003; Seiler, 2003).

Apesar das bermas da estrada poderem ter um efeito negativo, aumentando a

mortalidade da fauna e facilitando o estabelecimento de especies exóticas nos

ecossistemas, também podem funcionar como corredores ecológicos, permitindo o

movimento e conectividade ente populações e proporcionando, simultaneamente,

habitat para algrrmas espécies de plantas e animais (e.g. Forman et a1.,2003;I,uell et al.,

2003). As bermas podem fome,ntar a manutenção de populações de herbáceas anuais,

como gramÍneas, (Forman et a1.,2003; Santos et al-,2007) e de arbustivas, na maioria
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constituídas por espécies resistentes a perturbações antropogénicas, como o corte,

regularmente aplicado como forma de controlo da vegetação, e o geralmente elevado

nível de nitatos no solo (Spooner et al., 2004; Hovd and Skongen, 2005; Quintana-

Ascencio et a1.,2007). A variabilidade e nquez-a de espécies vegetais variam conforme

o habitat adjacente e as perturbações que afectam as bermas, como o período ente os

cortes e a concentação de poluentes (Hovd and Skonge,n, 2005; Truscott et a1.,2005).

Em regiões de agricultura intensiva ou em zonas utbanas, as espécies autóctones

(Forman et a1.,2003) e as que incluem plantas mais altas e escapâm ao impacto da

gestão humana (por exemplo pastoreio; Forman et a1.,2003; Santos et a1.,2007) sElo as

que mais frequentemente persistem nas bermas. Dadas as características da sua

vegetação, as bermas proporcionam habitat potencial paÍa espécies animais, por

exemplo de micromamíferos, em regiões onde o habitat adequado é um factor limitante,

como observado por diversos aúores @ellamy et al., 2000; Bolger et al., 2001),

incluindo em Portugal Gamamo 2007; Santos et a1.,2007). De acordo com Ramalho

(2007), em regiões de pastoreio intensivo, a altura e densidade da vegetaç2lo são

reduzirtas, levando a uma maior abundância de micromamíferos nasi bermas,

relativamente à maüiz envolvente.

A mortalidade por afiopelamento tem aparenteme,nte um efeito mínimo no

tamanho das populações de especies abundantes, como os coelhos e os pardais (Forrran

and Alexander, 1998; Seiler, 2003), mas é considerada uma das causas mais importantes

de mortalidade para algumas espécies raras (Seiler, 2003), como Lyrx pardinas (Ferrera

et al., 1992). Dados recolhidos em mútas regiões do mundo revelam que os

atropelamentos são responsáveis pela morte de milhões de animais de diversas espécies

e por ferimentos num número ainda mais elevado (Forman and Alexander, 1998; Iuell

et al., 2003). Nas úttimas décadas, o impacto da morte por atropelamento tená"

provavelmente, zuperado o da cacpo até entiio considerada a primeira causa directa de

mortalidade de predadores terreshes (Forman and Alexander, 1998). Ente os diferentes

factores causadores de mortalidade, destacam-se os meteorológicos, como a temperatura

e a precipitação (Clevenger et al., 2003), a abundÍincia, disEibúção e comportamento

das espécies somo, por exemplo, os padrões sazonais relativos à reprodução e

distribúção (Clevenger et a1.,2003; Seiler,2003), a densidade e velocidade de tráfego,

os padrões espaciais da paisagem (e.g. Forman and Alexander, 1998; Clevenger et al.,

2003) e as características da estrada e da berma, nomeadamente a topografia local, a

vegetação e alocalizaq,ão e tipo de cercas (Clevenger et a1.,2003). No entanto, nenhum
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estudo consideÍa a influência da abundância de presas oomo uma possível causa da

mortalidade de predadores. Bellamy et al. (2000) sugerem que a presença de

micromamíferos rus bermas pode influenciar a probabilidade de atropelamento de

predadores, umavez que aumenta o uso das bermas por estas espécies. Com o propósito

de elúorar e aplicar medidas efectivas de mitigação para reduzir os afiopelamentos, é

importante quantificar o efeito destas causas na mortalidade.

Assrm, com este estudo pretendeu-se determinar a Íelação entre a abundância de

micromamíferos e coelhos nas bermas e a mortalidade de predadores por atopelamento,

tendo em consideração características da esEada e da berma e a paisagem envolvente.

Através da definição dos factores mais importantes paÍa a mortalidade por

atopelamento, espera-se contribuir paÍa o estabelecimento de linhas orientadoras paraa

gestão adequada das eshadas e bennas, de forma a reduzir o efeito de uma das mais

mortíferas armadilhas criadas pelo homem.

Area de estudo

O estudo foi realizado ao longo de um troço de ceÍca de 10 km da EsEada

Nacional 4 (EN4) (Figura l),loc,alizada no Concelho de Montemor-o-Novo, sendo a

maior estada que liga Lisboa a Madrid. Esta esüada tem uma largura de cerca de 12 m

e duas faixas de rodagem. O toço seleccionado foi diüdido em 40 secções de 250 m,

cada uma das quais foi camstertzadaa nível das diferentes variáveis esflrdadas.
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Figura I -Localiza$o da estrada amosfada (representada a preto; adaptado de UBC, in press).
A mnaflorestal estrí representada a cinzento+laro e outras estradas e as albufeiras a

cinzento-escuro.

Em termos biogeográficos, a rárea de estudo localiza-se no Reino Holiártico,

Região Mediterrânica (Costa et a1.,1999; Rivas-Martínez and Arregui, 1999), Subsector

Araceno-Pacense, Superdistito Alto Alentejano (Costa et al.,1999).

O concelho de Montemor-o-Novo apresenta um Bioclima Oce&rico do Termotipo

Mesomediterrânico (Rivas-Martínez and Anegui,1999), variando a precipitação mensal

entre 1,2 Ílm e 75.3 mm (SNIRH, 2007).

Relativamente aos usos do solo, na área de esfudo dominaur os montados, com

um sub-coberto variável entre matos, culturas anuais e pastoreio. Para além dos

montados, as pastagens e as culturas anuais também apresentam uma representatiüdade

significativa (UBC, in press.), patente na Figura 2.

t \
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Figura 2 -Mapade usos do solo do troço estudado na estrada EN4, em buffers de 250 m
(UBC, in press).

Os usos do solo foram considerados em buffers de 250 m, de modo a incluir os

efeitos causados pela estrada nos habitats adjacentes. Em termos percentuais, cerca de

57Yo da area são ocupados por montado,2go/o por culturas anuais e l2Yo por viúas e

olivais (UBC, in press). Estes usos do solo resultam essencialmente das actividades

humanas no concelho, luna vez que as actividades agrícolas, pecuilrias e florestais

continuam a assumir um peso relevante (Câmara Municipal de Montemor-o-Novo,

2007). Das principais produções destacam-se a cortiça, o azeite, o vinho e o mel

(Câmara Municipal de Montemor-o-Novo, 2007).

Este concelho apresenta uma população residente de cerca de 18 578 indivíduos

(tNE, 2001). No ano 2005, a média de circulação de veículos na sstrada EN4 foi de

3688 veículos por dia e 493 por noite, sendo a média em cada período de 24 horas de

4181 (EP, 2005), patente na Tabela 1. Esta estrada tem uma largura média de 12 m e

apresenta cercas em ambas as bermas em65Yo do seu comprimento.
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Túela I - Recenseamento de úáfego da N4, no posto de contagem 670, durante os

nocfirrno e o ano de 2005

Designação Diumo (16h) Nocturno (8h) Diário Q4h)

Velocípedes

Ligeiros

Pesados

1l

2774

903

0

369

124

11

3143

1027
l..---

Total 3688 493 4181
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Factors influencinq predator road-kills: does prPv

availabilitv matter?

Camro Silva
António Mira

M. Paula Simões

Abstract

Road mortalrty is the most noticeúle effect of roads on wildlife. However,

veÍges may provide important refuges for small mammals and rabbits, particularly when

roads cross intensive agricultural or graz.ed areas. In these circumstrnces, the inoeasing

use of verges by small prey species may aífrast predators to road surroundings

potentiating their road-kills. The aim of this study is to quantif the role of prey

availúility (rabbits and small mammals) on predator road casualties, taking into

account road and surrounding landscape. We analyzed this effect on different kinds of

predators including snakes, owls and mammal camivores. The study took place in a 10

km stetch of a main National Road (EN4) in southern Portugal. Relationships among

predator mortality and the different kinds of explanatory variúles were evaluated with

Generalized Linem Models and multivariate Redundancy Analysis (RDA). Results

GLM have shown that prey are an important factor enhancing occurrence of predator

mortalrty especially for camivore mammals and owls. Moreover RDA reveals that an

important part of all predators road-kills is related with prey úundance on verges and

that this set of variúles, along with landscape, explains most of the fatalities of Elaphe

scalaris, Tyto alba and Herpestes ichneum62. Tmplications for verge manage,ment and

implementation of mitigation actions are discussed.

Key words: Mammal camivores, owls, snakes, road-kills, prey availability, landscape

road verges, variance partitioning.
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Introduction

The road network has increased worldwide in the last two decades @orman,

2000). Moreover, many roads were rebült in order to account for a large raise in the

number and speed of circulating cars. The high dominance of these linear infra-

structures on modern landscapes has snong impacts on wildlife populations of which,

road-killings are the most noticed.

Road-kills apparent§ have minimal effects on population size for úundant

species, like rabbits and sparrows (Forman and Alexander, 1998; Seiler, 2003). They

are, however, considered as one of the most important causes of mortality for some rare

species (Seiler, 2003), hke Lyra pardinus (Ferrera et al., 1992). Data gathered

worldwide show that road-kills are responsible for killing millions of animals sf

different species and iqirned many more (Forman and Alexander, 1998; \rcll et al.,

2003). This impact has probably overtaken hunting during the last decades as the

primary direct cause of vertebrate mortality on land (Forman and Alexander, 1998).

Several factors influencing road-kills have been widely studied. Factors such as

weather, like temperature and precipitation (Clevenger et a1.,2003), animal abundance,

distribúion and seasonal behaüour, zuch as breeding and dispersion patüerns

(Clevenger et al., 2003; Seiler, 2003), vehicle traffic levels and speed landscape

pattems (e.g. Forman and Alexander, 1998; Clevenger et al.,2OO3), road and veÍges

characteristics, like local topography, vegetation and fence location or type (Cleve,nger

et a1.,2003) are often referred as influencing wildlife road paÍterns.

However, despite the negative effect in favouring the dispersion of alien species,

road verges may also provide shelter and wildlife corridors for native species allowing

smaller species to persist and move in these roadside húitaÍs (e.g. Forman et a1.,2003;

luell et al., 2003). For instance, road verges may have higher densities of aonual

herbaceous, like grasses and forbs (Forman et a1.,2003; Santos et a1.,2007) and shrub

species than the surromding areas (Spooner et a1.,2004; Hovd and. Skongen" 2005;

Quintana-Ascencio et a1.,2007). Nevertheless, variúility and richness of plant species

on veÍges changes according to the level of agriculture intensification in adjacent

patches and the kind of disturbances that affect most verges, like mowing periodicity

and pollutants concentrations ([Iovd and. Skongen, 2005; Truscott et a1.,2005). In

intensive faÍmed lands or urbanized areas, spontaneous species and taller plants tlat

escaped human management impact (e.g. grazing) remain easily on road verges than on

l1



the snrrounding landscape (Santos et al., 20O7; Forman et al., 2OO3). These

characteristics of veÍges provide potential habitat for animal species, like small

mammals, in regions where suitable húitat is a limiting factor, as observed by several

authors @ellamy et al., 2000; Bolger et a1.,2001) including in Portugal @amalho

Q007; Santos et a1.,2007; Marques et al,. in prep.). According to Ramalho Q007),the

higher density of small mammals on road verges relative to adjacent areas might be

related to the reduction of vegetation height on the latter, due to intensive gaztng,

which would therefore offer poor shelter and food conditions for these species.

Bellamy et al. (2000) have already pointed out that the presence of small

mammals on road verges could increaso the probability of predafors being road-killed.

However, although several studies have already proüded information on causes of road

mortality, there are no studies focussing the role of prey availability or attempting to

quantifr i1s importance on predator causalities.

This study aimed to quantifr the contibution of small mammal and rabbit

abundance on road verges for predator road-kills, taking into account two other

important factors: i) road and verge characteristics and fi) surrounding matrix

characteristics. Moreover, we studied these effects on different types of predators

including snakes, owls and mammal carnivores. Therefore, our results might provide

information to lay down general guidelines for proper road verge managemen! in order to

reduce the impacts of one of the deadliest human made taps.

Methodolow

Study area

Our study took place in southern Portugal on a l0 km stretch of National Road 4

(EN4), a major rcad linking Lisbon to Madrid (Figure 1). The road is 12 m wide, has

two traffic lanes and partially (l-2 m wide) paved veÍges. In 2005, úe surveyed stetch

presented moderate traffic volume, (a mean of 4l8l vehicles duf'; EP, 2005). Fences

were present in both sides of the road on 65% of its entire length.
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Figure I - Map of the surveyed road (in black) and its location on Portuguese territory (adapted

from UBC, in press). Forested aÍeas are depicted in light grey and other roads and

water reservoirs in dark grey.

The studied road crosses typical Mediterranean agro-pastoral woodlands, locally

know as montado (57%), open areÍrs including cereal crops and fallows Q9%) and vines

and olive yards (lzyr). Topography is mainly plain, with altitude rangng from 100 to

200 m (Instituto do Ambiente,2007).

In terms of bioclimate typology, this region is included in the

Mesomediterranean thermotype of the MediteÍÍanean pluviseasonal-oceanic bioclimate

(Rivas-Martínez and Arregui, 1999), with dry and hot suÍnmers and cold and wet

winters. During the study year (2007), monthly average precipitation ranged from

I .2 mm to 7 5.3 mm (SNIRH , 2007).

Sampline design

For analysis purposes, the surveyed 10 km road stretch was divided into forty

250 m length segments. This segment length was considered adequate to both study

purposes and implementation of detailed management actions aiming to mitigate

predator road-kills. All response and explanatory variables were defined for each of

\
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these segments. The geographical coordinates location of all predaÍor and prey records

were obtained througfo a global positioning system (GPS) unit.

Predator road-kills surveys

During the year 2007, road sEetch was systematically surveyed for road

fatalities of camivores, owls and snakes. Surveys were performed by car at 40-50 km

per hour, in the morning, on a daily basis. Road-killed animals were collected and

identified to species level, urhenever possible.

Prey surveys

Ab ove ground small mammals trapping

Small mammals were captured using meditrm size Sherman live traps baited

with oats and sardine, and using cotton for bedding. Traps were placed alternately along

both road veÍges, at 50 m intervals, in a total of 200 fapping points. Surveys were

conducted for four consecutive nights, during the last week of November 2007. Traps

were checked everyday at sunrise and captured small mammals were identified to

species level, sexed and weighted. Additionally, each captrned individual was marked

with a fur clip, in order to set up a unique mark identi$ing veÍge and day of capture.

Afterwards, animals were released at site of capture.

Data was processed by sector as number of individuals of wood mouse

(Apodemus sylvaticus), Algerian mouse (Mus spretus) and White-toothed shrew

(Crocidwa russula) captured and total number of individuals of all species. Species

with captures lower than 3 indiüduals (brown ral, Rattus norvegicus and black rat,

Rattus rattus) were not considered individually.

Fossorial vole presence signs

The úundance of Mediterranean pine vole (Microtus duodecimcostatus) was

accessed by presence signs detection, since fossorial mammals (e.9. voles) are highly

adapted for subterranean life and therefore aÍe not easily captured by traditional

fiapping methods (Wilson, et al., 1996).In fact, the undergrotnd M. duodectmcostatus

presence can easily be detected by the typical form and relative position of the

aboveground mole-hills (Mira, 1999). Vole survey was caried out through mole-hill
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counting on a line tansect of l0 km along each verge. Mole-hills distancing less than

3 metes were considered as belonging to the same colony for abrmdance evaluaÍion

proposes. Results are presented as the number of colonies per road sector.

Rabbit counting

To estimate the abundance of rabbits (Oryaolagus cunículus) five surveys weÍe

conducted on each road direction, in a total of ten surveys, driving at3040 km per hour

and counting rabbits on a20 m distance band from the paved boundary. Surveys were

caried out twice a week between 6 h and 8 h am., during May and June 2007,

corresponding to the daily peaks of maximum activity and maximum annual

únndances periods @íez et a1.,2005).

The mean number of rabbits observed on each 250 m road sector was used as

surrogate of rabbit úundance.

Road and landscape variables

Road verges were charactenzeü from paved edge to fences limit, for their width

and shrub species composition and cover at 50 m intervals, coinciding with small

mammal trapping points. At each road side, two classes for road verge width (Verg_s)

were considered: up to 5 m (1) and larger than 5 m Q).Sbrubs were identified to

species level, whenever possible, and grouped into four dominance classes (Dshrub)

regarding physiognomic characteristics of species: shrubs up to I m high (Sm); from I

to 2 mhigh, spiny (Sp); from I t§ 2 m high, withoú spines and with pod (P); and from

I to 2 m high, without spines and without pod (nP). Cover of different shrub classes

was estimated on a 10 m radius circle cented on tapping points. Additionally, total

length of each elm-leaf blackberry (Rubus ulmifulius) patch was measured on each

sector counting both sides of the road. For analysis pulposes, fenced shetches included

small squaÍe mesh (<15 cm) and hexagonal wire-meshand fences and barbed wire fences

were included in the classes no fences because they are not an obstacle for any of the

studied species. Location and length of verge sfietches without fences on each side

(l_fence) and on both sides (N_fence) of the road were also considered. The pÍesence

of culvert (P_culv) was also registered for each sector.

Main land uses obtained tbrough interpretation of aerial photos (year 2005) and

field surveys, on 250 m buffers centred on the studied road were: cÍops and meadows,

oüve groves, orchards and vine, dense montado, and sparse montado. Montado is an
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open savannú like multi-use system dominaÍed by holm and/or cork oak trees @into-

Correi4 1993). The number of trees bordering the road (on the closest 35 m) was also

considered. As an indicator of landscape heterogeneity on road surroundings, the Patch

Structural Shannon's Diversity Index (SDD was obtained with Patch Analyst 4 for

ArcGis 9. @empel, 2008). With this tool the edge and mean patch size of forested and

open aÍeas were also computed @empel, 2008). Distance from the midpoint of each

sector to main water courses, reseruoirs, urban areas, main national roads and

motorways were derived with ATcGIS (ESRI, 1999), from land use map.

On the basis of digtal cartography for 2007 (DGRF, 2007)" hunting regime

classes GIunQ were established, on the same 250 m buffers used for land uses

chaÍastorJzatron considering the following groups: associative (A), areas under hunters

associations management; municipal hunting (M), areas under municipal and local

hrmters management; and areas with no hunting regime defined (NM). These classes

may be interpreted as corresponding to an increasing gradient of húitaf managemelú

for prey, often associated with predator contol actions.

Data analysis

Relationships among predator mortality and the different kinds of explanatory

variúles were evaluated with Generalized Linear Models (GLM), (binomial with logit

link for carnivore, owl and snake presence and Poisson with log link for species

richness) and multivariate Redundancy Analysis (RDA).

Prior to analysis, a screening for collinearity of continuous explanatory variables

was done. Spearman correlation coefficients were computed for all pairs of variables

and pairs showing high co[ineaÍity, with a correlation coefficient higher than 0.7

(Tabachnik and Fidell, 2001), were discarded. At the end of this process, twenty two

variables were retained for following analysis. The number of tees, edge and patch size,

and distances to urban aÍeas, main national roads and motorways weÍe correlated with

oúer variables (e.g. land uses), thus were not analysed. Concerning the prey survey

variúles, the total number of small mammals was also initially considered bú was not

analysed, since it was highly correlated with Mus spretus abundance.

Túle I restrmes the response variables and the explanatory variables retained in

úe analyses, their description, units and transformation, vrhen applied.
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Túte 1 - Prsj/s abuúdarc.€ (N - numbÉr of itrdividuals), rood veEss úaraotaistics otd lmdscry vrf,ióLs, thoir aooayms, description aad other impoftaú
feafures.

Variables set Transf.

Response
variúles

Preys
úundance

(Pr)

Road and verge
charasteristics

(Rvc)

Landscape

Richness
Carnivores
Owls
Snakes
M_foina
H_ich
S_alu
T_alb
M_mon
E sca

Ap_syl
M_spret
C_russ
M_duo

Dshnrb_Sm
Dshrub_Sp
Dshrub P

Dshrub_nP
L_!ub
P_culv
Veras
N_fence
I fmce

o

Predator road-kills species richnsss
Pressnce of carnivores road-kills
Prese,nce of owls road-kills
Presence of snúes road-kills
Number of Mart e s foina road-kills
Number of Herpestes ichneumon road.Âlls
Number of §rrit alacoroaÃ-krlls
Number of Tyo a/áa road-kills
Number of Malpolon ntorupes sulanus road-kills
Number o! Z!ryhry scalaris road-kills
Number of Apodenw sylvaticus
Number of Mus spretus
Number of Crocidora rwsula
Number of colonies of Microtus duodecimcostatus
Mean number of caniculus detested
peminsnçe of shrubs up to lm high - Cistus salviifolium, Cistus gíspw
p6min6nçs of shrubs I to 2m higb, spny - Calicotome villosq Uex spp., Asparagus spp.

Dominance of sbnrbs | 1s 16 high, no spines , with pod - Cytisus spp., Cytisus banicus, Sputiun junceum,

Retana sphaerocarpa
lsminanss of úrubs | 1s f,6 high, no spines, without pod - Dqphru gnidium, Cisns ladqnifer
LengÍh of elm-leaf (Rubus ulmifolius) sbrubs
Presence ofculverts
Road verge size
FropoÍion ofroad without fences on both verges
Pronortion of road with fences on one side
Proportion of crops and meadows
Proportion ofolive groves, orchards and vine
Proportion of sparse montdo (tee canopy cover: 10-50%)
Proportion ofdense montodo (tree canopy cover: 50-100%o)

Hunting estate - hunting regime (M - municipal; A - associative; NM - no hunting management defined)
Shortest dishnce üo waÍer courses
Shortest dishnce to resenoirs

G)
Binary (1/0)
Binary (l/0)
Binary (1/0)

N
N
N
N
N
N
N
N
N
N
N

(La)

Crop_m
Oliv_vin
Mont_S
Mont_D
Hunt
D_wcou
D_res
SDI

Binary (l/0)
Binary (l/0)
Binary (l/0)

Binary (l/0)
Continuous (Meters)

Binary (l/0)
Ordinal (l/2)

Continuous (Proportion)

Continuous (hoportion)
Continuous (Proportion)
Continuous (Proportion)
Continuous (Proportion)

Nominal(lÚA {M)
Continuous (Mets,S)
Continuous (Meters)

Arcsen{x
Arcsen{x
Arcsen{x
Arcsen{x

Log(x+1)
Log(x+l)

Index Continuous
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Generalized Linear Models (GLM)

Species richness and presence of total wild carnivores, owls and snakes were the

response variables analysed. A Poisson regression with log link was used for species

richness and Binomial regression, with logit link, was used for the other response

variables.

Combinations of variables were evaluated systematically and the Akaike

Information Criterion (AIC) was used to select the best models (Zuur et a1.,2007).

Selected models were then subjected to univariate variance partitioning method @eino

et al., 2006). Proportion of the explained null deúance was used as a measure of the

explained variance (Zuur et a1.,2007) for each regression model. All calculations were

done in Brodgar 2.5.1 (Hiehland statistics, 2006) and R 2.6.

Redundancy analysis (RDA)

This analysis was done with all the respoÍrse variables simultaneousln in the

goup predators (including camivores, owls and snakes), by redundancy analysis (RDA)

(HeilrJ<inen et a1.,2004). This kind of analysis was considered appropriated, since the

largest value of lengths of the ordinatio& obtained through a preliminary Detrended

Correspondence Analysis (DCA) was3.779 s.d. (Lep§ and §milauer,2003).

Rare species (found in less than l0% of the forty sampling sites) were not

considered for analysis in the mútivariate test since they might have a confounding

effect on final result (Titeux et a1.,2004). This influence can be due to rare species

fatalities daÍa which can create an increase in the total inertia of the species data set or

distortion of the ordination (Titeux et a1.,2004).

Prior to ,nalysis, all explanatory variúles and covariables were standardized to

unit variance, to allow comparison between variúles with different units of

measurement (Jongman et al-, 1995). The forward manual selection of explanatory

variables was considered with statistical significance at the 0.05p level-

The statistical significance of each partial RDA was tested using Monte Carlo

permutation tests for the first ordination axis and all canonical a:res together (999

permutations under full model).

AIl the computations were performed with program CAI{OCO for Windows,

version 4.5 (ter Braak and §milauer,2002).
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Variance partitioning

Variance from prey (Pr), road and verges characteristics @vc) and landscape

(La) models was partitioned into eight fractions: i) pure prey úundance effects; ii) pure

road and veÍge characteristics effects; iii) pure landscape effects; and combined

variation due to the joint effects of lv) prey úundance and road and veÍges

characteristics, v) preys úundance and landscape, ü) road and veÍges characteristics

and landscape, vfi) preys úundance, road and verges characteristics and landscape, and

viii) unexplained variation (Heikkinen et al., 2004). Variance partitioning was

performed following the procedures proposed by @ocard et al., 1992) adapted to three

sets of variúles. Computatisns aiming to find pure and combined proportions of

explained variation were done as described in Heikkinen et al. Q004).

Results

General survey

[a,2007, 86 predator road-kills, belonging to 13 wild species, were recorded

(Table 2). Most road-killed arrimals belong to the following species: 6 beech martens

(Martes foina);5 Egyptian mongooses (Herpestes ichneumon); 19 tawny (Stríx aluco),

8 bam owls (Tyto alba), 16 Montpellier snakes (Malpolon rnonspessulanus) and 16

ladder snakes (Elaphe scalaris).
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Table 2 - Number (N) of predator road-kills. Species included in multivariate analysis are in
bold.

Scientific name name

Felis silvestris* Wild caÍ
Herpestes ichnewtmn
Martesfoina
Meles meles
Mustelanivalis
Mustelap*orius

noctua
Strix aluco

olba

Egpti4n monggole
Beech marten
European badger
Least weasel
European polecat
Red fox
Little owl
Tawnyowl
Barn owl

N

1

0
6
2
2
2
4
4
I
8

1

Coluber hippocrepis Horseshoe whip snake

Malpo_lon monspessulanus lVlontpellicr pn?kc
1

í6
scalari;s Ladder snake í6

Felis silvestrist match all the species anatomical characteristics, but was not genetioally
confirmed.

Regarding prey, small mammals fiapped belong to 5 species (208 individuals in

total): M. spretus (130 individuals), C. russula (45), A. sylvaticus (31), R rattus (l) and

R. norvegicus (l). M. duodecimcostatus was present in 31 road sectors oú of a total of

40 and 109 colonies were identified. O. cuniculus was detected on 2l sectors and the

mean number of counted individuals varied from zero to 5.8.

Mean values and standard errors for each explanatory variable are presented in

Table 3.
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Table 3 - Descriptive statistics of environmental and road variúles for each surveyed road
* - Variables transformed.

Variables seú Minimum lVlaximum Mean Standard Deviation

Preys
abundance

(Pr)

Ap_syl
M_spret
C_russ
M_duo
O cun

0
0
0
0

3
9
5

2l
s.80

0.7E
3.25
t.125
2.73
0.68

0.95
2.22
r.32
3.94
1.390.00

Road and verge
characteristics

(Rvc)

Landscape

Dshrub_Sm
Dshrub_Sp
Dshrub_P
Dshrub_nP
L_Rub
P_culv
Verg_s
N fence
I

0
0
0
0
0
0
I

0.00
0.00

293
I
2

1.00

1.00
0.05
0.29

qs,rs

0,20
0,40

69

Crop_m*
Oliv_vin*
Mont_S*
Mont_D*
Hunt
D_wcou*
D_res*
SDI*

0.00
0.00
0.00
0.00

1.57
1.11

1.57

1.57

0.58
0.20
0.36
0.50

1,32
2.36
0.00

3.15
3.02
0.M

2.82

0.25

0.52
0.34
0.48
0.59

0.31
0.16
0.13

(La)

2.69

GLM results

The regression models included three variables (Ap_syl, L_Rub and D_wcou)

for species richness; five (O_cun, Ap_syl, L_Rub, P_culv and D_wcou) for camivores:

four (Ap_syl, Dshrub_Sm, Mont_D and SDI) for owls and one @-wcou) for snakes

(Table 4). Prey úundance descriptors were significanL particularly in what conceÍrs

Ap_syl, for all responses variúles (species richness, carnivores and owls), except for

snakes. O_Cun was almost significant for carnivore mortality.

Only the landscape set present significant relationships with snake road

mortality and so, no firther variance partitioning analysis was done for this group.
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Table 4-

Richness

Camivores

Owls

coefficients and

Ap_syl
L Rub
D wcou

Rvc

O_cun
Ap_syl
L_Rub
P_culv
D wcou

levels NS - not

Group Variúle Acronlms Partial models Full model
set

Pr
Rvc
l,a

0.3235
0.001970

0.00653t 0.1682038 NS
0.0934 0.0008139 NS

1.9442 0.00643* t.Mt373 <0.1

Pr

LL
Pr

Rvc
I-a

0.6266
0.6860
0.0073

-1.299x00
5.086

0.0894
0.0629
0.0sr6

0.00875*

0.741017
0.638465

<0.1

NS
0.008177
-1.878670

NS
<0.1

ap:ryl
Dshrub Sm

0.0340* 3.179666 NS
1.2454 0.00541* 0.9783 <0.05

1.9561 0.00773* 1.3725 NS
Mont_D
SDI

1.1724
-8.211r

0.0499*
0.0110*

0.803s
-5.9513

NS
<0.1

Snakes I-a D wcou 2.935 0.0913 2.935 <0.1
* P< 0.05, ns:not significant

The decomposition of variation for species richness showed that the largest

fractions of variability were accounted for the pure effect of landscape (8.7Vü, followed

by úe combined effect of the prey and landscape sets (7.5%). The pure effect of road

and verge characteristics was the less important explaining 0.9Yo only (Figure 2 -

Richness).

The largest fraction of variability for camivore presence was the pure effect of

preys (11.7%) and road and verge characteristics (11.57o). The combined effects of prey

and landscape sets (5.2yo),landscape and road and verge characteristics (3.17o) and the

combination of all variable sets (2.8Yo), as well as the landscape pure effect (2.4%Q, also

explained a considerable percentage of variation (Figure 2 - Camivores).

For owls, the largest fractions of variability were accounted by the pure effects

of landscape (8.87o) and preys (8.2yr). The combined effect of landscape and road and

veÍge characteristics (4.9W and the pure effect of the road and veÍge characteristics

(4.5o/o) also present a relevant effect on explaining owls causalities (Figure 2 - Owls).
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Pr'
2.9o/o

7.5%

2.3%

t.2%
Rvc'
0.9o/o

La'
8.7%

Richness
Undeterminated

variation
75.9%

Owls
Undeterminated Undeterminated

variation
63.2Yo

variation
64.9%

Figure 2 - Proportion of variation explained by each set of variables, distinguishing among puÍe
and combined effects for Species Richness, Camivores and Owls. Pt' - pt"y
úundance; Rvc -road and verges characteristics; La' -landscape.

RDA results

Statistically significant variables included in RDA were the number of A.

sylvaticus (Ap_syl, F:3.93, V0.002) and the mean number of O. cuniculus (O_c;n"

F4.04, g0.016) from the prey set; small shrub dominance @shrub-Sm, F=2.70,

y0.012) from the road and verge characteristics set; and landscape diversrty index

(SDI, F:3.39, F0.006), distance to reservoirs @_res, F:3.57, fl.002) and dense

montado proportion (Mont_D, F:5.95, fl.001) from the landscape set.

Pr'
8.2%

1.8% 5.3%

3.3%

4.9%
T,A'

8.8%
Rvc'
4.5%

Pr'
11.7Yo

-t.6% 5.2%

2.8%

3.r%
Rvc'
tt.s%

La'
2.4o/o
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All models performed for each partial RDA were statistically significant

(p<0.01), according to Monte Carlo pemutations test (Túle 5). The amount of

explained variance for predator full modelwas 45.4Yo.

Table 5 - Explained variance @xp. var.) and significance of each RDA model, F - F-statistics;
p- level.

variables Covariates Values Total

Pr Rvc andla
t2.0

3.629
0.001

Pr and La
5.4

3.280
0.008

Pr and Rvc
21.0

4.221
0.001

Pr and Rvc
17.2

3.466
0.001

Pr and La Rvc
38.7

4.679
0.001

Exp. var. 27.1
4.089
0.001

Rvc and La

45.4
4.567
0.001

The decomposition of the variation showed that the pure effect of the landscape

was a primary responsible for variability (21.0%), followed by the pure effect of preys

set (12.0%). The combined effect of landscape and preys sets and the pure effect of the

road and verge characteristics had very simifu1 percentages (5.7% and 5.4o/o,

respectively) (Figure 3).

Rvc

La

Pr, Rcv andLa

Exp. var.
F
p
Exp. var.
F

P
Exp. var.
F
p
Exp. var.
F
p
Exp. var.

La

F
p

Pr F
p
Exp. var
F
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Pr'
12.0o/o

-0.2% 5.7%

0.8%

0.7o/o

Rvc'
5.4%

I'a'
21.0o/o

Predators
Undeterminated

variation
s4.6%

Figure 3 - Proportion of variation explained by each set of variables distinguishing among pure

and combined effects. Pr' - prey úundance; Rvc -road and verges characteristics;

La'-landscap.

For each species mortality, the proportion of variation explained by each set of

variables is shornm in Table 6. Overall, landscape set explained most of the road-kills

variation (between, l.ll and 40.8lyo), and the road and veÍges set explains the fewest

(0.33 to 1.78%). However, prey úundance on veÍges explained most fatalities of M.

monspessulanus (14.00Yo), Tyto alba Q4.60%) and Herpestes ichneumon (20.46yo).

Table 6 -Number of individuals §) and explained variance of partials and total RDA for each

NPr Rvc la Total

PredaÍors

Figure 4 shows the biplots of species and environme,ntal variables for all

predators RDA. The first axis accounted for 22.1% of species variance, while the

second axis explained 13.4%. The species-environmental correlatious values for the

first two ar(es weÍe 0.813 and 0.807, respectively.

The first canonical axis was positively correlated with the variúles Ap_syl,

O_curU Dshrub_Sm" D_res and Mont_D, while a negative correlation was found for

H. iclmewnon
M.foina
S. alrco
T. alba
IuÍ monspessulamts
E. scalaris

5

6
t9

8

t6
16

20.46
4.O7

2.05
24.60
14.00
9.45

0.41
0.33
t.29
0.93
1.78
1.26

14.12
34.65
13.25
18.85
40.8r

1.1 1

43.60
43.04
38.20
62.06
@.47
14.68

r'(.Í --lr -r
'l 1 ' t',,',
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SDI. All predator species (except H. ichneumon) revealed a positive correlation with the

first oris (Figure a).

The second canonical axis was positively correlated with O_cun, D_res and SDI

and negatively with Ap_syl, Dshrub_Sm and D_res. Only E. scalaris, M.

monspessulanus and H. ichneumon presented a positive relation with the second axis.

Considering the main relationships between environmental descriptors and

predator mortality, positive correlations where found for Ap_syl and Dshrub_Sm with

M. foina and both owl species (5. aluco and T. alba); Mont_D areas with S. aluco and

E. scalaris; and O_cun with ,H ichneumon and M. monspessulanus. On the other hand,

negative correlations occurred for SDI \nth M. foina, S. aluco and 7. alba, and for

D_res with 1{ ichneumon and M. monspessulanus.

@
o

I

-0.6 1.0

Figure 4 - Ordination biplot for the first two axes of total RDA for the all predators group.

Explanatory variables are represented by red arrows and response variables by pink
amows (see Table 1 for variables acronyms).

c
r

M mon

SDI

cun

Mjoin s alu

Mont DT olb

E sca

H ich

Dshrub Sm

D res

Ap_syl
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Discussion

In the present study, most of the recorded road-killed predators belong to

common species widespread in the studied area like red fox, Egyptian mongoose,

Montepellier and ladder snakes, and tawny owl. Nevertheless, some threaten, dsslining

or Íare species, like the wild cat (identified on the basis of external features and waiting

for genetic analysis confirmation), the European polecat and the barn owl were also

found.

Considering that the was conducted on a 10 km road sfietch and during a period

of one year only, results suggest that road causalities may significantly conhibute to

threaten and decline of wildlife populations and must be seriously considered in issues

concerning wildlife conservation.

The dominance of snakes in road-kills (33 casualties belonging to three species)

might be related with thermoregulation, since they often use these structures as heating

snrface mainly in the evening (Vijayaktrmar et al., 2001; Shine et al., 2004). Moreover,

the particular behaviour of some species, as vagility or matting migration, exposes them

to an increased risk of road mortality (Jochimsen, 2006).

Concerning owls, the high mortality registered (30 casualties, belonging to three

species) could be related to these birds nocturnal behaviour, since they may use roads as

hunting grounds and often suffer of temporarily blindness wiú car lights (Massemin

andZom,1998; Gomes et a1.,2008).

Determinants of predator road mortalifr

According to a study that took place in southern Portugal, abrmdance of small

mammals and rabbits on verges is two to three times higher than on adjacent habitats

@amalho, 2007). This pronormced difference suggests that road verge vegetation

provides habitat for small mammals and rabbits, as observed in other regions where

sútable habitat is a limiting factor for them @ellamy et al., 2000; Bolger et al., 2001;

Santos et al., 2007). Prey abundance on verges seetns to athact predators, eúancing

thus their mortality in taffic accidents. In fact" the úundance of preys, both small

mammals and rabbits, on road verges play a significant role, not only for all predators as

a group, but also for the presence ofeach se! excepting for snakes. Therefore, results
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obtained support our initial hlpotheses that prey abundance on road verges is of umost

importance in determining predator road-kills, and are in agreement with other studies

(Massemin andZorn,1998; Bellamy et a1.,2000). We must also emphasise that, among

abundance of prey species analysed, A. sylvaticus was the most significant in explaining

mortality of several predator species. This result is in accordance with the documented

imFortance of this species in the diet of several predators including T. alba (Herrera and

Jaksió, 1980; Cramp, 1994; Taylor, 2003) S. aluco (KiÍk" 1992; Cramp, 1994), M. foina

@aúli et a1.,2002; Posluszny et a1.,2007), H. ichneumon @alomares and Delibes,

l99lu Palomares and Delibes 1991b), E. scalwis @leguezuelos, 2006; Pleguezuelos eÍ

a1.,2007) ard M. ntonspessulanus @leguezuelos, 2003). On the other hand, abundance

of O. canicalus, a key prey in Mediterranean ecosystems @elibes-MaÍeos et a1.,2007),

is highly associated with H ichneumon and M. monspessulanus fatalities, probúly

reflecting the importance of this species in the diet of both predators @alomares and

Deübes, l99lu Palomares and Delibes l99lb; Pleguezuelos, 2003; personal

obsenrations). Although the athaction of predators for areas with high prey úundance

might be mainly related wiú the priüleged food source, we may hlpoúesised that

some species, Íts snakes, can also be athacted by small mammal burrows which they use

as hibernacula @urger et a1.,1988). However, fossorial vole úundance did not show

any significant relation with predator mortrality, gr"ing little support to this hypothesis.

In general, landscape characteristics explained the highest percentage of

variance on predator road-kills, which is in agreement with other studies (Clevenger er

aL,2003; Ascensão and Mira 2006u Gomes et a1.,2008). This must reflect the relation

between landscape variables and the úundance and distribúion of the predators in the

area adjacent to úe road (Geneletti, 2003), being road-kills most likely to occur where

roads run through or between preferred habitats by the species (Seiler, 2003).

We found higher predator road-kills on dense montado, than on sparse montado,

policultures and open areas, although this relation was moÍe significant for owls.

Ascensão and Mira (2006a) also point out high vertebrate road-kills on areas where

montado is predominant. Considering that S. aluco (Cramp, 1994; Massemin and Zorc,

1998) and M. Íoina (Virgós and Garcia, 2002; Ruiz-Gonález et a1.,2008) are more

ssmmotr on wooded areas, higher abundance on montado and consequently higher

fatalities in this habitat should be expected for both species. E scalaris and M.

monspessulanlzs, although hunting in open areas such as verges, also use wooded areas

for shelter @leguezuelos, 2003; Pleguezuelos, 2006). Our results also suggest a
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moderate posiüve influence of dense montado cover for L alba road-ktlls, h
contradiction with Gomes et al (2008), vàich report more road-kills of this species in

association with open areas than withmontado. This apparent contadiction may reflect

the eclectic behaviour of T. alba, concerning húitat use (Cramp,1994) and road verges

are good hunting areas (Massemin and ZaW 1998), since they usually hunt with low

flights on open areas (Cram.p,l994).

Besides the proportion of montado areras, landscape heterogeneity (SDI) also

affects predator road casualties, being particularly important for owls. In general higher

SDI translates into lower predator mortality. In our study site, SDI can be interpreted as

a measuÍe of habitat fragmentation due to human intervention, mainly agriculture

intensification. Hence, the lower mortality observed may reflect the lower úundance of

wild predators on fragmented landscapes reported by Pita et al. (npÍep.).

The positive relation observed between distance to water reservoirs and H.

ichneumon and M. monspessulanas mortality is in agreement with resúts of studies on

T. alba and §. aluco (Gomes et a1.,2008) and might be due to water availability and to

increased food resources in their surroundings. However, 6 â negative relation was

determined for all the other studied species, further radio-tracking on predators and

studies on prey availabiüty close to wateÍ reservoirs should be made.

The shortest distance to water corrrses was positively correlated with all the

univariate road-kill models, except for owls. Since most close water courses run

underneath the road crossing it through culverts or small bridges, they may be used as

corridors by ground 6wslling species, like snakes and carnivores, reducing road-kill

probabiüties. In fact, a sienificant decrease in carnivore road-kills was obsenred in road

sectors proüded with culverts. Moreover, in the study site and its surroundings there is

a stong evidence of widespread use of culverts by several camivore species (Ascensão

and Mira, 2006b; Varela, 2007; Grilo et a1.,2008).

The road and verges characteristics may attact or repel arrimals, changing their

probability of being road-killed (Forman and Alexander, 1998). However, in conta"st

with landscape, ouÍ study shows that road and verges features usually have a weak

overall contibution to explain predator mortality. This must partially reflect the small

variability in most of the studied road and verge descriptors, due to the road stretch

dimension. Nevertheless, the pÍesence and extend of ^R. ulmifulius along verges

significantly increases camivore fatalities. Also worth to mention that areas dominated

by small shnrbs are associated with higfoer owl and M. foina road-kills. Concerning
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mailrmals, Clevenger et al., (2001) had already shown that road mortality is eúanced in

shrubby areas. The same auúors and Seiler (2003) suggested that the presence of shrubs

on veÍges might increase mammal road-kills because they provide refuge, leading thus

animals approach to road. §imil6rly, S. aluco road-kills also increased with the presence

of shrubs on veÍges, due to its hunting behaviour between shrub interspaces (Cramp,

tee4).

Unexplained variation was significant for all models, achieving a minimum of

54.6% for the predator model. The relatively low percentage of explained variation is

not uncommon in ecological sttrdies because species úundance or occurrence datz are

often noisy (Lep§, and §milauer, 2003) and could be explained by several other factors.

This variation can be athibúed to stochastic space-time fluctuations of the commtrnities

and unmeasured environmental variables or spatially-structuring processes that have

bsen missed (Titeux et a1.,2004).

Mitigation measures

Overall the resúts show that prey availability on roads is a significant factor

affecting predator road-kills, only overtaken by the influence of landscape features.

These results have strong implicaüons for the implementation of predator road-kill

mitigation measures. Belammy et al (2000) and Ramalho Q007), suggest that verges

proúde better shelter and food for small mammals and rabbits, increasing their

abundance, particularly in regions where roads cross intensive agricultural management.

If this is so, soil mowing and vegetation cutting, particularly small shrubs and R.

ulmifolius, resources on ufuich some prey species seem to depend on (e.g. A. sylvaticus),

should allow for a decrease in predator mortality. Besides, shrub cutting will also

prevent the use of roadside as refuge and allows for better awaÍeness of the road

presence by ground predators üke snakes and carnivores. Another option would be to

promote areas of zuitable habitat for preys §hrubby and grassy areas) in patches distant

to roads, particularly when these cross intensive agricultural or graz.ed. land as is the

case of the studied road. As a resul! patches with high food resources for prey and

predator specie could be maintained. Other important meíNures would be the

construction of culverts that would promote crossing passages to carnivores,

diminishing the road impact as awildlife barrier.
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However, preventive measures are always the best management practices.

Before building roads, environmental impact assessments should consider not only

species present in the area, but also the landscape and its ecological dynamics. Our

study have shown" for úe first time, that besides landscape features, the dynamics of

predator-prey relationships must be taken into account when planning mitigation actions

for new or existing roads. In fact, only an assessment of all these features, taken

together, will improve our knowledge of the problem and will enhance the efficacy of

mitigation measures aiming to reduce predator road-kills.
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Considerações frnais

A abundÍincia de micromamíferos e coelhos nas bermas da esEada influencram a

mortalidade de predadoÍes por atropelamento. A úundáncia de A. sylvaticus (excepto

no modelo das serpentes) e de O. canicalus (apenas nos modelos de predadores e

canrívoros), foram as mais correlacionadas com a mortalidade por atropelamento de

predadores e, de facto, esüas espécies faz.em parte da dieta da maioria das espécies

estudadas. Como tal, a sua presença parece aumentar aunlizacfia das bemas por parte

do grupo dos predadores e, oonsequentemente, a sua mortalidade.

A. sylvaticus é considerado rrma parte importante da dieta de T- alba (Herrera

and Jaksió, 1980; Cramp, 1994; Taylor, 2003), S. aluco (Kirk, 1992; Cramp, 1994), M.

foina @aghli et al., 2002; Posluszny et al., 2007), H. ichneumoz @alomares and

Delibes, l99lü, Palomares and Delibes 1991b), E. scalmis @leguezuelos, 2006;

Pleguezuelos et a1.,2007) e M. monspessulanus @leguezuelos,2003). RelaÍivamente

à espécie O. cuniculus, esta é uma parte significativa da dieta de H. ichneumon

@alomares and Delibes, l99la; Palomares and Delibes 1991b) e M. monspessulanus

(Pleguezuelos, 2003).

O grupo de vmiáveis que mais variância na mortalidade por atopelamento de

predadores explicou, excepto para os camívoros, foi a paisagem. Estas variáveis esti[o

relacionadas com a presença e disüibuição das espécies Íta rcr,l adjacente à eshada

(Geneletti, 2003). As variáveis distáncia mais curta a albufeiras (apenas no modelo dos

predadores), proporção de áreas densas de montado (entre 70 a l00o/o; excepto apenas

nos modelos dos predadores e rapinas nocturnas), o Índice de Diversidade de paisagem

foram as variáveis significativas (apenas nos modelos dos pÍedadores e rapinas

nocturnas) e distância mais curüa a linhas de agua (excepto nos modelos de predadores e

rapinas nocturnas).

As características da estrada e da berma podem atraiÍ ou repelir a faunq

alterando a probabilidade de afiopelamento das espécies (Forman and Alexander, 1998).

Em contaste com a paisagem, este grupo de variáveis foi o que menos explicou a

mortalidade por afiopelamento, excepto no caso dos carnívoros. As variáveis

consideradas mais relevantes foram dominância de arbustos baixos (modelos dos

predadores e rapinas noctumas), o comprimento de silvas (modelo daiquezaespecifica

e carnívoros) e presença de passage'ns hidráulicas (modelo dos camívoros).
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As medidas de mitigaçâo para estas espécies de predadores devem passar pela

correcta gestÍio das estradas e bemas. Sugere-se a redução das iáreas de vegetação nas

bermas, para diminuir a abundância de micromamíferos e coelhos, mantendo zonas com

reduzido pastoreio longe da eshada A construção de passagerui hidnâulicas adequadas à

passagem de carnívoros é uma medida importante para reduzir a mortalidade por

atopelamento.
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