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resumo 
 

 

A população de lobo-ibérico (Canis lupus signatus) a sul do rio Douro enfrenta 
diferentes desafios de conservação causados pelo isolamento genético da 
população, hibridação, fragmentação do habitat e a possibilidade de conflitos 
Homem-Lobo desencadeada pela predação de gado doméstico.  São vários os 
motivos que potenciam a predação de gado doméstico por parte do lobo, 
sendo a ausência ou reduzida abundância de presas silvestres, um dos 
principais. A restauração da cadeia trófica através de reforços populacionais 
de corço (Capreolus capreolus) surge como uma das possíveis soluções a 
este problema. O presente trabalho estuda os desafios e oportunidades da 
restauração desta cadeia trófica na área de distribuição do lobo a sul do rio 
Douro. O primeiro estudo analisou a dieta do lobo-ibérico na área de estudo. 
Os resultados demonstraram que o lobo se alimenta principalmente de gado 
(c. 65% da dieta) e que a presa principal foi a cabra doméstica (Capra hircus; 
ocorrência absoluta, OA: 0.52; volume relativo, VR: 52%). Os animais 
selvagens que consumiu em maior quantidade foram, por ordem de 
representatividade, o javali (Sus scrofa; OA: 0.22; VR: 16%), aves (OA: 0.15; 
VR:8%) e a lebre (Lepus europaeus; OA: 0.08; VR: 7%). O consumo de corço 
foi detetado numa amostra recolhida na região oeste onde decorrem 
anualmente processos de reintrodução desde 2013. Esta presença é indicativa 
de que os processos de reintrodução foram bem-sucedidos e que o lobo 
começou a alimentar-se de corço. O segundo estudo teve como objetivo 
atualizar a distribuição, estimar a densidade e abundância relativa, e estudar a 
favorabilidade do habitat para o corço na área de estudo com base em 
técnicas de armadilhagem fotográfica e transectos para deteção de indícios. A 
abundância relativa estimada demonstrou que a população de corço diminui 
num gradiente sul-norte e este-oeste, indicando que a população de corço está 
em expansão. A presença e a abundância relativa de corço são influenciadas 
pela topografia (i.e. sobretudo presente e abundante em vales pouco 
íngremes) e pela cobertura de solo (i.e. sobretudo presente e abundante em 
florestas nativas com subcoberto composto por herbáceas). A disponibilidade 
de água e a altitude média apenas tiveram efeito significativo na abundância 
relativa de corço. A heterogeneidade de habitat e a atividade humana não 
tiveram efeito significativo na seleção de habitat. Através das características 
ambientais selecionadas foi desenvolvido um mapa de favorabilidade 
ambiental. As áreas de grande favorabilidade ambiental e com baixa 
densidade de corço são potenciais locais para a adoção de medidas que 
conduzam ao reforço das populações de corço. Adicionalmente, os locais 
selecionados estão estrategicamente localizados para promover a expansão 
natural das populações de corço estabelecidas e sobrepõem-se à atual 
distribuição de lobo-ibérico. Estes resultados constituem um importante passo 
para a restauração da cadeia trófica do lobo-ibérico e para a redução dos 
conflitos Homem-Lobo. 
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abstract 

 
The Iberian wolf (Canis lupus signatus) population on the south of the Douro 
river faces different conservation challenges caused by genetic isolation, 
hybridization with both feral and stray dogs, habitat fragmentation, and the 
possibility of Human-Wolf conflicts triggered by predation on livestock. The high 
level of livestock predation reflects, among other things, the absence or 
reduced abundance of wild preys. The restoration of the trophic chain through 
the reinforcement of the roe deer (Capreolus capreolus) population emerges as 
a solution to this problem. The present work studies the challenges and 
opportunities of this restoration of the trophic chain in the current distribution of 
Iberian wolf south of Douro river. The first study analysed the diet of the Iberian 
wolf south of the Douro river. The results showed that the Iberian wolf feeds 
mainly on livestock (c. 65% of the diet) and that the main prey was the 
domestic goat (Capra hircus; absolute occurrence, AO: 0.52; relative volume, 
RV: 52%). The wild animals most consumed by the Iberian wolf were wild boar 
(Sus scrofa; AO: 0.22; RV: 16%), birds (AO: 0.15; RV:8%) and hare (Lepus 
europaeus; AO: 0.08; RV: 7%). The roe deer consumption was detected in a 
sample collected in the Western region where reintroduction processes have 
been taking place annually since 2013. This presence is indicative that the 
reintroduction processes have been successful and that the Iberian wolf has 
started to feed on roe deer. The second study aimed to update the distribution, 
estimate the density and relative abundance and study the habitat favourability 
of roe deer population in this area using camera trap and transects to detect 
pellet groups. The relative abundance showed that roe deer population 
decrease from Southern to Northern and East to Western locations, indicating 
that the roe deer population is expanding. The roe deer presence and relative 
abundance are influenced by the topography (i.e. mainly present and abundant 
in valleys with moderate slopes) and by land cover (i.e. mainly present and 
abundant in native forests with understorey composed by herbs). Water 
availability and mean altitude only had a significant effect on the relative 
abundance of roe deer. Habitat heterogeneity and anthropogenic presence had 
no significant effect on habitat selection. Through the selected environmental 
characteristics, a map of environmental favourability was developed. Locations 
of great environmental favourability and with low density of roe deer are 
potential sites for the adoption of measures that lead to a reinforcement of roe 
deer population in this area. In addition, the selected sites are strategically 
positioned to promote the natural expansion of established roe deer 
populations and overlap the current distribution of Iberian wolf. These results 
are an important step towards the restoration of the trophic chain and to reduce 
Human-Wolf conflicts. 
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General Introduction 

Although there are various definitions of trophic cascades, we can generally 

consider them as direct or indirect interactions between trophic levels, whose 

disruption produces effects on wild populations and communities (Terborgh et al., 

2006). The view adopted by Terborgh and colleagues includes both directions of 

vertical interactions, i.e. top-down and bottom-up, which contradicts some other 

published definitions of trophic cascades (Estes et al., 2011; Schmitz et al., 2004; 

Strong and Frank, 2010). The idea of bidirectional trophic cascades conveys a 

broader and more representative definition of what has been documented in 

nature (Kagata and Ohgushi, 2006 for review). This definition acknowledges not 

only the population dynamics derived from a disturbance, but also the dynamics 

between trophic levels in stationary systems (Ripple et al., 2016). Healthy trophic 

cascades are not static, existing normal fluctuations in the density of predator, 

herbivore and producer populations. However, these fluctuations can become 

dramatic after a disturbance in the system caused by the  direct or indirect human 

action (Daskalov et al., 2007; Pires et al., 2016), or by stochastic events such as 

fires and disease (Holdo et al., 2009; Leahy et al., 2015).  

The disturbance of trophic cascades may change the dynamics of wild 

populations (Berger et al., 2008; Newsome and Ripple, 2015; Ripple et al., 2015), 

foster the spread of wildlife diseases (Levi et al., 2012; Markandya et al., 2008) 

and influence biochemical cycles (Bump et al., 2009; Holtgrieve et al., 2009; 

Strickland et al., 2013). These disturbances can be aggravated in less diverse 

ecosystems (Calizza et al., 2019). In addition to hindering species conservation 

and ecosystems functionality, unbalanced trophic cascades and disrupted trophic 

chains may foster Human-Wildlife conflicts. Human-Wildlife contacts are 

increasingly common partially due to the expansion of humanized areas into 

natural environments (Soulsbury and White, 2015). This expansion is often 

unregulated and quickly turn Human-Wildlife contacts into Human-Wildlife 

conflicts. For instance, by promoting landscape fragmentation, urban sprawl may 

have unintended consequences in the surrounding environments leading some 

species to become “invasive” throughout their original range (Carey et al., 2012). 

There are several other examples of conflicts resulting from Human interferences 
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in trophic cascades. For instance, the absence of predators may results in the 

burgeoning of wild ungulate populations, which can represent a cause of 

ecological, health and socioeconomic concern (Linnell et al., 2020; Valente et al., 

2020). On the other hand, the low density of wild preys forces the predator to 

change its diet and increase livestock consumption causing great economic losses 

(e.g. Athreya et al., 2020; Khan et al., 2018; Lovari et al., 2009). The management 

of Human-Wildlife conflicts is therefore a contentious issue raising major concerns 

among the scientific community, wildlife managers and politicians (Lute et al., 

2020; Redpath et al., 2013). 

An unbalanced trophic cascade is present in central Portugal due to weakened 

wild interactions and the creation of new trophic interactions with domestic prey 

species. The Iberian wolf (Canis lupus signatus Cabrera, 1907) population on the 

south of the Douro river (central Portugal; figure 1) feeds mainly on livestock 

(Torres et al., 2015b; Vos, 2000) at the expense of wild prey species, such as roe 

deer (Capreolus capreolus Linnaeus, 1758) and wild boar (Sus scrofa Linnaeus, 

1758). This trend is probably due to the low density and diversity of wild prey as 

well as poor husbandry system (e.g. absence of fences or guarding dogs) that do 

not prevent wolf attacks (Torres et al., 2015b). Attacks on livestock trigger 

misperceptions regarding this carnivore, contributing to Human-Wolf conflicts 

(Anthony and Tarr, 2019). In this study area, occurred 350 to 400 wolf attacks on 

livestock in 2002 (Espirito-Santo, 2007). These problems of coexistence, together 

with the already existing problems of connectivity and instability of packs caused 

by the habitat degradation and fragmentation (Torres and Fonseca, 2016), make 

this population an important conservation issue. 

The restoration of the trophic chain is envisaged as one of the key solutions to 

overcome the problems of conservation and mitigate the Human-Wolf conflict in 

this region. By promoting the expansion of wild prey population, we expect to 

contribute to a decrease in livestock predation and  reduce conflicts with Humans 

(Imbert et al., 2016; Meriggi and Lovari, 1996).  

Restoration of trophic chains through species reintroduction or population 

reinforcements should be studied carefully. Several examples of species 

introductions have produced complex and unexpected ecosystem changes 
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(Johnson and Cushman, 2007; Lizarralde et al., 2004). In Argentina, the absence 

of native beavers led the government to introduce an exotic beaver species 

(Castor canadensis). This species quickly grew and became invasive, altering the 

riparian ecosystem to grassland and wetland, increasing the flooding area 

(Lizarralde et al., 2004). These changes caused the accumulation of organic 

compounds that alter the composition of water and soil, and the decomposition 

processes (Lizarralde et al., 2004). In this way, the whole process must be thought 

out in advance, studying the possible effects and not neglecting the social 

acceptance component. To reduce the unpredictability of reintroduction events, 

the International Union for Conservation of Nature (IUCN) has developed a set of 

guidelines that must be respected in all processes of introduction, reintroduction 

and population reinforcement (IUCN/SSC, 2013). Despite caution, this process 

can have several positive consequences apart from the restoration of trophic 

chain, such as seed dispersal (Fernandez et al., 2017; Marjakangas et al., 2018), 

mitigation of forest fires (Johnson et al., 2018), and mitigation of climate change 

effects through increased carbon storage (Cromsigt et al., 2018). Therefore, 

wildlife restoration processes can be very useful tools for conservation when 

carefully planned and evaluated.  

In order to proceed with the restoration process of the trophic chain, it is 

necessary to collect different baseline information. First of all, it will be necessary 

to understand which species are involved in this trophic chain (Andersen et al., 

2010). Thus, by studying the diet of the Iberian wolf it will be possible to infer 

which species of prey are consumed and, particularly, the representativeness of 

wild prey and livestock on Iberian wolf’s diet. Once a thorough analysis of the 

percentage of livestock consumption is performed, the study of the wild prey 

communities is necessary. The study of the distribution and abundance of wild 

ungulates, one of the main wolf prey (Ferretti et al., 2019; Figueiredo et al., 2020), 

in the study area will allow the identification of which conservation and 

management measures are needed and in which areas (Bakker and Svenning, 

2018). Of the two species of ungulates present in the study area, the roe deer is 

the species that best fits into the context of population reintroduction and 

reinforcements. The roe deer is preyed upon by the wolf in several places in 
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Europe (Barja, 2009; Imbert et al., 2016; Jedrzejewski et al., 2002).  In the 

northeast of Portugal, roe deer is the main prey of the Iberian wolf even 

considering the pervasive presence of red deer (Cervus elaphus Linnaeus, 1758) 

and wild boar in the region (Figueiredo et al., 2020). Compared to other ungulates, 

roe deer is smaller in size, which makes it more vulnerable to wolf attack (Barja, 

2009), and is expected to cause less damages in the agriculture and forestry 

(Reimoser and Putman, 2011). Historically, this species has been successfully 

reintroduced in several locations south of the Douro river (table 1; Torres et al., 

2015a). Wild boar, on the other hand, is distributed throughout most of the national 

territory (Bosch et al., 2012) and is a source of conflict with farmers (Valente et al., 

2020). Red deer was historically reintroduced in Central and Southern Portugal, 

however, there are no records of significant natural expansion from the Serra da 

Malcata Nature Reserve, located in the far south of the study area (Salazar, 2009). 

Therefore, the roe deer was considered the ideal ungulate species for the trophic 

chain restoration process. To proceed to the population reinforcement process 

should be studied the potential benefits and negative impacts considering the 

ecological, social and economic aspects (IUCN/SSC, 2013). All of these aspects 

are important for the success of the restoration process and must be addressed by 

a multidisciplinary team.  

The trophic chain disruption south of the Douro river is related to the instability 

of wolf packs and the low density of wild prey. It is necessary to study the need 

and viability of a wild prey population reinforcement for the restoration of the 

trophic chain and to face the identified Human-Wolf conflicts. Therefore, the aim of 

this study was to assess the diet of the Iberian wolf and which species of prey are 

consumed, understanding the dynamics of the trophic chain. Moreover, the roe 

deer population was assessed in detail to establish the reference situation and 

identify areas of low prey density. The data collected on roe deer population and 

the evaluation of environmental favourability will allow to identify areas of 

conservation interest and possible population reinforcements (Jarvie and 

Svenning, 2018 for review). The identification of these areas must be followed by 

discussions among stakeholders such as the local population, hunters and police 

makers, because not all areas suitable for a species coincide with areas of 
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acceptance and tolerance (Behr et al., 2017). In this way, the present work follows 

the IUCN guidelines to produce the baseline knowledge necessary for the trophic 

chain restoration. Through the responses to the challenges presented here and 

the tools provided by this work, a set of conservation processes can be initiated, 

which include population reinforcements and awareness campaigns towards the 

involvement of the interested stakeholders.  

 

 

Figure 1 - Distribution of the Iberian wolf in Portugal. Confirmed and probable wolf packs 

are represented, and the wolf packs studied are depicted and identified. Adapted from 

Pimenta et al. (2005). 
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Table 1 - Known roe deer reintroductions in the study area (year, sites, number of animals 

and their origin). Adapted and updated from Torres et al. (2015a). 

Year Reintroduction sites Coordinates (N, W) 
Number of 

animals 
Origin 

1992 Manteigas 40°22'55.25"; 7°32'15.05" 8 France 

1997 São Macário 40°52'50.06"; 8° 3'28.43" 10 
Chizé and Trois 

Fontaines (France) 

1999 Manteigas 40°22'55.25"; 7°32'15.05" 2 Chizé (France) 

1997 Ribeira de Cadelos 40°33'57.93"; 6°58'13.72" 20 
Chizé and Trois 

Fontaines (France) 

1997 Figueira dos Cavaleiros 40°33'5.67";6°55'37.02" 12 Chizé (France) 

2000 Aldeia Velha (Sabugal) 40°20'24.47"; 6°53'40.06" 10 Chizé (France) 

2000 Ribeira de Cadelos 40°33'57.93"; 6°58'13.72" 10 Chizé (France) 

2000 Manteigas 40°22'55.25"; 7°32'15.05" 4 Chizé (France) 

2000 Lageosa 40°21'3.99"; 6°50'5.25" 13 Chizé (France) 

2000 Lamaçais (Covilhã) 40°18'59.71"; 7°24'13.72" 5 Chizé (France) 

2000 Valverdinho (Sabugal) 40°17'56.24"; 7°17'44.52" 14 Chizé (France) 

2013 Arada 40°52'0.91"; 8°13'57.85" 12 Valsemana (Spain) 

2014 Arada 40°50'46.06"; 8°11'51.33" 24 Valsemana (Spain) 

2015 Arada 40°50'26.50"; 8°10'57.45" 22 Valsemana (Spain) 

2016 Montemuro 40°56'26.40"; 7°52'30.00" 12 Valsemana (Spain) 

2017 Montemuro 40°56'26.40"; 7°52'30.00" 20 Valsemana (Spain) 

2018 Montemuro 40°56'26.40"; 7°52'30.00" 12 Valsemana (Spain) 
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Study area 

The study was conducted in Central-North Portugal over an area of 8,941 km2 

(figure 2). The large extension of the study area results in climate differences 

throughout the territory ranging from temperate climate with strong Oceanic 

influences (Western region) to Mediterranean regimes (Eastern region; Monteiro-

Henriques et al., 2016). The topography also has wide variations with ranges from 

8 m to 1.382 m. The habitat and land cover vary greatly depending on local 

conditions and human activities. During the 20th century, socio-economic reasons 

led the human population to abandon their lands and emigrate to other countries 

or to the coast of Portugal. This rural exodus allowed the landscape restoration of 

the region. This mosaic of habitats that characterizes the study area has important 

consequences for ecosystems, species distributions and community assemblages 

(Blondel and Aronson, 1999; Peñuelas et al., 2017).  

I. West part – Freita, Arada and Montemuro mountains 

The Westernmost region of study area encompasses two Natura 2000 network 

sites, the sites of Community Importance Serras da Freita e Arada, PTCON0047 

and Serra de Montemuro, PTCON0025. In this region, natural vegetation passed 

through several stages of degradation and regeneration. Currently, vegetation is 

dominated and composed by different scrubland species (e.g. Cytisus scoparius 

(L.) Link, Cytisus grandiflorus (Brot.) DC., Ulex spp., Genista triacanthos Brot., 

Erica spp., and Pterospartum tridentatum (L.) Willk.). Some scattered forests can 

be found (e.g. common oak Quercus robur L., Pyrenean oak Quercus pyrenaica 

Willd., sweet chestnut Castanea sativa Mill., maritime pine Pinus pinaster Aiton, in 

pure or mixed stands with eucalyptus Eucalyptus globulus Labill.). This patchwork 

of habitats is completed with pastures and agricultural fields along this region. The 

roe deer was recently reintroduced in Freita, Arada and Montemuro mountains 

(table 1). Apart from roe deer, the wild boar is the only wild ungulate that inhabits 

the Westernmost region of the study area. Domestic ungulates are represented by 

goats (Capra hircus Linnaeus 1758), sheep (Ovis aries Linnaeus 1758), horses 

(Equus ferus caballus Boddaert 1785) and cattle, that generally roamed the 

mountains in unfenced areas all year around (Torres et al., 2015b). 
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II. Central North part – Aguiar da Beira, Sernancelhe and Trancoso region 

The central north region of the study contains the smallest portion of protected 

reserves in the entire study area, presenting only one Site of Community 

Importance (Rio Paiva, PTCON0059). The climate of this region is characterized 

by hot summers and cold winters, resulting in large annual thermal amplitudes. It 

is a region mostly focused on agriculture and husbandry (mainly sheep and goats). 

The landscape is marked by vineyards and crops of almonds, olive and various 

cereals. In this way, a mosaic of habitats is formed between permanent crops, 

scrubland, meadows and some isolated oaks forest (Quercus pyrenaica Willd., 

Quercus robur L.) and scattered cork trees. The plantations of pine, eucalyptus 

and chestnut trees are also predominant in this area. It is an area of confirmed 

Iberian wolf presence (see Torres and Fonseca, 2016) and is delimited by barriers 

to the expansion of both wolf and wild prey. These barriers are the Douro river to 

the north and in the remaining limits by highways (figure 2). In addition to the 

domestic ungulates, in this central north part of the study area there are also wild 

boar and roe deer. 

III. Northeast part – Côa valley and Douro Internacional region 

The Northeast part of study area encompasses one natural park (Douro 

Internacional), two Special Protection Areas (Douro Internacional e Vale do 

Águeda, PTZPE0038; Vale do Côa, PTZPE0039), one private protected area 

(Faia Brava Reserve) and one UNESCO World Heritage Site (Côa Archaeological 

Park). This region experiences a Mediterranean climate of cold winters and hot 

and dry summers. The Côa river crosses the area from South to North and has 

shaped the landscape over its course. Mixed patches of cork oak (Quercus suber 

L.), Pyrenean oak and holm oak (Quercus rotundifolia Lam.) are interspersed with 

scrubland composed by Erica australis L., Pterospartum tridentatum (L.) Willk., 

Halimium alyssoides Lam. and Cistus ladanifer L.. Cultivated areas are mainly 

vines and fields of olives, almonds and cereals. The rupestrian marks identified 

over the Côa Valley are the evidence that ungulates, including roe deer, red deer 

and wild boar date back to the Palaeolithic period (Aubry, 2009). Today, however, 

the only wild ungulates that persist in Côa valley are the roe deer and the wild boar 

(Fonseca et al., 2017). Domestic ungulates are also present. 
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IV. Central South part – Estrela mountain 

This region comprises the largest protected area in Portugal: the Serra da 

Estrela Natural Park with 88,850 ha. It is located in the transition zone of 

Mediterranean climate with hot and dry summers and the temperate oceanic 

climate with milder and humid temperatures. The influences of climate and the 

altitude gradient shape the structure and complexity of the landscapes. Sweet 

chestnut, pine and eucalyptus plantations and remnant forests of oak (Quercus 

rotundifolia Lam., Quercus suber L. and Quercus pyrenaica Willd.) can be found in 

the Natural Park. However, most of the forests have disappeared giving way to 

degraded vegetation states such as grasslands of Nardus stricta L. and 

scrublands composed by Arbutus unedo L., Frangula alnus Mill., Cistus ladanifer 

L., Genista florida L., Erica spp., Cytisus spp., Calluna vulgaris (L.) Hull and 

Juniperus communis L. subsp. alpina (Suter) Čelak (Meireles and Pinto-Gomes, 

2012; van der Knaap and van Leeuwen, 1995). At the top of the mountain, 

vegetation is scarce and the landscape is dominated by rocks. In the region 

surrounding the Natural Park exists multiple land uses such as woodlands, 

scrublands, coniferous plantations and agriculture areas (e.g. vineyards, olive 

groves). In the Central South part of the study area, wild ungulates (wild boar and 

roe deer) and domestic ungulates (mainly sheep) are present. 

V. Southeast part – Malcata mountain 

The Southeast part of study area comprises one Site of Community 

Importance (Serra da Malcata, PTCON0004). The vegetation is dominated by 

dense shrubs of Cytisus spp., Halimium spp., Cistus spp., Erica spp., 

Pterospartum tridentatum (L.) Willk., and Arbutus unedo L.. Scattered woodlands 

of holm oak and Pyrenean oak trees are also present. Additionally, industrial 

plantations of Pinus spp., eucalyptus, and Douglas firs (Pseudotsuga menziesii 

(Mirb.) Franco) are abundant in this area. Malcata mountain represents the 

Southern limit of Iberian wolf distribution in Portugal. Roe deer and wild boar have 

a significative presence in this natural area, whereas red deer population seemed 

to be limited in number and distribution. 
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Figure 2 - Location of the study area (8,941 km2) and geographic variability of elevation 

and topography. The map below indicates the location of the Natura 2000 network sites: 

Serras da Freita e Arada, PTCON0047; Rio Paiva, PTCON0059; Serra de Montemuro, 

PTCON0025; Malcata, PTCON0004; Vale do Côa, PTZPE0039; Douro Internacional e 

Vale do Águeda, PTZPE0038; Douro Internacional and Serra da Estrela Natural Parks. 
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Chapter I 
Iberian wolf diet in the southern  

edge of its distribution 
 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Microscopic observation of the roe deer medulla pattern (400x magnification). 
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1. Abstract 

The conservation of southern Iberian wolf populations is a contentious issue due 

to the small number and lack of connectivity among packs. The ongoing 

monitoring of these populations is the most welcome step towards the 

identification of drivers that limit the expansion and the stability of Iberian wolf 

population. Knowledge of the feeding habits of large carnivores can be considered 

an indicator of the carnivore population itself, but also an indicator of wild prey 

populations. The aim of this study is to analyse the diet of the Iberian wolf south of 

the Douro River. The samples were collected between 2014 and 2019 in Freita, 

Arada and Montemuro mountains (Western packs) and between 2019 and 2020 

the collection was extended to the entire study area south of the Douro river. All 

samples were confirmed genetically as being Iberian wolf scats. Through the 

identification of hairs present in scats it was possible to determine the species of 

prey. The Iberian wolf in this area consumed more livestock (c. 65% of absolute 

occurrence, relative occurrence or volume) than wild animals. The goat was the 

most consumed species representing approximately half of the diet (absolute 

occurrence, AO: 0.52; relative volume, RV: 52%). This prey was followed by wild 

boar (AO: 0.22; RV: 16%), birds (AO: 0.15; RV:8%), hare (AO: 0.08; RV: 7%) and 

sheep (AO: 0.08; RV: 7%). The remaining prey species have little representation 

in the Iberian wolf’s diet (AO: <0.06; RV: ≤4%; individually). The roe deer was 

found in one sample collected in the Western region, indicating that the roe deer 

reintroductions conducted since 2013 are slightly increasing the availability of wild 

prey. The high consumption of livestock can be caused by the low density of wild 

prey and ineffective livestock protections. Efforts should be made to increase the 

density of prey (e.g. reintroduction or population reinforcements of roe deer) and to 

apply measures to mitigate wolf attacks (e.g. direct surveillance by the shepherd, 

livestock guarding dogs and fences). 
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2. Introduction 

The knowledge on the feeding habits of large carnivores can be considered a 

honest indicator about the status of carnivore populations and wild prey 

communities (Sidorovich et al., 2017).  Carnivore populations may vary their diet 

according to social system  and/or pack stability (Mills, 1990). For example, lone 

wolves or dispersers consume preferentially livestock species because are easier 

to hunt, while stable packs feed preferentially on wild prey (Fritts and Mech, 1981; 

Imbert et al., 2016). The status of wild prey populations is also reflected in the diet 

of large predators. Three factors related with prey populations rule prey selection 

by carnivores, i) abundance/accessibility of wild preys, ii) vulnerability, and iii) anti-

predatory prey behaviour. The high density of a prey species results in a greater 

number of encounters with the predator (Hebblewhite and Pletscher, 2002) and, 

therefore, the likelihood of being preyed and consumed is higher (Gervasi et al., 

2013; Meriggi et al., 1996). However, this pattern is not always linear and may 

vary for different reasons. The vulnerability of certain individuals due to age class 

or disease makes them easy to capture, and therefore they are usually selected by 

predators (Mattioli et al., 2011). The defensive behaviour of each prey species is 

also important (Wirsing et al., 2010) as it provides best chances to survive an 

encounter with the predator (Tambling et al., 2015). The diversity of prey present 

in the ecosystem has also been considered important in the selection of prey 

(Ferretti et al., 2019). When the diversity of wild ungulate species increases, the 

diet breadth and livestock consumption decreases (Meriggi et al., 2015, 1996). 

The use of more humanized areas has been a pattern detected in several 

carnivore species (Athreya et al., 2013; Mueller et al., 2018). This close contact 

may become a conservation issue as it usually fosters conflicts between large 

carnivores and human activities (Anthony and Tarr, 2019). The problems that 

affect human activities seem to be the most contested, e.g. predation on livestock 

and the reduction of ungulate populations that were once only hunted by man 

(Andersone and Ozolinš, 2004; Bautista et al., 2019). In Europe, approximately 

28.5 million euros are spent annually on compensation for damage caused by 

large carnivores (Bautista et al., 2019). These problems cause a negative 
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perception of carnivores by the general public, which leads to conflict and may 

culminate in retaliatory death (e.g. Pohja-Mykrä and Kurki, 2014). 

On south of the Douro River, the Iberian wolf population is characterized by 

isolated packs comprising a small number of individuals, which raises concerns 

about their conservation (Torres and Fonseca, 2016). Previous studies on the diet 

of this population showed that the main wolf preys are livestock species (Torres et 

al., 2015b; Vos, 2000). The authors advocated that this result is potentially related 

to the low density and diversity of wild prey in the area, and poor husbandry 

practices (Pimenta et al., 2017; Torres et al., 2015b). Being a region with a lot of 

livestock breeding and that depends on this activity, the attacks on livestock are a 

great source of economic loss generating a negative perception of this carnivore 

by the local communities (Espirito-Santo, 2007). There is a need to apply 

preventive husbandry methods such as the use of guard dogs and effective fences 

(Linnell et al., 2012). These measures should not be applied in isolation, but in 

conjunction with measures aimed at increasing the availability of wild preys and 

actions to raise awareness toward the conservation of the Iberian wolf among the 

local population. 

In the presence of a population of wolves that raises conservation problems, it 

is important to study and continuously monitoring the feeding habits of this top 

predator. The knowledge of the Iberian wolf diet will be indicative of the prey 

community in the study area. The high consumption of livestock could be an 

indicator of possible conflicts with the local population (Khan et al., 2018). The aim 

of this study is to assess the diet of the Iberian wolf south of the Douro River. The 

scat collection began in 2014 in Freita, Arada and Montemuro mountains. In 2019, 

the collection of samples was extended to the entire study area and concluded in 

January 2020. The present study  is not a replication of the work of Torres et al. 

(2015b), but a continuation of the study in a different context of wild prey 

availability, i.e. over a period marked by the reintroduction of roe deer in Freita, 

Arada and Montemuro mountains (table 1). Thus, the comparison of the wolf’s diet 

before starting the reintroduction process (Torres et al., 2015b) and during the 

process (present study) can be used for evaluating the response of the Iberian 

wolf to roe deer reintroductions. Reintroduction processes have been implemented 
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in this area on an annual basis, since 2013 (table 1; Torres et al., 2015a). Wolf 

scats collected during this period, were analysed in this chapter and will allow a 

continuous study of the Iberian wolf diet as the prey population has increased 

slightly due to reintroductions. The extended collection of samples in the last year 

make it possible to assess the Iberian wolf's diet throughout the southern edge of 

the species’ distribution. 

 

3. Materials and Methods 

3.1. Data collection 

Samples were collected between August 2014 and August 2019 in Freita, 

Arada and Montemuro mountains. In 2019, the collection of scats was expanded 

to all the study area south of Douro river and the collection period was extended 

until January 2020 (figure 2). Collections were made along itineraries on foot, 

randomly distributed in the study area. Scats identification in the field was based 

on various characteristics such as shape, size and odour. For all samples 

identified in the field, a portion was collected for genetic identification of the 

predator following standard procedures  (Figueiredo et al., 2020). In this way, all 

the samples used for the determination of the Iberian wolf’s diet were confirmed 

genetically. The samples were stored in plastic bags, identified with the sample 

code and then kept in a freezer (-5ºC). 

3.2. Prey identification 

Before the content analysis, each sample remained in the oven for at least 3 

hours at 60 ºC. Then, the samples were washed through 1-3mm mesh sieve 

(Kruuk and Parish, 1981). The hairs and bones in the scat were collected, dried 

and stored. The identification of prey was performed through the hairs present in 

the samples and comparison with the reference collection of prey hairs collected in 

the study area. This comparison was carried out through the analysis of 

macroscopic and microscopic characteristics. The preparations were made 

according to Teerink (1991) and applying two techniques: cuticular impression 

using nail polish to observe the cuticle pattern (figure 3c) and immersion in cedar 
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oil to observe the cortex and the medulla (figure 3a and b). For the microscopic 

identification of hairs, in addition to the reference collection, illustrated atlas and 

identification keys for wild (De Marinis and Asprea, 2006a; Teerink, 1991; Valente 

et al., 2015) and domestic ungulates (De Marinis and Asprea, 2006b) were used. 

Identifications were made using an optical microscope (100-400x magnification). 

Twenty hairs were collected randomly and identified for each sample for the 

purpose of quantifying the diet (Lovari et al., 2015). 

 

Figure 3 - Microscopic observation of the hair features (400x magnification). Medulla 

details of cattle (a) and roe deer (b). Cuticular pattern of the domestic goat's hair (c). 

 

3.3. Data analysis 

The samples with less than 20 hairs, and whose prey was impossible to 

identify, were discarded. The preys were separated in food categories for 

subsequent analysis. These food categories corresponded at the species level for 

meso-large mammals (i.e. wild and domestic ungulates, carnivores and meso-

mammals); additionally, the following categories were considered: small 

carnivores and birds. For each food category, it was calculated the absolute and 

the relative frequency of species occurrence in diet (Lucherini and Crema, 1995). 

The absolute frequency of occurrence is obtained through the ratio between the 

number of occurrences of each category and the total number of scats analysed. 
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The relative frequency of occurrence is the ratio between the number of 

occurrences of each category and the total number of occurrences of all 

categories. The relative volume of each category, in each scat, was obtained 

visually considering the volumetric classes suggested by Kruuk and Parish (1981). 

For the analysis, the median point of each of these classes, i.e. 2.5%, 13%, 38%, 

63%, 85.5% and 98% (Kruuk and Parish, 1981) was used to estimate mean 

volume of each category in diet (Lovari et al., 2015). 

 

4. Results 

A total of 73 genetically confirmed wolf scats were analysed to assess the diet 

of the Iberian wolf (figure 4). 

Figure 4 - Location of wolf scats collected and analysed in this study. 

 

The Iberian wolf diet was mainly composed of goats, which showed an 

absolute occurrence of 0.52 and 52% of relative volume (figures 5-6). The wild 

boar was the second prey consumed with an absolute occurrence of 0.22 and a 
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relative volume of 16% (figures 5-6). This prey was followed by birds that showed 

an absolute occurrence of 0.15 and relative volume of 8%. Hare and sheep had 

the same representation in the diet of Iberian wolf (absolute occurrence of 0.08 

and relative volume 7.5%; figures 5-6). The remaining prey are donkey, cattle, roe 

deer, badger and small carnivores with little representation (absolute and relative 

occurrence of <0.06 and relative volume ≤4%, individually; figures 5-6). The only 

records of roe deer and sheep consumption were identified in samples collected in 

Freita, Arada and Montemuro mountains. 

 

 
Figure 5 - Absolute and relative frequency of occurrence of food items in diet of wolves 

(N=73). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6 - Relative Volume of food items in diet of wolves (N=73). 



19 
 

5. Discussion 

Human-Wolf conflicts are expected when predators feed on livestock (Khan et 

al., 2018). In southern Europe, the consumption of livestock by wolves is often 

recorded (Iliopoulos et al., 2009; Meriggi et al., 1996, 1991), which raises 

conservation and management concerns (Torres and Fonseca, 2016). In the 

present study, domestic prey is more consumed by Iberian wolf than wild prey. 

Some authors argue that this may be due to the low density of wild ungulates and 

ineffective protection measures of livestock (Ferretti et al., 2019; Torres et al., 

2015b). This pattern had already been recorded in the study area (Torres et al., 

2015b; Vos, 2000), but it was also described in other environmental scenarios. For 

instance, in central Iran, a study based on 132 samples, demonstrated that 

livestock are consumed in high proportions by grey wolf (Canis lupus Linnaeus, 

1758; Hosseini-Zavarei et al., 2013). It has been shown that wolf predation is 

related to several factors such as availability/abundance, vulnerability and 

accessibility of prey (Ferretti et al., 2019; Mattioli et al., 2011; Meriggi and Lovari, 

1996). The low density of wild ungulates (Torres et al., 2015a) and the greater 

accessibility and vulnerability of livestock species due to the husbandry system 

used (i.e. free-ranging during the day and kept in barns during the night, see 

Torres et al., 2015b), lead the wolf to consume more livestock than wild ungulates. 

The wild ungulate species most consumed by Iberian wolf was wild boar, whereas 

roe deer was recorded just once. The remaining preys were consumed as a 

supplement to the diet in order to survive in less favourable conditions (Meriggi et 

al., 1991). 

Several studies have reported the higher consumption of goats by wolf 

(Papageorgiou et al., 1994) and other predators (e.g. common leopard Panthera 

pardus, Athreya et al., 2020; Khan et al., 2018) compared to other species. In Italy, 

despite the preference for wild ungulates, within the livestock species, the most 

preferred was the goat (Imbert et al., 2016; Meriggi et al., 2015). In the present 

study, the goat was the most consumed species, representing approximately half 

of this predator's diet. Previous studies in Western region had observed higher 

frequencies of occurrence than the reported here (52% versus ~62% frequency in 

Torres et al., 2015b; and ~98% frequency in Vos, 2000). This difference can be 
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justified by the increase in the sampled area and the spatial variability in the 

abundance and accessibility of domestic goats. Among the livestock species, the 

goat was the most available prey for the wolf because they are usually in large 

flocks and spread out over the mountains (see Vos, 2000). In addition, goats use 

steeper areas than sheep being easily attacked by the wolf due to low human 

presence (Torres et al., 2015b). This may justify the higher presence of goats in 

the Iberian wolf's diet when compared to sheep in this study. Other studies have 

observed a lower than expected consumption of sheep (Iliopoulos et al., 2009; 

Torres et al., 2015b). Despite the great  number of wolf attacks on sheep recorded 

by the government, Vos (2000) only detected goats on the wolf’s scats analysed. 

This differences can occur due to, the ease of finding sheep carcasses because of 

the proximity to the villages, the possible attack on the sheep without consuming 

them and miscrediting the attack to the wolf when a sheep dies from another 

cause (see Vos, 2000). These results are important since they demonstrate the 

differences in perception between the government and the data obtained by 

scientists through the study of the wolf's diet. This discrepancy may cause 

negative perception of the Iberian wolf and possible Human-Wolf conflicts.  

The other livestock species present in the Iberian wolf’s diet on this study were 

cattle and donkey, with little representation. These species are larger and can 

serve as a deterrent to attack by the wolf due to the probability of suffering an 

injury (Meriggi et al., 1996). Additionally, cattle may have more effective protection 

measures (Torres et al., 2015b) due to their great economic importance (Iliopoulos 

et al., 2009). In this way, the consumption of these species is lower compared to 

goats. Predation of these species has had seasonal changes related to the 

presence in pastures (Meriggi et al., 1991; Milanesi et al., 2012), the season of 

calves (Iliopoulos et al., 2009) and breeding period of wolves and in the pups 

independence period (Roque et al., 2001). The small number of scats in this study 

area hampered a season scale study of the diet. Future work should take this 

analysis into account as it could be a source of knowledge applicable to the 

improvement of husbandry practices with the aim of reducing livestock 

consumption by wolves. For example, Pimenta et al. (2017) found that 90% of the 

attacks were associated with the presence of calves with less than 3 months old 
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on the pasture and with the change of this husbandry practice cattle predation will 

decrease. 

The wild animal most consumed by Iberian wolf was wild boar, corroborating 

previous studies in the study area (Torres et al., 2015b). Despite being a common 

prey in the wolf’s diet in several studies (Capitani et al., 2004; Ferretti et al., 2019; 

Figueiredo et al., 2020), its presence gains great relevance in studies similar to 

this, where the abundance of other wild ungulates such as roe deer and red deer 

is very low (Mattioli et al., 2011; Meriggi et al., 1996, 1991; Migli et al., 2005). Wild 

boar predation is usually associated with  piglets or sick/old animals (Barja, 2009; 

Mattioli et al., 2011; Nores et al., 2008). Additionally, in several areas, wild boar is 

more preyed during the winter (Milanesi et al., 2012; Wagner et al., 2012) due to 

the vulnerability caused by severe climatic conditions and deep snow cover 

(Capitani et al., 2004). Healthy adults present active defence against predators 

(Ferretti et al., 2019), for this reason the wild boar is mostly predated when 

vulnerable (Mattioli et al., 2011). Therefore, its consumption by wolves is moderate 

(Meriggi et al., 1991; Torres et al., 2015b), even in areas where it occurs at high 

densities  (Migli et al., 2005; Nores et al., 2008). 

The consumption of secondary prey is associated with the scarcity of large wild 

ungulates (Meriggi et al., 1991). Here, this was observed through the consumption 

of birds, hares and small and meso-carnivores. Espirito-Santo (2007) suggested 

that, given the high presence of poultry farms in the districts of Aveiro and Viseu, 

the Iberian wolf could start feeding on this prey. The considerable consumption of 

birds in this area was first recorded in this study, however it was not possible to 

discriminate whether they are wild or domestic birds. Consumption of a higher 

percentage of hares was recorded several times (Chavez and Gese, 2005; Mattioli 

et al., 2011; Wagner et al., 2012). This study corroborates the idea that the low 

density of wild ungulates is reflected in a greater breadth of the wolf's diet (Meriggi 

et al., 1996; Meriggi and Lovari, 1996; Zlatanova et al., 2014). This predator in less 

favourable situations uses smaller prey, garbage or fruit (Meriggi et al., 1991). 

Thus, since the Iberian wolf south of the Douro river is in a less favourable 

conservation situation, due to the isolation and instability of the packs, together 
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with the low density of wild prey, it is expected the high consumption of livestock 

and other secondary prey. 

Several studies reported a high consumption of roe deer despite the presence 

of a diverse guild of wild ungulates (Barja, 2009; Figueiredo et al., 2020). In 

contrast, here, roe deer was recorded just once. Yet, this result is a good indicator 

of the success of previous reintroductions. In previous studies in this area, the 

absence of roe deer in the diet has been noted (Torres et al., 2015b; Vos, 2000) 

and a process of reintroduction has been initiated in Freita, Arada and Montemuro 

mountains from 2013 until now (table 1, Torres et al., 2015a). The sample in which 

the roe deer hair was detected was collected in the mountains where the referred 

reintroductions took place and after these reintroductions (sample dates from 

January 2018). In this way, we can confirm the predation of this reintroduced 

species and, therefore, the final goal of this process (i.e. to increase the availability 

of wild prey) is slowly being achieved.  

 

6. Conclusions and management implications 

The endangered Iberian wolf fed mainly on livestock species on its southern 

limit of Portugal. This consumption can lead to Human-Wolf conflicts. Thus, it is 

necessary to apply measures to prevent livestock consumption. We can expect 

that by promoting the availability of wild prey (i.e. roe deer) through 

reintroduction/population reinforcement processes, livestock consumption may be 

reduced (Imbert et al., 2016; Meriggi and Lovari, 1996). However, the restoration 

of the wild prey community should be simultaneous with the application of 

adequate husbandry practices to prevent wolf attacks (Pimenta et al., 2017). Both 

measures are of high importance and should be implemented together, otherwise 

it may not have the desired final result. For example, promoting the increase in 

wild species may not reduce livestock consumption (Patalano and Lovari, 1993; 

Poulle et al., 1997) and the application of strict measures to prevent livestock 

consumption may create instability in the wolf population by not having access to 

other food items. In this way, both population reinforcement processes and 

mitigation measures, such as the effective protection of livestock, are envisaged 

as useful tools to reduce the likelihood of Human-Wolf conflicts.        



23 
 

 
 

 
 
 
 

Chapter II 
Environmental determinants  

of roe deer presence and abundance 
1.  

2.  
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Roe deer detected by camera trap. 
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1. Abstract 

The conservation of a predator species should consider the constant monitoring of 

prey species. In the Southern edge of Iberian wolf distribution, the presence of roe 

deer is recognized, however there is no updated information on its population. The 

aim of this study is to estimate the density and relative abundance of roe deer, 

update its fine-scale distribution and study the environmental determinants of its 

presence and abundance. Roe deer density was estimated using pellet group 

counts in linear transects with distance sampling. This method was complemented 

with the calculation of relative abundance index (RAI) using camera trap. The 

fieldwork was carried out between June 2019 and June 2020. Regarding pellet 

group counts, 310 transects were surveyed, which corresponds to a sampling 

effort of 59,400 meters. For camera trap method, 330 cameras were used in the 

analysis, corresponding to 11,546 camera-trap days. The density of roe deer 

estimated only for the Côa valley was 2,2 individuals/100ha (CI: 1,4-3,5 

individuals/100ha). The overestimation of population density is possible due to 

sampling constraints (e.g. low probability of detection). Relative abundance data 

showed that the roe deer population varies across the study area, decreasing from 

Southern to Northern and Eastern to Western locations. The environmental 

characteristics that positively influenced the presence and abundance of the roe 

deer were valleys with moderate slopes and native forests (broadleaved and 

coniferous). Water availability and mean altitude only had a positive significant 

effect on the relative abundance of roe deer. Habitat heterogeneity and 

anthropogenic presence had no significant effect on habitat selection. Locations of 

great environmental favourability and with low density of roe deer are potential 

sites to apply measures aimed at reinforcing current roe deer populations. These 

areas are strategically located to enhance the natural expansion of existing and 

established populations. Future population reinforcements designed in places of 

environmental favourability will be a useful tool in the medium-long term for the 

expansion of roe deer south of the Douro river. The selected locations also overlap 

the current Iberian wolf range and could contribute for the stability of existing wolf 

packs by increasing the wild prey availability.  
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2. Introduction 

The conservation of a predator species relies, among other things, on the 

conservation and regular monitoring of wild prey species. Some authors have 

suggested that predators select the habitat mainly according to prey distribution 

(Eggermann et al., 2011; Kittle et al., 2017; Kunkel and Pletscher, 2001). 

Therefore, understanding the factors that shape the selection of habitat by wild 

preys allows to forecast possible areas of predator occupation. The habitat 

selection and distribution of wild prey species is influenced by several factors. 

Environmental characteristics generally have great impact on prey distribution 

because they are related to the most essential needs: food (Heinze et al., 2011; 

Zweifel-Schielly et al., 2009) and cover (Ciuti et al., 2005; Eom et al., 2018; 

Mysterud and Østbye, 1999). These, in turn, are related to the reproduction and 

survival of the species (Parker et al., 2009). In this way, characteristics associated 

with the presence of food such as marshes, natural pastures and agricultural lands 

are selected by the ungulates (Laforge et al., 2016; Sorensen et al., 2015), as well 

as the presence of a developed tree and shrub layer that provides cover (Ewald et 

al., 2014; Torres et al., 2012b). Other characteristics such as proximity to water 

points (Carvalho et al., 2018; Wallach et al., 2007) and climatic conditions 

(Coulson et al., 2000; Richard et al., 2014) are also relevant for ungulate species 

due to physiological constraints and the influence on food availability.  

There are two types of interspecific competition that can also alter the 

distribution of the prey community. Competition for resources may decreases the 

availability of food (Odadi et al., 2011) and/or space (Bartos et al., 2002). 

Competition for interference involves physical interaction such as aggression 

between the two species (Bartoš et al., 1996; Ferretti, 2011). In this way, one 

species is forced to alter its behaviour to avoid the other through the partition of 

resources (Darmon et al., 2012; Hall et al., 2018; Hibert et al., 2010; Macandza et 

al., 2012). The presence of the predator substantially alters the behaviour of prey 

by creating a landscape of fear (Khan et al., 2018). This effect may cause changes 

in the use of space (Latombe et al., 2014; Lingle, 2002), the period of the day in 

which they are active (Rossa et al., 2021) or generate changes in the aggregation 

level of the species (Creel and Winnie, 2005) and the surveillance time (Périquet 
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et al., 2010). Spatial avoidance of predators is widely reported in several species 

and is one of the most effective anti-predatory behaviours in ungulates (Basille et 

al., 2015; Laundré, 2010; Yang et al., 2018).  

Human presence can be compared to the presence of a top predator as 

species of ungulates tend to avoid places inhabited by humans (Buuveibaatar et 

al., 2016; Fortin et al., 2015). In addition to its presence, humans are commonly 

related with habitat disturbance and greater associated risks. Pollution and habitat 

fragmentation are examples of disturbances caused by humans with an effect on 

ungulates (Ciach and Fröhlich, 2019; Ito et al., 2013; Rodríguez-Estival et al., 

2011). For this reason, human settlements, infrastructure and roads are usually 

avoided by the ungulates (Bojarska et al., 2020; M’soka et al., 2017; Schuette et 

al., 2016; Skarin and Alam, 2017). Roads, for instance, fragment the habitat and 

constitute a perceived risk of ungulate-vehicle collision (e.g. Zuberogoitia et al., 

2014).  

In this study area, the Iberian wolf, is an endangered species requiring several 

conservation efforts. These efforts may include adequate legal protection 

(Chapron et al., 2014; Chapron and López-Bao, 2016), prevent habitat 

fragmentation and degradation (Crooks et al., 2011; Di Minin et al., 2016), promote 

human tolerance (Treves and Bruskotter, 2014), reduce the impact of human 

activities (Sévêque et al., 2020) and promote the increase of wild preys (Torres et 

al., 2018; Vidal et al., 2018). The latter allows the restoration of trophic chains and, 

consequently, the conservation of top predators (Bakker and Svenning, 2018). 

One of the potential wild prey of the Iberian wolf in the territory is the roe deer. 

This species is ideal for population reinforcements due to its ecology, continued 

efforts and widespread acceptance. 

Roe deer had limited distribution and low densities in Portugal during the 19th 

and 20th century mainly due to anthropogenic pressure (Salazar, 2009). During 

the 20th century, the rural exodus allowed the restoration of natural habitat 

(Salazar, 2009). With a more pronounced presence to the north of the Douro river, 

several reintroductions of roe deer to the south of this river began during the late 

20th century (Salazar, 2009; Torres et al., 2015a). These reintroductions were 

aimed at increasing the population of roe deer for hunting and as prey for the 
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Iberian wolf (see Torres and Fonseca, 2016). These processes together with the 

natural expansion of the Spanish populations have contributed to the increase in 

population and distribution of roe deer in border regions. In the Western region 

south of the Douro River, the absence of roe deer (Torres et al., 2015a) and the 

presence of wolf packs (see Torres and Fonseca, 2016) culminated in 

reintroduction processes in the Arada and Montemuro mountains starting in 2013 

and with annual releases by 2018 (table 1, Torres et al., 2015a). Currently, the roe 

deer density and distribution throughout the study area south of the Douro River is 

unknown. Therefore, it is necessary to determine the current distribution of the 

species as well as to estimate its relative abundance. This information is relevant 

for the study and conservation of the Iberian wolf in this area as the distribution of 

prey is a determining factor for its presence (Eggermann et al., 2011) and stability 

(Imbert et al., 2016). In addition to the distribution and abundance data, it is 

equally important to understand the key factors of habitat selection for roe deer 

(table 2) and to determine the environmental favourability of this study area for the 

species. The identification of favourable habitats where roe deer is absent or 

occurs at low densities will be important for the application of ecosystem 

restoration measures, such as the reinforcement of local populations. These 

measures aim to increase the availability of Iberian wolf prey and, therefore, their 

application will contribute to the conservation of this endangered predator.    The 

present study aims to produce tools to promote the conservation of roe deer 

population by estimating the density and relative abundance of roe deer, update its 

fine-scale distribution and study the environmental determinants of its presence 

and abundance.  
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Table 2 - Hypothesis, rationale, predictions potentially influence the species 

presence and abundance at macro scale habitat. 

Hypothesis Rationale Prediction 

H1 

(Topography) 

Topography is a very important factor in 

the movements of the roe deer (López-

Martín et al., 2009). Due to energy saving, 

valleys with middle to lower slopes and 

moderate altitudes are generally selected 

by roe deer (Farfán et al., 2009). 

Valleys with gentle slopes 

and moderate altitudes are 

favourable for roe deer. 

H2 

(Water 

availability) 

The availability of water positively 

influences roe deer dispersion (Carvalho et 

al., 2018) as it constitutes a physiological 

and behavioural restriction (Wallach et al., 

2007). 

The presence of roe deer is 

positively related to the 

availability of water. 

Especially in the Northeast 

of the study area, an area 

characterized by harsh 

winters and summer 

droughts. 

H3 

(Land cover) 

Native forest areas are often selected by 

roe deer (Morellet et al., 2011; Virgós and 

Tellería, 1998). However, this ungulate 

also uses meadows and agricultural areas 

(Acevedo et al., 2005). Native forests 

provide refuge and food for roe deer 

(Cargnelutii et al., 2002). 

Native forest areas are 

preferably selected by the 

roe deer. 

H4  

(Landscape 

structure) 

The roe deer has preference for 

heterogeneous habitats (Saïd and 

Servanty, 2005) with great edge effect 

(Hewison et al., 2001). In this diversity of 

habitats, the roe deer is able to trade-off 

between the need for open habitats where 

it feeds and closed areas of refuge. 

Preference for 

heterogeneous habitats. 

H5 

(Anthropogenic 

pressure) 

The areas inhabited by humans are 

avoided by roe deer (Torres et al., 2012a) 

due to the disturbance of human 

settlements and roads (Coulon et al., 

2008). Its behaviour is also influenced by 

hunting activity, avoiding hunting areas 

(Bonnot et al., 2013). 

Roads, human settlements 

and hunting areas will be 

avoided by roe deer. 
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3. Materials and Methods 

3.1. Data collection 

The fieldwork was carried out on a monthly basis between June 2019 and June 

2020 and comprised 10 campaigns. Approximately 35 cameras (Browning Strike 

Force Pro X) were used per campaign in order to update the fine-scale distribution 

of wild ungulates present in the study area. A total of 355 locations were sampled, 

however, due to theft (n = 10), malfunction (n = 9) or problems with the external 

driver (n = 6), the subsequent analyses were performed with data from 330 

cameras (figure 7). Due to logistic and time constraints it was impossible to 

sample the entire study area, therefore representative locations of the main habitat 

types, areas of known Iberian wolf presence and areas of potential connectivity 

among packs were selected. The study area was divided in a 1,5 x 1,5 km grid 

that allowed to follow a regular sampling design. Despite the difficulties imposed 

by topography, dense shrubs and several fenced private areas, each camera was 

installed at a minimum of 1000-1500 meters and placed 30-40 cm aboveground to 

increase the species detectability. The distance between cameras was defined 

based on the minimum home range of roe deer (summer: 409.64 ± 98.20 ha, 

winter 116.20 ± 17.90 ha, Carvalho et al., 2008). The selected location had a good 

visibility, was free from dense vegetation (to avoid false triggers) and roads/paths 

were avoided. Whenever possible, cameras were north-oriented to reduce the 

number of unidentifiable pictures caused by the direct sunlight. A GPS disposal 

(Garmin Etrex 10) was used to record the exact location of cameras. The habitat 

characteristics (e.g. the habitat type, the landscape diversity and the level of 

anthropogenic disturbance) were also registered. The camera traps were 

programmed to take three consecutive photographs, with a recovery time of 30 

seconds. This choice represents a trade-off between increasing detectability of 

individuals and storage capacity of SD-cards. The cameras were approximately 28 

days in the field before being moved to new locations. Meanwhile, SD-cards and 

batteries were checked, changed as needed and the photos stored for subsequent 

identification. 
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The density of roe deer in the study area was estimated by performing one 

transect per sample location. Transects were 200 meters long and the orientation 

of each one was randomly selected but limited by topographic and land use/cover 

constraints. A handheld Global Positioning System (GPS) was used to record the 

starting and end points. The roe deer pellets groups were searched over the 

transect (approximately 1-m width for each side of the transect line, Marques et 

al., 2001). The perpendicular distance from the transect line to the centre of the 

pellet group was measured. Three variables that are expected to influence the 

detectability of pellets (Marques et al., 2007) were also recorded: the size of pellet 

groups (medium, 10-40 pellets; large, > 40 pellets; groups with less than 10 pellets 

were discarded to avoid duplications of scattered groups), the dispersion of pellet 

groups (aggregated or scattered) and the micro-habitat. 

 

 

 

Figure 7 - Location of camera-traps and transects. 
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3.2. Data analysis 

3.2.1. Roe deer density and distribution  

From each photo, information regarding date, time, temperature, species, 

number of individuals and sex were recorded. All this information was organized 

and stored in a dataset. The photos of the same species in the same camera 

within a time window of 30 minutes (Monterroso et al., 2014; Torretta et al., 2017) 

were discarded. This procedure increases the likelihood of independence among 

records. The Relative Abundance Index (RAI) was calculated for each location. 

This index is calculated as the number of photographic records per species 

divided by the number of days the camera has been active. This value was 

standardized per unit of effort (x 100 camera days.) The values of RAI were used 

to map species distribution. 

The pellet groups gathered from transects were analysed using the distance 

sampling method (Buckland et al., 2001). Distance sampling is a recommended 

and widely accepted approach to estimate species abundance and density from 

direct or indirect observation (e.g. pellets). Distance sampling allows to deal with 

uncertain detection by modelling the variation of detectability with distance through 

a detection function. The perpendicular distance from the pellet group to the centre 

of the transect are used to produce the detection function. This function allows to 

estimate the probability of locating pellet groups along the transect (Marques et al., 

2001). The detection probability is used to calculate the density of pellet groups. 

The density is calculated using the number of pellet groups found, the probability 

of detection and the length of the sampled transect. Roe deer density is calculated 

by considering the density of pellet groups, the decay rate and the production rate 

of pellets. The decay rate is the number of days that a pellet group takes to 

disappear. In this study the value 176 ± 31 days, calculated by Torres et al. (2013) 

in Montesinho Natural Park, was used due to geographical proximity. The 

production rate is the number of pellet groups that an individual produces per day. 

The value used in this study was 20 groups per day (Mitchell et al., 1985). Data 

analysis was performed using the software Distance version 7.2 (Thomas et al., 

2010). First, several models were fitted using different key functions and 
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adjustment terms (Buckland et al., 2001). Second, the final detection function were 

selected by visually inspecting histograms and considering the Akaike Information 

Criterion (AIC, Akaike, 1974). The AIC ensures that the selected model is the most 

parsimonious. 

3.2.2. Determinants of roe deer distribution and abundance 

The favourability function has been used in studies where the probability of 

occurrence of an event (e.g. species) is analysed (Acevedo and Real, 2012). 

Species distribution models (SDMs) are one of the most common examples where 

the favourability function can be applied. SDMs combine species occurrences or 

abundance with a set of biotic/abiotic variables to describe the interactions 

between species distribution and environmental predictors (Carvalho et al., 2018; 

Elith and Leathwick, 2009). This tool became an important method to understand 

and manage ecological and conservation issues. Here, a continuous and spatially-

explicit gradient of environmental favourability for roe deer was produced to 

identify potential areas for roe deer reintroduction or restocking. We selected 

predictor variables connected with the ecological requirements of the roe deer and 

known to influence the species’ presence and abundance. These variables were 

grouped in a set of a hypothesis related to topographic features, water availability, 

land cover, landscape structure and anthropogenic pressure (table 3). Biotic 

variables accounting for intra and interspecific relationships (cattle, presence of 

other wild ungulate species) were discarded due to confounding effects (e.g. 

habitat), the low density of roe deer (Torres et al., 2015a) and its elusive 

behaviour. Predator effect was also discarded from the analysis due to low wolf 

presence in this area (Torres and Fonseca, 2016). Vegetation indexes, such as 

the Normalized Difference Vegetation Index (NDVI), were not included because 

the spectral response of tree canopy (that represents a significant proportion of the 

study area) does not reflect the quality and availability of understorey and 

accessible vegetation for roe deer. For modelling purposes, a total of 308 camera 

trapping locations (128 presences and 180 pseudoabsences) were considered. 

Based on fieldwork and species’ home range (Carvalho et al., 2008), the 

environmental characteristics were retained considering a buffer of 800 meters  
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Table 3 – Hypothesis and variables connected with the ecology of roe deer and 

that potentially influence the species presence and abundance at macro scale 

habitat. 

Hypothesis Variable Code 

Pseudoab

sence 

(mean) 

Presence 

(mean) 
Source 

H1  

(Topography) 

Mean altitude (m) AltMean 723 783 

ASTER 

Global Digital 

Elevation 

Model 

platform 

Range altitude (m) AltRange 142 119 

Mean slope (º) SlpMean 7.83 6.84 

Range slope (º) SlpRange 22.40 20.39 

Mean topographic position 

index 
TPIMean 0.50 0.50 

Minimum topographic 

position index 
TPIMin 0.26 0.26 

Maximum topographic 

position index 
TPIMax 0.74 0.75 

Mean topographic 

ruggedness index 
TRIMean 32.61 27.53 

Minimum topographic 

ruggedness index 
TRIMin 8.52 7.23 

Maximum topographic 

ruggedness index 
TRIMax 72.00 58.89 

Outcrops (%) OutcrPerc 46.28 40.86 Instituto 

Superior de 

Agronomia 
Terraces (%) TerrPerc 11.98 12.88 

H2 

(Water 

availability) 

Streams density (km/km2) RivDens 0.82 0.85 

Sistema 

Nacional de 

Informação 

de Recursos 

Hídricos 

H3 

(Land cover) 

Agricultural areas (%) AgrPerc 13.19 14.38 
Carta de Uso 

e Ocupação 

do Solo - 

Direção-

Geral do 

Território 

Native forests (%) 
NativeForP

erc 
38.61 49.04 

Eucalyptus stands (%) ConifPerc 1.26 0.79 

Orchards (%) EucalPerc 6.50 2.88 

Shrubs and herbaceous 

associations (%) 
ShrubPerc 39.27 31.22 
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Burnt area (%) BurntPerc 10.11 9.49 

Instituto da 

Conservação 

da Natureza 

e das 

Florestas  

H4 

(Landscape 

structure) 

Diversity of land cover 

patches (n) 
PatchVar 4.79 4.56 

Carta de Uso 

e Ocupação 

do Solo - 

Direção-

Geral do 

Território 

Patches of native forests (n) NForPatch 4.47 4.34 

Mean area of forest patches 

(km2) 

MAForPatc

h 
0.23 0.25 

H5 

(Anthropogenic 

pressure) 

Artificial surfaces (%) HInfraPerc 2.91 4.07 

Roads density (km/km2) 
RoadToDe

ns 
2.67 2.80 

Geofabrik 

Primary roads density 

(km/km2) 

RoadPrDen

s 
0.01 0.06 

Secondary roads density 

(km/km2) 

RoadSeDe

ns 
0.11 0.14 

Tertiary roads by square 

kilometer 

RoadTeDe

ns 
0.26 0.30 

Human population 

(inhab/km2) 
PopDens 13.70 10.09 Eurostat 

Hunting areas (%) HAreaPerc 88.29 87.31 

Instituto da 

Conservação 

da Natureza 

e das 

Florestas 
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radius (area ≈ 2 km2) from the sampling location. The study area was divided into 

a grid composed by individual units of 2,25 km2 to project the model in space. The 

environmental domain of each individual grid was characterized. 

First, an exploratory analysis was performed to assess the properties of data; 

the explanatory variables were examined to control for collinearity using a two-fold 

framework (Spearman’s rank correlation test and variance inflation factors). The 

Spearman’s rank correlation test assesses the collinearity among pairs of 

variables. Here, a coefficient of correlation of 0.8 was used. For multicollinearity, 

the variance inflation factors were used. Generalized linear models (GLM, 

McCullagh and Nelder, 1989) were used to describe the environmental 

determinants of roe deer presence and relative abundance. The roe deer 

presence is a binomial variable and a binomial GLM model was used. Relative 

abundance is a positive variable with several zeros and, therefore, Gamma 

distribution with a zero inflated function was used (Zuur et al., 2013). The 

explanatory variables were standardized to allow an easier comparison of effects 

sizes (Zuur et al., 2007). A forward–backward stepwise procedure based on the 

AIC was used to fit the final model. The data were split in two datasets: 70% of 

data was used to build the model and 30% to validate the model. The favourability 

function was used to make the probabilities of occurrence gathered from the GLM 

independent from the species’ prevalence. By using the favourability function, it 

was possible to identify and map the regions that favour the species presence (F ≥ 

0.5) and the regions that do not present the favourable environmental 

characteristics for roe deer (F < 0.5). 

For the micro-habitat characteristics analysis, the data collected in each 

location was used considering a buffer of 100 meters. Information regarding the 

type of habitat, ground cover (percentage of tree cover, shrub cover, herb cover 

and rocks cover), vegetation height (mean height of shrub and herbaceous layer: < 

50cm, 50cm-1.5m and >1.5m) and anthropogenic pressure was used for the 

analysis. The type of habitat was classified as coniferous forests, eucalyptus, 

broadleaved forests, riparian forest, scrubland, agrosystem, unproductive areas 

and habitat mosaic. Anthropogenic pressure has been divided into 5 categories: 

recreational activities (hunting, tourism and BTT); agriculture (agriculture, resin 
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collection, presence of tractors, and exploitation of eucalyptus); infrastructures 

(buildings and wind farms); presence of livestock and burnt areas. The selection of 

micro-habitat was performed using the same dataset used to fit the favourability 

function: roe deer presence (presence/absence data) and relative abundance 

(non-negative data). The collinearity control was performed using Spearman’s 

rank correlation test and variance inflation factors. GLMs (McCullagh and Nelder, 

1989) were also used to explain the roe deer presence and relative abundance 

through these micro-habitat characteristics. The GML analysis was performed 

using the previously applied tests for the macro-habitat, i.e. binomial GLM were 

used for presence/absence data and Gamma distribution with a zero inflated 

function for relative abundance data (Zuur et al., 2013). The final model was 

selected by analysing the AIC values.  

Several reintroduction processes have occurred in this study area (table 1). For 

this reason, we hypothesized that the relative abundance of roe deer is related to 

the geographical proximity of the reintroduction sites. For this, the Euclidean 

distance between each location and the nearest reintroduction site was calculated. 

Additionally, the reintroduction sites were separated according to the date of 

reintroduction of the animals. Thus, the number of years after reintroduction was 

used as a factor in the analysis. In general, there are two groups of 

reintroductions: those performed 20-25 years ago and the most recent ones 

corresponding to Arada and Montemuro, which began 5 years ago and are still 

ongoing. Locations more than ~20 km distant from reintroduction sites and/or with 

severe geographical barriers were excluded from the reintroduction effect analysis. 

A GLM analysis was performed to assess the importance of reintroductions 

locations and antiquity on presence and relative abundance of roe deer. 

 

4. Results 

4.1. Roe deer density and distribution  

Overall, a total of 1,686 detections of wild and domestic ungulates were 

recorded (roe deer: n = 789; wild boar: n = 657; red deer: n = 7; cattle: n = 94; 

sheep: n = 116; domestic goat: n = 23) for a sampling effort of 11,546 camera-trap 
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days. The RAI for roe deer varies between 0 to 97.1 (figure 8). The higher values 

were recorded at the South-eastern region of the study area (Malcata). These 

results suggested that species abundance decreases toward Northern and 

Western locations. Roe deer detections in the West part were sporadic.  

 

Over a total effort of 59,400 meters, 149 pellet groups were counted. The 

model that best fits the collected data was the half-normal with the cosine 

adjustment term (figure 9). The estimated roe deer population density was 2,2 

individuals/100ha with a 95% confidence interval of 1,4-3,5 individuals/100ha and 

a coefficient of variation 24,2%. This value corresponds to the Côa valley, located 

in the eastern region of the study area. The low number of roe deer detections 

(direct or indirect records) in the central and Western areas did not allow to fill the 

minimum requirements to estimate the roe deer density for this area. 

 

Figure 8 - Relative abundance index for roe deer based on camera trap data. 
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4.2. Determinants of roe deer distribution and abundance 

The final model retained 7 variables (AltMean, SlpMean, TPIMean, 

RoadTotDens, PopDens, NativeForPerc, PatchVar) from the initial set of 29 

environmental predictors. The remained variables were excluded due to 

collinearity and/or to guarantee the parsimony of the fitted model. The most 

parsimonious model, i.e. with the lowest AIC, included variables related with 

topography, anthropogenic pressure, land cover and landscape structure, which 

indicated that roe deer presence is influenced by different environmental variables. 

Considering the statistically significant variables, the results supported H1 and H3 

hypothesis, but there is no statistical evidence to support H2, H4 and H5 

hypothesis (table 2). This analysis showed that roe deer presence is positively 

associated with the percentage of native forests (broadleaved and coniferous, 

βNativeForPerc = 0.30, SE = 0.13, z = 2.41, p < 0.05). The results also suggested 

that roe deer is more likely to occur in valleys (βTPIMean = -0.30, SE = 0.13, z = -

2.25, p < 0.05) with middle or lower slopes (βSlpMean = -0.38, SE = 0.14, z = -

2.66, p < 0.01). Neither mean altitude nor patch diversity played a significant role 

in roe deer presence. The variables accounting for the anthropogenic pressure 

(road and population density) were not significant (figure 10). 

 

Figure 9 - Histogram of distance data considering a half-normal model with the cosine 

adjustment term. Observations were right-truncated to eliminate the largest 5 % 

portion. 
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Figure 10 - Visual representation of variables coefficients that form the final GLM model. 

 

Following the same approach, the analysis using the relative abundance index 

values allowed to obtain a final model with 8 variables (AltMean, SlpMean, 

TPIMean, RoadTotDens, PopDens, NativeForPerc, RivDens, PatchVar). Our 

results partially corroborate our hypothesis. The results supported H1, H2 and H3 

hypothesis, but there is no statistical evidence to support H4 and H5 hypothesis 

(table 2). The relative abundance of roe deer is positively related to mean altitude 

(βAltMean = 0.14, SE = 0.03, z = 4.62, p < 0.001), the percentage of native forests 

(βNativeForPerc = 0.27, SE = 0.02, z = 11.25, p < 0.001) and the availability of 

water (βRivDens = 0.11, SE = 0.03, z = 3.66, p < 0.001). As for human 

disturbance, roads had a positive effect on the abundance of roe deer 

(βRoadTotDens = 0.09, SE = 0.03, z = 3.40, p < 0.001), while population density 

did not show a significant effect. The preference for valleys (βTPIMean = -0.35, SE 

= 0.03, z = -11.51, p < 0.05) with gentle slope (βSlpMean = -0.26, SE = 0.03, z = -

9.15, p < 0.001) corroborated the previous analysis. Against our expectations, the 

heterogeneity of habitat had a negative effect on the abundance of roe deer 

(βPatchVar = -0.28, SE = 0.03, z = -10.43, p < 0.001). 
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The analysis of the microhabitat allowed us to corroborate the analysis of the 

macrohabitat and conclude that the roe deer occurs in broadleaved forests with a 

well-developed tree cover (βTreeCover = 0.27, SE = 0.02, z = 11.10, p < 0.001 

characterised by an understorey composed of herbs (βHerbCover = 0.10, SE = 

0.03, z = 3.13, p < 0.01). 

Approximately 70% of the study area present favourable conditions (F ≥ 0.5) 

for roe deer, but only 30% are highly favourable (F ≥ 0.7). The figure 11 represents 

the spatial distribution of environmental favourableness for roe deer throughout the 

study area. The areas of high favourability are those located in the Central East 

and South-Eastern region, where roe deer density and abundance are already the 

highest throughout the study area (including some core areas previously identified 

in the LIFE WolFlux proposal).  The Serra da Estrela and the Central region (Vila 

Nova de Paiva, Aguiar da Beira, Trancoso) also present continuous areas of high 

favourability (figure 11).   

 

Figure 11 - Spatial gradient of environmental favourability for roe deer. 
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The distance to the reintroduction site had a negative effect on the abundance 

of roe deer (βDistReintr = -0.08, SE = 0.01 z = -15.70, p < 0.001), i.e. locations 

further away from the reintroduction areas had lower relative abundance index 

values. The years since the reintroduction process have had no significant effect 

on relative abundance. 

 

5. Discussion 

Less diverse ecosystems are more vulnerable to the propagation of 

disturbances along the trophic cascade (Calizza et al., 2019). Thus, the trophic 

chain south of the Douro river raises conservation concerns due to the low 

diversity of prey community and low density of wild prey populations (Torres and 

Fonseca, 2016). The constant assessment and monitoring of prey community is 

extremely important for the application of management and conservation actions. 

Information about the distribution, density and environmental favourability of roe 

deer is an essential tool for the conservation of roe deer populations and, 

consequently, its predator. 

 

5.1. Roe deer density and distribution  

In Portugal, several roe deer populations have high densities compared to the 

Côa valley population: Lousã mountain (3.10 ind./100 ha, CI95% = 1.6 – 5.9 

ind./100 ha, Valente et al., 2017), Montesinho mountain (4.87 ind./100 ha, CI95% 

= 3.1 – 7.7 ind./100 ha, Valente et al., 2014) and Nogueira mountain (4.25 ind./100 

ha, CI95% = 2.3 – 8,0 ind./100 ha, Valente et al., 2014). In this study, the density 

was only estimated for the Côa Valley area (North-eastern region of the study 

area) due to low detection of roe deer pellets in the Central and Western areas. 

This value must be analysed carefully due to a high set of factors. When few pellet 

groups are observed in relation to the number of transects surveyed and the 

sampled area, the density obtained must be interpreted with caution. The low 

probability of detection (25%) may leads to an overestimation of density (Valente 

et al., 2017). In this study, there is a great variation in the density of roe deer 
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throughout the study area and, therefore, there are areas with higher densities and 

others with sporadic presence or absence of roe deer. The density calculation 

uses two conversion factors that can be sources of errors. The production rate 

used in this study was calculated for the United Kingdom (Mitchell et al., 1985) and 

is the only value available in the literature. The value of the decay rate was 

obtained in Montesinho (Torres et al., 2013), the geographically closest location 

with calculated values. Both rates are sources of error as they are not calculated in 

the same climatic conditions and both rates vary according to habitat. Despite the 

existence of these sources of error, the accuracy and precision of the density 

values can be improved through the sample design (Nomani et al., 2012). For this 

purpose, in this study, several short linear transects randomly distributed across 

the study area were used. Compared to few long transects, the use of several 

short transects reduces bias and increases the accuracy and precision of 

estimates (Nomani et al., 2012) and allow to reduce sampling dependence and 

maximize spatial coverage of the study area. Complementary to the study of 

density through distance sampling, a camera trap survey was used in order to 

understand the variation of roe deer abundance throughout the study area. 

Camera trap has been used to determine the density of animals using methods 

such as capture-recapture (Gardner et al., 2010; Heilbrun et al., 2006; Negrões et 

al., 2010), Random Encounter Model (REM; Gray, 2018; Romani et al., 2018; 

Rowcliffe et al., 2008) and an extension of this, the Random Encounter and 

Staying Time model (REST, Nakashima et al., 2020; Yokoyama et al., 2020). 

However, its application has been in areas smaller than this study area and with 

less sampling effort (e.g. Nakashima et al., 2020; Rovero and Marshall, 2009). 

Thus, Relative Abundance Index (RAI) is a good option as a complement to other 

methods (Foster and Harmsen, 2012; Pfeffer et al., 2018) and for large sampling 

areas. This method is easy to apply in the field and data processing is relatively 

simple even considering large amounts of data. Like all other methods that use 

camera trap, this method also has the disadvantage of not knowing the probability 

of detection (Jennelle et al., 2002; Sollmann et al., 2013) and its variation across 

the study area due to the characteristics of the habitat (Rovero and Zimmermann, 

2016; Sollmann et al., 2013). The relative abundance should be interpreted with 
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caution since sampling campaigns occurred at different locations and seasons. 

This can cause differences in roe deer behaviour due to site-specific conditions 

and life cycle (Fukuda et al., 2012). However, several studies have indicated a 

linear relationship between species density and RAI (Carbone et al., 2001; Rovero 

and Marshall, 2009; Rowcliffe et al., 2008). This makes RAI an easy method to 

apply and with significant results as a complement to other methods as in the 

present study. The results obtained through the RAI allowed to confirm an 

expansion of roe deer south of the Douro river. This is in agreement with the 

density data which indicate a high variability in the density of roe deer in this area. 

The roe deer population decreases towards Northern and Western areas. This is 

consistent with the presence of more abundant and stable populations in the East 

and South, due to the natural expansion of the Spanish population and 

populations reintroduced at the end of the 20th century (Torres et al., 2015a). 

More recently, reintroductions in the Western area, i.e. Freita and Montemuro 

mountains (Torres et al., 2015a), aim to counter the low density observed in this 

study. 

 

5.2. Determinants of roe deer distribution and abundance 

This study showed the importance of environmental variables such as land 

cover (H3), topography (H1), and water availability (H2) in the selection of habitat 

by roe deer. However, no statistical evidence was observed for the influence of 

anthropogenic pressure (H5) and landscape structure (H4) on the distribution of 

roe deer in this study area. 

The forest plays a fundamental role at various levels in the life of roe deer: 

feeding (Gaudry et al., 2015; Moser et al., 2006), cover (Ewald et al., 2014) and 

bed sites (Bongi et al., 2008; Linnell et al., 1999). Several authors suggest that 

regardless of home range size, there is a minimum requirement for forest portion 

(Cargnelutii et al., 2002; Lovari and San José, 1997). Thus, it is expected that the 

forests are positively selected by roe deer as verified in this study. This pattern has 

also been reported in several studies (Acevedo et al., 2005; Farfán et al., 2009; 

Morellet et al., 2011). Moreover, the dispersion and genetic flow of roe deer are 

positively related to the presence of forests and their connectivity (Coulon et al., 
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2004). The vegetation species present in the forests also influence preference 

(Virgós and Tellería, 1998), for example native coniferous (Borkowski and 

Ukalska, 2008; López-Martín et al., 2009) and broadleaved forests (Oliveira and 

Carmo, 2000; Torres et al., 2011) are selected as noted in this study. However, 

even in altered landscapes such as pine plantations, roe deer shows preference 

for this type of forest (Hemami et al., 2004; Theuerkauf and Rouys, 2008), 

compensating for the anthropogenic pressure that may be subject. 

Regarding the topography, valleys are the most positively selected feature by 

roe deer in this study area. However, only low to medium slopes are considered 

favourable. These results corroborate several studies that conclude that the roe 

deer avoids steep valleys (Coulon et al., 2008; López-Martín et al., 2009), with 

some reporting that these valleys are associated with falls and consequent 

mortality (Calenge et al., 2005). The roe deer use valleys and gentle slopes for 

natural expansion movements (Loro et al., 2016) or migration (Gaudry et al., 2015) 

probably as a way of saving energy (Cagnacci et al., 2011). Therefore, the 

difficulty of movement in steep valleys, associated with the risk of falling and 

energy savings seem to be the reasons for roe deer in this study area to select 

gentle valleys. 

The altitude had no influence on the distribution of roe deer in this study area. 

In the Iberian Peninsula this trend had already been observed (Acevedo et al., 

2005; Carvalho et al., 2018). However, in several situations where the seasonality 

of movements was studied, it was observed that in summer the roe deer tends to 

occupy higher areas which coincides with the increase in the home range and the 

possibility of being related to greater availability of food (Carvalho et al., 2008; 

Gaudry et al., 2015). Thus, the absence of a relationship between altitude and the 

distribution of roe deer can be justified by two factors. On the one hand, in our 

study area, the availability of food can be spatially distributed regardless of 

altitude. On the other hand, the presence of roe deer are not affected by some 

environmental factors such has altitude since they are able to use areas with less 

favourability (Acevedo et al., 2005). However, in places where roe deer is present, 

the mean altitude has a positive effect in explaining the relative abundance of roe 

deer. This may mean that when in expansion, the roe deer is not influenced by 
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altitude, but when established it tends to occupy higher areas of the territory as 

moderate mountain ranges (López-Martín et al., 2009).  

The roe deer usually avoids areas of strong human disturbance (Hewison et 

al., 2001; Oliveira and Carmo, 2000) namely structures such as buildings (Coulon 

et al., 2008; Torres et al., 2012a) and roads (Calenge et al., 2005; Torres et al., 

2012b; Torres et al., 2011). However, in this study the effects of anthropogenic 

pressure on the distribution of roe deer were not observed, being in agreement 

with other studies (Acevedo et al., 2005; Carvalho et al., 2018; Torres et al., 2010). 

This pattern can be justified by the low human population density in the study 

area. In fact, Aragón et al. (1995) showed that  roe deer was associated with areas 

of low human pressure. 

Habitat heterogeneity such as mosaics of agricultural land and forests 

(Acevedo et al., 2005) or the use of clearings within forests (Kuijper et al., 2009) is 

commonly selected by this species of deer. The preference for agricultural fields or 

pastures  is related to the greater availability of food (Bouyer et al., 2015; Farfán et 

al., 2009), however, these can be sources of human disturbance and, therefore, 

avoided by roe deer for this reason (Oliveira and Carmo, 2000). In this way, the 

heterogeneity of the landscape appears as a solution to the trade-off between 

availability of food offered by agricultural fields or pastures and forest areas that 

serve as a refuge. Several studies have revealed the importance and selection of 

forest edge areas (Hewison et al., 2001; Saïd and Servanty, 2005). The higher 

density of forest edge leads to greater contact between forest-open field and, 

therefore, better habitat for the roe deer (Saïd and Servanty, 2005). In this study 

the heterogeneity of habitat was not a decisive factor in the selection of roe deer 

habitat, corroborating the results of other studies (Torres et al., 2012b; Torres et 

al., 2010). This may be related to the fact that it is an expanding population and 

uses less favourable habitats. Acevedo et al. (2005) also observed that in 

expansion processes, the roe deer may slightly alter habitat preferences. 

The availability of water is of great importance for the physiology and 

behaviour of roe deer (Wallach et al., 2007). In this way we expected it influences 

the habitat selection of the roe deer. This prediction was only partially confirmed: 

the availability of water had no significant influence on the distribution of roe deer, 
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however, the relative abundance was positively correlated with the availability of 

water. This difference in habitat selection may be related to the quality of the 

surrounding habitat. Wallach et al. (2007) observed that in non-preferred habitats, 

roe deer did not change the amount of water consumed but did change the 

frequency of visitation of the habitat. The importance of water availability had 

already been observed in Portugal (Carvalho et al., 2018) and Spain even if 

related to precipitation (Acevedo et al., 2005). The study of climatic conditions and, 

specifically, precipitation and snow depth, is also relevant for the selection of 

habitat by roe deer (Acevedo et al., 2011; Aragón et al., 1995; Bouyer et al., 2015; 

Ewald et al., 2014; Farfán et al., 2009; Ossi et al., 2015). These conditions are 

related to the seasons, therefore, changes in habitat selection are expected 

depending on the seasons (Gaudry et al., 2015; Morellet et al., 2013, 2011; 

Mysterud et al., 1999). Unfortunately, both climatic conditions and seasonal 

patterns could not be analysed in this study. Future studies should use these 

variables in their analysis.  

Environmental favourability was mapped using the habitat characteristics 

selected by roe deer (figure 12). This information is useful for wildlife management 

plans and future landscape conservation actions. Together with the knowledge of 

the relative abundance of roe deer, it is possible to select areas of low abundance 

and moderate-to-high environmental favourability. These areas are important for 

conservation and are possible sites for roe deer population reinforcement. 

Distance to source populations is a determining factor when it comes to the 

expansion of a species (Acevedo et al., 2005). In this case, we studied the effect 

of the distance to the sites of roe deer reintroductions in relative abundance of roe 

deer (table 1, Torres et al., 2015a). The results have shown that there is a higher 

relative abundance of roe deer near the reintroduction sites. This pattern was 

observed in Spain where the proximity to the nearest known population had a 

significant effect on the relative abundance of roe deer (Acevedo et al., 2005; 

Torres et al., 2016). These results suggest that the reintroductions carried out in 

this study area were successful and the selected reintroduction sites have 

favourable conditions for roe deer (Cruz et al., 2014). In this way, this study 

demonstrates the importance and effectiveness of reintroduction processes in roe 



47 
 

deer population. Therefore, future reintroductions or population reinforcements are 

useful tools from which we can expect results in the medium to long term. 

 

6. Conclusions and management implications 

Roe deer south of the Douro River is expanding and the relative abundance 

decreases toward Northern and Western locations. Native forests with undercover 

composed by herbs were selected as well as valleys with moderate slopes. The 

availability of water also positively influenced the relative abundance of roe deer. 

Thus, it was possible to perceive the selection of habitats with roe deer presence 

data, however we advise the use of more explanatory indexes, such as the relative 

abundance index. The latter is equally easy to apply and abundance data can 

illustrate the different degrees of preference (Fukuda et al., 2012) and, therefore, 

show influences that may be masked by the presence-absence data. Thus, 

relative abundance data has added essential knowledge for understanding roe 

deer habitat selection by supporting one more hypothesis (H2) than the presence-

absence data. 

The study of sites with favourable habitat allows the development of 

conservation measures and population reinforcement processes. The 

reintroduction processes carried out in this area of study so far have proved to be 

successful and the relative abundances of roe deer are higher near these sites. In 

this way, future population reinforcements designed in places of environmental 

favourability will be a useful tool in the medium-long term for the expansion of roe 

deer south of the Douro river and for increasing the availability of wild prey of 

Iberian wolf.   
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Figure 12 - Environmental favourability for roe deer with indication of potential areas for 

species reintroduction/restocking (black circles) and pathways that should be explored to 

foster the spread of existing population s and recently population nuclei (black arrows). 
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General Conclusions 

The restoration of a trophic chain is a complex process that must cover 

several areas of knowledge and must be implemented over time without abruptly 

removing or providing a resource. We must knowledge the ecological, economic 

and social situation of the study area to make management measures effective 

and fit to conservation (IUCN/SSC, 2013). This study showed that the wolves 

south of the Douro river feed mainly on livestock, corroborating other studies 

carried out in altered and unbalanced ecosystems (Hosseini-Zavarei et al., 2013; 

Iliopoulos et al., 2009; Meriggi et al., 1996, 1991). This ecological unbalance in 

particular can lead to Human-Wolf conflicts (Anthony and Tarr, 2019). In Freita, 

Arada and Montemuro mountains, efforts to restore the trophic chain have already 

begun in 2013 through annual reintroductions of roe deer (Torres et al., 2015a). It 

was observed in the present study the consumption of roe deer, which indicates 

the success of reintroductions through the increase in the availability of wild prey. 

It is expected that the percentage of roe deer in the Iberian wolf's diet will increase 

with the slight increase in roe deer population. 

Promoting the availability of prey in this area requires detailed knowledge of 

the distribution and relative abundance of prey species. With this study it was 

possible to verify that the roe deer population has a variable presence with greater 

abundance in the South and East of the study area. The selection of 

environmental characteristics such as valleys with moderate slope and native 

forests allowed the development of a map of environmental favourability for the 

roe deer. This map is a useful tool for the identification of areas of conservation 

importance and suitable locations for population reinforcements in order to 

promote the expansion of roe deer population. With this study it was also possible 

to see that sites of former reintroductions remain with moderate relative 

abundances indicating that they were successful processes. 

Thus, in this work it was studied the possible challenges to the restoration of 

the trophic chain such as the high consumption of livestock in the region, to 

understand how the roe deer is distributed in the area and which habitat 

characteristics are selected. Useful tools for the management of the roe deer 

population were produced, such as I) maps of distribution and relative abundance 
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that show the current state of roe deer population and II) environmental 

favourability maps for future conservation actions and population reinforcement. 

The great opportunity shown in this study is the success of reintroductions. 

The present study indicated that the reintroduction processes carried out in this 

study area were successful through the presence of roe deer in the diet of wolves 

in Western region and the greater relative abundance of roe deer near the former 

reintroduction sites. In addition, the selection of reintroduction sites (see Cruz et 

al., 2014) has been adequate due to the presence of the roe deer near these sites 

after several years. In this way, we can expect that future population 

reinforcements will be a useful medium-long term conservation tool and that it will 

increase the availability of wild prey of Iberian wolf. With the gradual expansion 

and abundance of the roe deer population, it is expected to increase its 

consumption by Iberian wolf and possibly decrease the consumption of livestock 

(Imbert et al., 2016; Meriggi and Lovari, 1996). Thus, although this is the beginning 

of a long process, we can consider the restoration of the trophic chain as a viable 

solution to the present problem of conservation of the Iberian wolf south of the 

Douro river.  
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Next steps 

The results of the diet should support the creation of management actions 

towards the Iberian wolf conservation. Measures to decrease livestock 

consumption should consist of promoting the increase and expansion of wild prey 

such as reintroduction/population reinforcement processes and effective livestock 

protection measures. Attacks can be mitigated through the use of fences, 

presence of a shepherd and/or guarding dog, gathering livestock overnight in 

barns. The simultaneous application of both measures should decrease the 

consumption of livestock in this study area. Through the map of environmental 

favourability, we can determine the appropriate sites for the population 

reinforcement processes. These sites are characterized by low density of roe deer 

and a set of habitat characteristics that the roe deer selected in this study area. In 

order to continue this process, it is necessary to have a debate between 

stakeholders such as local people, hunters, researchers and police makers.  

The next challenge for the restoration of this trophic chain is related to the 

barriers to expansion and connectivity of the Iberian wolf population. South of the 

Douro river, the packs are isolated and have a small number of individuals, this is 

a source of reproductive instability due to the low gene flow (see Torres and 

Fonseca, 2016). To overcome this problem, it is not only necessary to restore the 

trophic chain by increasing prey population, but also to identify social and 

geographical barriers to the Iberian wolf. Social barriers are related to human's 

perception of the wolf (Behr et al., 2017). Through sociological studies we can 

identify areas according to the level of acceptance of the Iberian wolf (Behr et al., 

2017). Several geographical barriers have been described and can be of natural 

(e.g. rivers, mountains; Blanco et al., 2005) or human origin (e.g. roads, 

infrastructures; Albayrak, 2011; Szewczyk et al., 2019). The identification of these 

barriers will serve as a tool for conservation projects to mitigate these barriers and 

promote connectivity among packs.  
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