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resumo 
 

 

O conhecimento da distribuição das espécies é um tema central em Ecologia. O 
corço Europeu (Capreolus capreolus) encontra em Portugal e na Noruega os 
limites geográficos da sua ampla distribuição. A identificação de um envelope 
bioclimático, através de técnicas que correlacionem a ocorrência de uma 
espécie com factores ambientais, torna-se cada vez mais crucial para prever os 
impactos das mudanças ambientais. Adicionalmente, fornece um conhecimento 
essencial para a conservação e gestão da espécie e dos ecossistemas que 
esta integra. Esta tese teve como objectivo investigar os principais factores que 
afectam a distribuição do corço em ecossistemas contrastantes, em Portugal e 
na Noruega. Usando o método de contagem de excrementos, correlacionaram-
se os dados de presença – ausência desta espécie com uma série de factores 
que potencialmente afectam a sua distribuição (estrutura da floresta, 
características da vegetação, estrutura da paisagem e perturbação humana), 
em diferentes escalas espaciais. Analisaram-se também as relações inter-
específicas com outras espécies de ungulados que partilham o mesmo habitat 
(o veado em Portugal e o alce na Noruega). Os resultados mostram que o uso 
do habitat do corço não é semelhante nos dois países. Em Portugal, a sua 
distribuição está positivamente associada a zonas de grande densidade de 
arbustos, especialmente urzes e arbustos espinhosos. A presença do veado 
tem um efeito negativo sobre a sua distribuição. A uma escala mais ampla, a 
distribuição do corço está negativamente associada com a heterogeneidade 
espacial e positivamente associada com a distância a campos agrícolas. Na 
Noruega, o corço usa preferencialmente áreas com elevada cobertura de 
Juniperus sp. e Vaccinium sp. e também de árvores caducifólias. A uma escala 
mais abrangente, o corço usa zonas de ecótono entre campos agrícolas e 
florestas. Em ambos os países, o corço usa sempre áreas distantes das 
estradas. Os factores antrópicos são percepcionados diferentemente pelo corço 
nos dois países: enquanto usa áreas próximas de habitações na Noruega (no 
Verão e Inverno), em Portugal encontra-se afastado (Verão) ou indiferente 
(Inverno) a essas mesmas áreas. Os resultados sugerem que, na Noruega, o 
corço parece ser mais tolerante à actividade humana do que em Portugal. De 
facto, algumas das diferenças observadas podem dever-se maioritariamente 
aos impactos indirectos induzidos pela acção humana (i.e. presença de cães 
assilvestrados, regulamento de caça), e não à real presença humana ou uso da 
terra per si. Este estudo sublinha a elevada plasticidade ecológica do corço e a 
sua capacidade para responder a diferentes cenários ecológicos ao longo da 
sua distribuição. Conclui-se que a metodologia e ferramentas desenvolvidas 
neste trabalho são facilmente expansíveis para responder a questões 
semelhantes em diferentes contextos. A gestão da vida selvagem certamente 
beneficiará de uma abordagem mais holística e que deve incluir uma dimensão 
humana, pois a perturbação humana certamente continuará a aumentar. 
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abstract 

 

Understanding the spatial distribution of organisms is a central topic in ecology. 
The European roe deer (Capreolus capreolus) population is in Portugal and 
Norway at the southwestern and northern edge of its distribution, respectively. 
Understanding the factors that act on these populations enlightens both local 
aspects concerning their conservation and wider scale aspects of the species 
bioclimatic envelope, which is crucial for being better able to predict the impacts 
of environmental change. The main aim of this thesis was to evaluate roe deer 
distribution in Portugal and Norway, two countries with contrasting landscapes, 
seasonality and with different anthropogenic pressure. The interspecific 
relationship with sympatric ungulates was also analysed. By using pellet group 
counts, we investigated habitat use of roe deer, identifying the major 
environmental descriptors, to understand the importance of forest structure, 
vegetation characteristics, landscape structure and human disturbance on their 
distribution. The analyses were based on presence – absence data and were 
carried out at two spatial scales. The results showed that habitat use of roe 
deer was different across countries. In Portugal, at the local scale, roe deer 
distribution was positively associated with high density of shrubs, especially 
heather and brambles, while the presence of red deer had a negative effect on 
their distribution. At a broad scale, roe deer was negatively associated with 
spatial heterogeneity, namely mean shape index and made less use of areas 
close to agricultural fields. In Norway, at the local scale, roe deer made more 
use of areas with high cover of deciduous trees and patches containing juniper 
and Vaccinium sp.. At a broad scale, roe deer use patches near edges between 
fields and forest. In both countries, roe deer make use of areas further away 
from roads. While in Norway roe deer in both summer and winter are always 
close to houses, in Portugal they are either far (summer) or indifferent (winter). 
Anthropogenic disturbance is better tolerated in Norway, where the importance 
of the critical season seems to be higher. Human disturbance may contribute to 
roe deer habitat loss in Portugal, while roe deer are able to persist close to 
humans in managed landscapes in Norway. In fact, some of the differences 
observed could be more due to the indirect impacts of human exploitation (e.g. 
presence of free-ranging dogs and hunting regulation) rather than the actual 
human presence or land-use per se. I conclude that the methodology and tools 
developed here are readily expandable to address similar questions in different 
contexts. Wildlife management would benefit greatly from a more 
holistic/integrative approach and that should include human aspects, as human 
disturbance is expected to continue increasing. 
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CHAPTER ONE 

 

 

INTRODUCTION 

 

 

Overview, background concepts, thesis structure and goals 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

    «Vou falar-lhes dum Reino Maravilhoso. Embora muitas pessoas 
digam que não, sempre houve e haverá reinos maravilhosos neste mundo. O que é 

preciso, para os ver, é que os olhos não percam a virgindade original diante da realidade, 
e o coração, depois, não hesite.»  

   in “Portugal: Reino Maravilhoso (Trás-os-Montes)”, Miguel Torga 
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«It is not the strongest of the species that survives, nor the most intelligent that survives. It is 
the one that is the most adaptable to change.» 

 
Charles Darwin
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H 

1. INTRODUCTION 
Overview, background, concepts, thesis structure and goals 

 

1.1 General Introduction 
!

 
 abitat fragmentation and modification, driven by human activities, is considered 

 as one of the foremost ongoing threats to biodiversity worldwide (Gorenflo and 

 Brandon 2006). The increasing global world human population and human 

activities have caused rapid changes to landscapes (Hoekstra et al. 2005). Facing these 

drastic changes to ecosystems, the establishment of protected areas (e.g. priority 

conservation areas or nature reserves), while useful in some cases (Lovejoy 2006), often 

proves to be insufficient since truely undisturbed areas are less and less common 

(Rodrigues et al. 2004). Therefore, increasing attention has been paid to the potential 

conservation of species outside reserves. Since humans are part of most wildlife habitats, 

more awareness is required on species living in the present-day human-modified 

landscapes and direct action toward those species needs to be recognised. Furthermore, 

it is also important to preserve local biodiversity, including local populations of common 

species that may be negatively affected by human expansion in the near future and not 

rare or threatened species. Human influence has an effect from local to global scales and 

can act on different biological levels, such as the geographical range of species 

distribution, spatial organisation of populations, and individual behaviour at fine scale.  

 Within this context, conservation biology must increasingly aim to identify and 

preserve suitable habitats needed to sustain species (Foley et al. 2005). Hence, one needs 

to improve the understanding of the relationship between organisms and their 

environment and what factors determine the observed ecological patterns, particularly 

how species’ distribute themselves in these human-modified landscapes. Understanding 

this relationship is a basic requirement for the assessment of human impacts, the 

restoration of ecosystems or the development of species recovery strategies (e.g. Rushton 

et al. 2004, Guisan and Thuiller 2005). This applied research is based on the assumption that 

species occupy a complex multidimensional niche, which is made up of interactions 

between populations or communities and their environment (Araújo and Williams 2000; 

Guisan and Zimmermann 2000). It is the quantification of this relationship that will be 

adapted for decisions-making or efficient conservation strategies (Pearson and Dawson 

2003).  
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1.1.1. Species-environment relationships 

 Understanding how species are distributed spatial and temporally, and optimize 

their use of the environmental resources, is a central topic in ecology. Therefore, ecologists 

often aim to identify the important resources that potentially could affect a species 

habitat use (Guisan and Zimmermann 2000). However, this is often a complex relationship, 

with each species occupying a multidimensional niche (Hutchinson 1957) and establishing 

many different interactions with other species in the community (Voigt et al. 2007). Further, 

the distribution of a single species depends on an intricate set of biotic and abiotic factors 

and to understand this process it is necessary to get in-depth knowledge on the species in 

question as well as on environmental factors and interspecific relationships that could 

potentially affect its distribution. For example, mountain caribou Rangifer tarandus caribou 

are endangered due to the loss and fragmentation of old forest on which they depend. 

Such early successionnal stands favour high moose Alces alces densities, thereby also 

increasing wolf population density, the caribou’s main predator (Hins et al. 2009). 

 The first studies dealing with species-environment relationships date back to the 

early 1800’s, and focused mainly on the importance of climatic factors in the distribution 

patterns of species (Humboldt and Bonpland 1807, de Candolle 1855; Salisbury 1926). 

Other factors have been later incorporated, such as interspecific relationships e.g. 

competition between species (May and MacArthur 1972), and predator-prey interactions 

(Rosenzweig and MacArthur 1963). From the knowledge of species-environment 

relationships a new “discipline” arose – Species’ Distribution Modelling (SDM) – aiming to 

predict species distributions based on their ecological requirements. In addition to its 

original significance, distribution models have gained an enormous importance in recent 

years (Araújo et al. 2005; Guisan et al. 2006; Thuiller et al. 2006). They are powerful and 

useful tools for studying the impact of environmental changes (e.g. changes in land use, 

climate change) on species’ spatial distribution patterns (Araújo et al. 2005; Rounsevell et 

al. 2006; Thuiller et al. 2006), for testing biogeographic hypotheses (MacArthur and Wilson 

1967; Anderson and Wait 2001; Barret et al. 2003; Triantis et al. 2008), and to set prioritize 

conservation activities (Guisan et al. 2006). These models are commonly based on a 

species’ known occurrence records obtained from field observations, questionaires or 

Atlas of species distribution. The relationship between the set of environmental descriptors 

and the actual distribution of a species can be used to produce predictive maps of a 

species distribution and to identify environmental conditions (such as bioclimatic 

envelope) within which populations can be conserved (Araújo and Guisan 2006). Two 

kinds of predictive maps can be obtained for a species, describing (1) current distributions 

or (2) habitat suitability (i.e. potential distribution).  
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1.1.2. The importance of spatial scales in modelling 

 Species distribution patterns are consequences of decisions made by individuals in 

selecting a place to live and reproduce (Wiens 1989; Marzluff and Ewing 2001) and these 

are the result of processes occurring at different spatial scales. When selecting an area, 

animals’ will select suitable areas that should fulfil their ecological requirements, such as 

food, water, reproductive opportunities and cover (Massé and Côté 2009). However, such 

decisions are not temporally and spatially static, adding an extra challenge for distribution 

models. Animals can perceive their environment over a range of scales that might affect 

their final selection (Wiens et al. 1993; Rettie and Messier 2000) and many studies have 

shown different selective behaviours depending on the spatial scale used for analysis (Kie 

et al. 2002). This has led to the expansion from an early focus on local interactions to 

simultaneously include broader scales (e.g. from home-range, to landscape, and 

biogeographic regions). To clarify these hierarchical processes, Johnson (1980) defined 

four orders of habitat selection. The first-order selection corresponds to the species 

geographical range (species range selection). The second-order selection is the process 

of the establishment of an individual’s home range within its distributional area (home 

range selection). The third-order selection is the selection of general habitat features (e.g. 

foraging site, sexual display arenas, etc) within individual home ranges (local selection 

within the home range) and the fourth-order selection is the selection of particular 

elements (e.g. food items) from those available within these habitat components 

(selection of individual food items within a patch) (Figure 1). Several authors have 

highlighted the importance of spatial scales in the study of animal’s distribution (Johnson 

1980; Orians and Wittenberger 1991). Thus, a framework of multiple scales is increasingly 

used and evidence suggests its importance to fully understand animals’ choices. Rettie 

and Messier (2000) were the first who suggested a hierarchy of limiting factors e.g. animals 

should select habitats that allow avoidance of the most important limiting factor at large 

spatial scales (e.g. reduce predation risk) while the influence of less important factors 

should only be evident at fine scales (e.g. food availability), arguing that “a limiting factor 

should continue to dominate selective behaviour at successively finer scales until it 

becomes less important than the next most important limiting factor”. Although this is an 

attractive approach, it lacks theoretical development. Several studies have not supported 

this theory (Morin et al. 2005; Gustine et al. 2006). Its weakness lies in the idea of ranking 

limiting factors. In fact, several limiting factors can act simultaneously and a factor 

selected at one scale can still be important at other scales, even if new limiting factors 
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start to act. Dussault et al. (2005) demonstrated this by reporting a trade-off among three 

potential limiting factors by moose, which react to them similarly at each investigated 

scale, so they did not find a clear correspondence between the hierarchy of limiting 

factors and spatial scales. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Relationship between spatial scales of observation and levels of a habitat 
selection, with roe deer theorical example in Trás-os-Montes. The four selection levels 
(Johnson, 1980) are: 1) Selection of a geographic range of species (regional selection 
level); 2) Choice of the home range within the geographical range (population level); 3) 
Choice of general features within the home range (home range selection); and 4) 
Selection of particular elements from those available (local selection level). Adapted from 
Patthey 2003. 

 

 

 Therefore, a thorough study needs multi-scale approaches (Naugle et al. 1999; 

Cushman and McGarigal 2004). A failure to identify and select the most appropriate 

scale, or suite of scales, may jeopardize conservation plans (Chefaoui et al. 2005; Bowyer 

and Kie 2006) and wildlife decisions-making (Rotenberry et al. 2000). In the case of 

species-habitat relationships, local extent and fine resolutions are more appropriate for 
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investigating the response of individuals or populations to resource variation in space; 

broader extent and coarser resolution are more likely to reveal the distribution pattern of 

species along environmental gradients (Wiens 1989; Guisan and Thuiller 2005). Thus, in this 

study, different spatial scales were integrated for an holistic knowledge of roe deer 

habiatat use on the edges of its distribution. 

 

1.1.3. Species’ distribution and interspecific relationships 

! The study of a species’ habitat is fundamental to understand its ecology since it 

expresses the connection between the species, its environment, including both biotic and 

abiotic relations, and its performance in this context (Whittaker et al. 1973). As stated by 

Brown et al. (1995), the distribution area of an organism is a complex expression of its 

ecology and evolutionary history, being determined by several factors that operate to 

different degrees and at different scales (Pearson and Dawson 2003). The areas in which a 

species is present can be determined by four classes of factors (Soberón and Peterson 

2005): 

 

i) Abiotic factors: include climatic factors, topographic factors, etc., and impose 

   physiological limits on the ability of a species to persist in a given  

   area; 

 

ii) Biotic factors: enclose interactions with other species that modify the species’  

   ability to inhabit an area. These interactions can be positive (e.g.  

   mutualism) or  negative (e.g.  competition, predation, parasitism).  

   They can strongly affect populations’ distributions since they can  

   impose strict and hard limits to the population; 

 

iii) Dispersal potential: refers to the potential of dispersal of a species    

   from its original area to a new region. This factor is extremely useful  

   to distinguish the current and potential distribution of a species,  

   based on the landscape configuration and capacity of dispersal of 

   species, e.g. species with small dispersal abilities, like amphibians  

   can be prone to local extinction or declines in a very fragmented  

   landscape, resulting from the low dispersal capacity; 
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iv) Evolutionary factors: meaning the capacity of populations to adapt to new  

   conditions. This factor, although sometimes neglected, is important 

   to summarize distribution possibilities of species, e.g. genetic  

   relationships among traits can substantially influence evolutionary  

   change (adaptive evolution, Etterson and Shaw 2001). 

 

All these factors interact dynamically to produce the complex entity called geographical 

distribution of species.  

 

 In his seminal paper, Hutchinson (1957) described the niche concept geometrically 

as the “n-dimensional hypervolume […], every point in which corresponds to a state of the 

environment which would permit [a species] to exist indefinitely”. This hypervolume, which 

Hutchinson called the fundamental niche, encloses the environmental conditions that 

would permit the species to exist survive and persist. However, species do not exist in 

isolation and are profoundly dependent on many positive and negative interactions with 

other species. However, many models generally fail to integrate biotic relationships - in 

particular interspecific competition-, which may affect the observed patterns (Pearson 

and Dawson 2003; Guisan and Thuiller, 2005; Guisan et al. 2006; Araújo and Luoto, 2007). 

Models incorporating only environmental data, will only reflect the species fundamental 

niche, while incorporating biotic relationships (e.g. predation, competition, and parasitism) 

will reduce the species fundamental niche into a subset that can actually be exploited, 

the realized niche (Hutchinson 1957). However, in the real world, unless manipulative 

experiments are designed (although often ethically questionable: e.g. when studying 

interspecific interactions a species is removed to study its removal impact on the other 

species), the realized niche is, most of the times, difficult to observe (in field conditions) 

and generally we focus on describing the fundamental niche (Guisan and Thuiller 2005).  

Consequently, it is assumed that a species will be present in a geographical point 

when three conditions are met: (1) the abiotic conditions needed by the species are 

favourable (e.g. temperature, humidity, salinity, and other physical parameters); (2) a 

suitable group of species is present (e.g. food plants, pollinators, seed-dispersers) or 

absent (e.g. competitors, specialized predators) and (3) the species has physical access 

to the area where such conditions are met, considering the dispersal potential of the 

species, its evolutionary constraints and human mediated introductions and re-

introductions (Soberón and Peterson 2005) (Figure 2).  
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Figure 2. Model predicting species distribution in a particular area. Region A represents the 
species Fundamental Niche (FN), which defines the ecological requirements of the 
species; this region represents the full range of abiotic conditions within which the species 
is viable. The region B is where interspecific relationships occur, both negatives (e.g. 
competition) and positives (e.g. mutualism). Therefore, the intersection between region A 
and B fulfil both the biotic and/or abiotic requirements of the species – its realized niche. 
Region M represents the part of hyperspace that is accessible to the species since its 
origin. And P is the region that has the right set of biotic and abiotic factors and that is 
accessible to the species, and it equivalent to the geographic distribution of the species 
(P=RN). 

!

 However, concepts such as niche are highly theoretical and rely on assumptions 

that could be largely violated (see Blondel et al. 1988 for a clear historical review). 

However, Hutchinson provided a formalization of the niche concept that has since 

become the foundation of much ecological theory (Heglund 2002).  

 So far, I have only discussed the definition of the niche concept, which is 

intrinsically connected to the Hutchinsonian’s niche definition. At this point, it is relevant to 

try to clarify the concept of habitat, another important concept in ecology, frequently 

confused with that of niche. However, a detailed description of both concepts is beyond 

the scope of this thesis hence, I will only tackle the general definitions as applied in this 

thesis. 

 Habitat is one of the most basic concepts of theoretical and applied ecology (e.g. 

Whittaker et al. 1973, Baguette and Mennechez 2004). Habitats are the resources and 

conditions present in an area that produce occupancy by a given organism. It can be 

viewed as the sum of the specific resources that are needed by organisms (Thomas 1979). 

These resources include food, cover, water, and special factors needed by a species for 

B M

 

A=FN 
FN  

P 

RN 
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survival and reproductive success (Leopold 1933). Several definitions have been put 

forward: “the place where an organism lives, or the place where one would go to find it” 

(Odum 1971); habitat is “usually conceived as the range of environments or communities 

over which a species occurs” (Whittaker et al. 1973). Moreover, habitat is also often used 

as the specific place in the geographic space occupied by the species, as defined by 

Morrison et al. (1992) who proposed the simplest definition, the habitat being “a place 

where an animal lives.” Following the same approach, habitats are “spatially bounded 

subsets of physical and biotic conditions among which population density of a focal 

species varies from other adjacent subsets” (Morris 2003) or “wherever an organism is 

provided with resources that allow it to survive.” (Hall et al. 1997). However, like the niche 

concept, it lacks a clear and consistent definition, despite numerous efforts to unify it 

(Whittaker et al. 1973; Morris 2003; Kearney 2006), its usefulness is sometimes controversial 

(Mitchell 2005). Due to the difficulty in defining these two terms, we will follow Kearney 

(2006) who stated that “the concept of ‘habitat’ can be applied in describing the 

association between organisms and features of a landscape. The concept of ‘niche’, 

however, imply knowledge of the behavioural, morphological and physiological 

properties of an organism. The niche concept in particular implies an understanding of 

how an organism's properties interact with its surroundings to influence its fitness.” In 

contrast to the habitat concept, niche is a property of an organism and cannot exist 

without reference to a particular kind of organism.  

  In this thesis, we investigate habitats and not niche sensu stricto. In this thesis, 

species-habitat relations will be frequently mentioned however, the reader must be aware 

that these relations are dynamic and population-specific. Even tough we do not explore 

population-environment, populations are here considered homogeneous units and we do 

not account for individual variations. We therefore focus on the spatial variability of 

environment and its influence on species distribution. 

 It is also important at this point to make a clear distinction between habitat use 

and habitat selection, the first is transversal throughout the thesis, whereas the second is 

not covered in this thesis. Habitat use is the way an animal uses the physical and biological 

resources in a habitat and it may be assessed directly (e.g. observations or counts) or 

indirectly (e.g. tracks, scats). It describes the relative proportions of different habitats 

utilised by species and provides insights such as where animals find and use resources. 

Habitat selection by a species consists of the identification of the preferred (and hence 

selected) habitat that will be of higher quality (suitability) than non-selected habitat 

(avoided) and it may be evaluated by comparing the availability of each habitat type 

against the use of that habitat type by the species e.g. an habitat is selected if it is used 
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disproportionally over others. 

 Another challenge in ecology is the identification of the nature and the strength of 

interactions between species (Pfister 1995). For a long time, biotic factors such as 

interspecific interactions have been methodologically difficult to measure (Reznick and 

Endler 1982) because it is quite difficult to demonstrate the impact of competition under 

field conditions. Ideally, one should use controlled experiments (Feldhamer and Armstrong 

1993) which, for wild large mammals, are quite difficult to accomplish and require huge 

resources. Given such difficulties, particularly for larger-bodied and/or wide-ranging 

species, ecologists have tried for some time to determine the presence of competitive 

interactions and estimate their strength by using census or survey data combined with 

regression analysis (Schoener 1974, Crowell and Pimm 1976; Pimm et al. 1985). After the 

initial use of multiple regression techniques (Schoener 1974; Crowell and Pimm 1976), 

where models were built describing habitat effects on the abundance of a species 

incorporating the other species in the habitat model, Abramsky and Rosenzweig (1984) 

argued that any detectable effect could be an artefact of the variance, with rare species 

having strong effects on common species while common species have weak effects on 

rare species. As a result, Fox and Luo (1996) proposed a standardization procedure that 

eliminated effects of census variance on competition coefficients. These authors 

demonstrated that after standardization of the census data the competition coefficients 

estimated were consistent with the values observed in removal experiments as they 

validated it using field removal experiments of rodents (for a review see Fox and Luo 1996). 

These results revitalized the regression technique as a method to evaluate community 

structure (Fox and Luo 1996; Luo et al. 1998). 

 Putman (1996) suggested that the potential for competition may be very high 

among sympatric species of ungulates and it often results in some type of behavioural 

(e.g. specialized dietary adaptations) and/or spatial segregation (e.g. the absence of 

buffalo from feeding grounds created by migratory wildebeest on the Serengeti Plains, in 

their wet-season range - Murray and Illius 2000) (Prins et al. 2006). Interspecific relationships 

can therefore, shape the distribution and abundance of herbivores as well as influence 

population dynamics (Jiang et al. 2009) and, even though it is extremely difficult to 

measure experimentally (Ritchie 2009), it should be included in attempts to understand the 

factors determining a species’ distribution. Exclusion experiments in mammals have 

confirmed the competitive ability of some species to exclude other closely related taxa 

where their geographic range overlaps (Schoener 1983). However, most evidence for 

competition between herbivores comes from systems in which livestock were introduced, 

displacing native herbivores (Voeten and Prins 1999; Prins 2000; Mishra et al. 2004). It has 
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been proposed in several studies that interspecific competition between deer species 

might be a factor for excluding specific species from certain areas and foraging grounds. 

The role of interactions in regulating the coexistence of sympatric herbivores is under 

debate (Arsenault and Owen-Smith 2002) and the literature abounds with examples 

demonstrating the existence of competition between sympatric species. Anthony and 

Smith (1977) showed that desert mule deer Odocoileus hemionus crooki were dominant 

over Coues white-tailed deer Odocoileus virginianus couesi in aggressive interactions, in 

two areas of Arizona. Barto! et al. (1996) observed that, in semi-captivity, fallow deer 

Dama dama were more aggressive than red deer Cervus elaphus at supplemental 

feeding sites, forcing the latter to leave the sites before the supplemental food was 

depleted. In Europe, chamois Rupicapra rupicapra have apparently been displaced by 

the re-introduction of ibex Capra ibex (Schröder and Kofer 1984), by the introduction of 

mouflon Ovis musimon (Gonzalez 1985), and by domestic sheep Ovis aries (Rebollo et al. 

1993). In England, indigenous roe deer and introduced muntjac Muntiacus reevesi showed 

a high degree of habitat overlap and after the re-introduction of muntjac, roe deer 

densities started to fall while muntjac densities rose (Chapman et al. 1993; Hemami et al. 

2004). Putman (1996) and Sforzi (2004) observed a high overlap in diet and habitat use, as 

well as an inverse correlation between population sizes of fallow and roe deer across 

years. Focardi et al. (2006) found that where fallow deer were locally abundant, roe 

showed a smaller body size, larger home ranges and a greater inter-specific habitat 

separation than in other patches of the same area where fallow were scarce. When it 

comes to studies focusing on interspecific relationships between roe and red deer, the 

causes and consequences of such relation remains uncertain and somehow 

contradictory. Besides the inconclusive results, it seems that the bottom line suggests that 

roe deer may be particularly vulnerable to competitive displacement by other ungulate 

species (Latham 1999; Acevedo et al. 2005). However, most studies regarding possible 

competition between roe and red deer have been conducted in central and western 

Europe and only few have focused in a Mediterranean ecosystem (San José 1997).  

 

1.1.4. Species-habitat models as conservation tools 

 On the face of the ongoing biodiversity crisis (Pimm and Raven 2000) it is critical to 

identify the ecological requirements of species, both to raise awareness among the public 

and authorities and for the setting up conservation and management plans (Guissan and 

Thuiller 2005). Compilations of field data per se are not particularly informative and a more 

quantitative and detailed approach is recommended (Titeux 2006). Species-habitat 
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models are currently recognised as extremely effective tools for providing valuable and 

quantitative information by displaying the most important resources required by the 

individuals in a given spatial context (Guisan and Thuiller 2005). For this reason, they can 

be important tools for decision-making in wildlife management (Knick and Rotenberry 

1998) and for building effective conservation plans (Araújo and Williams 2000; Chefaoui et 

al. 2005). Furthermore, coupled with Geographic Information Systems (GIS) technology, 

species-habitat models can be extended into a spatial dimension for producing maps of 

suitable habitats (e.g. Gibson et al. 2004). Besides, the application of such models to areas 

where environmental conditions, but not species distribution, are known can provide 

habitat suitability maps (predictive models) (the model may be used to predict species’ 

distributions in new regions, e.g. to study potential invasions or potential impacts of climate 

change). 

!

1.2. Roe deer at the extremes of their geographical range 

! As Robert MacArthur and E.O. Wilson concluded in their classic study of island 

biogeography, ‘‘…future [biogeographic] theory will concentrate on the boundaries of 

species ranges…“ (MacArthur and Wilson 1967). All species occupy a limited geographic 

area (Gaston 1990). However, there are a number of reasons why the species may not 

actually occupy all suitable sites (e.g. geographic barriers that limit dispersal, competition 

with other species: Andrewartha and Birch 1954, Brown et al. 1995, Gaston 1990). However, 

it is not well understood how the main niche limitations change in the boundaries of a 

species’ range (for a review see Gaston 1990, Holt 2005). It is known however, that range 

edges are often coincident with ecological edges (Angert 2006). Putnam and Wraten 

(1984) stated that the distribution of a species follows a Gaussian distribution with an 

optimum point in the centre of the distribution and two marginal limits of performance of 

the species for each environmental factor. These so-called edge populations, already 

living near the environmental limits for the species, are particularly susceptible and 

individuals probably tend to be more selective in their choice of niche elements (Maurer 

and Taper 2002) and are therefore, more affected by small changes in ecological factors 

(González-Megías et al. 2005; Manier and Arnold 2005). For example, it is expected that 

species achieve highest densities at the geographical centre of the species’ range, where 

environmental conditions are optimum and lower abundances occur in peripherical areas 

with sub-optimal conditions (but see Sagarin and Gaines 2002). Ultimately, populations 

living on the edge of their geographical ranges are more prone to local extinction, which 
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is probably due to a departure of conditions from its optimum from centre to periphery 

(Brown et al. 1995). 

 Despite a long interest in how species live at the edges of their distribution 

(MacArthur and Wilson1967), only relatively few studies have compared basic differences 

in the ecological demands of the same species at different edges of its distribution. These 

differences can have important effects on range limit dynamics. One important aspect to 

take into consideration is that the mode of selection may differ between edge and 

central areas (Hoffmann and Blows 1994). Edge populations may experience greater 

variability in survival and reproduction because they more frequently experience strong, 

limiting factors. Fortunately, there has been a recent renaissance, impelled by the need to 

understand the spatial responses of species to climate change (Root et al. 2003), to 

predict the extent of impact of introduced species (Peterson 2003) and accurately 

forecast responses to large-scale and anthropogenic alterations to habitat. Therefore, 

linking spatial variation in the environment to variation in individual and populations is 

critical for the understanding of species’ distribution limits (Holt et al. 2005).  

 The understanding of how species live on the borders of their range can provide 

valuable information, such as: 

- What determines range limits? 

- How will species in their edges react to climate changes?  

- Do species evolve differently in the core of their distribution or in the margins? 

 In the face of climate change and the increasing extent of human habitat 

modification there is an increasingly urgent need to learn more about the factors that 

influence species distribution patterns and levels of environmental tolerance. Particular 

insights can be obtained by looking at the edges of a species range, and especially from 

species with wide distributions.  

 

 The European roe deer Capreolus capreolus is now spread throughout much of 

Europe where it occupies a wide variety of habitats (Apollonio et al. 2010) (Figure 3). In the 

Iberian Peninsula, the southwestern limit of roe deer distribution, it occurs mainly in forested 

mountain habitats, and its presence is clearly more likely in areas close to watercourses, 

with an abundant tree cover, some topographical irregularities and reduced human 

disturbance (Aragón et al. 1995; Pimenta and Correia 2001). 
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  Figure 3. Roe deer distribution in Europe (IUCN 2010). 

!

! Roe deer is a native species in Portugal where populations have always persisted in 

a few patches to the north of the Douro River (Figure 4). It’s natural population is restricted 

to some forested mountain areas located to the north of the Douro river, namely Serra da 

Peneda, Serra da Amarela, Serra do Gerês, Serra da Cabreira, Serra do Marão, Serra de 

Montesinho, Serra da Coroa, Serra da Nogueira, Serra de Bornes and Serra do Reboredo 

(Vingada et al. 2010). Due to its low abundance, hunting is very restricted, occurring in a 

few touristic hunting grounds only. This species has suffered from a large reduction in the 

1980’s, mainly due to the degradation of their natural habitat but also illegal hunting 

(Cabral et al. 1987). In the last decade, a recovery has happened, mainly due to changes 

in land-use practices and rural exodus, which has lead to the re-naturalization of the 

habitats, and stricter hunting and management policies (Oliveira and Carmo 2000). 

Additionally, a series of reintroductions programs were performed, especially in the centre 

of the country, during the 1990’s, whose main objective was to increase prey availability 

for the endangered Iberian wolf Canis lupus signatus. Despite this population increase, roe 

deer densities have remained low, when compared to central and northern European 

populations. According to Oliveira e Carmo (2000), roe deer are now in expansion in 

northern Portugal. In spite of some research on roe deer since the 1970’s (Bessa 1972; 

Pereira and Moço 1977; Petrucci-Fonseca 1978; Cabral et al. 1987; Barroso 1994; Brito 1996; 

Faria 1999), the complexity of factors affecting its distribution in Portugal has not been fully 
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understood. Moreover, understanding the current situation of the roe deer population and 

the particular adaptations to the environment they inhabit is essential for the correct 

planning of conservation and management plans in both a local and national context. 

The Portuguese roe deer population is of highest conservation and ecological interest 

since: i) it occupies the edge of its south-western distribution range providing important 

insights into the understanding of aspects such as threshold responses to environmental 

changes (Brown et al. 1996; Holt and Keith 2005); ii) occurs at low densities and are 

therefore more prone to extinction as a consequence of environmental changes (Lande 

1993), iii) occupies a Mediterranean ecosystem, characterized with marked seasonality 

with hot, dry summers and cool, erratically moist winters, completely different from the 

well-known populations of central and north Europe and iv) this population coexists with 

Iberian wolf within the study area (Oliveira and Carmo 2000).  

 Roe deer seems to fit the “abundant centre” theory (Tellería and Virgós 1997), also 

demonstrated with other forest vertebrates in Iberia, demonstrating decreasing densities 

along an Atlantic-mesic/Meditenranean xeric gradient (Virgós and Tellería 1998). A 

possible explanation for this pattern might be that most forest species in Mediterranean 

belong to the Palearctic realm, therefore they tend to experience difficulties in adapting 

to the xeric conditions of the peripherical area (Tellería and Virgós 1997). This view is 

consistent with the models that predict higher abundances in the central areas of a 

species’ range, where environmental conditions are optimal, and lower abundances in 

the edges areas with sub-optimum conditions (Brown and Maurer1986).  
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Figure 4. Roe deer distribution in Portugal (green area represents roe deer 
presence)(Vingada et al. 2010). 

!

 Information on roe deer ecology comes essentially from well-known and 

established populations from central and northern Europe, where populations occur at 

medium-high densities. However, recent research in the Mediterranean has challenged 

the traditional view of roe deer population dynamics and behavioural plasticity (Aragón 

et al. 1995; San José et al. 1997; Virgós and Tellería 1997; Acevedo et al. 2005). Before 

human landscape transformations, roe deer were considered to be a temperate 

woodland species but, in the last decades, have shown a rapid colonization of open 

arable lands that were not the original habitat of this forest species (Cargnelutti et al 2002). 

The species is now ubiquitous and occurs in a variety of habitats from Mediterranean 

ecosystems to boreal forests of Scandinavian.  

 In Scandinavian, roe deer have been present since the late Preboreal period 9500 

b.p. (Lepiskaar 1986). After periods of population fluctuations, throughout the Holocene, 

the species became nearly extinct in the seventeenth century, and only less than 100 

individuals survived in the southernmost part of Sweden (Ekman 1919). From this restricted 

area roe deer started their expansion in 1850 (Andersen et al. 2004). Roe deer are 

available in most parts of southern Norway (Odden et al. 2006). Roe deer constitutes the 

main part of lynx Lynx lynx diet, representing up to 83% of ingested biomass by lynx in 

winter (Odden et al. 2006). Roe deer in Norway are mainly subjected to predation by 
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Eurasian lynx, red foxes Vulpes vulpes L., wolves Canis lupus L., and to hunter harvest. 

 Roe deer populations have increased in much of Europe. Since they have a 

significant impact on the structure and dynamics of vegetation communities (Carranza 

and Mateos-Quesada 2001); are important prey species for a variety of large carnivore 

species (Jarnemo and Liberg 2005) and are likely to aid in carnivore rehabilitation 

programs (Boitani 1992), it is considered a research priority to investigate interactions 

between roe deer and other deer species, which share the same habitat, namely red 

deer in Portugal and moose in Norway.  

 

1.3. General Methods 

1.3.1. Overview 

!

  Since the 1990’s, there has been a huge development of new ecological and 

biogeographical theories (Whittaker 2000), partly due to the improvement of the software 

design for mapping and analysing spatial information, namely the Geographic 

Information Systems (GIS). Within the GIS environment, new methodologies for the study of 

spatial patterns of species’ distribution have emerged within the branch called 

Conservation Biogeography. Whittaker et al. (2005) have defined Conservation 

Biogeography as “the application of biogeographical principles, theories, and analyses, 

being those concerned with the distributional dynamics of taxa individually and 

collectively, to problems concerning the conservation of biodiversity”. Most of these 

methodologies are based on the responses of species to the environment. According to 

Austin et al. (1990), a relation between environment gradients (temperature, precipitation, 

humidity, etc.) and adaptation of the population follows a normal curve (i.e. greater 

aliment in the centre of the gradient, and a progressive decrease towards both ends). 

These environmental gradient relationships can be analysed using sophisticated statistical 

tools and GIS, obtaining models of the potential response of the species to each of these 

gradients. In fact, models that explain and predict distributions of species by combining 

known occurrence data with digital layers of environmental variables have a great 

potential for application across a broad range of fields in ecology (e.g. conservation, 

management, evolutionary biology). 
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1.3.2. Geographic Information Systems 

 

  Geographic Information Systems (GIS) are powerful and complex computer-

based tools that allow the integration and analysis of large amounts of spatial data (Figure 

5). It is a vital tool in species’ distribution modelling. The most important characteristic of 

GIS’s is that they capture, store, analyze, manage, and present data that are linked to 

precise species locations. Data is stored in different layers within the GIS environment. For 

example, one layer may hold hydrographical data, other land cover data and another 

may hold species distribution data (Figure 6). Within the GIS environment, data is overlaid 

and combined by mathematical functions. The rapid development of GIS technology 

allied with the growing availability and quality of digital landscape data, have increased 

the accuracy and thus the importance of predictive species distribution models 

(Mladenoff and Sickley 1998; Guisan and Thuiller 2005). GIS can be use in the study of the 

geographical distribution of species both in space and time (Randin et al. 2006) and play 

an important role in conservation programmes (e.g. evaluating the impact of a highway 

construction on a rare plant population: Wu and Smeins 2000, or analysing the impact of 

alien species on endemic flora: Draper et al. 2003).  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Raster and vectorial data layers in a Geographic Information System (GIS). Raster 
defines a matrix of points. In each cell, a numerical code is defined. This code, usually a 
real number, can represent different kinds of geographical data, such as elevations and 
terrain properties. Vector defines a set of vectors that represent geographical data. The 
final output map is a representation of the real world. 

!
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Figure 6. GIS involve combinations of information, grouped by layers (roads, hydrography, 
elevation, etc.) and organized in order to visualize, analyze and display spatial data. 

!

1.3.3. Modelling: habitat use models 

 

  Models are simplifications of reality and are widely used to help us understand the 

complexity and heterogeneity of the natural world. We can say that they are formal 

representations of the real world since they help to test our ideas and to formulate new 

hypothesis that normally could not be possible to test only in the field (e.g. effect of 

climate change on a species distribution). Modelling does not aim to perfectly reflect the 

full reality and it is generally a mistake to believe that there is a single “true model”, which 

will be uncovered by data analysis. Biological systems are complex and intricate, with 

many small effects acting at the same time (e.g. interactions, individual heterogeneity 

and individual and environmental covariates) so, there is no such thing as a “true” and 

unique model. Nevertheless, models try to make biological sense and to provide a good 

explanation of the data available (Burnham and Anderson 1998).  

 Although a diversity of models is available, they all statistically relate field 

observations to a set of environmental descriptors, presumably reflecting potential key 

factors of the species. These models produce spatial predictions indicating the suitability of 

locations for a target species or community (Guisan and Zimmermann 2000). A wide 

variety of statistical techniques are available for modelling species distribution and there is 

no single best modelling approach. The strategy to choose should reflect a trade-off 

between the specific objectives, the data available and the technique capacities. 
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Modelling aims to estimate the environmental conditions that are suitable for a species by 

associating known species’ occurrence records with a set of environmental variables that 

are known to potentially affect the species persistence. Most models are specific to a 

particular type of dependent variable (e.g. the observed distribution of an organism) and 

its theoretical distribution (or density function), and this can be considered the first 

determinant factor to select the statistical technique. Habitat preferences can be 

determined by analysing data related to species distribution in order to correlate it to 

specific environmental factors (Guisan and Zimmermann 2000). There is a broad range of 

modelling techniques available to explore the correlation between the dependent 

variable (e.g. the response: species presence/absence data) and predictor variables (e.g. 

food distribution, cover, human disturbances, etc) (Guisan and Zimmermann 2000). These 

techniques include the Gower-similarity model (e.g. Carpenter et al, 1993), Ecological 

Niche Factor Analysis (ENFA) (e.g. Hirzel et al. 2001), classification trees (e.g. Clark and 

Pregibon 1992), neural networks (e.g. Mastrorillo et al. 1997), generalized linear models 

(McCullagh and Nelder 1989), generalized additive models (Hastie and Tibshirani 1990), 

and spatial interpolation techniques (e.g. Bailey and Gatrell 1995). Throughout this thesis, 

the statistic technique that is used is the Generalised Linear Mixed Models (GLMM). 

  Like most models, the basic idea behind generalized linear models (GzLM) is to 

find an equation that best describes the relationship between one dependent variable (or 

response) to one (simple regression - univariate) or more (multiple regression - multivariate) 

independent variables, also called environmental predictors (or regressors) (Guisan and 

Zimmermann 2000). When analysing data on habitat use, the dependent variable is 

usually binominal with only two possible outcomes (presence or no presence of a species 

in a site). Generalized Linear Models (GzLM) are the most flexible family of regression 

models, allowing various distributions for the response variable (many of which better fit 

the non-normal error structures of most ecological data e.g. Gaussian, Poisson, binomial or 

gamma, McCullagh and Nelder 1989) with respective link functions set e.g. identity, 

logarithm, logit and inverse. Thus, the GzLMs are better suited for analysing ecological 

relationships, which can be poorly represented by classical Gaussian distributions (Austin 

1987). Additionally, in Ecology, most problems often involve random effects. Generalized 

linear mixed models (GLMM) are an extension of the class of generalized linear models in 

which random effects are added. Linear Mixed Models (or just mixed models) include 

these additional terms. The most familiar types of random effects are the blocks in 

experiments or observational studies that are replicated across sites or times. Overall, 

generalized linear mixed models combine the properties of two statistical frameworks: 

linear mixed models (which incorporate random effects) and generalized linear models 
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(which enable the accommodation of non-normal data by using link functions and 

exponential family e.g. normal, Poisson or binomial distributions). Thus GLMM’s are 

generally the best tool for analyzing non-normal data that involve random effects. 

 

1.3.4. Survey methods 

 

  Generally, the techniques used to determine population density and structure are 

divided into direct and indirect methods. Direct methods, such as aerial counts, thermal 

imaging and vantage point counts (view/observation points are selected with an 

unobstructed view over the place to survey), are based on the assumption that there is a 

direct visual contact between the observer and the animal and that animals can be 

directly counted. Information about population dynamics (e.g. sex structure, number of 

individuals, number of calves) can be inferred from this technique (Mayle et al. 1999; Smart 

et al. 2004). Albeit direct methods can demonstrate greater confidence than indirect 

methods, since they are affected by a smaller number of factors promoting bias, most of 

the times they are time-consuming, expensive, unpractical to implement over large areas 

and when individuals are difficult to mark and when elusive animals use woodland or 

other concealing habitats (Mayle et al. 1999). The indirect methods are based on the 

assumption that every animal leaves signs of its presence and are usually based on pellet 

counts (Putman 1984) or, less often, on signs such as footprints, trails, nests, etc (Laing et al. 

2003). Pellet group count methods have long been recognised as an effective and cheap 

tool for studying broad patterns of habitat use of animals in different habitats, and are 

particularly used for cervid species (Mayle et al. 1999; Marques et al. 2001) and have the 

advantage of capturing the total animal abundance over a certain period. Most of the 

studies conducted on the habitat use of roe deer have used methods such as radio-

telemetry (Hewison et al. 2007; Panzacchi et al. 2009), thermal imaging (Hemami et al. 

2007) and faecal pellet group counts (Telléria and Virgós 1997; Virgós and Telléria 1998). 

Although the use of pellet group counts as an indicator of habitat use has sometimes 

been criticized (Collins and Urness 1981), when it is compared with other methods, such as 

radio-telemetry, to infer habitat use patterns of roe deer, it has been found that the results 

are similar (Guillet et al. 1995) and other authors (Loft and Kie, 1988; Edge and Marcum, 

1989) have found that pellet group counts accurately indicates which habitat receive the 

greatest and least amount of use. 
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1.4. Aims of the thesis 

 Despite the extensive literature on roe deer biology, a lot of attention has been 

paid to populations of central and northern Europe and comparatively little is known 

about its ecology in the southwest of its distribution. Until this work, there was a huge gap 

of information and knowledge concerning roe deer basic habitat requirements in 

Portugal, which is reflected in the paucity of international publications.  

 
 In this context, the main aim of this Ph.D. was to describe and identify the main 

factors affecting roe deer occurrence in a Mediterranean landscape, northeast of 

Portugal, with special attention to habitat structure, habitat composition, human 

disturbance and landscape structure. In addition, we examine the interspecific 

relationship between roe deer and the sympatric red deer, to shed light on possible 

interspecific competition. The northeast part of Portugal is characterized by a mosaic of 

deciduous and coniferous forest, fragmented by small-cultivated fields, which results from 

an alternation between different types of natural vegetation and those introduced by 

man for agricultural, agro-forestry and livestock purposes. Roe deer densities are low. 

Furthermore, in this thesis, we also have sought to explore roe deer distribution on the 

northern limit of their geographic range, in Norway, as the same environmental factors 

can affect differently the same species in different locations across their geographic 

range. In addition, we also described moose habitat use. Moose occurs sympatrically with 

roe deer throughout the southeast of Norway and we further investigated if moose had 

similar habitat requirements than roe deer. Our approach to habitat requirements of 

sympatric roe deer and moose involved key structural parameters, in particular, forest 

structure, vegetation characteristics and human disturbance. The southern part of Norway 

is a very productive and fragmented area, with a high percentage of agricultural land 

and medium-high roe deer densities.  

This Ph.D. is therefore an applied research that aims to show the usefulness of tools for 

spatial analysis for the management of these three ungulate species. An understanding of 

the basic requirement of these ungulate populations is needed in order to make informed 

decisions about how best to manage the habitat where they coexist, whilst maintaining 

ecologically sustainable and stable populations. We also provide applicable knowledge 

for taking these ungulates into consideration in forest management. On the other hand, it 

also has a clear conservationist perspective. Species located at the geographic borders 

of their distribution tend to occupy less favourable habitats hence, such populations are 

important for long-term conservation and their investigation and conservation deserves 
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high priority.!

 Concluding, the general objective was to expand the knowledge on roe deer and 

particularly to investigate the key factors that act on shaping roe deer habitat use, with 

special attention to environmental variables that could potentially influence the species 

distribution and interspecific competition with other sympatric ungulate species, at 

different spatial scales, on the opposite geographic edge of this species distribution: 

Portugal and Norway.  

 

The following specific objectives were addressed:  

1. i) to analyse roe deer occurrence in a Mediterranean landscape in the presence of a 

large range of factors, including a predator; ii) to determine which ecological factors 

are relevant, at different spatial scales, for roe deer distribution, and iii) to develop a 

model of roe deer distribution to improve future roe deer management (Manuscript I); 

2. i) to construct species-habitat models for roe and red deer, exploring the biotic 

(including the presence of the potential competitor as predictors) and abiotic factors 

that affect the distribution of these deer species on the southern edge of their 

distribution; while ii) estimating the competition coefficient. (Manuscript II); 

3. i) to construct habitat models for both moose and roe deer integrating environmental 

factors and ii) to identify habitat variables that are relevant, at different spatial scales, 

for moose and roe deer occurrence in a human-modified landscape in southeastern 

Norway. (Manuscript III); 

4. (i) to explore which fine-scale environmental and antropogenic factors influence roe 

deer distribution at the southern (Portugal) and northern (Norway) limits of their 

geographic range, more specifically ii) to examine species’ occurrence with respect 

to habitat structure an composition, canopy cover and anthropogenic factors. 

(Manuscript IV) 

 

1.5.  Thesis structure 

!

The following is an outline of this thesis. 

 

• Chapter One provides a review of literature, supplying a brief research 

background necessary for understanding the thesis. This section intends to 

set the scene by giving a conceptual overview of the ecological 
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foundations of the observed species-environment relationships and by 

clarifying the terminology adopted throughout this thesis. It also clarifies 

the research problems and outlines the research objectives. This chapter is 

to show why, what, where and how this research was undertaken. I start 

by introducing the species-environment relationships, its historical context 

and its usefulness for understanding the patterns of species geographic 

distribution, stressing the need to include the multiple spatial scales of 

selection. Species do not exist in isolation. Therefore, I then discuss 

fundamental and realized niche and stated the importance of 

considering interspecific relationships when studying the distribution area 

of an organism. Then, I clarified the need for conducting studies at the 

extreme edges of species distribution range and briefly introduced roe 

deer distribution on both countries. Finally, I describe the methods (data 

analysis and data collection) that I used throughout this PhD; 

• Chapter Two describes in detail both study areas (Portugal and Norway) 

and looks at the methods that were used to collect field data for the three 

cervid species: roe deer, red deer and moose. The methods are described 

in detail. 

• Chapter Three (Manuscript I) investigates the factors that affect roe deer 

distribution in northeastern Portugal, an area shared by one of its 

predators, the endangered Iberian wolf Canis lupus signatus. I included 

environmental factors known to potentially affect its distribution, such as 

food, cover and human disturbance factors. The analysis was done at 

different spatial scales; 

• Chapter Four (Manuscript II) tries to explore the interspecific relationship 

between roe deer and red deer in northeastern Portugal, at different 

spatial scales. Since most models only incorporate environmental factors 

(abiotic factors) and fail to include interspecific competition (biotic 

factor), I integrated both dimensions in the model in order to reach a more 

accurate and holistic model; 

• Chapter Five (Manuscript III) explores the impact of human modified areas, 

mostly the extent of human disturbance, and other environmental factors, 

on winter habitat use of both moose and roe deer, which are sympatric 

throughout a human modified landscape of southeastern Norway, at 

different spatial scales; 
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• Chapter Six (Manuscript IV) compares how the same suit of environmental 

factors, affects roe deer at the edge of its geographic range: Portugal 

and Norway. Roe deer is a suitable model for this analysis due to its 

widespread distribution throughout Europe. Therefore, I explore whether 

the influence of a set of factors (that potentially affect roe deer) on 

population limitation depends on their relative position within the range. 

Based on the assumption that the overall importance of limiting factors is 

different among countries (higher in Norway compared to Portugal 

because extreme snow depth in winter can set a much more absolute 

constraint on roe deer occurrence than subtle differences in the degree of 

digestibility of vegetation), we also analysed winter and summer habitat 

use in both countries; 

• Chapter Seven summarises all the research results and conclusions in the 

previous chapters and highlights the implications and applications of these 

results, as well as the research approach, to the future conservation of roe 

deer and its habitat, while proposing directions for future work. 

 

 

The thesis is organized as a series of independent, but related chapters. The 

manuscripts are “paper format” and have been submitted to international peer-reviewed 

journals. In this Ph.D. thesis, they will be referred to by their Roman numerals.  
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1.6  List of publications 

 

 

 

This thesis is based on the following publications: 

 

MANUSCRIPT I 

Torres RT, Santos J, Linnell JDC, Virgós E, Fonseca C. (in press) Factors affecting roe deer 

occurrence in a Mediterranean landscape, Northeastern Portugal. Mammalian Biology. 

doi: 10.1016/j.mambio.2010.10.013 

 

MANUSCRIPT II  

Torres RT, Santos J, Linnell JDC, Virgós E, Fonseca C. (under revision) Habitat use by 

sympatric red and roe deer in a Mediterranean region – Northeastern Portugal.  Animal 

Biology 

 

MANUSCRIPT III  

Torres RT, Carvalho JC, Panzacchi M, Linnell JDC, Fonseca C. (in press) Comparative use of 

forest habitats by roe deer and moose in a human-modified landscape in southeastern 

Norway during winter. Ecological Research. doi: 10.1007/s11284-011-0837-0 

 

MANUSCRIPT IV  

Torres RT, Virgós E, Panzacchi M, Linnell JDC, Fonseca C. (under revision) Life at the edge: 

roe deer occurrence at the opposite ends of their geographicl distribution, Norway and 

Portugal. Mammalian Biology 
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2. MATERIAL AND METHODS 
Study areas description and data collection 

2.1. Study Area 

2.1.1 Overview 

 

 he study areas are located on the edge of the distribution range of the European 

 roe deer, at it’s north – Norway – and west – Portugal – (Andersen et al. 1998) 

 (Figure 7) and  includes both Mediterranean and boreal ecosystems. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7. Map of Europe highlighting Portugal and Norway. The circles indicate both study 
areas location. 
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2.1.2 Portugal 

 The study was carried out in Montesinho Natural Park and Serra da Nogueira, Trás-

os-Montes, northeast Portugal (6º30'- 7º12' W and 41º43'- 41º59' N), both belonging to 

European Natura Network 2000 (Figure 8). The terrain consists of rolling hills with elevation 

ranges from 438m to 1481m. The climate is Mediterranean, characterised by well-marked 

seasons with dry, hot summers and wet, mild winters with mean annual temperatures 

varying between 3 ºC in the coldest month and 21 ºC in the warmest month and mean 

precipitation between 1000-1600 mm (Gonçalves 1980). The study area comprises a large 

number of wildlife biodiversity, such as red deer Cervus elaphus, wild boar Sus scrofa, 

European rabbit Oryctolagus cuniculus, Iberian hare Lepus granatensis and red-legged 

partridge Alectoris rufa. Some other mammals present are the endangered Iberian wolf 

Canis lupus signatus and the red fox Vulpes vulpes. In the study area, wolves have been 

present since historical times and densities have been calculated to be 1.6 - 3.1 wolves 

100/km2 (Moreira et al. 1997). Although a comparison is extremely difficult since studies 

have used different methods and were performed at different seasons, these densities are 

somehow high in an European context, where the densities are generally 1 - 3 wolves 100 

/km2, e.g. Finland, Croatia 0.5 - 1 wolves/100 km2 (Boitani 2000).  

 The vegetation is varied and scrubland is the most representative unit of 

vegetation throughout the area (Figure 9). The shrub community is made up by heather 

Calluna vulgaris and Erica australis, which often appears associated with Pterospartum 

tridentatum, and sometimes with the rock rose Cistus ladanifer. Also common are the 

Cytisus multiflorus, Cytisus scoparius, Cytisus striatus and Halimium lasianthum subsp. 

alyssoides. The forest community is made up of Pyrenean oak Quercus pyrenaica, sweet 

chestnut Castanea sativa, Scots pine Pinus sylvestris, Maritime pine Pinus pinaster, holm 

oak Quercus rotundifolia and Pseudotsuga menziesii. The area is crossed by a diversity of 

rivers and small streams and the associated vegetation is mainly common alder Alnus 

glutinosa, Fraxinus angustifolia, black poplar Populus nigra and Salix salviifolia, which are 

strongly linked to semi-natural meadows (“lameiros”), essential elements of mountain 

landscapes in Northern Portugal. These semi-natural meadows represent a special type of 

habitat in the study area and are considered a priority habitat in the Sectoral Plan for 

Rede Natura 2000. They are permanent pastures, generally extending through valleys, 

where a traditional irrigation system is used, exploiting the gravity force to carry water from 

the rivers or springs. These semi-natural pastures have higher herbaceous vegetational 

biomass plants. The area exhibits a mosaic of deciduous and coniferous forest, 

fragmented by small-cultivated fields.                                                     .
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Figure 8. Left: Map of Portugal, highlighting where the field survey was done. Right: sampling plots distribution.  

PORTUGAL MAP 
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Roe deer is a native species in the north of Portugal, where populations have always 

persisted in a few patches. Due to its low abundance (Vingada et al. 2010 estimated that 

current distribution of wild roe deer should vary between 3000 and 5000 animals 

throughout all Portugal), hunting is very restricted, occurring only in a few touristic hunting 

grounds. The area has a low human population density of around 9.5 inhabitants/km2, 

concentrated around very small villages. A number of national roads, which provides 

connection between Portugal and Spain, cross the study area. 

Figure 9. Landscape in Trás-os-Montes. Left: photography of the landscape showing 
mosaic of deciduous and coniferous forest, fragmented by shrubs. Top right: mosaic of 
shrubs and agricultural fields. Bottom right: rolling terrain and meadows surrounded by 
shrubs where roe deer eats. Photo credit: Rita Torres. 

!

! The mosaic of landscape results from an alternation between different types of 

natural vegetation and those introduced by man for agricultural, agro-forestry and 

livestock purposes. These conditions (patchiness of vegetation intercept by a diversity of 

rivers and small streams) offer a very suitable habitat for roe deer. 
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2.1.2 Norway 

 The study area was located in the southeastern of Norway, in the counties of 

Østfold and Akershus (Aurskog-Høland, Enebakk, Høbol, Ski, Askim, Vestby, Spydeberg and 

Trøgstad municipalities), situated between 59˚–60˚N; 11˚–12˚E (Figure 10). Mean annual 

temperature varies between -2.8 ºC in winter and 16.2ºC in summer. In winter, snow cover 

is around 13.3 cm and mean precipitation, in summer, is 74.7 mm (Nilsen et al. 2009). The 

study area is dominated by commercially exploited boreal forest, mainly composed by 

Norwegian spruce Picea abies, Scots pine Pinus sylvestris and birch Betula pubescens 

(Figure 11). Other species present are the bird cherry Prunus padus, hoary alder Alnus 

incana and linden Tilia cordata. The forests are harvested by clearcutting, although the 

average size of clear cuts is small, typically in the order of a few hectares. All the area is 

fragmented by farmlands, especially along valley bottoms. In the hunting season 

2009/2010, approximately 36 000 roe deer were felled (Statistics Norway). Roe deer are the 

most important prey of lynx (Herfindal et al. 2005), and except from humans, lynx are the 

most important predator of adult roe deer in this area, while red fox is the major predator 

of roe deer fawns in Norway (Linnell et al. 1995). Human population density in the various 

municipalities within the study area, measured on 1 January 2009, varied between 

64 people km"2 and 107 people km"2 (Statistics Norway). Roads in the study area consist of 

Highways and National roads, with daily high traffic density. 
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Figure 10. Left: Map of Norway highlighting the counties where the field survey was done Right: sampling plots distribution. 

NORWAY MAP 
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Figure 11. Landscape in southeast Norway. Left: photography of a Scots pine forest 
covered with the shrub layer where roe deer eats. Right: photography of a Norway spruce 
forest. Photo credit: Rita Torres. 

 

2.2 Methods 

 A plethora of methodologies have been developed for estimating absolute and 

relative densities and habitat use of large herbivores (Mayle et al. 1999). For mammals that 

are elusive, timid, or inhabit dense vegetation, conventional direct techniques that are 

based on either capturing or sighting the target animal, are often inappropriate. Under 

such circumstances, it may be necessary to use indirect techniques. In Portugal, roe deer 

inhabit either closed forest habitats or scrublands, being the later, in most cases, tall 

enough to hide them. Therefore, direct census of this small ungulate is difficult because, in 

addition to living in dense vegetation, they are crepuscular, shy, difficult to capture, and, 

as a consequence, rarely encountered. It is a general consensus that the methodology to 

be use should be adapted to the particular needs of the study, the management 

questions to be answered and the behaviour of the species in question (Langbein et al. 

1999). In face of all constrains mentioned previously, the choosen methodology in both 

countries was the pellet group counts. First described by Bennett et al. (1940), pellet-group 

counts have been widely used to monitor ungulate abundance (Neff 1968; Marques et al. 

2001; Barnes 2001; Acevedo et al. 2010). The technique has been used to monitor habitat 
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use and distribution (Collins and Urness 1981; Edge and Marcum 1989; Weckerly and 

Ricca, 2000), as an index of relative ungulate abundance, to monitor population 

fluctuations (Barnes 2001; Acevedo et al. 2008) and, in conjunction with defecation and 

decay rates, to estimate absolute abundance (Acevedo et al. 2008). The main 

advantages of this method resides on the fact that: 1) the method is relatively simple and 

cheap; 2) applicable to large areas and repeatable; 3) there is a strong correlation 

between estimates from the pellet group counts and other methods (e.g. radio-tracking 

data, Loft and Kie 1988 and Barnes 2001); 4) can be carried out using the minimum 

amount of manpower and 5) is appropriate for a wide variety of open and high density 

forest environment. In an open environment, deer escape at greater distances than can 

be observed and in a dense forest and tall shrubs, the visibility is extremely low. 

Additionally, another benefit of this technique is that many habitat attributes, such as 

vegetation type, canopy cover, can be recorded while pellets are counted (Marques et 

al. 2001). 

 In our study area in Portugal, large scale telemetry was impossible at this time due 

to a range of logistical constraints, so we regard this pellet based study as a first attempt to 

begin to explore the issues affecting cervids in this habitat. In Norway, this project was part 

of a much bigger project, Lynx - Roe deer Project in South Norway, (recently extended 

and re-named Scandlynx), which main objective is to collect knowledge on lynx ecology 

in the Scandinavian multi-use landscape and one of the specific objectives is to study the 

impact of lynx predation on roe deer populations. 

 

2.2.1. Data collection – Portugal 

 Field work was carried out from October 2007 to August 2009. Sampling plots were 

distributed along triangular transects (Figure 12). Each triangular transect consisted of a 1 x 

1x 1 Km triangle (3 Km in total) which is an efficient field design as the start point and end 

point are on the same place (Lindén et al. 1996). In order to maximize spatial coverage 

and to mitigate sampling dependence, plots were evenly spaced along the line. Transects 

were located with the help of technical staff from the Natural Park and were drawn on a 

1:10.000 map scale, distributed to provide an adequate coverage of all the habitat types 

in the study area (Mayle et al. 1999). Plots were visited five times throughout field survey: 

November 2007, February 2008, May 2008, October 2008 and August 2009. Along the 6 

sampling transects, both fresh and old pellets were counted. After the design of transects, 

the bearing of each transect was determined using a global positioning system (GPS) and 

then walked with a compass determining the direction in which observers would walk. A 
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rope of known length was used so observers could walk in a straight line alongside it. To 

avoid any complication regarding different faecal decay rates, a pilot study on the study 

area was conducted to determine the time that pellets took to disappear and the mean 

number of days was 182.5±49.4 (S.E.) (unpl. data) (considering all habitat types) therefore, 

the length of time between visits was chosen to be smaller than the decay rates. Each of 

these transect sections was considered a sampling unit. We used the number of pellets 

groups within each sampling unit as our index of habitat use in order to focus our study on 

local scale habitat decisions of the species (Borkowski and Ukalska 2008). In the field, 

pellets of roe and red were counted and only faecal pellet groups containing six or more 

“individual” pellets (!6) and identified as being produced at the same defecation (similar 

size, shape, texture and colour) were recorded. Pellet groups lying on the boundary of 

transect were alternately counted and ignored (Marques et al. 2001). At each segment, 

we firstly assessed the presence of both roe and red deer by recording the number of 

pellets, and then habitat variables that could potentially affect species distribution were 

recorded in a 10-m radius circle. Observer bias was minimized by using experienced field 

staff and maintaining one fixed observer throughout the field survey. Discrimination 

between pellets of roe and red deer was possible by differences in size and shape (the 

rare cases of doubt were not included for analysis) (Mayle et al. 1999). The GPS (Global 

Position System) location of each plot was recorded on the first visit, allowing the precise 

re-location of plots on posterior visits. Furthermore, the nearest tree was marked to help the 

plot recognition.  

 

 

 

 

 

 

 

 

 Figure 12. Diagram representing the design of the survey transects, Portugal. 



!48 

2.2.1.2. General habitat classification  

 Recent studies have emphasized that multiscale studies improve the model result 

(Karl et al. 2000). Therefore, we used ecological descriptors that ranged from local to 

landscale scales: in the field, we measured micro-habitat variables and we used GIS to 

derive several macro-habitat and landscape structure variables. We selected a set of 

environmental variables that could potentially influence the distribution of roe deer based 

on the literature and our own predictions (see Table 1). These variables were classified into 

4 classes: (1) habitat structure; (2) habitat composition; (3) human disturbance and (4) 

landscape patterns.  

 (1) Habitat structure (micro-habitat): an imaginary circle, of 10-m radius, was 

placed in the center of each plot to assess the abundance of food and cover. Habitat 

structure was assessed by visually estimating percentage of tree, shrub and ground 

cover within a five-point classification: 0 (0%), 1 (1-24%), 2 (25-49%), 3 (50-74%) and 4 (75-

100%). We estimated the physical structure of the habitat (tree cover, shrub cover, 

ground cover, pasture cover and meadow cover), floristic diversity (tree species, shrub 

species) and the cover of species that are potentially used as food (Faria 1999). We 

estimated tree cover (>2m) of Quercus pyrenaica, Quercus ilex, Castanea sativa, Pinus 

sp. and deciduous trees, shrub cover (0.5-2m) of cistaceae, ericaceous, thorny, 

leguminous and Pteridium aquilinum and the ground cover (<0.5m) of poaceae and 

Halimium alyssoides. Cover was calculated by estimating vertical and horizontal cover 

(Massé and Côté 2009). Therefore, visual obstruction provided by vegetation is essential 

for hiding cover. Visual protection, provided by cover, was estimated by measuring 

lateral visibility (m). An index of horizontal visibility (m) was estimated by placing a cover 

board, 80 cm high (approximately the size of a standing roe deer), in the centre of the 

plot. Then, in a random direction, the minimum distance required for the board to be 

completely hidden was noted (Mysterud 1996). Cover is also important as protection 

from adverse weather: dense canopy stands provide shelter against adverse weather 

conditions. Canopy cover was estimated using Lemmon’s densiometer (Lemmon 1956) 

as a measure of vertical cover (reduces exposure to adverse climatic condition, 

Mysterud and Østbye 1999). It was measured against open sky in the north, south, east 

and west, and the average constituted the cover (%).  

 (2) Habitat composition: these variables were obtained from CORINE Land 

Use/Land Cover database (European Environment Agency 1996). For our purpose the 

available categories were aggregated into five general land cover types: (1) agricultural 

fields, (2) scrubland, (3) meadows (4) deciduous and (5) coniferous. Habitat composition 
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and the occurrence of roe deer pellet groups were investigated at a wide spatial scale 

(buffer with 12.6 km- population scale) and a home range scale (buffer with 1.26 km), 

centred in each of the transects. The smallest buffer (1.26 km), termed home range, was 

based on home ranges values found by Carvalho et al. (2008), in an early study in Portugal 

using VHF telemetry, in similar habitat types as our study area. This is the only study 

conducted in Portugal and we used these values as more appropriate. Similar home 

ranges were found in a Mediterranean context in Italy (Lamberti et al. 2006). The largest 

buffer (12.6Km) represents a wider spatial scale, as we wanted to test if the surrounding 

landscape potentially affected roe deer occurrence. And we multiply the home range 

buffer by 10. Similar buffer sizes were used in previous studies to test correlations between 

landscape structure and roe deer abundance (i.e. 10Km-buffer, Panzacchi et al. 2009). 

Buffers were constructed in ArcMap (ArcGIS 9 ESRI Inc, Redlands, California, USA). 

 (3) Human disturbance: roe deer hunting is not allowed in the study area however 

poaching is common. Human disturbance factors can influence roe deer distribution as 

they may be considered as predation risk. Previous studies have shown that roe deer is 

influenced by landscape structure and heterogeneous landscapes may favour high 

densities of roe deer in contrast to more uniform ones since the increase of edges 

enhances food availability and proximity to cover. We considered the proportion of the 

land surface occupied by the human population nuclei in each sampling unit as an 

indicator of human presence (Hewinson et al. 2001). We measured the distance from the 

middle point of the segment to the closest occurrence of a given disturbance category: 

distance to the nearest asphalt road, distance to nearest settlement, distance to the 

closest edge between forest and field and the total length of roads (m). We also 

measured the distance to the nearest river. 

 (4) Landscape Structure: a landscape can be defined as a spatially 

heterogeneous area encompassing several habitat types (Forman and Godron 1981, 

Turner et al. 2001) but characterized by a geo-morphological and bio-climatic constancy 

(Titeux 2006). This mosaic of ecosystems encloses interacting species (e.g. McGarigal and 

Marks 1995). The effect of landscape structure was investigated at different spatial scales. 

The two buffers built in the previous step were also used to estimate landscape variables. 

We calculated four indices to characterized landscape structure: number of patches (np), 

edge density (ed), mean shape index (msi) and Shannon’s diversity index (sdhi). The 

indices were calculated using FRAGSTATS (McGarigal and Marks 1995) in the Patch 

Analysis extension for ArcView (Elkie et al. 1999).  
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2.2.2. Data collection – Norway 

 Field work was carried out from April 2007 to May 2009. A total of 598 circular 

sampling plots were distributed along triangular transects. Each transect consisted of a 1 x 

1x 1 km triangle, which is an efficient field design (the start point and end point are on the 

same place) (Lindén et al. 1996). Following Wahlström and Liberg (1995), at each 100m 

interval we delimited a circular 10-m2 plot to record the number of pellet groups of each 

species. The triangular transects were placed randomly in the landscape, stratified by 

altitude. Plots that felt on lakes and agricultural fields were avoided by field workers and 

were not included in the analysis. In total, 32 plots were rejected (5% of the total plots). 

Plots were cleaned after inspection, overcoming the need for any assumption regarding 

faecal persistence period (decay rate) (Aulak and Babinska-Werka 1990). Furthermore, in 

temperate climates the disappearance rate of pellet groups is minimum or nil in winter 

(Mitchell et al. 1985; Aulak and Babinska-Werka 1990; Latham et al. 1996). Throughout the 

entire field period, each plot was visited five times: spring (April-May) 2007, 2008 and 2009 

(reflecting winter habitat use) and autum (end of August-September) 2007 and 2008 

(reflecting summer habitat use). With this, we avoided the period when the ground is 

covered by snow (winter) or vegetation being too high (summer). The GPS (Global Position 

System) location of each plot was recorded on the first visit, allowing the precise re-

location of plots on posterior visits. Furthermore, a coloured pawl was placed on the 

centre of the plot and the nearest tree was marked to help the plot recognition (Figure 

13).  
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  Figure 13. Signalization of the plots (Norway). 

 

 

 

 

 

 

 

 

 

  

 Figure 14. Diagram representing the survey plots in Norway. 
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Each of these transect sections was considered a sampling unit (Figure 14). In the field, 

pellets of roe and moose were counted and only faecal pellet groups containing six or 
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more “individual” pellets (!6) and identified as being produced at the same defecation 

(similar size, shape, texture and colour) were recorded. Pellet groups lying on the 

boundary of transect were alternately counted and ignored (Marques et al. 2001). At 

each segment, we firstly assessed the presence of both roe and moose by recording the 

number of pellets, and then habitat variables that could potentially affect species 

distribution were recorded in a 10-m radius circle. Using experienced field staff observer 

bias was minimized. Moreover, discrimination between moose and roe deer pellets was 

possible by differences in size and shape. 

 

2.2.2.1. General habitat classification  

At 100-m intervals along the transects, and besides the number of roe deer and moose 

pellet groups, we also collected habitat data, which was quantified using the following 

variables: 

1) Open (includes clear cuts) – forested area 

2) All observations within the forest category were then classified again in 

 different types: 

i)  General habitat type: dominant forest type represents the tree 

species  (e.g pine forest; spruce forest; mixed forest and deciduous forest); 

ii) Forest age class was estimated based on cutting ages, following the 

standard national forest evaluation of Norway (Landskogstakseringen 1971). 

Five categories of stands were identified: clear cuts (class I), young 

plantations (class II), pole sized stands (class III), medium-aged stands (class 

IV) and older mature stands (class V); 

iii) Habitat structure was assessed by vegetation cover for each of the 

three vertical strata: tree cover (>2 m), shrub cover (0.5 - 2 m) and ground 

cover (<0.5 m) and by means of visual estimations, these vertical strata 

were assigned to one of four classes: no cover; sparse, medium and dense 

iv) Cover of common juniper Juniperus communis, rowan Sorbus 

aucuparia, moss, grass/forbs, common heather Calluna vulgaris and 

Vaccinium sp. were estimated visually using a five point scale: 0: 0%; 1: 1 - 

25%; 2: 26 - 50%; 3: 51 - 75% and 4: >75%. These food items have already 

been demonstrated to be part of roe deer and moose diet (Cederlund and 

Nyström 1981; Sand et al. 1995; Mysterud et al. 1997); 
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v) Canopy cover (measured with a Lemon densiometer, model C: 

Lemmon 1956). Cover is also important as protection from adverse weather: 

dense canopy stands provide shelter against adverse weather conditions. 

Canopy cover was estimated using Lemmon’s densiometer (Mysterud and 

Østbye 1999). Holding the densiometer horizontally, measures were taken in 

all directions (north, south, east and west) at each plot, then the values 

were averaged to obtain a final percentage canopy cover value for each 

sampling unit.  

3) An index of lateral visibility (m) was estimated by placing a cover board, 

 ~80 cm high (approximately roe deer height), in the centre of each plot. 

 Then, with the help of a compass, in a random direction, the minimum 

 distance required for the board to be completely hidden was noted 

 (Mysterud 1996).  

4) To analyze the effects of human disturbance, distances were measured 

 from the centre of each plot to the nearest border of the following features: 

 distance to the nearest human settlement, distance to the nearest asphalt 

 road and distance to the nearest and closest edge between a forest and a 

 field. 
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3. MANUSCRIPT I 
Factors affecting roe deer in a Mediterranean landscape 

!

!

!

!

 

 he European roe deer population in Portugal is on the southwestern edge of its 

 distribution. Understanding limiting factors that act on these populations enlightens 

 both local aspects concerning their conservation and wider scale aspects of the 

species bioclimatic envelope, which is crucial for being better able to predict the impacts 

of environmental change. Accordingly, a survey was conducted to explore roe deer 

distribution in a 75.000 ha area located in Trás-os-Montes region, a Mediterranean 

landscape in the northeast of Portugal. Pellet-group counts were used to examine how roe 

deer distribution was related to habitat structure and composition, landscape structure, 

and human disturbance. The analysis considered two spatial scales: habitat patch and 

the wider landscape. At the patch scale, roe deer distribution was positively associated 

with high density of shrubs and with increasing distance from roads. At the landscape 

scale, roe deer distribution was negatively associated with spatial heterogeneity, namely 

mean shape index. Our findings suggest that landscape structure, vegetation composition 

and distance to roads are all important factors influencing roe deer distribution, 

highlighting the importance of multi-scale approaches. 

 

 

 

 

Keywords: Capreolus capreolus; Canis lupus signatus; habitat use; scale; Portuguese 

mediterranean ecosystem 

 

 



!60 

Introduction 

Understanding how species are distributed spatial and temporally is a central 

topic in ecology. Over the last two decades, discussions about the underlying 

mechanisms that influence species abundance and distribution have increased 

(Guisan and Thuiller 2005). Although a diversity of models is available, all try to 

statistically relate field observations to a set of environmental predictor variables, 

presumably reflecting potential key factors of the species niche. These models produce 

spatial predictions indicating the suitability of locations for a target species, community 

or biodiversity (Guisan and Thuiller 2005). Such research has become especially 

important against the backdrop of climate change and efforts to predict the 

consequences for species distributions (Copeland et al. 2010). 

Animals can perceive their environment over a range of scales that might 

affect their final selection (Wiens et al. 1993; Rettie and Messier 2000) and many studies 

have shown different selective behaviours depending on the spatial scale used for 

analysis (Kie et al. 2002). This has led to the expansion from an early focus on local 

interactions to include broader scales (e.g. from home-range, to landscape, and 

biogeographic regions, etc), underlying the importance of multiscale approaches 

(Cushman and McGarigal 2004). Failure to consider and select the most appropriate 

scale, or suite of scales, may jeopardize wildlife decision-making (Rotenberry et al. 

2006).  

 The European roe deer (Capreolus capreolus) is the most abundant and 

widespread cervid species in Europe (Apollonio et al. 2010). Once considered a typical 

forest species, recent studies have demonstrated this species’ ability to colonize a wide 

range of habitats and they can now be found in almost all European landscapes 

(Tellería and Virgós 1997; Hewison et al. 2001; Jepsen and Topping 2004). Two factors 

that play a critical part in shaping this species’ distribution are food (Virgós and Tellería 

1998) and cover (Mysterud and Østbye 1999; Borkowski 2004; Borkowski and Ukalska 

2008). Several other factors can also affect its spatial distribution including, human 

disturbance (Aragón et al. 1995; Hewison et al. 2001), terrain characteristics (Mysterud & 

Østbye 1999), climatic factors (Brewka and Kossak 1994). In addition, the ongoing 

expansion of large carnivores, especially wolves, across Europe is leading to an 

increased interest in how predation may influence habitat use and distribution 

(J!drzejewski et al. 1992; Ratikainen et al. 2007; Melis et al. 2009). Marginal populations 

can be expected to be prone to greater impacts of predation than in other locations 

close to their central distribution (Hoffman and Blows 1994). It is unknown however, 

which factors shape roe deer distribution in the mosaic Mediterranean landscapes, 
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such as those occurring in the north of Portugal. This population of roe deer is 

undoubtedly of high conservation and ecological interest since it: (i) occupies the 

edge of its southwestern distribution range (Holt and Keitt 2005); (ii) occurs at low 

densities and is thus relatively prone to extinction as a consequence of potential 

environmental changes (Lande 1993), (iii) occupies a Mediterranean ecosystem, 

completely different from the well studied populations of central and northern Europe 

(Carvalho et al. 2008) and (iv) constitutes the main wild prey for the endangered 

Iberian wolf Canis lupus signatus (Vos 2000). Most of the information of the effect of 

predators (e.g. Eurasian lynx Lynx lynx, fox Vulpes vulpes and/or by wolves Canis lupus) 

on this species comes from central and northern Europe (Okarma et al. 1997; 

J!drzejewski et al. 2002; Molinari-Jobin et al. 2002; Odden et al. 2006; Panzacchi et al. 

2008; Nilsen et al. 2009). In Mediterranean habitats, where wolf densities are high 

(Boitani 2000), the anti-predator strategies adopted by roe deer against wolf predation 

are scarce, particularly when compared with those adopted against lynx and foxes in 

central and northern European ecosystems. Consequently, studies on habitat use of roe 

deer are essential to understand the mechanisms involved in their distribution and 

abundance (Prevedello et al. 2010). Our study provides a novel opportunity to analyse 

roe deer populations at the edge of its range, where densities are low and predation 

risk can be assumed to be relatively high.  

 Generally, we expect roe deer to be particularly sensitive to human activity, 

avoiding these areas (e.g. settlements, roads).  Roe deer are very timid, showing cryptic 

behaviour and generally fear human presence (Hewison et al. 2001). We also 

hypothesized that roe deer distribution is directed influenced by the arrangement of 

the varied patches of the landscape pattern.  

 In the light of the lack of data regarding roe deer habitat use in a Mediterranean 

ecosystem, the main objectives of this study were: (i) to analyse roe deer occurrence in 

a Mediterranean landscape in the presence of a large range of factors, including a 

predator; (ii) to determine which ecological factors are relevant, at different spatial 

scales, for roe deer distribution, and (iii) to develop a model of roe deer distribution to 

improve future roe deer management.  
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Materials and methods 

Study area 

 The study was carried out in Montesinho Natural Park and Serra da Nogueira, Trás-

os-Montes, northeast Portugal (6º30'- 7º12' W and 41º43'- 41º59' N), both sites are part of 

the European Union’s Natura 2000 network, covering an area of 75.000 ha (Fig. 15). The 

terrain consists of rolling hills with elevation ranges from 438 to 1481 m. The climate is 

Mediterranean with the mean annual temperature varying between 3 ºC in the coldest 

month and 21 ºC in the warmest month and mean precipitation between 1000-1600 mm 

(Gonçalves 1980). In the study area, wolves have been present since historical times and 

densities have been calculated to be 1.6 - 3.1 wolves/100 Km2 (Moreira et al. 1997). 

Although comparisons are difficult because of variation in methods, these densities are 

relatively high in a European context, where the densities are generally <1 wolves/100 

Km2, e.g. Finland or Croatia: 0.5 - 1 wolves/100 Km2 (Boitani 2000). Roe deer is a native 

species in the north of Portugal where populations have always persisted in a few 

patches in the study area. Due to its low abundance, hunting is very restricted, occurring 

in a few touristic hunting grounds only (Apollonio 2010). The vegetation is varied and 

characterised by Quercus pyrenaica, Castanea sativa, Pinus sylvestris, Pinus pinaster, 

and Quercus rotundifolia. Main understory species are Erica australis, Pterospartum 

tridentatum and Halimium alyssoides, Cistus ladanifer and Lavandula sampaioana. The 

area is crossed by a diversity of rivers and small streams and the associated vegetation is 

mainly Alnus glutinosa, Fraxinus angustifolia, Populus nigra and Salix salviifolia, which are 

strongly linked to mountain meadows. The area exhibits a mosaic of deciduous and 

coniferous forest, fragmented by small-cultivated fields. The area has a low population 

density of 9.5 people per km2, living in small villages. A number of national roads, which 

provides connection between Portugal and Spain, cross the study area.  
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Figure 15. Map of Portugal (left), highlighting where the field survey was done (Trás-os-
Montes region, northeastern Portugal- right). On the right, there is the distribution of the 
sampling plots. 

!

Data collection  

Field work was conducted between October 2007 and August 2009 using pellet 

group counts. This technique is widely applied in studies of ungulate habitat use (e.g. 

Neff 1968; Telléria and Virgós 1997; Borkowski and Ukalska 2008) and provides a valid 

approach to allow an initial coarse scale assessment of habitat associations. A total of 

120 segments (50m x 2m) were examined within our study area and the plots were 

visited five times throughout the field survey. Because of the low number of pellet 

groups detected in all segments, data was pooled across years to improve estimates. 

These segments were distributed along 6 transects, each one consisted of a 1 x 1 x 1 km 

triangle (3 km in total); which is an efficient field design (the start point and end point 

are on the same place). Transects were located with the help of technical staff from 

the Natural Park and were drawn on a 1:10000 map scale, distributed to provide an 

adequate coverage of all the habitat types in the study area (Mayle et al. 1999). In 

order to maximize spatial coverage and to mitigate sampling dependence, segments 

were evenly spaced along the line. Each of these transect segments was considered a 

sampling unit. We used the number of roe deer pellet groups within each segment as 

our index of habitat use in order to focus our study on small scale habitat decisions of 
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the species (Borkowski and Ukalska 2008). In the field, only roe deer pellet groups 

containing six or more individual pellets, and identified as being produced at the same 

defecation (similar size, shape, texture and colour), were recorded (Mayle et al. 2000). 

Pellet groups lying on the boundary of transect were alternately counted and ignored 

(Marques et al. 2001).  

 

Environmental variables  

 Recent studies have emphasized the need to consider multiple scales in habitat 

use studies (Rotenburry et al. 2002). Therefore, we used ecological descriptors that 

ranged from patch to landscape scales: in the field, we measured micro-habitat 

variables and we used GIS to derive several macro-habitat and landscape variables. In 

total, we selected 33 environmental variables that could potentially influence the 

distribution of roe deer based on previous studies (Virgós and Tellería 1998) and our own 

predictions (see Table 1). These variables were classified into 4 classes: (1) habitat 

structure (micro-habitat), (2) habitat composition (macro-habitat); (3) human 

disturbance and topographic factors, and (4) landscape pattern (Table 1 for details).  

 

(1) Habitat structure (micro-habitat): data on micro habitat variables were estimated on 

10-m2 radius plots centred on each segment in the field and were used to assess 

abundance of food and cover. Food was assessed by visually estimating percentage of 

tree, shrub and ground cover within a five-point classification: 0 (0%), 1 (1-24%), 2 (25-49%), 

3 (50-74%) and 4 (75-100%). Roe deer finds concealing cover in dense stands. Therefore, 

visual obstruction provided by vegetation is essential for hiding cover. Visual protection, 

provided by cover, was estimated by measuring lateral visibility (m). It was estimated by 

placing a cover board, of roe deer size, in the centre of the plot. Then, in a random 

direction, the minimum distance required for the board to be completely hidden at eye 

level was noted (Mysterud 1996). Cover is also important as protection for adverse 

weather: dense canopy stands provides shelter against adverse weather conditions. 

Important variables in the thermal cover are canopy cover. Canopy cover was estimated 

using Lemmon’s densiometer (Lemmon 1956). It was measured against open sky in the 

north, south, east and west, and the average constituted the cover (%).  

 
(2) Habitat composition (macro-habitat): these variables were obtained from CORINE 

Land Use/Land Cover database, with a spatial resolution (pixel width) of 250 m 

(European Environment Agency, 1996). For our purpose the available categories were 

aggregated into five general land cover types: (1) agricultural fields, (2) scrubland, (3) 

meadows (4) deciduous forest and (5) coniferous forest. The abundance of roe deer 
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pellet groups were investigated at a wide spatial scale (buffer with 12.6 Km- population 

scale) and a home range scale (buffer with 1.26 Km). The smallest buffer (1.26Km), 

termed home range, was calculated based on home ranges values found by Carvalho 

et al. (2008), in Portugal and in similar Mediterranean habitat types (Lamberti et al. 2006). 

The largest buffer (12.6Km) represents a wider spatial scale, representing how the 

surrounding landscape potentially affected roe deer occurrence. We used GIS to build 

the buffers.  

(3) Human disturbance and topographic factors: although roe deer hunting is not 

allowed in the study area, human disturbance factors can influence roe deer distribution 

as they may be considered as analogues to predation risk. To analyze the different levels 

of disturbance relative to each segment, we measured the distance to settlements and 

the distance from the centre of the segment to pavement roads. We also measured the 

distance from the centre of the segment to the closest water body. The altitude of the 

centre of each segment was measured by GPS.   

(4) Landscape structure: here we understand landscape as an area containing a mosaic 

of habitat patches in which a particular target habitat patch is often embedded (Dunning 

et al 1992). Spatial arrangement of vegetation cover types can influence habitat use (Kie 

et al. 2002). Roe deer is influenced by landscape structure and heterogeneous 

landscapes may favour high densities of roe deer in contrast to more uniform ones 

because of high food availability and proximity to cover. The buffers constructed in class 

(2) were used to calculate the indices to characterized landscape structure, e.g. each 

landscape characteristic was calculated based on the two buffers. We used FRAGSTATS, 

in the Patch Analysis extension for ArcView 3.2., to quantify landscape characteristics, 

specifically number of patches (np), edge density (ed), mean shape index (msi) and 

shannon’s diversity index (sdhi). 

 

Data analysis 

 A combination of univariate and multivariate statistical approaches was used. We 

discarded a number of predictors with no significant association with roe deer pellet 

counts in order to avoid multicollinearity (Graham 2003) by computing pairwise Pearson 

correlations among all predictors themselves and each predictor and roe deer pellet 

groups. One of any pair of predictors with an r >0.5 was eliminated using as criterion the 

elimination of those predictors with low r against roe deer abundance. The predictors 

obtained from the previous step were then related to the response variable (roe deer 
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pellet counts) in a multiple regression-like approach, using generalized linear mixed 

models (GLMM), with a Poisson distribution error and log-link function. Transects were 

included in the model as random factors, to control the lack of independence of 

segments within them, arising from the spatially nested data structure. We evaluated the 

parsimony relative to predictive efficiency of all possible candidate models using Akaike’s 

Information Criterion (AIC), and we selected the best-fit model as that with the minimum 

AIC (Burnham and Anderson, 2002). AIC value is considered to be the most parsimonious 

model, i.e. the best compromise between explaining most of the variation and 

simultaneously using as few parameters as possible. We used a backward stepwise 

procedure for model simplification and selected the model with the lowest AIC values. 

Models with !AIC scores lower than 2 from the most parsimonious model were included as 

alternative models. GLMM models were fitted using GLIMMIX macro-implement in the SAS 

System for Windows 9.2 (SAS Institute, 2002). Pearson’s correlation was assessed using the 

CORR procedure of the SAS System.  
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Table 1. Variables used to model roe deer (Capreolus capreolus) distribution, at patch and 
landscape scales, in Trás-os-Montes region, northeastern Portugal (October 2007 – August 
2009).   

 

Variables/Codes   Description 

HABITAT STRUCTURE   Micro-habitat 

TREECOV     Tree cover (%) (height > 2m) 
SHRCOV     Shrub cover (%) (height 50-200cm ) 
GRNCOV    Ground cover (%) (height < 50 cm) 
AGRICOV     Agricultural field cover (%) 
MEADCOV    Meadow cover (%) 
PINCOV    Pinus sylvestris and Pinus pinaster cover (%)  
PYRCOV    Quercus pyrenaica cover (%)  
DECCOV     Deciduous cover (%) 
ILEXCOV    Quercus rotundifolia cover (%) 
SATCOV    Castanea sativa cover (%) 
CISTCOV    Cistaceae cover (%)  
ERICOV    Ericaceae cover (%) 
THORNCOV   Thorny shrubs (Rosa, Rubus, Crataegus, Prunus) cover (%)  
LEGCOV    Leguminosae (Pterospartum tridentatum, Cytisus sp.) cover  
     (%)  
PTERICOV    Pteridium aquilinum cover (%)  
POACOV    Poaceae cover (%)  
HALCOV    Halimium alyssoides cover (%) 
CANCOV    Measure of mean overstory density (%) 
VISINDEX    Measure of lateral visibility (m) 
 
HABITAT STRUCTURE  Macro-habitat 

PROP_1    Proportion of all habitats inside a 1.26Km radius-home  
     range(%)  
PROP_2    Proportion of all habitats inside a 12.6Km radius-pop range  
     (%) 
 
HUMAN DISTURBANCE AND TOPOGRAPHIC FACTORS    

DIST_RIV    Distance to the nearest river (m) 
DIST_ROAD    Distance to the nearest asphalted road (m) 
DIST_POP    Distance to population nuclei (m) 
ALT     Altitude (m) 
 
LANDSCAPE STRUCTURE 

NP    Number of patches. Total number of patches in the home  
    range; 
ED       Edge density. Sum of length of all edge segments divided by 

total area. All edge segments are defined;  
MSI Mean shape index. Shape complexity. Equals 1 when all 

patches are irregular (polygons) or square (grids); 
SHDI Shannon’s Diversity Index. Measure of diversity in community 

ecology, applied at landscape level. 
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Results 

 While surveying for roe deer over two separate years, the variables that could 

affect roe deer distribution, recorded either on the field or GIS derived, showed several 

differences between transects. Roe deer faecal pellet groups were found in 80% of the 

plots (the transect with the lowest percentage of positive roe deer pellet groups showed 

60% while the transect with the highest percentage showed 85%). 

Of the initial set of 33 environmental factors that could explain roe deer 

distribution, the following factors were dropped from analysis in step 1 owing to 

excessive pairwise correlations: macro-habitat (PROP_1, PROP_2), micro-habitat 

(TREECOV, GRNCOV, MEADCOV, PINCOV, PYRCOV, DECCOV, ILEXCOV, SATCOV, 

CISTCOV, PTERICOV, POACOV, CANCOV, VISINDEX), human disturbance (DIST_POP), 

and landscape structure (NP _2, SHDI_2). Before performing the multivariate analysis, 

the mean values of a total of 16 variables were related to the response variable by 

univariate tests (Table 2). The univariate tests revealed that at a micro-habitat scale, roe 

deer preferred areas with high shrub cover as well as high cover of thorny bushes, and 

avoiding areas with high cover of the species Halimium alyssoides. At a landscape 

scale, pellet density was negatively correlated with distance to roads and with mean 

shape index, generally avoiding spatial heterogeneity. GLMM in step 2 selected five 

factors, with no significant interactions (DIST_ROAD; SHRCOV; MSI_2; HALCOV; 

THORNCOV) with the variable ROE DEER ABUNDANCE. These variables were integrated 

in a final model. 
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Table 2. Variables used in the first-step GLM testing the factors affecting roe deer 
(Capreolus capreolus) distribution and the levels of significance at the Pearson 
correlations of the statistical analysis.  

Variables                 P-value 

SHRCOV                <0.001 
ERICOV     0.115 
THORNCOV     0.097 
LEGCOV     0.420   
HALCOV     0.065 
AGRICOV     0.646 
DIST_RIV     0.322 
DIST_ROAD     0.034 
TOT_ROAD     0.397 
ALT      0.303 
NP_1      0.147   
ED_1      0.139 
MSI_1      0.101 
SHDI_1      0.439 
ED_2      0.281 
MSI_2      0.007 

 

Of the initial set of 33 variables, the final model retained only 3 variables: DIST_ROAD; 

SHRCOV; MSI_2 (Table 3). The form of the relationships between roe deer distribution and 

the environmental factors varied with spatial scale and the final model incorporated both 

local scale and landscape scale factors. Our results show that across the north of Portugal, 

human disturbance sources affect roe deer distribution: the distance to roads were 

positively correlated to this species distribution (GLMz estimate parameter: 0.00025, F = 

3.39, P = 0.066), where roe deer occupied areas further away from roads. At a local scale 

roe deer preferred areas with high cover of shrubs (GLMz estimate parameter: 0.49, F = 

6.54, P < 0.05) (Table 4). It was negatively related to the increase of spatial heterogeneity, 

where patches more irregular in shape were avoided: mean shape index (GLMz estimate 

parameter: -4.85, F = 9.27, P < 0.05).  
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Table 3. Candidate models of roe deer (Capreolus capreolus) occurrence in northeast of 
Portugal, Trás-os-Montes, with the number of parameters used (k), the Akaike Information 
Criterion (AIC) and the difference between each selected model. 

 

Candidate models           k AIC   !AIC 

DIST_ROAD + SHRCOV + MSI_2            3 2464.4        0 

DIST_ROAD + SHRCOV + MSI_2 + THORNCOV             4 2469.3        4.9 

DIST_ROAD + SHRCOV + MSI_2 + THORNCOV + HALCOV       5 2478.5      14.1 

Models were ordered from the lowest (best model) to the highest AIC value. 

 

!

Table 4. Generalized linear mixed final model explaining roe deer (Capreolus capreolus) 
distribution in northeast of Portugal, Trás-os-Montes, using the best model (AIC) with the 
levels of significance. 

 

Roe deer   Estimator   Significance   

MSI_2    - 4.8483    0.0024   

DIST_ROAD     0.0002    0.0661 

SHRCOV     0.4890            < 0.0001 

 

Discussion 

 To our knowledge, this is the first study analyzing roe deer distribution with respect 

to habitat structure (micro and macro-habitat), landscape characteristics, and human 

disturbance factors, at different spatial scales, in Portugal, a Mediterranean landscape, 

where roe deer occupy the limits of their ecological envelope, where densities are low 

and it is one of the main prey species of the endangered Iberian wolf. 

 Our results strongly suggest that, in our study area, roe deer distribution is positively 

associated to the presence of shrubs, and distance to roads and negatively associated to 

mean shape index, a measure of spatial heterogeneity. Based on our results, shrub density 

significantly affected roe deer distribution and this factor had a strong effect (p<0.0001). It 

is noteworthy that the shrub layer was classified as ranging from 0.5 – 2m height, meaning 



! 71 

that a standing roe deer could be completely hidden. Accordingly, shrubs play an 

important role providing vertical and lateral cover (Massé and Côté 2009). We hypothesize 

that predation risk influenced roe deer habitat use, which is then tightly linked to the use of 

the shrub layer as it could minimize the risk of predation, and roe deer perceived it as a 

more secure habitat. These results contrast with other studies (Virgós and Tellería 1998; 

Acevedo et al. 2005), potentially reflecting regional differences in predation risk or 

disturbance, or in the way roe deer balance the various trade-offs that they face. Similar 

patterns were recorded in the Bia!owie"a forest, Poland, where roe deer actively avoided 

areas selected by wolves (Theuerkauf et al. 2008). Wolf reintroduction in Yellowstone 

National Park induced changes in the habitat use of its prey, elk and bison, with prey 

increasing their vigilance levels (Wolff and Van Horn 2003) and increasing their use of more 

forested areas (poor forage but more secure habitats) than the previous preferred open 

meadows (rich forage and risky habitats) (Creel et al. 2005; Fortin et al. 2005). Additionally, 

in a diet study conducted in our study area, the preferred items consumed by roe deer 

were heather and Pterospartum tridentatum, both located in the shrub layer (Faria 1999), 

indicating that roe deer were not facing any trade-off between cover and forage in our 

study area. This will also make it hard to design studies to explore the exact mechanisms 

behind the observed patterns of habitat selection. Due to their small size, roe deer are 

more dependent on the quality than the quantity of resources (Demment and Van Soest 

1985). Hence, resources heterogeneity can play a role at a very fine scale. Perhaps the 

importance of both plant diversity and density can be explained as a reflection of the 

need for greater variety of plants in order to increase foraging efficiency and thereby 

balance the nutritional requirements. The positive preference of roe deer for patches rich 

in shrubs is probably linked to the quality of the site, since there is a greater opportunity to 

select better food among a greater number of plant species. This preference has already 

been demonstrated (Hemami et al. 2004). In our area, roe deer also avoided areas 

associated with human disturbance. We found that study segments with roe deer 

presence were situated at greater distances from roads. These results are consistent with 

previous findings on established populations in different countries of other deer species 

(e.g. Rowland et al. 2000, Jiang et al. 2006; Jiang et al. 2009). Kjostvedt et al. (1998) and 

Hewison et al. (2001) found that roe deer were less abundant in areas associated with 

human activity and areas close to human habitation. However, we did not detect any 

effect of human settlements on roe deer distribution, which may be due to the low human 

population density found in our study area (9.5 inhabitants km2) or to differences in the 

way that roe deer perceive the disturbance from villages vs. roads. 
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It has been suggested that the organization of forest elements within the 

landscape may affect roe deer distribution (Hemami et al. 2004). Herbivores often favour 

habitat heterogeneity (Kie et al. 2002), as it increases the amount of edges between 

plant communities and hence increases resources. Saïd and Servanty (2005) 

demonstrated that roe deer home-range size in the Chizé forest, France, was influenced 

by landscape structure, namely edge density. Landscape structure has also been shown 

to influence roe deer colonisation process in the Iberian Mountains (Acevedo et al. 

2005). However, our results do not show that the presence of roe deer is correlated with 

landscape diversity as in other studies (Gill et al. 1996; Putman 1996). The lack of an 

effect of edge density in our results was not expected since previous studies reported a 

positive correlation with edge density (Saïd and Servanty 2005). However, Kremsater and 

Bunnell (1992) argued that when there is a fine-grained mosaic of forage and cover, as 

in our study area, deer response to edge is minimal. In contrast, where forage and cover 

occur in clearly distinct habitats, response to edges should be more clearly pronounced. 

We hypothesized that the former scenario is applicable to our study area, since the shrub 

layer has a double function, simultaneously providing both forage and cover to roe deer. 

Our results show that roe deer occurrence is negatively correlated with mean shape 

index (MSI), meaning that this species is somehow avoiding spatial heterogeneity. This is, 

somewhat, puzzling. However, MSI needs careful interpretation as its meaning can switch 

from an index of complexity to an index of compactness. Some factors can decrease 

landscape complexity such as landscape elements in agricultural landscapes 

(rectangles with straight and distinct boundaries) and decrease of natural or semi-natural 

areas (Mander et al. 1999). Further research is needed on how roe deer is affected by 

landscape structure, especially when recent studies have demonstrated that landscape 

characteristics can interact with anti-predator tactics to determine predation risk (Kunkel 

and Pletscher, 2000; Hebblewhite et al. 2005; Heithaus et al. 2009). 

 Although the use of pellet group counts as an indicator of habitat use has been 

criticized (Collins and Urness 1981), when it is compared with other methods, such as radio-

telemetric, to infer habitat use patterns of roe deer, it has been found that the results are 

similar (Guillet et al. 1995) and other authors (Loft and Kie, 1988; Edge and Marcum, 1989) 

have found that pellet group counts accurately indicates which habitat receive the 

greatest and least amount of use. Large scale telemetry was impossible in our study area 

at this time due to a range of logistical constraints, so we regard this pellet based study as 

an initial effort to begin to explore the issues affecting cervids in this habitat. We are aware 

that satellite-telemetry collars would have provide more sophisticated analyses of habitat 

use on temporal and spatial scales in relation to human activity and infrastructure. 
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However, it was impossible in this study.  

 In conclusion, our results indicate that roe deer are influenced by a range of 

factors operating at different scales. Efforts to foster their conservation should include a 

focus on providing large patches of internally heterogeneous shrublands, and taking 

care to avoid road expansion. However, these results must be interpreted as providing a 

first preliminary assessment of roe deer habitat / landscape relationships, and there is a 

need to a follow-up with studies that allow for finer scale analyses, and that allow an 

exploration of the mechanisms behind the observed patterns. Future studies, could 

attempt use fine-scaled movement data (e.g. from GPS collars) combined with finer-

scaled map data (that was not available) to identify in detail the response to variation in 

habitat structure and the critical limits at which selection and avoidance occur. 
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4. MANUSCRIPT II 
Factors affecting sympatric red and roe deer in a Mediterranean landscape 

 

 

 

 

 

 

  uch recent research has focused on understanding the environmental  

  factors that limit the distribution and abundance of species. However, far  

  from all models consider the effects of interspecific competition on species’ 

distributions. In Portugal, roe deer (Capreolus capreolus) population numbers have 

remained stable at generally low densities despite the lack of a legal harvest. This differs 

from the rest of Europe where roe deer populations have expanded dramatically in recent 

decades. In this study, we explore the contribution of both environmental factors and the 

presence of another ungulate species on the distribution of two sympatric deer species: 

roe deer and red deer (Cervus elaphus). To assess the importance of both biotic and 

abiotic factors, we constructed models for each species incorporating environmental 

predictors and an index of abundance of the other species. The percentage of Erica sp. 

and thorny cover had a positive effect on roe deer occurrence while proximity to 

agricultural fields and the presence of red deer had a negative effect. In contrast, the 

percentage of shrub cover, landscape heterogeneity and the presence of roe deer all 

positively affected red deer occurrence. Our results suggest that interspecific competition 

between these species might occur with asymmetric effects. This study proposes the 

importance of studying the influence of competition on herbivore assemblies and how it 

shapes species’ distribution and abundance.  

 

 

 

 

Keywords: Capreolus capreolus, Cervus elaphus, Portugal, estimated competition 

coefficient, interspecific competition, pellet group counts, Portugal 
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Introduction 

 Understanding the spatial and temporal distribution of organisms is a central topic 

in ecology (Buskirk 2005). Many studies have developed models to identify key 

environmental factors that influence species distribution (Hortal et al. 2006). However, 

many of these models fail to integrate biotic relationships, in particular interspecific 

competition, that may affect the observed patterns (Ritchie et al. 2009). Many studies 

have showed that the potential for competition may be very high among sympatric 

species of ungulates and it often results in some type of behavioural (e.g. specialized 

dietary adaptations) and spatial segregation (e.g. Prins et al., 2006) and should be 

included in attempts to understand the factors determining species’ distributions.  

 Red deer (Cervus elaphus) and roe deer (Capreolus capreolus) are the most 

numerous and widespread deer species in Europe with overlapping distribution ranges in a 

wide variety of ecosystems (Apollonio et al. 2010). Despite some studies of interspecific 

interactions between both species, the nature of competition between them remains 

uncertain. Latham et al. (1997) have analysed the variation in roe and red deer densities 

across many Scottish forests and showed a negative effect of red deer density on that of 

roe deer, whereas the reverse was not observed (Latham et al. 1999). Conversely, 

Borkowski and Ukalska (2008) found that red and roe deer pellet group densities were not 

negatively correlated, suggesting that interspecific competition was not an important 

factor in their study. Danilkin (1996) reported that red deer, sika deer (Cervus nippon) and 

fallow deer (Dama dama) may displace roe deer from feeding grounds, suggesting that 

the roe deer is particularly vulnerable to competitive displacement by other, larger, deer 

species’ (Latham et al., 1999). Furthermore, Ferretti et al. (2008) showed active behavioural 

interference between fallow and roe deer, with the former able to displace and exclude 

the latter from feeding grounds, also through direct aggression, and Richard et al. (2010) 

showed that the density of red deer had a negative effect on the body mass of roe deer 

fawns. However, most of these studies have been conducted in the temperate and 

continental parts of central and western Europe where densities are high and these 

species inhabit the core area of their distribution (Putman 1996). Rather few studies have 

focused on Mediterranean ecosystems (San José et al. 1997), which appear to be 

suboptimal habitats for these species (Telléria and Virgós 1997). Conditions in different 

parts of the range of a species may lead to geographical variation in habitat use, 

depending on its ability to adjust to environmental changes. The novelty of this study is that 

in Portugal, roe and red deer are at the extreme edge of their distribution ranges (Mitchell-

Jones et al. 1999) and it has been shown that such populations can have a higher 

susceptibility to any stress, including interspecific competition (Hoffman and Blows 1994).  



! 83 

 In the Trás-os-Montes region, northeastern Portugal, red deer and roe deer occur 

sympatrically with a high degree of space niche overlap (Vingada 1991). Several 

hypotheses can try to explore possible interactions between both species, e.g. the 

increase of red deer densities in the area (Santos 2009) can represent a negative pressure 

on roe deer densities, which remain far below those found in central and northern Europe 

(Vindada et al. 2010). Interspecific competition occurs most frequently among species 

that have high overlap in diet and usually has asymmetric effects, with larger species 

being competitively superior (Brown and Maurer 1986).  

Red and roe deer are excellent model species to study interspecific competition, 

because they occur in a diverse array of habitats (Borkowski and Ukalska 2008), exhibit 

considerable morphological variation (Hofmann 1989), have extensive distributions 

(Clutton-Brock et al. 1982; Andersen et al. 1998) and shape ecosystems through the effects 

of their herbivory (Latham et al. 1999). All these factors provide an opportunity to increase 

knowledge on habitat use and potential interspecific interactions between these two 

species on shared range. 

 Our aims were to construct habitat models for both species that explore the biotic 

(including the presence of the potential competitor as predictor) and abiotic factors that 

affect the distribution of roe and red deer on the southwestern edge of their distribution. 

Our prediction, derived from previous studies (Latham et al. 1999), were that roe deer 

habitat use should be negatively affected by red deer presence, whereas the reverse 

should not occur; therefore, the best supported model of roe deer habitat use will include 

red deer presence, reflecting the likelihood of competition between the two species. 

Furthermore, due to the scarcity of data regarding roe and red deer habitat use in a 

Mediterranean ecosystem, especially in Portugal, the objectives of this study were also: i) 

to construct models for both roe and red deer integrating environmental factors and the 

presence/absence of the other species, ii) to determine which habitat variables are 

relevant, at different spatial scales, for roe and red deer distribution on the southwest limit 

of their distribution, and iii) to develop a model of roe and red deer distribution to improve 

future deer management. This information contributes to an understanding of interspecific 

competition among ungulates in a Mediterranean habitat, and should assist in developing 

more appropriate management and conservation strategies for these two deer species. 
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Materials and methods  

Study area 

The study was conducted in Montesinho Natural Park and Serra da Nogueira, Trás-

os-Montes, northeastern Portugal (6º30’- 7º12’ W and 41º43’- 41º59’ N), both sites are part 

of the European Union’s Natura 2000 network (Figure 16). The terrain consists of rolling 

hills with elevations ranging from 438 to 1481 m. The climate is Mediterranean with mean 

monthly temperatures varying between 3 ºC in the coldest month and 21 ºC in the 

warmest month and mean annual precipitation varies between 1000-1600 mm 

(Gonçalves 1980). The vegetation is varied and characterised by oaks Quercus 

pyrenaica and Quercus rotundifolia, Sweet Chestnut Castanea sativa, Scots pine Pinus 

sylvestris, Maritime pine Pinus pinaster. Main understory species are Erica australis, 

Pterospartum tridentatum, Halimium alyssoides, Gum Rockrose Cistus ladanifer and 

Lavandula sampaioana. The study area is crossed by a number of rivers and small 

streams and the associated vegetation is mainly Common Alder Alnus glutinosa, 

Narrow-leafed Ash Fraxinus angustifolia, Black Poplar Populus nigra and Salix salviifolia 

strongly linked to mountain meadows. The area exhibits a mosaic of deciduous and 

coniferous forest, fragmented by small-cultivated fields. In the study area, wolves have 

been present since historical times and densities have been calculated to be 1.6 – 3.1 

wolves/100 Km2 (Moreira et al. 1997). Roe deer are a native species in the north of 

Portugal where populations have always persisted in a few patches in the study area. 

Due to their low abundance, hunting is very restricted, occurring in a few touristic 

hunting grounds only (Vingada et al. 2010). Red deer populations were much reduced 

before the 1970’s, but there has since been an increase resulting from natural dispersal 

process from Spain and re-introductions programs (Vingada et al. 2010). According to 

the official game statistics, about 2000 red deer are harvested annually (considering the 

last three years) in Portugal (Direcção-Geral dos Recursos Florestais), mostly on touristic 

hunting grounds (Vingada et al. 2010). The region has a low human population density 

of 9.5 people per km2, living in small villages. A number of national roads, which provides 

connection between Portugal and Spain, cross the study area.  
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Figure 16. Map of Portugal (left), highlighting where the field survey was done (Trás-os-
Montes region, northeastern Portugal- right). On the right, there is the distribution of the 
sampling plots. 

 

 

Data collection  

 Field work was conducted between October 2007 and August 2009, using pellet 

group counts (Neff 1968). A total of 120 segments (50 m x 2 m) were examined within our 

study area and the plots were visited five times throughout the field survey. These 

segments were distributed along 6 transects, each one consisted of a 1 x 1 x 1 km triangle 

(3 km in total); which is an efficient field design (the start point and end point are at the 

same place). Transects were located with the help of technical staff from the Natural Park 

and were drawn on a 1:10000 map scale, distributed to provide an adequate coverage 

of all the main habitat types in the study area (Mayle et al. 2000). In order to maximize 

spatial coverage and to mitigate sampling dependence, segments were evenly spaced 

along the transect line. Each of these segments was considered a sampling unit. We used 

the number of roe and red deer pellet groups within each segment as our index of 

habitat use in order to focus our study on small scale habitat decisions of the species 

(Borkowski and Ukalska 2008). A pellet group was defined as containing six or more 

individual pellets, and identified as being produced at the same defecation (similar size, 

shape, texture and colour) (Mayle et al. 2000). Pellet groups lying on the boundary of 

segments were alternately counted and ignored (Marques et al. 2001). At each segment, 
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we firstly assessed the presence of roe and red deer by recording the number of pellets 

and then, the habitat variables that potentially could affect their distribution were 

recorded in a 10 m radius circle. Using experienced field staff and maintaining one fixed 

observer throughout the field survey minimized observer bias. Discrimination between 

pellets of both species was possible by differences in size and shape (in cases of doubt, 

pellets were neglected). Pellet group counts is a technique widely applied in studies of 

ungulate habitat use (e.g. Neff 1968; Latham et al. 1996; Telléria and Virgós 1997; 

Acevedo et al. 2005; Borkowski and Ukalska 2008) and provides a valid approach to allow 

an initial coarse scale assessment of habitat associations. Although it has been criticized 

by some authors (Collins and Urness 1981), when it is compared with other methods, such 

as radio-telemetry, to infer habitat use patterns, it has been found that data are similar 

(Guillet et al. 1995) and other authors (Loft and Kie 1988; Edge and Marcum 1989) have 

found that pellet group counts accurately indicate which habitats receive the greatest 

and least amount of use. Moreover, other authors have reported the use of pellet group 

counts in the Iberian Peninsula (e.g. in Portugal for roe deer - Torres et al. 2010; in Spain for 

roe deer - Telléria and Virgós 1997; Virgós and Telléria 1998 and for red deer – San José et 

al. 1997). 

 

Environmental variables  

 Recent studies have emphasized the need to adopt a framework of multiple scales 

(Rotenberry et al. 2006). Therefore, we used ecological descriptors that ranged from 

patch to landscape scales: in the field, we measured micro-habitat variables and we 

used GIS to derive several macro-habitat and landscape variables. Based on the 

literature (Virgós and Tellería 1998) and our own predictions, we measured 34 variables 

that could potentially influence the distribution of both deer species (see Table 5). These 

variables were classified into 4 classes: (1) Micro habitat structure, (2) Macro habitat 

composition; (3) human factors, and (4) landscape structure (see Table 5 for details).  

(1) Micro habitat structure: variables were estimated in the field on 10 m radius plots 

centred on each segment in the field and were used to evaluate abundance of food and 

cover. Food was assessed by visually estimating percentage of tree, shrub and ground 

cover within a five-point classification scheme: 0 (0%), 1 (1-24%), 2 (25-49%), 3 (50-74%) and 

4 (75-100%). Deer find concealment and cover in dense stands. Visual concealment, 

provided by cover, was estimated by measuring horizontal visibility (m). It was estimated 

by placing a cover board, of roe deer size – ~ 80 cm high –, in the centre of the segment. 

Then, in a random direction, the minimum distance required for the board to be 

completely hidden was noted (Mysterud 1996). Canopy cover is also important as 
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protection from adverse weather and thermal extremes and was estimated using 

Lemmon’s densiometer. It was measured against open sky in the north, south, east and 

west, and the average constituted the cover (%).  

(2) Macro habitat composition: variables were obtained from CORINE Land Use/Land 

Cover database, with a spatial resolution (pixel width) of 250 m. The available categories 

were aggregated into five general land cover types: (1) agricultural fields, (2) scrubland, 

(3) meadows, (4) deciduous, and (5) coniferous. The abundance of red and roe deer 

pellet groups was investigated at a “population” spatial scale (buffer with 12.6 km) and a 

“home range” scale (buffer with 1.26 Km). The smallest buffer was calculated based on 

home ranges values for roe deer, found by Carvalho et al. (2008), in Portugal. We used 

ArcMap to build the buffers.  

(3) Human disturbance: roe deer are not hunted in the study area whereas red deer are. 

Still, human disturbance factors can influence deer distributions as they may be 

considered as analogues to predation risk. To analyze the effects of human disturbance, 

distances were measured from the centre of each segment to the nearest border of the 

following features: closest human house and closed paved roads. We also measured the 

distance from the centre of the plot to the closest water body. 

(4) Landscape structure: here we defined landscape as an area containing a mosaic of 

habitat patches in which a particular target habitat patch is often embedded (Dunning 

et al., 1992). Spatial arrangement of vegetation cover types can influence deer habitat 

use (Saïd and Servanty, 2005). Both species are influenced by landscape structure and 

heterogeneous landscapes may favour high densities in contrast to more uniform ones 

because of high food availability and proximity to cover (Patthey 2003; Saïd and Servanty 

2005). The buffers previously constructed were used to calculate indices of landscape 

structure, e.g. each landscape characteristic was calculated based on the two buffers. 

We used FRAGSTATS, in the Patch Analysis extension for ArcView 3.2. (Elkie et al. 1999), to 

quantify landscape characteristics, specifically number of patches (np), edge density 

(ed), mean shape index (msi), shannon’s diversity index (sdi) and shannon’s evenness 

index (sei). 

 

Statistical analyses 

A combination of univariate and multivariate statistical approaches was used. 

Many authors have developed statistical techniques to estimate competition coefficients 

among sympatric species (MacArthur and Levins 1967; Schoener 1974). Fox and Luo 

(1996) proposed a standardization procedure that eliminated effects of census variance 
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on competition coefficients. They developed a revised standardized regression technique 

to estimate competition coefficients. Competition coefficients were estimated following 

the methods established by Fox and Luo (1996) and Ritchie et al. (2009). The abundance 

data of each species was standardized (giving zero mean and variance of one) before 

any regression analysis. We discarded a number of predictors with no significant 

association with deer pellet counts in order to avoid multicollinearity (Graham 2003) by 

computing pairwise Pearson correlations among all predictors themselves and each 

predictor and each deer species pellet groups. Whenever a correlation exceeded 0.5, 

the variable with lower biological meaning was dropped. The predictors which showed 

the lower correlation coefficient with deer abundance were then related with the normal 

standardized abundance data of each species (response variable) in a multiple 

regression-like approach, using a Generalized Linear Mixed Model (GLMM) with a Poisson 

distribution error and log-link function. Transects were introduced in the model as a 

random factor, to deal with the greater degree of dependence of segments within them, 

arising from nested data structures and to avoid pseudoreplication (Hurlbert 1984). The 

competitive coefficients of both deer species were estimated as the standardize 

coefficient estimates for each appropriate variable, based on the standardized 

abundance data. In order to select the best model, we evaluated the parsimony relative 

to predictive efficiency of all possible subsets of uncorrelated candidate variables using 

an information theoretical-approach (Burnham and Anderson, 1998). Such procedure 

compares the suitability of a set of candidate models according to their AIC values. In this 

framework, we generated models and they were ranked according to AIC values, where 

model with the lowest AIC is the best one. We also reported the !AIC value in order to 

compare the difference between each model and the best model. As a rule of thumb, a 

!AIC< 2 suggests substantial evidence for the model (and consequently for the variables 

included), values between 3 and 7 indicate that the model has considerably less support, 

whereas a !AIC> 10 indicates that the model is very unlikely (Burnham and Anderson 

1998). The level of significance was set at 0.05 for all statistical tests. GLMM models were 

fitted using GLIMMIX macro-implement in the SAS System for Windows 9.2. Pearson’s 

correlation was assessed using the CORR procedure of the SAS System.  
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Table 5.Variables used to model roe and red deer distribution, at patch and landscape 
scales, in Trás-os-Montes region, northeastern Portugal (October 2007 – August 2009). 

 

Variables     Description 

 

HABITAT STRUCTURE 

TREECOV     Tree cover (%) (height > 2m) 
SHRCOV     Shrub cover (%) (height 50-200cm ) 
GRNCOV    Ground cover (%) (height < 50 cm) 
AGRICOV     Agricultural field cover (%) 
MEADCOV    Meadow cover (%) 
PINCOV    Pinus sylvestris and Pinus pinaster cover (%)  
OAKCOV    Quercus pyrenaica cover (%)  
DECCOV     Deciduous cover (%) 
ILEXCOV    Quercus rotundifolia cover (%) 
SATCOV    Castanea sativa cover (%) 
CISTCOV    Cistaceae cover (%)  
ERICOV    Ericaceae cover (%) 
THORNCOV   Thorny shrubs (Rosa, Rubus, Crataegus, Prunus) cover (%)  
LEGCOV    Leguminosae (Pterospartum tridentatum, Cytisus sp.) cover  
     (%)  
PTERICOV    Pteridium aquilinum cover (%)  
POACOV    Poaceae cover (%)  
HALCOV    Halimium alyssoides cover (%) 
CANCOV    Measure of mean overstory density (%) 
VISINDEX    Measure of lateral visibility (m) 
 
HUMAN FACTORS     

DIST_RIV    Distance to the nearest river (m) 
DIST_ROAD    Distance to the nearest asphalted road (m) 
DIST_POP    Distance to population nuclei (m) 
BROAD SCALE  

PROP_1    Proportion of all habitats inside a 1.26 Km radius- home range 
     (%) 
PROP_2    Proportion of all habitats inside a 12.6 Km radius – pop. range 
     (%) 
LANDSCAPE STRUCTURE 

NP    Number of patches. Total number of patches in the home  
    range; 
ED          Edge density. Sum of length of all edge segments divided by 
     total area. All edge segments are defined; 
MSI                    Mean shape index. Shape complexity. Equals 1 when all 

 patches are irregular (polygons) or square (grids); 
SDI Shannon’s Diversity Index. Measure of diversity in community 

ecology, applied at landscape level; 
SEI Shannon’s Evenness Index. Is expressed such that an even 

distribution of area among patch types results in maximum 
evenness. As such, evenness is the complement of 
dominance. 
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Results 

!

Red deer 

Of the initial set of 34 environmental factors that could explain red deer 

distribution, the following factors were dropped from the analysis in step 1 owing to 

excessive pairwise correlations: micro-habitat (TREECOV, MEADCOV, PINCOV, PYRCOV, 

DECCOV, ILEXCOV, SATCOV, CISTCOV, THORNCOV, PTERICOV, HALCOV, CANCOV, 

VISINDEX), human disturbance (DIST_ROAD, DIST_POP), and landscape structure (NP_1, 

NP_2, ED_1, ED_2, MSI_1, SDI_1, SEI_1, SEI_2). Before performing the multivariate analysis, 

the mean values of a total of 11 variables were related to the response variable by 

univariate tests (Table 6). Variables selected in step 2 were integrated into a final model. 

Of the initial set of 34 variables, the final model retained only 3 variables: ROE_PRES; 

SHRUBCOV and MSI_2 (table 7, i). The form of the relationships between red deer 

distribution and the environmental factors varied with spatial scale and the final model 

incorporated both local scale and landscape scale factors. At the largest scale, the key 

influence on red deer distribution was spatial heterogeneity, where patches more 

irregular in shape were used more often. At the smallest scale, high shrub cover was an 

important predictor in red deer distribution. Our results show that across the north of 

Portugal, red deer occurrence was positively correlated with areas with high cover of 

shrubs (GLMz estimate parameter: 0.4251, t = 3.67, P = 0.0003), areas where roe deer is 

present (GLMz estimate parameter: 1.1015, t = 3.58, P = 0.0004), and areas where 

patches were more irregular in shape (GLMz estimate parameter: 3.1909, t = 2.64, P = 

0.0084) (Table 8).  

Roe deer 

Of the initial set of 34 environmental factors that could potentially explain roe deer 

distribution, the following factors were dropped from the analysis in step 1 owing to 

excessive pairwise correlations: micro-habitat (TREECOV, MEADCOV, PYRCOV, 

DECCOV, ILEXCOV, SATCOV, PTERICOV, HALCOV, CANCOV, VISINDEX), human 

disturbance (DIST_POP), and landscape structure (NP_1, NP_2, ED_1, ED_2, SDI_1, SDI_2, 

SEI_1, SEI_2). Before performing the multivariate analysis, the mean values of a total of 14 

variables were related to the response variable by univariate tests (Table 6). GLMz in 

step 2 selected ten factors, with no significant interactions (RED_PRES; ERICOV; 

THORNCOV; AGRICOV; LEGCOV; MSI_1; PROP_1; DIST_RIV; POACOV and CISTCOV) with 

the variable ROE DEER PRESENCE. These variables were integrated in a final model. Of 

the initial set of 34 variables, the final model retained only 4 variables: RED_PRES; 
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ERICOV; THORNCOV and AGRICOV (Table 7, ii). The form of the relationships between 

roe deer distribution and the environmental factors varied with spatial scale and the 

final model incorporated both local scale and landscape scale factors. Our results show 

that in our study area, at a local scale, roe deer occurrence was positively correlated 

with areas with high cover of Erica (GLMz estimate parameter: 0.2248, t = 2.04, P = 

0.0417) and thorny shrubs (GLMz estimate parameter: 0.2863, t = 2.96, P = 0.0032) and 

negatively correlated with the cover of agricultural fields (GLMz estimate parameter: -

0.6024, t = - 4.48, P < 0.0001) and with the presence of red deer (GLMz estimate 

parameter: -0.8435, t = -2.50, P = 0.0128) (Table 8).  

 

Estimated Competition Coefficient 

The competitive coefficient of roe deer on red deer was 1.1015 while the 

competition coefficient of red deer on roe deer was -0.8435 (table 9). This difference 

suggests an asymmetry in interspecific competition between these two deer species, 

indicating that red deer did not suffer from a negative effect of roe deer presence, but 

that red deer presence was detrimental to roe deer presence.  
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Table 6. Variables used in the first-step GLM testing the factors affecting roe and red deer 
distribution in northeast of Portugal, Trás-os-Montes, and the levels of significance at the 
Pearson correlations of the statistical analysis.  

 

    Red deer    Roe deer 

Variable   Significance    Significance  

PROP_1   < .0001                < .0001  

PROP_2     0.0015    0.0022   

SHRCOV         < .0001                < .0001  

CISTCOV      n.s.     0.0120   

ERICOV            < .0001     0.0055   

THORNCOV       n.s.     0.0049   

LEGCOV            0.0004    0.0020   

GRNCOV            0.0058    0.0058   

POACOV           0.0015    0.0138   

AGRICOV         < .0001                    < .0001  

DIST_RIV     0.0155    0.0360   

DIST_ROAD     n.s.     0.0169   

MSI_1       n.s.     0.0449   

MSI_2                0.0158    0.0146   

SDI_2                0.0128    n.s. 

n.s. = not significant. 
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Table 7. Candidate models of roe deer (Capreolus capreolus) occurrence in northeast of 
Portugal, Trás-os-Montes, explaining (a) red deer and (b) roe deer distribution, with the 
number of parameters used (k), the Akaike Information Criterion (AIC) and the difference 
between each selected model. 

 

Red deer 

Candidate models          k     AIC          !AIC 

ROE_PRES + SHRUBCOV + MSI_2      3     3918.9    0 

 

 

Roe deer          

Candidate models        k     AIC           !AIC 

RED_PRES + ERICOV + THORNCOV + AGRIC         4     2679.5     0 

 

For explanation of variables see Table 1. Following Burnham and Anderson (2002), only models with 
"AIC < 2 are shown. Models were ordered from the lowest (best model) to the highest AIC value. 

 

!

Table 8. Generalized linear mixed final models explaining red deer and roe deer 
distribution in northeast of Portugal, Trás-os-Montes, using the best model (AIC) with the 
levels of significance. The estimate value for the standardized coefficient of each 
standardized variable included in the model is shown including what is interpreted as the 
competition coefficient for each species. 

 

   Red deer            Roe deer 

   Estimated      Estimated 
   coefficient      coefficient 
  
INTERCEPT           - 2.5902    INTERCEPT  0.0981 

SHRCOV   0.4251    ERICOV  0.2248 

MSI_2   3.1909    THORNCOV  0.2863 

ROE_PRES  1.1015    AGRICOV           - 0.6024 

       RED_PRES           - 0.8435 

!
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Table 9. Relative importance (weighted) of variables predicting roe and red deer 
abundance. The estimate value for the standardized coefficient of each standardized 
variable included in the model is shown, including what is interpreted as the competition 
coefficient for each species. 

 

   Red deer            Roe deer 

   Estimated      Estimated 
   coefficient      coefficient 
   

INTERCEPT  -2.5902    INTERCEPT    0.0981 

SHRCOV  0.4251    ERICOV    0.2248 

MSI_2   3.1909    THORNCOV    0.2863 

ROE_PRES  1.1015    AGRICOV   -0.6024 

       RED_PRES   -0.8435 

 

  

!

Discussion 

Species’ habitat preferences and biotic interactions are tightly linked, shaping 

both species distribution and community dynamics (Ritchie et al. 2009). To our knowledge, 

this is the first study analysing abiotic and biotic factors that affect the distribution of 

sympatric roe and red deer, at different spatial scales, in Portugal, a Mediterranean 

landscape, where both species occupy the limits of their ecological envelope, where 

densities are low and are the main prey species of the endangered Iberian wolf. Several 

parameters affected the occurrence of both roe and red deer, but in somewhat different 

ways at the different scales.  

Competition between large mammals has generally been difficult to measure 

mainly because of the logistic complexity of conducting experiments or manipulating 

populations and also because predation is regarded as playing a major role in limiting 

large herbivore populations (Mishra et al. 2004). The statistical technique that we used in 

this study is a modification of that used by Fox and Luo (1996) and Luo et al. (1998). Ritchie 

et al. (2009) suggested the use of competition coefficients as a good measure in the 

study of competition among herbivore populations. Consistent with predictions, our results 

suggest that the distribution of these sympatric deer is not only shaped by environmental 

variables but also by each other presence. Although the nature of our evidence is only 
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correlative, the strength of the negative association between roe and red deer is 

consistent with asymmetric competition (Ritchie et al., 2009). We observed a negative 

effect of red deer on roe deer distribution suggesting that roe deer are vulnerable to 

competition, which is consistent with previous studies (Danilkin 1996; Latham et al. 1996; 

San José et al. 1997; Richard et al. 2010). Possible mechanisms of this alleged competition 

can be that, and as has been showed in other areas, the diet of the red deer can also 

include plants eaten by roe (dietary overlap) (e.g. Latham et al. 1999), suggesting a 

potential for exploitation competition. On the other hand, roe deer may be intolerant of 

the proximity of bigger species (habitat overlap) (e.g. Ferretti et al. 2008, for roe/fallow 

deer behavioural interactions) and their density appeared to be negatively affected by 

that of other deer species (e.g. by red deer: Latham et al. 1996; by fallow deer: Focardi et 

al. 2006; and muntjac: Hemami et al. 2004). Nevertheless, Melis et al. (2009) demonstrated 

that competition with red deer did not appear to play a limiting role for roe deer 

abundance. Undoubtedly, understanding the factors that modulate the impacts of red 

deer on roe deer is a topic deserving future study. In contrast, our results suggest that red 

deer presence is positively correlated with roe deer presence. However, this might be due 

to the fact that red deer are evenly distributed throughout the area and the presence of 

roe deer does not seem to have any displacement effect on red deer. Our results suggest 

that, in our study area, roe deer occurred more often in patches with higher densities of 

heather and brambles, a pattern already demonstrated by Tellería and Virgós (1997) and 

Virgós and Tellería (1998) in central Spain. Those vegetation types represent the cooler 

and moister habitats in the Mediterranean area, indicating a preference of roe deer for 

moister, and more productive patches. As a concentrate selector, roe deer require high 

quality food therefore this preference was expected and has been found elsewhere 

(Hemami et al. 2004). In our study area, roe deer make less use of agricultural fields. 

Contrastingly, in many parts of central and northern Europe, roe deer are linked with 

human modified landscapes and with the presence of agricultural fields, often utilizing the 

ecotone between forests and agricultural areas (Panzacchi et al. 2009). However, other 

studies also demonstrate the negative impacts of anthropogenic disturbances on roe 

deer, showing their avoidance of areas with high human activity (Hewison et al., 2001). 

This can be the case in our study, but it can also be related to the perceived risk of 

predation, which is then tightly linked to the less use of open areas, such as agricultural 

fields. For example, wolf reintroduction in Yellowstone National Park induced changes in 

the habitat use of its prey, elk and bison, which increased their use of more forested areas 

(poor forage but more secure habitats) than the previous preferred open meadows (rich 

forage and risky habitats) (Creel et al. 2005). 
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 Red deer occurred more often in patches with higher densities of shrub cover, 

areas with higher spatial heterogeneity and areas where roe deer were present. Red deer 

is classified as an intermediate feeder (Hofmann 1989), which adapts to seasonal changes 

in the quantity and quality of available food by feeding alternatively on grasses or on 

shrubs. Therefore, red deer seems to fulfill its nutritional requirements in the shrub layer. 

Additionally, such use can also be regarded as an anti-predator response.  

 Roe deer (the smaller species) seemed to find it easier to satisfy their cover 

requirements than did the larger red deer (Borkowski and Ukalska 2008). The idea of more 

pronounced cover requirements for red deer than for roe deer was supported by the 

selectivity of higher densities of shrub cover. Mysterud and Østbye (1999) showed that roe 

deer used canopy cover as available, and selected for food availability.  

Animals of smaller body size are more selective in their food uptake than larger 

species (Gordon and Illius 1996). Our results come in this direction, since roe deer use more 

patches with richer food resources, which are, in the study area, the preferred food items 

(Faria 1999).  

Despite the difficulty in analysing the interaction between two species with different 

spatial behaviours and life history traits, the results of this study reinforce the need for 

further studies. Our work identifies key biological and environmental factors that affect the 

distribution of these ecologically, economically and culturally significant species, in the 

south-western part of their distribution range. Future research should compare 

competitive coefficients across different points of the distribution range of these species. 

Our findings not only add a new understanding of the influence of interspecific 

competition in roe and red deer in a Mediterranean area, but also have implications for 

the conservation of roe deer, a species in the initial stages of recovery in Portugal. 

Furthermore, roe and red deer are important prey species of the Iberian wolf (Vingada et 

al. 2010) and since this carnivore has recently re-colonized this Mediterranean ecosystem, 

detailed models of ungulate abundance and habitat use are required.  

 Notwithstanding the limitations connected to the methodology, we believe that 

this pellet group-based study provides a preliminary and first attempt to begin to explore 

the issues affecting cervids in this ecosystem. Large scale telemetry was, at this time, 

impossible in our study area due to a range of logistical constraints therefore, future studies 

could use fine-scaled movement data (e.g. from GPS collars) combined with finer-scaled 

map data to identify in detail the response to competition among ungulates. Nevertheless, 

more information is needed to understand the mechanisms of competition that act on 

these two species on a Mediterranean ecosystem. 
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5. MANUSCRIPT III 
Comparative winter habitat use by roe deer and moose in southeast Norway 

 

 

 

 

 

 he negative impact of anthropogenic disturbance and land-use changes 

 on large mammals is generally recognised within conservation biology. In 

 southeastern Norway, both moose (Alces alces) and roe deer (Capreolus 

capreolus) occur throughout human modified landscapes, facilitating an interesting 

comparative study of their habitat use. By using pellet group counts, we looked the 

importance of forest structure, vegetation characteristics and human disturbance (e.g., 

distance to the nearest house, nearest paved road and nearest edge between field and 

forest) in shaping the winter distribution of both species at multiple spatial scales. Moose 

occurred more often in areas with higher densities of heather and Vaccinium sp. in the 

ground layer, and used areas with more open forest structure. The proportion of built-up 

areas, within a 1000 m buffer, negatively influenced moose occurrence. Roe deer 

occurred more often in areas with deciduous trees and patches with juniper and 

Vaccinium sp. in the ground layer, used areas near roads less, but were significantly 

associated with areas near the field - forest ecotone. The proportion of built-up areas 

positively influenced roe deer distribution, within a 2500 m buffer. Roe deer seem to be 

able to persist in more human-dominated landscapes, possibly due to the availability of 

field-forest edges providing both high-quality fodder and cover in close proximity. Moose, 

on the contrary, did not show any preference of areas associated with human 

disturbance or habitat modification, and their distribution was only associated with 

patches providing food.  

 

 

 

 

Keywords: Capreolus capreolus, Alces alces, game management, human activities, pellet 

  group counts 
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Introduction 

 Human mediated disturbance has a profound and ongoing effect on habitats 

around the world (Loreau et al. 2001). Habitats, and consequently animal populations, are 

increasingly fragmented as a consequence of human population increase, urbanisation, 

expansion of transport infrastructure, habitat transformation and agriculture intensification 

(e.g., Prugh et al. 2008). Human activity affects wildlife directly and indirectly, e.g., road 

building will facilitate human access into remote areas, which may therefore lead to direct 

increases in wildlife mortality as a consequence of collisions with vehicles or through 

hunting and an increase in behavioural disturbance (Taylor and Goldingay 2004). 

Furthermore, anthropogenic changes in land-use tend to alter species abundance and 

composition by favouring generalist species at the expenses of specialist ones (Elmhagen 

et al. 2000; Panzacchi et al. 2008). In such a developing world, areas of undisturbed 

wilderness are rapidly decreasing, compelling wild ungulates to integrate into human-

modified environments, which represent novel and often rapidly changing habitats 

(Andersen et al. 1996). To preserve wildlife populations in these situations, we need to 

incorporate information on the effects of human disturbance into natural resource 

management and landscape planning (Licona et al. 2010). 

 During the past 300 years, Scandinavian forests have undergone dramatic 

changes, as industrial forestry has virtually eliminated old forests in the southern boreal 

zone (Niklasson and Granström 2000). These disturbances have often been cited among 

factors responsible for the decrease in abundance of old-growth forest-specialist species 

[woodland caribou (Rangifer tarandus caribou): Vors et al. (2007); grey-sided vole 

(Clethrionomys rufocanus): Ecke et al. (2010)]. Modern large-scale forestry practices 

produce new landscape patterns and change vegetation composition, where some 

species can be favoured and others reduced. In addition, productive areas have been 

cleared for agricultural land. Populations of roe deer (Capreolus capreolus) and moose 

(Alces alces) have increased considerably during the last century and both species are 

now common throughout much of Scandinavia (Persson et al. 2000). The increase of both 

species has been attributed to changes in land use and more targeted hunting 

regulations (Lavsund et al. 2003). Moose are very abundant in the forests of Scandinavia 

(average winter density between 1 and 2 moose/km2: Lavsund et al. 2003), where they 

have benefited from the increase in forage provided by the modern clear-

cut/regeneration system of forestry, although some studies have shown the potential for 

negative impacts of human disturbance (Jiang et al. 2009). Roe deer are well known for 

exhibiting behavioural plasticity (Hewison et al. 2001) and are closely associated with 

human modified landscapes and the presence of agricultural fields in many parts of 
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Europe, often utilizing the ecotone between forests and agricultural areas (McLoughlin et 

al. 2007; Panzacchi et al. 2009). Many studies have demonstrated their tolerance of 

human disturbance (e.g., Cederlund and Kjellander 1991). However, other studies have 

also shown the negative impacts of anthropogenic disturbance on roe deer, showing their 

avoidance of areas with very high human activity (Hewison et al. 2001), and that their 

behavioural response is flight when disturbed (Danilkin and Hewison 1996). In the south of 

Norway, where both species are hunted, they are likely to view human as potential 

predators (Lima and Dill 1990). Both species have a long history of sympatry with humans, 

and studies of impacts of human activity on both moose and roe deer have 

demonstrated both positive and negative effects on population density, behaviour and 

space use (Hewison et al. 2001; Neumann 2009; Panzacchi et al. 2009). Animals can 

perceive their environment over a range of scales that might affect their final selection 

and studies have shown different selective behaviours depending on the spatial scale 

used for analysis (e.g., Kie et al. 2002). Recognising the hierarchical nature of selection is 

therefore essential as failure to consider and select the most appropriate scale, or suite of 

scales, may lead to misinterpretations of biological data (Kie at al. 2002). Hence, the 

contrasting effects of human disturbance reported in literature for moose and roe deer 

might reflect differences in the species’ response to disturbance at different spatial scales.  

 Although moose and roe deer are known to thrive in human-dominated 

landscapes in Scandinavia, the impact of the magnitude and extent of anthropogenic 

disturbances on their habitat use at different scales are not well understood. Such an 

understanding is of particular relevance in countries such as Norway because roe deer 

and moose are recreationally and economically important species for their trophy and 

meat value. In addition, they play an important role in shaping the structure and the 

composition of the forest, for example through their feeding habits (Mysterud and Østbye 

2004; van Beest et al. 2010). Understanding the potential direct and cascading effects of 

predator recovery and further human modification of the landscape will require a solid 

understanding of basic ecological issues, such as the way in which these species are 

distributed in the landscape. Furthermore, because of an ongoing global debate 

concerning the impacts of human land-use changes on wildlife there is a need to quantify 

some of the seemingly trivial “basic knowledge” concerning the tolerance of 

Scandinavian cervids for human disturbance to permit comparative analyses and 

identification of the key features that influence this tolerance. 

 Generally, cervid habitat use is described as being mainly determined by the 

presence of both food and cover (e.g., Tufto et al. 1996). The role of cover is particularly 

important in winter because of its importance in relieving thermal stress (Putman 1996) 
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however, Lowe et al. (2010) did not detect differences in moose habitat use relative to 

thermoregulation thresholds but they did document movement reduction as snow 

accumulation increased. In Norway, winter conditions can have a significant influence on 

the habitat selection of ungulates (Ratikainen et al. 2007; van Beest et al. 2010). To 

understand how moose and roe deer exploit their winter environment, we examined 

winter habitat use by these two herbivores at different spatial scales. We focused on winter 

habitat use, which in northern ecosystems is a period of nutritional and physiological stress 

when resource access decisions are likely to be very important. Our aims were: i) to 

construct habitat models for both moose and roe deer integrating environmental factors 

and ii) to identify habitat variables that are relevant, at different spatial scales, for moose 

and roe deer occurrence in a human-modified landscape in southeastern Norway. Based 

on previous studies (see above) we expect that both species would make less use of areas 

near roads, while they will be differently affected by the landscape composition (e.g. 

proportion of urban areas and proportion of agricultural field). Furthermore, we expected 

that both species would make more use of areas with greater forage and/or cover 

availability.  

 

 

Materials and methods 

 

Study area 

 The study was conducted in southeastern Norway, in the counties of Østfold and 

Akershus (Aurskog-Høland, Enebakk, Høbol, Ski, Askim, Vestby, Spydeberg and Trøgstad 

municipalities), situated between 59˚-60˚N; 11˚-12˚E (Figure 17). The study area is 

dominated by commercially exploited boreal forest, mainly composed of Norwegian 

spruce (Picea abies), Scots pine (Pinus sylvestris), and birch (Betula pubescens), and is 

intensively managed for timber and pulp. Other tree species present are bird cherry 

(Prunus padus), hoary alder (Alnus incana) and linden (Tilia cordata.) The forests are 

harvested by clearcutting, but the average size of the clear cuts is typically in the order 

of a few hectares only. The forests in the study area are fragmented by farmlands, 

especially along valley bottoms. Human population density in the various municipalities 

within the study area, measured on 1 January 2009, varied between 64 people km-2 and 

107 people km-2, that live in a dispersed manner throughout the landscape (Statistics 

Norway 2002, http://www.ssb.no).  
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Figure 17. Localization of the study area in Norway (left) including the counties where the 
field survey was done (Østfold and Arkesus counties- right). On the right, there is the 
distribution of moose and roe deer survey locations in the southeast of Norway. 

 

Sampling survey 

 The data were collected along 21 transects. The transects were placed throughout 

the study area in a stratified (by altitude) manner. Each transect consisted of a 1 x 1x 1 km 

triangle, which is an efficient field design (the start point and end point are on the same 

place) (Lindén et al. 1996). Following Wahlström and Liberg (1995), at each 100-m interval 

we delimited a circular 10-m2 plot to record the number of pellet groups of each species. 

Plots were cleaned after inspection, overcoming the need for any assumption regarding 
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faecal persistence period (decay rate) (Aulak and Babinska-Werka 1990). Throughout the 

entire field period, each plot was visited five times: spring (April-May) 2007, 2008 and 2009, 

and autumn (September) 2007 and 2008. With this, we avoided the period when 

vegetation was too high in summer and the ground being covered by snow in winter. Plots 

were cleaned in autumn, before the spring season, and analysis only included data 

collected in spring (with the accumulated pellets reflecting winter habitat use). The GPS 

(Global Position System) location of each plot was recorded on the first visit, allowing the 

precise re-location of plots on posterior visits. Furthermore, a small coloured marker was 

placed on the centre of the plot and the nearest tree was marked to help the plot 

recognition. A pellet group was defined as containing six or more individual pellets 

following Mayle et al. (2000) and identified as being produced at the same defecation 

event (similar size, shape, texture and colour). Discrimination between pellets of both 

species was possible because they clearly differ in size. A total of 598 plots per season 

were examined within our study area. Plots that felt on lakes and agricultural fields were 

avoided by field workers and were not included in the analysis. In total, 32 plots were 

rejected (5% of the total plots). Although fields are likely to be used by both species, 

especially roe deer, it was not possible to sample fields in spring. In some cases this was 

because of the risk of damaging the crops, while in many cases it was because the fields 

were freshly ploughed in spring, which would remove all accumulated pellets. There was 

therefore no pratical, or unbiased, way to assess the relative use of fields. At each plot, we 

firstly assessed the presence of moose and roe deer by recording the number of pellets, 

and then recorded habitat variables within the plot. Pellet groups lying on the boundary of 

plots were alternately counted and ignored (Mayle et al. 2000).  Pellet group counts is a 

technique widely applied in studies of ungulate habitat use (e.g. Neff 1968; Borkowski and 

Ukalska 2008). Although it has been criticized by some authors (Collins and Urness 1981), 

when it is compared with other methods to infer habitat use patterns (such as radio-

telemetry), it has been found that the results are similar (Guillet et al. 1995). Furthermore, 

other authors (Loft and Kie 1988; Edge and Marcum 1989) have found that pellet group 

counts accurately indicate which habitat receive the greatest and least amount of use. 

 

Habitat data 

 For each sampling plot, a series of local scale and broad scale variables were 

quantified. Local-scale variables were collected within each 10 m2 plot, whereas broad 

scale variables (i.e. within a radius of 1000 m and of 2500 m from the centre of the plot) 

were derived from 1:50 000 digital maps using geographic information system (GIS: ArcGIS 

9 ESRI Inc, Redlands, California, USA). Digital land use data were provided by the official 
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Norwegian Mapping Authority (Statens Kartverk). These maps are vector-based and 

contain information on forest, agricultural land, water, roads, paths, human settlements, 

single houses and built-up areas. Variables (see Table 10) were selected based on the 

literature and the authors’ predictions. Habitat structure was assessed by vegetation cover 

for each of the three vertical strata: tree cover (>2 m), shrub cover (0.5- 2 m) and ground 

cover (<0.5 m) and by means of visual estimations these vertical strata were assigned to 

one of four classes: no cover; sparse, medium and dense. Cover of common juniper 

Juniperus communis, rowan Sorbus aucuparia, moss, grass/forbs, common heather 

Calluna vulgaris and Vaccinium sp. were estimated visually using a five point scale: 0: 0%; 

1: 1 - 25%; 2: 26 - 50%; 3: 51 - 75% and 4: >75%. These food items have already been 

demonstrated to be part of roe deer and moose diet (Cederlund and Nyström 1981; 

Sæther and Heim 1993; Sand et al. 1995; Mysterud et al. 1997). In Scandinavia, the winter 

diet of moose is typically composed of twigs of Scots pine and various deciduous tree 

species (van Beest et al. 2010). Percentages of these browse species were not collected, 

as moose data was included in our analysis of habitat use as an had hoc procedure. 

Forest age class was estimated based on cutting ages, following the standard used by the 

National Forestry Inventory in Norway (Landskogstakseringen 1971). Five categories of 

stands were identified: clear cuts (class I), young plantations (class II), pole sized stands 

(class III), medium-aged stands (class IV) and older mature stands (class V). To analyze the 

effects of human disturbance, distances were measured from the centre of each plot to 

the nearest border of the following features: nearest human house, nearest paved roads 

and nearest edge between a forest and a field. Roads included in the study area consist 

of Highways, National roads and local roads, with daily high traffic density. Roe deer and 

moose find concealment in dense stands. Therefore, visual obstruction provided by 

vegetation is essential for hiding cover. Visual protection, provided by cover, was 

estimated by measuring lateral visibility (m). An index of horizontal visibility (m) was 

estimated by placing a cover board, 80 cm high, in the centre of the plot. Then, in a 

random direction, the minimum distance required for the board to be completely hidden 

was noted (Mysterud 1996). Cover is also important as protection from adverse weather: 

dense canopy stands provide shelter against adverse weather conditions. Canopy cover 

was estimated using Lemmon’s densiometer (Mysterud and Østbye 1999). Holding the 

densiometer horizontally, measures were taken in all directions (north, south, east and 

west) at each plot, then the values were averaged to obtain a percentage canopy cover 

value for each sampling unit. Using ArcMap, circular buffers, with radii of 1000 m and 2500 

m, were created and several broad scale variables were calculated. For each buffer the 

proportion of fields and urban (built-up) areas, with respect to forest, were calculated as 
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(field area ⁄ [forest + field + urban] areas) and (urban area ⁄ [forest + field+ urban] areas). 

The three land cover classes summed up to 1. Urban areas included houses, buildings and 

industrial areas. 

 

Table 10. Description of the variables used to model roe deer and moose distribution, in 
Østfold and Arkesus counties, southeastern Norway (2007 – 2009).   

  

Abbreviation     Variable description 

 

Patch-scale variables (in 10 m2 radius circle) 

 

Tree layer (height >200 cm) 
TREECOV    tree cover: 0%; 1-25%; 26-50%; 51-75%; >75%.  
TREECOMP    mixed (pine and spruce), pine, spruce, open, 
deciduous  
STANDAGE    class I, class II, class III, class IV and class V   
     (according to Landskogstakseringen 1971) 
 
Shrub layer (height 50-200cm) 
SHRUBCOV    shrub cover: no cover, sparse, medium-density, 
dense  
CONCOV    % conifer (spruce and pine) 
DECCOV    % deciduous 
JUNCOV    % Juniperus communis 

ROMCOV    % Sorbus aucuparia 

 

Ground layer (height < 50 cm) 
GROUNDCOV    shrub cover: no cover, sparse, medium-density, 
dense  
MOSSCOV     % moss cover 
GRAMCOV     % grass/forbs cover 
CALCOV      % Calluna vulgaris cover 
BERCOV     % Vaccinium sp. cover 
VISINDEX    Measure of lateral visibility (m) 
 
Human disturbance variables 
DROAD    distance (m) to the closest road 
DHOUSE     distance (m) to the closest settlement 
DEDGE      distance (m) to the closest edge field/forests 
 
Broad-scale variables (in 1 km and 2.5 km radius circle) 

 
PURBAN_1      proportion of urban area inside a 1 km radius  
PURBAN_2     proportion of urban area inside a 2.5 km radius  
PFIELD_1     proportion of agricultural fields inside a 1 km radius  
PFIELD_2     proportion of agricultural fields inside a 2.5 km radius 
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Statistical analyses 

 Habitat use by moose and by roe deer was quantified through species-specific 

Generalized Linear Mixed Model (GLMM: Faraway 2006) procedures. Continuous variables 

were square root transformed in order to mitigate the effects of extreme values (Rossiter et 

al. 2001). Before any regression analysis, all continuous variables were standardized (giving 

zero mean and variance of one), to avoid the effect of different measurement scales and 

to facilitate direct comparison. We checked for multicolinearity by computing pairwise 

Pearson correlation tests. Whenever a correlation exceeded 0.6 (Acevedo et al. 2005), the 

variable with lower biological meaning was dropped. To avoid artificially increasing the 

explanatory power in our analysis through the inclusion of redundant variables, we first 

construct three sub-models using TREECOV, TREECOMP, STANDAGE, SHRUBCOV, 

GROUNDCOV and VISINDEX variables (habitat structure model), CONCOV, DECCOV, 

JUNCOV, ROMCOV, MOSSCOV, GRAMCOV, CALCOV, BERCOV variables (vegetation 

model) and DROAD, DHOUSE, DDGE, PURBAN_1, PURBAN_2, PFIELD_1, PFIELD_2 variables 

(landscape model). Thus, we used logistic regressions from the general linear model (GLM) 

framework to identify minimal subsets of factors that best explain moose and roe deer 

presence–absence. Therefore, for each species, we used the stepAIC function in R (library 

MASS; Venables and Ripley 1999), to identify sub-groups of variables, in order to reduce 

multicollinearity. StepAIC performs stepwise variable selection that adds or removes 

predictors to produce a model that minimizes Akaike's Information Criterion (AIC). Finally, 

we constructed a global model with the variables that explained a significant (p < 0.05) 

amount of variance of moose and roe deer data. Following Hosmer and Lemshow (1989), 

the model (both the sub-models and global models) was a binary response analysis using 

binomial error and the logit link function. The response variable was the presence or 

absence of moose or roe deer. Transect identity was included as a random factor, to 

control for the lack of independence of segments within them and to avoid 

pseudoreplication arising from repeated sampling of the same transect (Hurlbert 1984). 

The models were fitted using the lmer function in lme4 library (Bates and Sarkar 2006) in R 

(version 2.8.1; R Development Core Team 2006). To construct the global model, we used a 

backward stepwise procedure for model simplification. In order to select the best model, 

we evaluated the parsimony relative to predictive efficiency of all possible subsets of 

uncorrelated candidate variables using an information theoretical-approach (Burnham 

and Anderson 1998). Such procedure compares the suitability of a set of candidate 

models according to their AIC (Akaike Information Criterion) values. In this framework, we 

generated models and they were ranked according to AIC values, where model with the 

lowest AIC is the best one. We also reported the !AIC value in order to compare the 
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difference between each model and the best model. As a rule of thumb, a !AIC< 2 

suggests substantial evidence for the model (and consequently for the variables 

included), values between 3 and 7 indicate that the model has considerably less support, 

whereas a !AIC> 10 indicates that the model is very unlikely (Burnham and Anderson 

1998). The level of significance was set at 0.05 for all statistical tests.  

 

Results 

Moose 

 Moose were relatively well distributed across the study area. Indeed, moose pellet 

groups were found in 241 of the 598 plots (40.3%). The stepAIC function retained the 

following variables: TREECOMP, TREECOV (habitat structure model), CALCOV, BERCOV 

(vegetation model), PFIELD_2, PURBAN_1 (landscape model).  

 According to the AIC values, the best model for moose occurrence included as 

predictors tree cover, Calluna vulgaris cover, Vaccinium sp. cover and the proportion of 

urban areas within a 1000m buffer (ii, Table 11). Moose occurrence was positively 

associated with Calluna vulgaris cover and Vaccinium sp. cover, whereas it was 

negatively associated with tree cover and the proportion of urban areas within a 1000 m 

buffer (Table 12). The variables included in the models with !AIC< 2 (iii, Table 11), support 

the key role of these variables in different alternative models. The role played by the 

proportion of agricultural fields within a 2500 m buffer to explain moose occurrence was 

relatively less supported (GLMz estimate parameter: -0.020, z-value = -0.156, P = 0.876) 

although, according Burnham and Anderson (1998), it was included among the models 

worthy of consideration (!AIC < 2). 
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Table 11. Number of model parameters (k), the Akaike information criterion (AIC) and the 
difference between the AIC of each selected model (!AIC) for the alternative models 
describing moose occurrence in Østfold and Arkesus counties, southeastern Norway (2007 
– 2009).  

 

Models         k AIC !AIC 

Full model    

i) TREECOMP + TREECOV + CALCOV + BERCOV + PFIELD_2   6 756.8    8.9 
+ PURBAN_1   
  

  

Alternative models 

ii) TREECOV+CALCOV+BERCOV+PURBAN_1    3 747.9     0 

iii) TREECOV+CALCOV+BERCOV+PURBAN_1+PFIELD_2  4 749.9       2 

 

 

Table 12. Generalized linear mixed final model for winter moose occurrence, in Østfold 
and Arkesus counties, southeastern Norway (2007 – 2009), with binomial error distribution 
and log link function, using the most parsimonious model and its levels of significance. 

  

   Estimate ± SE  z - value     P - value            

 Moose 

Intercept   -0.545 ± 0.206  -2.645   < 0.008  

TREECOV   -0.815 ± 0.356   2.292          0.020 

CALCOV    0.403 ± 0.098   4.100    < 0.001  

BERCOV    0.368 ± 0.099   3.691    < 0.001  

PURBAN_1   -0.487 ± 0.187  -2.600      0.009 

For explanation of variables see Table 10.  
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Roe deer 

 Roe deer showed a more restricted distribution and pellet groups were only 

observed in 125 of 598 plots (20.9%). The stepAIC function retained the following variables: 

DECCOV, JUNCOV, ROMCOV, CALCOV, BERCOV (vegetation model), DROAD, DEDGE, 

PURBAN_2 (landscape model).  

 According to the AIC values, the best model for roe deer occurrence included as 

predictors deciduous cover, juniper cover, Vaccinium sp. cover, distance to roads, 

distance to edge and the proportion of urban areas within a 2500m buffer (ii, Table 13). 

Roe deer occurrence was positively associated with deciduous cover, juniper cover, 

Vaccinium sp. cover, distance to roads and the proportion of urban areas within a 2500m 

buffer, whereas it was negatively associated with the distance to forest-field edges (Table 

14). The variables included in the models with !AIC< 2 (iii and iv, Table 13), support the key 

role of these variables in different alternative models. The role played by rowan cover to 

explain roe deer occurrence was relatively less supported (GLMz estimate parameter: 

0.107, z-value = 1.123, P = 0.261), although it was included in the best models with a value 

of !AIC lower than 2.                             .
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Table 13. Number of model parameters (k), the Akaike information criterion (AIC) and the difference between the AIC of each selected 

model (!AIC) for the alternative models describing roe deer occurrence in Østfold and Arkesus counties, southeastern Norway (2007 – 

2009). 

 

 

Models             k   AIC          !AIC 

 

Full model    

i) DECCOV+JUNCOV+BERCOV+ROMCOV+CALCOV+ DROAD+DEDGE+PURBAN_2   8  580.7                 2.8 

 

Alternative models 

ii) DECCOV+JUNCOV+BERCOV+ DROAD+DEDGE+PURBAN_2     6  577.9           0 

iii) DECCOV+JUNCOV+BERCOV+ DROAD+DEDGE+PURBAN_2+ROMCOV    7  578.7                0.8 

iv) DECCOV+BERCOV+ DROAD+DEDGE+PURBAN_2       5  579.4          1.5 

For explanation of variables see Table 10.  
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Table 14. Generalized linear mixed final model for winter roe deer occurrence, in Østfold 
and Arkesus counties, southeastern Norway (2007 – 2009), with binomial error distribution 
and log link function, using the most parsimonious model and its levels of significance. 

 

   Estimate ± SE     z -value     P- value      

Roe deer 

Intercept   -1.538 ± 0.154     -9.964    < 0.001  

DECCOV    0.304 ± 0.106        2.865      0.004 

JUNCOV    0.200 ± 0.103        1.947      0.052 

BERCOV            0.272 ± 0.116        2.340      0.019 

DROAD        0.264 ± 0.130       2.024      0.043  

DEDGE   -0.380 ± 0.142      -2.667      0.008  

PURBAN_2        0.470 ± 0.154        3.052       0.002  

        

For explanation of variables see Table 10 

 

 

Discussion 

 Winter is a critical period for cervid species that live at high latitudes, as low 

temperatures and short days increase the amount of energy needed for thermoregulation 

while reducing the availability of high quality food; in addition, snow increases the cost of 

mobility and limits access to food (Mysterud 1996). Hence, during this time deer have to 

balance between the available resources to achieve the most favourable energy 

balance (Dussault et al. 2005) and it is expected that winter should be a period where 

animals are forced to be more selective when it comes to habitat use. In general, our 

results support the general view that animals select their habitats using different criteria at 

different spatial scales, which is particularly true when working with highly mobile and 

medium to high sized species such as moose and roe deer (Senft et al. 1987).  

 Several parameters that characterise our human-dominated study landscape 

affected the occurrence of both roe deer and moose, but in somewhat different ways at 
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the different scales. The proportion of urban areas at a 2500m scale positively influenced 

the occurrence of roe deer. This correlation is likely connected to environmental 

productivity gradients, since it has been shown that human settlements are generally 

situated on more fertile grounds (Pautasso 2007). In addition, during winter roe deer home 

ranges are often located in proximity to the small scale artificial feeding stations (Odden 

et al. 2006) which are often set up to increase winter survival (see Gundersen et al. 2004). 

Mysterud and Østbye (1999) found that roe deer increasingly selected feeding sites closer 

to human settlement as snow depth increased. In contrast, the proportion of urban areas 

at a 1000m scale negatively influenced the occurrence of moose. This could be due to 

the fact that in the south of Norway moose populations experience a strong harvest 

pressure, and it is likely that hunting induces avoidance responses similar to those caused 

by non-human predators (Frid and Dill 2002). Roe deer are also subjected to a relatively 

high hunting pressure in the study area (Statistics Norway), but as this species is at the 

northern limit of its distribution range during winter the trade-off between avoidance of 

human-dominated areas and the need to feed on high-quality foods associated with 

proximity to human settlements is relaxed, and roe deer are compelled to accept a closer 

proximity to human-dominated areas in order to survive (Mysterud et al. 1997). A previous 

study based on radio-monitored roe deer in the study area (Ratikainen et al. 2007) showed 

that the distance between bed sites, foraging sites and human activities decreased as the 

winter progressed, especially for the more energetically constrained family groups (i.e. 

females with fawns). The study also showed no support for the hypothesis that roe deer 

changed habitat use to reduce their vulnerability to lynx predation (Ratikainen et al. 2007), 

as the risk of starvation especially at the end of winter, was probably higher than that of 

predation. For moose, on the contrary, the risk of starvation does not seem of any real 

importance, and the species can therefore afford to avoid human-dominated areas. It 

could also be due to the greater size of moose, that makes it harder for them to seek 

concealment in cover, forcing them to utilise increased distance from disturbance sources 

as a strategy. Furthermore, Nikula et al. (2004) showed that moose winter home rages 

included less agricultural land and human settlements than expected at random. A final 

factor that could explain the species differences is the fact that moose have a greater 

tolerance to snow than roe deer. 

 Several studies in boreal regions have found a positive correlation between moose 

occurrence and young forests, clear cuts and young pine plantations (Cederlund and 

Okarma 1988; Cederlund 1989). However, in our study, this evidence was not so clear 

although our results indicate that moose pellets were more abundant in areas with a lower 

density of tree cover, which corresponds to clear cuts or open forest patches. Moose 
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occurred more often in patches with higher densities of heather and bilberry as ground 

cover, a pattern already demonstrated by Cederlund and Nyström (1981) who 

demonstrated that these food items were also important for roe deer. The biological 

significance of Calluna vulgaris in the moose habitat model deserves careful 

consideration. Even tough it was statistically significant, it is not biologically meaningful, 

since heather is not a typical browse for moose. However, it is likely that heather did not 

have an effect per se, but rather an indirect association with Scots pine, since the former is 

usually associated with Scots pine. Roe deer occurrence was positively related to the 

presence of deciduous plant patches, which have been shown to be an important 

determinant of winter habitat use by roe deer in other areas (Borkowski and Ukalska 2008). 

 Our results show that roe deer occurrence was positively correlated with proximity 

to the closest edge between forest and field. Roe deer are browsers and their main food is 

often located at ecotones (Saïd and Servanty 2005). Forest edges bordering agricultural 

fields provide a diversity of abundant and high quality food but also provide protective 

cover in close proximity. Consequently, edges provide a good interspersion of cover and 

forage for roe deer (Mysterud and Østbye 1999). Moreover, previous studies have reported 

a link between forest edges use and individual reproductive output e.g. McLoughlin et al. 

(2007) showed a positive association between forest edges and reproductive success in 

roe deer females and Miyashita et al. (2008) showed that an increase in forest edge would 

increased female sika deer (Cervus nippon) probability of pregnancy. Our results also 

suggest that roe deer avoided areas near roads, which is consistent with previous findings 

on established populations in different countries for a range of cervid species (Rowland et 

al. 2000; Hewison et al. 2001; Coulon et al. 2008; Jiang et al. 2009).  

 Roe deer are an important prey species of the European lynx (Lynx lynx) (Odden et 

al. 2006) and red fox (Vulpes vulpes) (Panzacchi et al. 2008) and both roe deer and moose 

and an important prey species for wolves (Canis lupus) where they are present (Sand et al. 

2005). Because both carnivores have recently re-colonized this human-dominated 

ecosystem, detailed models of ungulate abundance and habitat use are required. The 

emerging predator-prey system in the boreal forest of southeastern Norway differs 

dramatically from most other well studied systems (for example in Yellowstone or Alaska) 

because it is played out entirely in human modified ecosystems. Our findings concerning 

the differential response of moose and roe deer to human land-use is likely to also 

influence the way in which wolves and lynx will interact with humans. Because their main 

prey is roe deer, it is likely that lynx will be forced to hunt in areas characterised with a 

greater human presence that wolves, which could in turn have impacts on these predator 

species vulnerabilities to human caused mortality and disturbance. 
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 Although our results are purely correlational, they suggest that the presence of 

these deer species is compatible with the existing forms of intensive forest exploitation. 

Both species appeared to be more affected by the fine scale details of vegetation 

structure and the large scale landscape matrix (roads, urban areas, forest-field edges), 

than the forestry management (stand) scales. In forest areas highly dense, forage is often 

more limiting than cover therefore, both moose and roe deer seem likely to profit from 

forest cutting since it promotes plant diversity (Vospernik and Reimoser 2008). Even though 

a uniform regeneration might be temporarily suitable for moose it is likely to be 

disadvantageous for roe deer who meets their preferences best in a fine-scaled mosaic 

distribution of habitat types (Vospernik and Reimoser 2008). Unfortunately, we are aware 

that our explanatory variables, and the scales were somewhat coarse to understand and 

extract specific preferences for roe deer and moose in a human-modified landscape in 

southeastern Norway and we recognise the existence of other factors not considered in 

this study. We suspect that our sample size, despite being statistically high, might have 

limited our ability to discern and fully understand some of the variables selected. We 

believe that some of the variables selected can be functions of the scale used in this 

study, reflecting analytical artefacts to a greater extent than actual roe deer and moose 

true biological patterns. To account for the potential biases created by having different 

land cover categories within each buffer, we used correlation analysis to determine 

whether land use cover variables measured in the different buffers were correlated 

between them. Clearly these are not independent variables: an increase in one land 

cover category necessarily requires a decrease in another land cover category. However, 

the potential bias is more likely to be important when habitat categories are correlated, 

which were not in our case. Notwithstanding the limitations connected to the 

methodology, we believe that this study provides a preliminary and general overview of 

the differential responses of these species to large-scale land use. Future studies could use 

fine-scaled movement data (e.g. from GPS collars) combined with finer-scaled map data 

to identify in detail the habitat use on temporal and spatial scales in relation to human 

activity and infrastructure. 

 Of wider interest, our study demonstrates that two species of cervid are able to 

persist close to humans, in intensively managed production landscapes, which is an 

important message for global wildlife conservation, particularly when recent studies 

(Licona et al. 2010; Singh et al. 2010), from the developing world, show that ungulate 

presence is often inversely related to human activity. The difference in findings between 

regions could be more due to the impacts of human exploitation, and the precise nature 

of human disturbance (e.g. the presence of free-ranging dogs) rather than the actual 
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human presence or land-use per se.  
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6. MANUSCRIPT IV 
Life at the edges: factors affecting roe deer in Portugal and Norway 
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n the face of climate change and habitat fragmentation there is an increasingly     

 urgent need to learn more about factors that influence species distribution patterns 

 and levels of environmental tolerance. Particular insights can be obtained by 

looking at the edges of a species range, especially from species with wide distributions. 

The European roe deer (Caprelous capreolus) was chosen as a model species due to its 

widespread distribution. By using pellet group counts, we studied summer and winter 

habitat use of this herbivore at two of the extreme edges of its distribution – on the 

southwest (Portugal), and the northeast (Norway) – in relation to a range of environmental 

factors including forest structure, vegetation characteristics and human disturbance. Our 

first prediction that roe deer would respond differently to roads, houses, and agricultural 

areas (e.g., human activities) in both counties was supported. While in Norway they are 

always close to houses, in Portugal they are either far (in summer) or indifferent (winter). 

However, everywhere and in every season, roe deer are far from roads. Our second 

prediction that roe deer better tolerate anthropogenic disturbances in the area where the 

importance of limiting factors is higher, i.e. Norway, was validated. However, our third 

prediction that anthropogenic disturbance would be less tolerated by roe deer outside 

the limiting seasons in each country was not supported. In Norway roe deer are always 

close to houses and in Portugal they are either far (in summer) or indifferent (winter). Our 

results suggest that roe deer perceive human activities differently in the two countries and 

that roe deer better tolerate anthropogenic disturbances in Norway. 

 

 

 

Keywords: Distribution edge, Mediterranean forest, Boreal forest, Capreolus capreolus, 

Environmental factors, Human activities, pellet group counts. 
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Introduction 

 There is now an emerging consensus that human driven habitat fragmentation is 

dramatically changing the geographic distributions of species (Parmesan and Yohe 2003). 

These changes are expected to have a stronger effect on marginal populations since 

these so-called edge populations, already living near the environmental limits for the 

species, are expected to be particularly susceptible to environmental change (Gonzalez-

Megias et al. 2005; Manier and Arnold 2005; Root, 1988; Hoffmann and Blows 1994). 

Despite a long interest in how species are distributed spatial and temporally (Andrewartha 

and Birch 1954), only few studies have compared basic ecological requirements of the 

same species at different edges of their distribution.  

 Many studies have correlated species’ distributions at edges and environmental 

factors (Mehlman 1997; García and Arroyo 2001). Since environmental conditions are not 

the same throughout a species’ range (Gaston 2003), and because populations at the 

edge are often in ecologically marginal habitats (Brown 1984; Lawton 1993), observations 

made in one part of the range are not always applicable in another part of a species’ 

distribution (Randall 1982). A suitable approach to begin exploring this topic is to evaluate 

how the same suit of environmental factors, affects the same species in different locations 

across their geographic range (Hoffmann and Blows 1994; Gaston 2003).  

 The European roe deer (Capreolus capreolus) currently has a distribution range 

that stretches from the Mediterranean scrublands of Spain and Portugal, in the southwest 

of its range, to the boreal forests of central Norway, in the northwest of its range (Andersen 

et al. 1998; Apollonio et al. 2010). Roe deer were chosen as a model species because of 

their widespread distribution (Apollonio et al. 2010). Within the distribution range, roe deer 

occurrence is influenced by a variety of factors including food availability (Virgós and 

Tellería 1998), cover (Mysterud and Østbye 1999; Borkowski 2004; Borkowski and Ukalska 

2008), human disturbance (Aragón et al. 1995; Hewison et al. 2001), terrain characteristics 

(Mysterud and Østbye 1999), climatic factors (Brewka and Kossak 1994) and predation 

(J"drzejewski et al. 1992; Ratikainen et al. 2007; Melis et al. 2010). We explored which 

environmental factors influence roe deer distribution at the southern and northern limits of 

their geographic range; more specifically we examined species’ occurrence with respect 

to habitat parameters, and anthropogenic factors. Furthermore, the Mediterranean 

climatic patterns of Portugal strongly contrast with the boreal climate of Norway. In 

Norway, winter is the most critical season for roe deer, as snow depth can impede 

locomotion and make roe deer vulnerable to starvation (Mysterud et al. 1997) and more 

easily victims of predators (J"drzejewski 1992). In this season, artificial feeding sites, which 

are often situated close to houses, can be essential for roe deer survival in particularly 
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snowy winters. As roe deer are income breeders (Andersen et al. 2000), during the fawning 

season, in spring, females have to rapidly gain energy, and for this reason they have to 

utilize high-quality resources, which can be found mostly in agricultural landscapes such as 

man-made meadows and field-forest edges (Panzacchi et al. 2010). On the contrary, in 

Portugal the hot and dry summer represents the limiting factor for the species (Tellería and 

Virgós 1997). Overall, it has been suggested that roe deer are maladapted to the 

consumption of sclerophyllous vegetation (Tellería and Virgós 1997), which is common in 

the Mediterranean area. However, the overall importance of limiting factors seems to be 

much higher in Norway compared to Portugal because extreme snow depth in winter can 

set a much more absolute constraint on roe deer occurrence than subtle differences in 

the degree of digestibility of vegetation. Based on this we expect that the effect of 

anthropogenic factors such as distance to houses and to field-forest edges on roe deer 

occurrence would differ between the two countries, while we expect in both countries 

that the species’ occurrence would be higher further from roads (Prediction 1). 

Specifically, we predict that while roe deer in Norway will show a higher degree of 

tolerance to human-dominated landscapes, which may provide important resources 

especially during the most critical season, in Portugal the lower magnitude of the critical 

season makes it possible for roe deer to avoid human-dominated landscapes and show 

“human-shyness” (Prediction 2). Also, we predict that anthropogenic disturbance would 

be less tolerated outside the limiting seasons: while in Portugal roe deer would be most 

often found in areas far from anthropogenic factors during summer, in Norway this species 

would make more use of areas closer to roads and settlements in winter than in summer 

(Prediction 3). 

 

Material and Methods 

Study areas 

 The study was conducted in two areas that differed in climate and demographic 

characteristics of the roe deer populations. Populations of roe deer have increased 

considerably during the last century in Scandinavia (Andersen et al. 1998, 2004), whereas 

in Portugal, numbers have remained stable at generally low densities despite the lack of 

a legal harvest (Vingada et al. 2010). In Norway, the study area was located in the 

southeastern edge of the boreal forest, in the counties of Østfold and Akershus (59˚ - 

60˚N; 11˚- 12˚E) (Figure 18). Mean annual temperature varies between -2.8ºC in winter 

and 16.2ºC in summer and in winter snow cover accumulates to an average depth of 

13.3 cm and mean precipitation in summer is 74.7 mm (Nilsen et al. 2009). The study area 
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is dominated by commercially exploited boreal forest, mainly composed of Norwegian 

spruce Picea abies, Scots pine Pinus sylvestris and birch Betula pubescens. Other species 

present are the bird cherry Prunus padus, hoary alder Alnus incana and linden Tilia 

cordata. The forests are harvested by clearcutting and the average size of clear cuts is 

small, typically in the order of a few hectares. All the area is fragmented by farmlands, 

especially along valley bottoms. Roe deer recolonised the area around 1920, after being 

absent from this area since the seventeenth century (Andersen et al. 2004). In the 

hunting season 2001/2002, approximately 6.342 roe deer were felled in the study area 

(Statistics Norway). Human population density in the various municipalities within the 

study area, measured on 1 January 2009, varied between 64 people km-2 and 107 

people km-2, that live in a dispersed manner throughout the landscape (Statistics 

Norway). Roads in the study area consist of one Highway, National roads with daily high 

traffic density, and smaller roads. In Portugal, the study was carried out in Montesinho 

Natural Park and Serra da Nogueira, Trás-os-Montes, northeast Portugal (6º30' - 7º12' W 

and 41º43' - 41º59' N), both sites are part of the European Union’s Natura 2000 network 

(Figure18). The terrain consists of rolling hills with elevation ranges from 438 to 1481 m. The 

climate is Mediterranean with the mean annual temperature varying between 3ºC in the 

coldest month and 21ºC in the warmest month and mean precipitation between 1000 - 

1600 mm. The vegetation is varied and characterised by Pyrenean oak Quercus 

pyrenaica, sweet chestnut Castanea sativa, Scots pine Pinus sylvestris, Pinus pinaster, and 

holm oak Quercus rotundifolia. Main understory species are Erica australis, Pterospartum 

tridentatum and Halimium alyssoides, Cistus ladanifer and Lavandula sampaioana. The 

area is crossed by a number of rivers and small streams and the associated vegetation is 

mainly common alder Alnus glutinosa, Fraxinus angustifolia, black poplar Populus nigra 

and Salix salviifolia, which, in the study area, are strongly linked to mountain meadows. 

The area exhibits a mosaic of deciduous and coniferous forest, fragmented by small-

cultivated fields. Roe deer is a native species in the north of Portugal, where populations 

have always persisted in a few patches. Due to its low abundance (Vingada et al. 2010 

estimated that current distribution of wild roe deer should vary between 3000 and 5000 

animals throughout all Portugal), hunting is very restricted, occurring only in a few touristic 

hunting grounds (Vingada et al. 2010). The area has a low human population density of 

9.5 inhabitants km-2, living in small villages. A number of national roads, which provides 

connection between Portugal and Spain, cross the study area. 
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Figure 18. Map of both study areas: Portugal and Norway (light grey), highlighting the 
region where the field survey was done: Østfold and Arkesus counties in Norway and Trás-
os-Montes in Portugal.  

 

Data collection 

 In both study areas, field work was carried out during three years: 2007, 2008 and 

2009, using pellet group counts (Neff 1968). This method is widely applied in studies of 

ungulate habitat use (e.g. Neff 1968; Telléria and Virgós 1997; Borkowski and Ukalska 2008) 

and provides a valid approach to allow an initial coarse scale assessment of habitat use. 

Although it has been criticized by some authors (Collins and Urness 1981) because it does 

not always reliably estimate deer preferences, others (Edge and Marcum 1989) have 

found that pellet group counts accurately indicates which habitat is more or less used. In 

any case, this was the only methodology available for this comparative study. Sampling 
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plots were distributed along triangular transects both in Norway and Portugal. Each 

triangular transect consisted of a 1 x 1x 1 km triangle (3 km in total) which is an efficient 

field design as the start point and end point are on the same place (Lindén et al. 1996). In 

order to maximize spatial coverage and to reduce sampling dependence, plots were 

evenly spaced along the line. In Norway, the triangular transects were placed randomly in 

the landscape, stratified by altitude; plots that felt on lakes and agricultural fields were 

avoided by field workers and were not included in the analysis. In total, 32 plots were 

rejected (5% of the total plots). In Portugal, transects were located with the help of 

technical staff from the Natural Park and were drawn on a 1:10000 map scale, distributed 

to provide an adequate coverage of all the habitat types in the study area (Mayle et al. 

2000). Each plot in both countries was visited five times throughout the field survey: in 

Norway, pellets were counted in spring (April-May) 2007, 2008 and 2009 (reflecting winter 

habitat use) and end of summer (September) 2007 and 2008 (reflecting summer habitat 

use). With this, we avoided the period when vegetation was too high in summer and the 

ground being covered by snow in winter. In Norway, data were collected over 21 

triangular transects and at each 100 m interval we delimited a circular 10 m2 plot to 

record the number of roe deer pellet groups (Wahlström and Kjellander 1995). A total of 

598 plots were examined. Plots were cleaned after inspection, overcoming the need for 

any assumption regarding faecal persistence period (decay rate). In Portugal, a total of 

120 rectangular plots (50 m x 2 m), distributed evenly along the transect line, were 

examined and both fresh and old pellets were counted; this method is expected to 

improve precision (Campbell et al. 2004), particularly when roe deer density, and 

consequently pellet group density, is very low, such as in our study area. Pellets were 

counted in November 2007, February 2008 and May 2009 (reflecting winter habitat use) 

and October 2008 and August 2009 (reflecting summer habitat use). To avoid any 

complication regarding different faecal decay rates, a pilot study on the study area was 

conducted to determine decay rates and the mean number of days needed for pellets to 

disappear was 182.5 ± 49.4 (S.E.) (Torres RT, unpl. data). Therefore, the length of time 

between visits was chosen to be smaller than the decay rates. The methodology used in 

the two countries is different since the method used in Norway was difficult to implement in 

Portugal because roe deer densities are (very) low when compared to those in Norway. 

Thus, in Portugal, pellets were more rare and hard to find. In order to overcome these 

problems, and maximize the pellets detection in Portugal, we replaced the circular plots 

with line-transect furthermore, by selecting long narrow plots (2 m wide) the task of 

systematically searching the plots is made easier and estimates with poor precision in 

areas of low deer density are avoided (Buckland, 1992). Since our aim is not to compare 
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densities between both countries, we believe that the different methodology does not 

compromise the objective, which was to investigate habitat use within each country. Both 

in Portugal and Norway, at each plot, the presence of roe deer pellet groups was firstly 

assessed, and then, the habitat variables that potentially could affect their distribution 

were recorded in a 10 m radius circle. Pellet groups lying on the boundary of plots were 

alternately counted and ignored (Mayle et al. 2000). A pellet group was defined as 

containing six or more individual pellets, and identified as being produced at the same 

defecation (similar size, shape, texture and colour) (Mayle et al. 2000). We used the 

presence and non-presence of roe deer pellets groups within each plot in both countries 

as our index of habitat use.  

 

Environmental variables  

 For each sampling plot, a series of patch-scale and landscape scale variables 

were quantified. Patch-scale variables were collected in the field, while broader scale 

variables were derived from digital maps with the help of a geographic information system 

(ArcGIS 9 ESRI Inc, Redlands, California, USA). Variables that could potentially influence the 

occurrence of roe deer were selected based on previous studies (Virgós and Tellería 1998) 

and the author’s predictions (see Table 15 for details). In general, roe deer habitat use is 

determined by the presence of food and cover. During the sampling survey we estimated 

variables related to habitat structure: tree cover (>2 m), shrub cover (0.5-2 m) and ground 

cover (<0.5 m). Tree cover (TREECOV), shrub cover (SHRUBCOV) and ground cover 

(GROUNDCOV) were classified based on visual estimations into four classes: no cover, 

sparse, medium and dense (Borkowski and Ukalska 2008). Visual concealment provided by 

vegetation might be important for protection against human and non-human predators. 

Hence, we measured a hiding cover index (VISINDEX) by placing a cover board, of roe 

deer size (~80 cm, Mysterud et al. 1997), in the centre of the plot. With the help of a 

compass, in a random direction, the minimum distance required for the board to be 

completely hidden was noted. Cover might be also important to provide thermal cover 

(e.g. protection against snow during winter in Norway, Ratikainen et al. 2007, and against 

the heat during summer in Portugal). Hence, we calculated a thermal cover index 

(CANOPCOV) as the average amount of canopy cover measured in the north, south, east 

and west, by using Lemmon’s densiometer (Lemmon 1956). Roe deer populations 

experience a strong harvest pressure in Norway, contrarily to Portugal where hunting is 

forbidden however, and it is likely that hunting can induce responses similar to non-human 

predation risk in Norway (Frid and Dill 2002). Furthermore, human disturbance factors can 
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influence roe deer distribution as they may be considered as analogues to predation risk. 

As human activities are expected to affect roe deer, we included variables related to 

human disturbance in our analyses. To analyze these effects, distances were measured 

from the centre of each plot to the nearest border of the following features: the closest 

settlement (DHOUSE), the closest pavement roads (DROAD) and closest edge between a 

forest and a field (DEDGE).  

 

Table 15. Description of the variables used to model roe deer occurrence in in Østfold and 
Arkesus counties, southeastern Norway and northeast of Portugal, Trás-os-Montes, on 
winter and summer (2007 – 2009).  

Abbreviation     Variable description 

Patch-scale variables (in 10-m radius circle) 

TREECOV (height < 50 cm)  tree cover classified as no understorey, sparse,  
     medium-density and dense  
SHRUBCOV (height 50-150cm) shrub cover classified as no understorey, sparse,  
     medium-density and dense  
GROUNDCOV (height < 50 cm) shrub cover classified as no understorey, sparse,  
     medium-density and dense  
VISINDEX    Measure of lateral visibility (m)    
CANOPCOV    Canopy cover 
 
Broad-scale variables  

DROAD     distance (m) to the closest road 
DHOUSE      distance (m) to the closest settlement 
DEDGE      distance (m) to the closest edge field/forest 
 

 

Statistical analyses 

 Roe deer occurrence was estimated through Generalized Linear Mixed Models 

(GLMM), (Faraway 2006). Continuous variables were square root transformed in order to 

mitigate the effects of extreme values, and standardized (giving zero mean and variance 

of one), to avoid the effect of different measurement scales and to facilitate direct 

comparison. Multicolinearity was limited by computing pairwise Pearson correlations. 

Whenever a correlation exceeded 0.6, the variable with lower biological meaning was 

dropped. The model assumed a binomial error structure, and a logit link function, as the 

response variable was binary (i.e. occurrence or non occurrence of roe deer pellet groups 

in each sampling plot). Transect identity was included as random factor, to control for the 
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lack of independence of segments within them and to avoid pseudoreplication arising 

from repeated sampling of the same transect. The models were fitted using the lmer 

function in lme4 library (Bates and Sarkar 2006) in the R software package. We used a 

backward stepwise procedure for model simplification. In order to select the best model, 

we used an information theoretical-approach (Burnham and Anderson 1998), which 

compares the suitability of a set of candidate models according to their AIC (Akaike 

Information Criterion) values. In this framework, we generated models and they were 

ranked according to AIC values, where model with the lowest AIC is the best one. We also 

reported the !AIC value in order to compare the difference between each model and 

the best model. As a rule of thumb, a !AIC< 2 suggests substantial evidence for the model 

(and consequently for the variables included), values between 3 and 7 indicate that the 

model has considerably less support, whereas a !AIC> 10 indicates that the model is very 

unlikely (Burnham and Anderson, 1998). Separate models were conducted for each of 

these two populations and for each of the seasons. Thereafter, we related the variables 

emerged from the best models to the dependent variable (e.g., occurrence or non 

occurrence of roe deer pellet groups) by performing an ANOVA. Such proceeding will 

give the significance of the whole factor. The level of significance was set at 0.05 for all 

statistical tests.  

 

Results 

 

Portugal 

 Winter 

 The model with the lowest AIC (i, Table 16) retained 3 environmental variables: tree 

cover (TREECOV, F-value = 4.849, P = 0.003), shrub cover (SHRUBCOV, F-value = 3.331, P = 

0.020), and distance to the closest asphalt road (DROAD, F-value = 18.611, P < 0.001). In 

particular, roe deer occurrence was positively related with areas of sparse tree cover 

(GLMM parameter estimate: 1.790, z-value = 2.654, P = 0.008), sparse shrub cover (GLMM 

parameter estimate: 1.104, z-value = 2.518, P = 0.012) and increasing distance to a road 

(parameter estimate: 0.586, z-value = 2.844, P = 0.004). 
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 Summer 

 The model with the lowest AIC (iii, Table 16) retained 2 environmental variables: 

ground cover (GROUNDCOV, F-value = 3.403, P = 0.018) and distance to the closest house 

(DHOUSE, F-value = 2.392, P = 0.123). In particular, roe deer occurrence was positively 

related to areas of sparse ground cover (GLMM estimate parameter: 1.447, z-value = 

2.945, P = 0.003) and with increasing distance from settlements (GLMM estimate 

parameter: 0.222, z-value = 1.528, P = 0.126).  

 

Norway 

 Winter 

 The model with the lowest AIC (v, Table 16) retained 4 environmental variables: 

ground cover (GROUNDCOV, F-value = 2.590, P = 0.051), distance to the closest house 

(DHOUSE, F-value = 2.590, P = 0.051), distance to the closest asphalt road (DROAD, F-value 

= 0.502, P = 0.479) and distance to the closest edge between field and forest (DEDGE, F-

value = 10.553, P = 0.001). In particular, roe deer occurrence was negatively related to 

sparse ground cover (GLMM parameter estimate: - 0.702, z-value = - 2.794, P = 0.005), and 

negatively related to distance to the closest house (GLMM parameter estimate: - 0.208, z-

value = - 1.854, P = 0.064) and with distance to the closest edge between field and forest 

(GLMM parameter estimate: - 0.222, z-value = - 1.579, P = 0.114), while it was positively 

related with the distance to the closest asphalt road (GLMM parameter estimate: 0.171, z-

value = 1.487, P = 0.137).  

 Summer 

 The model with the lowest AIC (vii, Table 16) retained 2 environmental variables: 

distance to the closest house (DHOUSE, F-value = 6.319, P = 0.012) and distance to the 

closest asphalt road (DROAD, F-value = 3.998, P = 0.084), showed the highest parsimony 

ranks according to AIC scores (iii, Table 3). In particular, roe deer occurrence was 

negatively related with distance to the closest house (GLMM estimate parameter: - 0.283, 

z-value = - 2.245, P = 0.025) and positively related with the distance to the closest asphalt 

road (GLMM estimate parameter: 0.297, z-value = 1.912, P = 0.056).  
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Table 16. Number of model parameters (k), the Akaike information criterion (AIC) and the difference between the AIC of each selected model 

(!AIC) for the alternative models describing roe deer occurrence in northeast of Portugal, Trás-os-Montes, on winter and summer (2007 – 2009).  

!

Models                   k     AIC    !AIC 

Portugal 

Winter 

i) TREECOV + SHRUBCOV + DROAD        3  460.7  0 

ii) TREECOV + SHRUBCOV + DROAD + DHOUSE       4  462.3  1.6  

  

Summer 

iii) GROUNDCOV + DHOUSE          2  329.4  0 

iv) GROUNDCOV + DHOUSE + DROAD        3  330.8  1.4 

 
Norway 

Winter 

v) GROUNDCOV + DHOUSE + DROAD + DEDGE       4  990.8  0 

vi) GROUNDCOV + DHOUSE + DROAD + DEDGE + VISINDEX     5  991.7  0.9  

 
Summer 

vii) DHOUSE + DROAD             2  603.6  0 

viii) DHOUSE + DROAD + DEDGE          3  605.6  2 

For explanation of variables see Table 1. Following Burnham and Anderson (1998), only models with "AIC < 2 are shown. Models were ordered from the lowest 
(best model) to the highest AIC values.
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Discussion 

 We found that 1) while moderate human activities occurring in agricultural areas 

are perceived differently in the two countries by roe deer, in both countries roe deer 

occurrence was always higher far from roads, therefore validating our first prediction; 2) 

roe deer better tolerate anthropogenic disturbances in Norway, where the importance of 

the critical season seems to be higher, consequently validating our second prediction and 

3) the degree of tolerance to anthropogenic disturbances is not significantly higher during 

the most limiting season in each country, therefore rejecting our third prediction. 

 Our results suggest that, in Portugal, roe deer occur in areas farther away from 

houses. This result indicates that in Portugal, this species is particularly sensitive to human 

activities. In Norway, roe deer are closely associated with human modified landscapes 

and the presence of agricultural fields, inhabiting the belt between forest dominated-

areas and human dominated-areas (Panzacchi et al. 2010) while in Portugal, they 

generally avoid such human modified landscapes (Torres et al. 2010). This supports findings 

from Spain, where Aragón et al. (1995) showed that roe deer were associated with areas 

with no human disturbance, and Portugal (Pimenta and Correia 2001; Torres et al. 2010), 

and it is possible that proximity to human houses increases the risk perceived by roe deer 

(Mysterud et al. 1999). In particular, in our study area, this avoidance may be due to the 

presence of free ranging domestic dogs, which are widespread throughout our study site, 

with their activities centered around villages and are a major cause of roe deer 

disturbance. Another important factor is the high pressure from illegal hunting, which is 

commonplace in the study area. Our results also revealed that, during winter, roe deer 

make more use of areas with sparse tree and shrub cover. These results are somehow 

puzzling since they might suggest the use of areas with limited food availability. However, it 

is likely that in a Mediterranean environment, roe deer can easily fulfill their winter 

nutritional needs in the mosaic of habitats that constitute our study area. In fact, heavy 

snowfalls are rare and woody plants growing in Mediterranean ecosystems show various 

morphological adaptations to withstand the stressful periods of winter cold (Larcher 2000), 

and for this, most of the vegetation is available on the ground layer during this season. Tree 

cover represents the availability of habitat in terms of shelter and refuge, another 

parameter essential to roe deer, namely to provide concealment from 

disturbance/predators and adverse weather conditions, and high percentages of tree 

cover seems to be selected by roe deer in Portugal (Pimenta and Correia 2001). However, 

in our case, roe deer use patches with sparse tree cover. Nevertheless, this is in agreement 

with Gill et al. (1999), which reported that roe deer density increased while tree cover was 

sparse and several studies have shown that high canopy cover areas are avoided by roe 
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deer (Latham et al. 1997). According to our results, during summer, roe deer made more 

use of areas with sparse ground cover. The use of ground cover can be related to the 

abundance of plant species that grow in this layer and frequently appear in roe deer diet 

(e.g. Poa bulbosa, Hallimium alyssoides, Kaluzinski 1982; Faria 1999). Such vegetation is 

related to deep soils, in small valleys or near rivers or springs, where edaphic water sources 

persist throughout the dry Mediterranean summer. Having said this, in the Mediterranean 

ecosystems, summers are hot and dry, being the time of the year where productivity is 

more restricted, with lower availability of food resources, which is also reflected in the 

reduction of food resources in the ground layer  (Blondel and Aronson 1995). 

 According to our prediction (Prediction 1) we found that study plots where roe 

deer were present were positively associated with increasing distance from roads in both 

countries, a trend already demonstrated in Portugal (Torres et al. 2010) and in different 

countries and for other deer species (e.g. Rowland et al. 2000, Jiang et al. 2009). This was 

expected since roads are sources of disturbance and a mortality hazard, so roe deer may 

avoid them because of the risk of collision, as has been shown in elk (Rowland et al. 2000).  

 In Norway during winter, roe deer occurrence is higher in areas of dense ground 

cover and is negatively associated with increasing distance to houses and fields – forests 

edges. The use of ground cover is probably related to the availability of food in this layer. 

Mysterud et al. (1999) showed that the majority of roe deer winter diet in southern Norway 

is based on deciduous shrubs (e.g., aspen, ash and rowan but also on plants located in 

the ground cover (e.g., Vaccinium myrtillus). During winter, and in agreement with our 

second prediction, roe deer maximize food intake by using areas closer to human 

settlements and the ecotones between fields and forests  (Panzacchi et al. 2010; Saïd and 

Servanty 2005; Miyashita et al. 2008). This positive correlation can be related to soil fertility 

since it has been shown that human settlements are generally situated on more fertile 

grounds and that agricultural activity tends to further increase fertility through the use of 

fertilizer (Pautasso 2007). Houses are also generally close to agricultural fields (suggesting 

high landscape heterogeneity), the later providing extra sources of high-quality forage. 

Distance to the closest edge forest/field was negatively correlated with roe deer 

occurrence. Forest edges bordering agricultural fields are characterized by a high diversity 

of plant species, therefore partly compensating for the scarcity of preferred forage but 

also provide protective cover in close proximity. Consequently, edges provide a good 

interspersion of cover and a diversity of forage. This preference for areas close to the forest 

edges has been already described earlier (Mysterud and Østbye 1999).  

 We predicted that human activities would be perceived differently by roe deer in 

the two countries, which would respond distinctly houses, and agricultural areas 
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(Prediction 1). We found our prediction to be fulfilled. In fact, the distance to houses varies: 

while in Norway, roe deer in both summer and winter are always close to houses, in 

Portugal they are either far (summer) or indifferent (winter). However, in both countries and 

in every season, roe deer used areas distant from roads (Prediction 1). Alternative 

mechanisms seem to be acting in both landscapes and may be the result of contrasting 

human pressures. At this stage, we do not know which factor(s) contribute most to the 

generally low densities of roe deer in Portugal and specifically in Trás-os-Montes. 

Contrasting with this situation, in Norway roe deer populations are often food-provisioned 

by humans and inhabit the belt between forests and agricultural fields, where they find 

large food supply reservoirs. Our second prediction, that roe deer would be more tolerant 

to anthropogenic disturbances in the country where the critical season is stronger e.g. 

Norway, was supported. In fact, winter is a critical period for cervid species that live at 

high latitudes, and roe deer seems to be constrained by the snow depth (Mysterud et al. 

1997). Indeed, in Norway, this species seems to thrive in landscapes with moderate human 

activities – i.e. cultivated fields and houses. We predicted that the degree of tolerance to 

anthropogenic disturbance would be significantly higher during the most limiting season in 

each study area (Prediction 3). However, in Norway roe deer were always found close to 

houses, contrary to our prediction, which stated that roe deer would be close to houses in 

winter, but far in summer, and in Portugal they are either far (in summer) or indifferent 

(winter). Thus, our prediction 3 is rejected. Hence, roe deer adopt a given strategy, and do 

not change it according to the season. Furthermore, the rejection of prediction 3, in 

Norway, is intriguingly. Despite the presence of legal hunting from 10th August to the 31th 

December in Norway, which could be expected to induce an avoidance of houses 

(Stankowich 2008), we found that roe deer were actually associated with houses. This 

probably reflects the manner of hunting in Norway, which is not conducted close to 

houses because of safety reasons, and the absence of stray dogs. Furthermore, human 

activities intensity is different in both countries. The human population density in Norway is 

much higher than in Portugal, but the way human population is distributed throughout the 

landscape is also different: scattered in Norway and confined to small villages in Portugal.  

 The results of our analysis may suggest implications for conservation and 

management of roe deer populations in Europe. Roe deer avoidance of roads in both 

countries and sensitivity towards houses and settlements in Portugal needs to be taken into 

account in management measures and landscape planning.  Human settlements and 

disturbance may contribute to roe deer habitat loss in Portugal, while roe deer are able to 

persist close to humans in managed landscapes in Norway. In fact, some of the 

differences observed could be more due to the impacts of human exploitation, and the 
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precise nature of human disturbance (e.g. the presence of free-ranging dogs and the 

regulation of hunting) rather than the actual human presence or land-use per se.  
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7. CONCLUSIONS AND PERSPECTIVES 
Links with management applications 

 

 

 his section is intended to highlight the main results in this thesis and represents a link 

 between them and management applications. I will not enter into details of the 

 discussion of the results, since that task has already been performed independently 

in each of the chapters.  

 

7.1. Highlights and major conclusions 

 Every species may respond to a combination of different sets of environmental 

factors in different parts of its distribution range (Vanreusel et al. 2007). This is 

unquestionably the case with roe deer in a Mediterranean landscape in the northeast of 

Portugal and in a human-modified landscape in southeast of Norway.  

 Clearly, in the beginning of this study, there was an enormous scarcity of 

information available regarding the factors that shape roe deer distribution in Portugal. 

Hereby, I believe that my research has shed light on some important roe deer ecological 

requirements and constrains imposed by human activities that were, so far, unknown in 

the Portuguese situation. With the data from roe deer distribution, collected from field 

surveys in both countries, and through habitat modelling techniques, it was possible to 

characterise the main factors affecting roe deer distribution.  

 Overall, the results obtained from this work are consistent with previous findings on 

roe deer ecology and reflect roe deer ecological requirements (Andersen et al. 1998; 

Apollonio et al. 2010). Generally, in Portugal, roe deer are not randomly distributed over 

the landscape, but occur mainly in areas associated with high density of shrubs 

(Manuscript I), especially in areas with a high density of heather (Erica sp.) and brambles 

(thorny shrubs as Rubus sp., Crataegus monogyna) (Manuscript II) and in patches where 

red deer are not present (Manuscript II). They also make more use of areas with less spatial 

heterogeneity, namely high mean shape index (Manuscript I) and of areas further away 

from agricultural fields (Manuscript II). In Norway, roe deer occurs in patches with 

deciduous trees, patches with juniper and Vaccinium sp., and uses the belt areas 

between fields and forests (Manuscript III, Manuscript IV). In both countries, roe deer 

always used areas distant from alphalt roads (Manuscript I, III and IV). Our results also show 
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that roe deer perceives human activities (e.g. distance to the closest settlement and to 

the closest field-forest edge) differently in the two countries: while in Norway, roe deer in 

both summer and winter are always close to houses, in Portugal they are either far 

(summer) or indifferent (winter). Roe deer better tolerate anthropogenic disturbances in 

Norway, where the importance of the critical season seems to be higher than in Portugal  

(Manuscript IV).  So, in Norway, roe deer can be considered to be human-attracted while 

in Portugal they are human-shy.  

 Some of the conclusions drawn in Portugal are based on a predator-prey scenario 

that was not complemented in this study. So, it is worthy to mention that there was no 

clear evidence that wolf presence in the study area could affect roe deer distribution, 

since no real parameters (e.g. wolf density, presence/absence) were calculated. While 

we cannot demonstrate that any of the patterns that were observe are directly caused by 

wolf presence, the presence of wolves in the study area must obviously be considered as 

one of a suite of potential factors that can influence roe deer habitat use in line with 

human disturbance, cover and food distribution. Therefore, we think that it is important, in 

a global context, to try to explain roe deer differential use in studies with and without 

wolves.  

  Based on this study results, we can infer that there are two important factors to 

consider when studying mobile and medium sized herbivores, such as the ones analised 

here, within patchy environments. First, spatial scale does affect patterns of habitat use. 

Second, the nature of those patterns depends on the species being analyzed (e.g. 

different spatial behaviours and life history traits). In fact, the herbivores studied here cover 

extensive space over time and rely on resources that are scattered throughout the 

landscape. A mixture of habitat patches is needed for species to fulfil their different 

requirements (e.g. reproduction, foraging) and all of the activities required for successful 

reproduction. Because the different resources provided by a habitat are not uniformly 

distributed in space, mobile species will benefit from this patchiness. 

 In general, I believe that we have constructed biological realistic habitat models 

for roe deer, in both countries. Although they need to be improved in the future, our local 

and broad scale predictive models will be critical tools for habitat and landscape 

management of roe deer especially in the northeast of Portugal.  
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7.2. The use of spatial scales 

 There is a consensus that species respond to ecological factors at different spatial 

scales (Johnson 1980; Orians and Wittenberger 1991; McLoughin et al. 2002) and I believe 

that our results support this framework. By constructing multiple models, we found that the 

best model to explain the three ungulates distribution, included factors operating at 

different spatial scales. Thus, the multiscale approach seems to capture the species-

habitat relationship in a realistic fashion. Consequently, I suggest that variables in 

multivariate habitat distribution models should be included at different spatial scales. 

 Our results demonstrate that roe deer, red deer and moose, can choose between 

more or less beneficial areas that can vary in spatial scale from plant (mm/cm) to 

landscape (m/km) scales. Hence, from the blend of different habitat types that composes 

a landscape, individuals will seek different patches to fulfil their ecological requirements. 

As previously mentioned, such hierarchical approach also facilitates the development of 

management plans and allows more accurate conclusions and better management 

decisions. For example, writing a management plan focused on conserving roe deer 

population in Portugal: if only the smallest scale is used, the shrub layer appears to be the 

most important habitat type in predicting species occurrence and distance to houses and 

distance to roads are not important when viewed at such scale. On the other hand, the 

results show that at the largest scale, distance to houses and distance to roads are very 

important in predicting species occurrence. Considering the results acquired at both 

scales, a management plan aiming to maintain or enhance roe deer population must 

entail factors occurring at different scales. If only the smaller scale was used in the study, 

important information would be missed. Spatial scale choice relies on a trade-off between 

i) study area extent; ii) availability of data, iii) cost of obtaining data, iv) computer 

performances and v) the perception of scales by the species (Cushman and McGarigal 

2004). However, it is often difficult to determine the most appropriate spatial scale at 

which to conduct investigations for monitoring purposes, because animals may not have 

the same perception of habitat for a given scale as biologists. Habitat use studies 

addressing conservation and management purposes are often conducted at large spatial 

scale, as recommended by some authors (Noss et al. 1996) since large-scale studies are 

generally considered less expensive than local (fine) scale analysis that require data at a 

higher resolution (Corsi et al. 2000). However, broad scale studies may not be sufficient on 

their own. Our results document well the complementarities of multi-scale analysis and 

their importance in conservation or management guidelines (Manuscript I, II, III and IV).  
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7.3. Methodological issues 

 To evaluate the more important requirements in roe deer distribution we used the 

advantages of correlative models to detect the local and broad scale determinants that 

express the local population’s preferences (Guisan and Thuiller 2005). Still, it is always 

important to keep in mind that the use of models may be limited because they are 

simplifications of reality. Models depend of what we give them (or able to give: e.g. 

species occurrence data, digital cartography) and their own (i.e. mathematical) 

construction. Thus, a model output quality relies on i) the a priori knowledge of the species 

ecology, ii) the selection of the most appropriate method(s) for field survey for the species 

concerned, iii) our ability to adequately measure the ecological predictors (e.g. habitat 

variables, disturbance variables) and iv) to relate it to the model’s objectives in a statistical 

way. 

 The link between GIS and modelling techniques are enormously valuable tools for 

ecologists and it was quite notorious in this study. Nevertheless, we have to be cautious on 

the balance between data quantity and model quality. When using GIS, the potential 

number of variables that can be derived is vast, which makes it difficult for the important 

(i.e. biological meaningfully) variables to emerge from the analysis. Therefore, a trade-off 

between data quality and quantity is of supreme importance (Van Horne 2002). 

Furthermore, there is a main problem related with GIS and that lies either in the content or 

in the spatial accuracy that spatial land cover encloses (Schmit et al. 2006), i.e. when the 

available spatial land cover data do not fully and accurately provide the required 

information for environmental analyses (Schmit et al. 2006). In fact, one of the difficulties 

that we found throughout this work was to get updated and detailed digital GIS data 

layers and some factors that could have affected roe deer were left out of the analyses 

since no information was available (e.g. different types of road classifications, landscape 

characteristics). Within this line, this study also demonstrates that geographic range 

boundaries are challenging to study because, in one way, large scales are involved, 

complicating the task to get uniform digital data and on the other way, methods used to 

study distributions at smaller scales are difficult to implement over thousand of kilometres. 

 One limitation of this work concerns to the lack of GPS or radio-tracking collars. 

There is no doubt that GPS collars can provide valuable detailed data on individual deer 

movements and habitat use, among others, and can produce more precise measures of 

habitat use than indirect methods. However, in this particular case, in Portugal, it was not 

possible to consider this option: the absence of a logistical platform to facilitate the 

capture of a reasonable sample of animals but also the costs associated. So, we had to 

adopt a method that would trade-off efficiency and cost. Pellet group count was the 
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base-line method for this thesis. Although pellet group count offers a valuable tool there 

are also pitfalls associated with the method, regarding e.g. the defection rate, detection 

of pellet groups, degradation of pellets, the exact length of the survey period and the 

correct distribution of the sampling plots (placement, number and size of plots) to make 

them representative for the chosen area (Kindberg et al. 2004). A major limitation of this 

method arises when one wants to convert pellet group density into deer density. Since our 

aim was not to calculate densities in both countries, we believe that the method used 

does not compromise the objective, which was to investigate habitat use within each 

country. Nevertheless, we are aware that the interpretation of pellet group counts must be 

done with caution when examining habitat use and some authors have already 

questioned it (Collins and Urness 1981). They reported that the defecation rate were 

highest immediately after mule deer resting since deer defecate after leaving their beds. 

However, roe deer often beds at the feeding sites (in summer: Mysterud 1996) or very close 

(in winter: Mysterud and Østbye 1995). Therefore, more pellets will be found in the most 

used habitats. Furthermore, pellet counts have often shown similar results when compared 

to other methods such as radio tracking and direct observation (Leopold et al. 1984; Loft 

and Kie 1988; Edge and Marcum 1989; Månsson et al. 2011). Thus, and for the purpose of 

this study, we believe that the pellet group count method seems to be efficient and gave 

a good indicator of roe deer distribution patterns and can be used to estimate the habitat 

use of roe deer, red deer and moose. In fact, the advantages of this method were quite 

notorious troughouth this thesis. It allowed assessing roe deer, red deer and moose habitat 

use and such data will serve as a base to detect changes in roe deer distribution and 

abundance, at least in Portugal. The method was low-cost and easy to implement, and 

permitted to obtain a significant amount of information. 

 

7.4. Implications for conservation and management of roe deer 

 The results of this work have a number of direct and indirect applications to the 

management of roe deer populations across Portugal and Norway. Despite the limitations 

mentioned previously, when habitat models are applied appropriately, they may serve to 

identify areas across Portugal and Norway with a high potential of being good roe deer 

habitat. Identification of such areas will assist with large-scale land-use planning, forestry 

management and recovery efforts for threatened populations such as the Iberian wolf in 

Portugal (Vingada et al. 2010) and lynx and wolf in Norway (Wabakken et al. 2001). With 

the return of large carnivores to Europe we are soon going to see the restoration of a 

functional predator-prey system in different landscape systems (e.g. human-modified 



!152 

landscapes such as Norway and a Mediterranean landscape still preserving some of the 

traditional agricultural techniques such as Portugal). It will therefore be of great interest to 

see how the addition of this extra factor influences the complex trade-offs that govern 

cervid decision making and space use.  

This thesis shows that the environmental variables used, as well as the predictor 

variable (binary: presence and non-presence of pellet group counts) can be a good 

tool for predicting distribution of roe deer, red deer and moose populations, and the 

results can have consequences for a sustainable management of those species. In this 

study, I used a link between various disciplines (e.g. wildlife management, computer 

based programs, statistics, ecology) and such link allowed us to answer complex 

management questions such as which are the most relevant factors affecting roe deer 

distribution?, which management measures need to be apply and at what scale?. In 

fact, ecosystem management is complex and must be science based incorporating 

various disciplines (Ascher 2001). I believe that an applied ecologist must be able to 

collect and synthesize information from multiple disciplines and deliver it to managers in 

a usable and easy to understand manner. In fact, one of the most important uses of 

species-environment models is its presentation to decision-makers in a non-technical 

way, by converting the scientific output of modelling in management and conservation 

suggestions (McCracken and Bignal 1998). 

 Our findings suggest that landscape structure, vegetation composition and human 

disturbance are all important factors for roe deer, red deer and moose so, wildlife 

managers must account for the entire combination of habitat features that vary by scale, 

in order to incorporate them into their land-use plans.  

 Some management recommendations for roe deer habitat are provided below: 

 

Portugal and Norway 

 
 Management of roads (Manuscript I, II, III and IV) and related human disturbances 

(Manuscript I, II and IV) remains important for roe deer management in both countries. As 

for much of wildlife, roe deer perceives roads as potential sources of disturbance and 

possible mortality hazard. In our Norwegian study area, during 2009/2010, 1316 roe deer 

and 1770 moose were killed by cars (Statistics Norway), which demonstrates the 

magnitude of the impact of such human infrastructure. Roads also facilitate human 

access to wilderness areas for exploitation or leisure activities. In the present instance, 

roads certainly constitute a major source of disturbance. Regrettably, much basic 

information about roads (e.g. density of traffic) is usually not available in the databases or 

in the authority’s reports. However, managers should be vigilant of the fact that due to an 
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expansion of the road network, deer movements may be disrupted and they can be 

forced to move to other habitats or to other areas where they can cause damage. Still, 

roads and other linear infrastructure are persistent components of most landscapes 

throughout the world. The construction of roads and other infrastructures must be 

controlled since they constitute physical barriers and cause isolation of populations. 

Managers should investigate efficient mitigation techniques such as roads overpass and 

fences.  

 Roe deer success is partly due to their high ecological plasticity however does not 

invalidate the requirement for certain basic ecological needs, as we have seen 

throughout this work. Specially, food availability is a key priority in conservation this species. 

Both in Portugal and Norway, resource heterogeneity appears to play an important role at 

a fine scale, since roe deer made more use of patches with high cover of shrubs 

(Manuscript I), mainly with heather and brambles (Manuscript II) in Portugal and patches 

with juniper, Vaccinium sp. and with high cover of deciduous trees (Manuscript III) in 

Norway. Consequently, efforts to foster roe deer conservation should include a focus on 

providing large patches with internally heterogeneous understories.  

 

Portugal 

 The final model showed that in Portugal, roe deer is negatively associated with 

areas in close proximity to human settlements, probably due to direct disturbance but also 

due to a potentially higher predation/disturbance pressure from free-ranging dogs. These 

should be minimised by controlling the extension of many villages and infrastructure 

installation in rural areas. In fact, roe deer sensitivity towards human needs to be taken into 

account in management measures and landscape planning to avoid increasing problems 

where human activity spreads in space and time (e.g. through recreational activities) and 

where infrastructure increases access into remote areas (e.g. the construction of windmills, 

which is being discussed in the Portuguese study area), leaving fewer and fewer 

undisturbed refuges for wildlife. In fact, Aragón (1995) have demonstrated that when the 

existing habitat conditions are optimal for the development of roe deer, the maintenance 

of their populations depends, fundamentally, on human pressure. An important factor that 

has to be controlled is the illegal hunting. Even though there is no existing information on 

the number of animals poached, local people and authorities recognise that this is a huge 

factor affecting roe deer in our study area.  

 As previously mentioned, roe deer distribution in Portugal, was positively correlated 

with areas of higher cover of shrubs, the typical composition of Mediterranean 

ecosystems. We have earlier indicated that shrubs play a valuable role for roe deer since 
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they provide cover, shelter, high quality food and minimised predation risk (e.g. from 

Iberian wolves, feral dogs and humans) and other studies in Spain have emphasised the 

important role of such habitat for roe deer (Tellería and Virgós 1997, Virgós and Tellería 

1998) and carnivore species (Mangas et al. 2008; Santos and Beier 2008). Hence, 

Mediterranean shrubs deserve high conservation value even though they are normally 

neglected for conservation. In fact, evergreen sclerophyll shrublands dominated by heath 

species are a prominent feature of Mediterranean landscapes (Di Castri 1981). Shrubland 

plant communities are widespread in Portugal and occupy about 1.6 million ha (G.G.F. 

1997) an area that represents 18% of the country, which is presently believed to be higher 

due to changes in land use and fires (Martins Fernandes 2001). Open forests of oak and 

pine with a continuous shrub understorey are also extensive in several regions of the 

country (Martins Fernandes 2001). Over the last decades, human rural abandonment has 

lead to an increase of the Mediterranean areas covered by shrubs. Against the traditional 

practices of cattle grazing and human removal of shrubs, forestry practices nowadays 

tend to mechanically remove large areas of shrubs, which is obviously detrimental for 

species that depend on shrubs. So, management and decision-making policies should 

favour natural vegetation and prefer the traditional removal pattern produced by cattle 

(Mangas et al. 2008). Furthermore, managers should aim to i) maintain/enhance the 

mosaic pattern of vegetation since that provides very favorable habitat to roe deer; ii) 

preserve the endemic shrub and tree species; iii) restock the native tree species in relation 

to those of rapid growth species (such as Eucalyptus sp.); iv) restock burned areas, giving 

preference to Quercus sp. and endemic deciduou trees and v) valorise the heterogeneity 

of the forest ecosystem, mainly mixed stands, shrub and tree diversity. 

 

Norway 

 In Norway, the best models did not incorporated neither stand age nor the 

characteristics of the major tree species came across, which indicated that such variables 

might not be very important when compared to other factors that we investigated. This 

suggests that our results are likely to be inappropriate for stand-level habitat management 

in Norway. However, this can also demonstrate that roe deer is more affected by the fine 

scale details of vegetation structure and the large scale landscape matrix (e.g. roads, 

urban areas, forest and field interface), than the forestry management (stand) scales.  

 Overall, we recommend that large patches of even-aged forest should be 

avoided because it limits plant diversity providing less suitable habitats and it is 

disadvantageous for roe deer who meets their preferences best in a fine-scaled mosaic 

distribution of habitat types. Therefore, managers must increase horizontal and vertical 
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structural vegetation diversity through the creation of multi-aged, mixed species stands. In 

this way, managers can transform simple structure stands into structurally heterogeneous 

stands. The heterogeneity in the ground vegetation layer must be encourage, by 

managing light systems in order to promote shade-tolerant berries and other shrubs and 

grasses that are light-demanding. By creating a variety of vegetation types, a diversity of 

food resources will provide roe deer with seasonally important foods. According to our 

results, shrubby vegetation must be retained and encouraged. This fact becomes 

especially important in the ecotone zones (transition zones between forested and open 

land-use, such as agricultural fields) because shrubby vegetation naturally occurs at forest 

edges. Shrub vegetation should also be encouraged within forests. As shown in our results, 

deciduous trees are important in influencing roe deer distribution. Therefore, the increase 

of forest species diversity to include mixtures of deciduous trees, particularly small-leaved 

or fruit-bearing species should be beneficial for this species. Small leaved species are 

associated with greater vegetative ground cover, whilst berries are important food source 

for roe deer.  

 Moreover, as habitat use is not static in time, monitoring programs should be long-

term and repeated regularly, to adequately fit with a potential roe deer adaptation shift 

to its environment. This has happened with roe deer over the last decades, which have 

shown a rapid colonization of open arable lands that were not the original habitat of this 

forest species (Cargnelutti et al 2002).  

 I think that the topics addressed in this thesis are all essential components to build a 

spatially explicit model for roe deer populations in Portugal and Norway. It is of interest, 

and very challenging, for management to be able to project the future distribution of the 

population while taking into account the development of human activities.  

 

7.5. Where to go from here? 

 We believe that this work integrated a global approach of a case study, with 

theoretical, methodological, and applied developments. We initiated this project with a 

very applied question: which factors affect roe deer occurrence at the opposite edges of 

their distribution?; However, as any scientific research, this study has raised more questions 

than answers and during the course of this project, a number of interesting questions have 

arisen that I have been unable to address. Some major points requiring further 

investigation are summarized bellow: 

 
1. Interaction between roe deer and red deer in Portugal. Roe deer tolerance to tannins 
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(secondary metabolites produced by plants against herbivory) could suggest that this 

species escape from dietary competition among other ungulates. However, previous 

studies have described the potential for competition between roe deer and other deer 

species (Welch et al. 1990; Putman 1996; Hemami et al. 2004). As I expected, species’ 

habitat preferences and biotic interactions are often tightly linked and roe deer 

distribution was negatively affected by red deer presence, which is consistent with 

previous findings (Anciaux et al. 1991; Danilkin 1996; Latham et al. 1996; San José et al. 

1997; Richard et al. 2009). Can this be the factor delaying roe deer expansion in Portugal?. 

To get an answer to this important question further studies are needed. We need to know if 

there is a dietary overlap between these species and if it results in dietary competition, 

even tough their diets overlap by less than half (Putman 1996). If dietary competition 

occurs, does it only arises when food is difficult to find? On the other hand, can it lead to 

spatial competition? With red deer forcing out roe deer from the best feeding areas? All 

these questions prove that competition between such species is very complex and difficult 

to analyse, not only because of all the logistic constraints associated but also because it is 

extremely difficult to control and manipulate all the factors in the system, to be sure that 

any deviation is actually due to competition. Ideally, one should use controlled 

experiments (Feldhammer and Armstrong 1993), which, for large mammals in the wild, are 

quite difficult to accomplish and require huge resources, which are rarely available in the 

context of monitoring programs. However, such analysis is pivotal for management of 

increasing ungulate densities in Europe as well for introduced species since the non-

existence of interspecific co-evolution may increase the impact of competition.  

 
2. Population dynamics of roe deer in Portugal.!Roe deer has been the focus of extensive 

scientific research (Danilkin 1996; Andersen et al. 1998; Apollonio et al. 2010).!Most of the 

information about roe deer ecology comes from central and northern Europe, whereas 

little is know at the southerwn edge of their distribution. Recent research on Mediterranean 

roe deer has challenged the traditional view of roe deer population dynamics and 

behavioural plasticity (Aragón et al. 1995; San José et al. 1997; Virgós and Tellería 1998; 

Acevedo et al. 2005), reinforcing the importance of studying roe deer aspects in those 

populations. This PhD was motivated by the clear lack of research and the scarcity of data 

related to roe deer in Portugal and the question that triggered the start of the project was: 

which factors affect roe deer occurrence in a Mediterranean ecosystem in Portugal?. 

Therefore, one of the major aims, and challenges, of this project was to harness and get 

more precise knowledge from roe deer populations living in Portugal. Undoubtedly, the 

results regarding the Portuguese study area must be interpreted as providing a first 

preliminary assessment of roe deer habitat/landscape relationships. In Portugal, there is an 
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enormous gap in population dynamics knowledge and so far no studies were conducted, 

which makes this a new, interesting and urgently required field of future research. Within 

this topic, we could explain the variations in the abundance of populations over time and 

space and all the biological and environmental processes influencing those variations. It 

would be fascinating to monitor critical factors affecting roe deer dynamics, such as 

fecundity and survival rates (Andersen et al. 1998). A lot of questions could be answered, 

among others: what is the fawn survival rate over their first year (as its known to vary widely 

according to environmental conditions)?; which are fawn’s main predators in Portugal, 

wolf? fox?; how does doe body weight affect breeding success?; what is the common 

litter size in the Portuguese populations? Which are the main factors affecting roe deer 

survival? Is the survival different in males and females? which are the patterns of dispersal? 

These are some of the questions that remain unanswered and that need to be 

investigated, particularly under constrating conditions as in Portugal. This knowledge is 

virtually non-existence in the Iberian Peninsula and I expect that the results will (again) 

challenge the tradition view of roe deer. 

 
3. Predator-prey relationships have been studied in Norway (Basille et al. 2009). In Portugal, 

predation by the Iberian wolf is also expected to shape roe deer population dynamics 

(e.g. prey are forced to seek cover, choosing poorer feeding grounds - where predator in 

absent - in detriment of better feeding grounds - where predator is present). It will be 

interesting to evaluate the role of the effects of predators (Iberian wolf and fox(?)) on roe 

deer population and movements (e.g. do roe deer avoid areas with relative high wolf use 

or densities). Demographic studies of roe deer facing large predators, like the Iberian wolf 

in Portugal, are urgently needed. Questions such as: which are the anti-predator strategies 

adopted by roe deer against wolf? do mothers reduce wolf predation upon their fawns, 

by selecting denser habitats to hide? do roe deer trade-off between food and cover, 

selecting poorer habitats but safer in the presence of the Iberian wolf? Furthermore, 

because large carnivores have recently re-colonized Europe, It is imperative to 

incorporate prey behaviour and other predator-induced traits on predator-prey 

interaction models (Peckarsky et al., 2008) in order to understand how landscape may 

interact with predator-prey relationships. This is a topic that should be futher analysed, 

particularly in Portugal, where nothing is known about predator-prey interactions.  

 Although I have tried to cover as many aspects as possible, I did not take into 

account some factors that could be important, such as supplemental feeding and 

landscape characteristics, which may affect the roe deer population and that should be 

included in future studies. However, in this particularly case, they were not included in the 

analyses mainly due to the lack of data regarding such factors. In Norway, cervids are 
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supplementally fed by humans either to increase winter survival (maintain artificially high 

winter densities) or to reduce crop and forest damage (Gundersen et al. 2004). It would be 

interesting to account for the number of feeding stations, distances between stations, 

position in landscape, and analyse if the presence of such stations would influence the use 

of roe deer of areas closer to houses, where most feeding stations are. Landscape 

characteristics, such as elevation, slope, may affect roe deer movement over the 

landscape but digital data was not available for such analysis. A more detailed study is 

required, where some of the factors mentioned above should be quantified and handled 

simultaneously with other habitat variables. Furthermore, it has been reported by other 

authors (e.g. Tellería and Virgós 1997) that it is not only the quality of habitat that 

determines the presence/abundance of roe deer but also the proximity to a previously 

colonized area significantly affects the global process of roe deer colonization (Virgós and 

Tellería 1998; Acevedo et al. 2005). Future studies should analyse the limiting factors that 

can affect the dispersal process of roe deer (e.g. proximity to the origin populations).  

 Finally, I would like to think that this study will be used in applied ecology or 

management, especially in Portugal, and that will not just stay at the theoretical level, as 

do many other studies. During this PhD it became clear to me that, generally, public 

knowledge and awareness about roe deer was lacking or was very low in Portugal. I 

believe that part of the success of roe deer conservation should lie in the increase of 

public recognition and it should be our job, as scientists, to deliver such information to the 

public through all possible media.  

 

7.6.  Conclusions 

 Overall, our models have demonstrated their usefulness in mapping the distribution 

of roe deer in Portugal and Norway. Our multivariate models at patch and landscape 

scales add significant insights into roe deer habitat relationships, especially in a relatively 

unknown ecosystem. The multi-scale approach used in this study is promising because it 

led to precise and at the same time general models with an intermediate degree of 

detail. The knowledge produced with this study can be used directly for large scale 

conservation planning and as a basis for spatially explicit population modelling. 

 Habitat use is a complex process occurring at different spatio-temporal scales. Our 

results demonstrated that important factors that affect roe deer distribution are not 

consistent across their biogeographic range. While in Portugal, roe deer were negatively 

correlated with human disturbance (e.g. human settlements), in Norway this species was 

positively correlated with human settlements. Moreover, with this approach it is possible to 
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learn important lessons about the mutual interactions among roe deer and red deer 

(Portugal) and moose (Norway), and the effects of human activities, which can be 

generalised to other similar situations. Concluding, our results demonstrate that roe deer 

live under many different conditions within their range, and this study have shown that it is 

not possible to determine fixed rules about roe deer. 

 Nevertheless, a more refined and detailed description of the predictor variables 

are necessary. Do species-habitat relationships vary between different regions and to 

what extent? How does the coding of the response variable (presence–absence of roe 

deer/counts of roe deer) influence the model prediction? Such questions should be 

addressed by comparing our ‘general’ models with regional models calibrated in sub-

regions of the study area. 

Wildlife research and management have traditionally focused on small spatial 

scales. More recently, it has been recognized that animals also respond to habitat factors 

at coarser spatial scales (Freemark and Merriam 1986). Our models included both local 

and broad scale habitat predictors. Nonetheless, we need to know more about the 

requirements of roe deer regarding the amount and spatial arrangement of suitable 

habitats. Only a combination of broad scale approach with data describing small-scale 

habitat, will allow us to develop effective tools for roe deer conservation. 

I started this thesis by mentioning the impacts that humans have on all ecosystem 

process. It is true that these have been accelerating in the last years, affecting not only 

the habitat but also the animals that inhabit them. The impacts are often negative. 

However, in this thesis, we showed for case of roe deer, which shows a remarkable ability 

to cope with human activity, gaining from it and thriving in human modified landscapes. 

However, this situation, that is more and less common in central and northern Europe, it is 

not true when we move to its southwestern distribution edge, where human activity 

negatively affects roe deer occurrence. However, to get an holistic and realistic view of 

the true impacts, long term studies are required (Gaillard et al. 2000) since new data 

needs to be collected on a regular basis so the model can be re-evaluated and updated 

based on new information. I conclude by emphasizing that the roe deer is a highly 

adaptable and flexible species and its behaviour and foraging patterns can be changed 

and adapted to fulfil its ecological requirements (Putman 1988) and these are in fact, the 

main reasons for this species success. 

Though the present study is restricted to a geographically limited area and a very 

specific question, I think that the methodology I apply is readily expandable to address 

similar questions in different contexts from conservation biology.  

 Human population expansion and increment of demands are leading to an 
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unprecedented reduction of natural resources (e.g. species, habitats). Humans are now, 

more than ever, shaping landscapes and most of the ecosystems. Thus, aside from basic 

research to improve our understanding of fundamental ecological processes, future 

research needs to reinforce the applied and interdisciplinary approaches that include the 

spatial structure and dynamic nature of human dimension into wildlife environment for a 

correct resource management. 

 Indisputably, humans and wildlife share time and space – it is our obligation to 

improve the knowledge and understanding about the ecological consequences on both 

levels in order to reach a greater state of coexistence between both. 

 

 

 

«We abuse land because we regard it as a commodity belonging to us. When we see 

land as a community to which we belong, we may begin to use it with love and respect.» 

 

       Aldo Leopold 
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