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RESUMO  
 

Nos últimos anos muitas espécies têm sofrido acentuados decréscimos populacionais, na 
maioria das vezes devido à falta de requisitos ecológicos fundamentais que colocam em perigo a 
viabilidade das populações. Na maioria das vezes estes requisitos estão relacionados com a 
perda de recursos essenciais à sobrevivência dessa espécie. Na natureza, em geral, o alimento, 
o refúgio e o parceiro reprodutor são considerados os recursos mais importantes sendo que a 
importância destes varia muito entre espécies e na mesma espécie ao longo da sua área de 
distribuição. 

Esta tese pretendeu continuar um estudo que teve início em 1999, acerca da ecologia de uma 
população de texugo Euroasiático (Meles meles L.) que vive num montado de sobro (Quercus 

suber) Mediterrânico, na Serra de Grândola. O estudo anterior para além de ter identificado que 
os recursos chave desta população eram o alimento e os complexos de tocas, forneceu também 
os primeiros conhecimentos acerca das densidades e organização social desta espécie em 
Portugal. Contudo era ainda importante compreender os padrões de disponibilidade dos recursos 
chave do texugo, bem como enteder como estes eram usados, nesta área Mediterrânica onde a 
sazonalidade de recursos é em geral muito marcada. O objectivo desta tese foi assim o de 
adquirir um conhecimento mais profundo acerca do modo como o texugo Euroasiático usa os 
seus recursos chave ao longo do espaço e do tempo e que factores influenciam esse uso. 
Adicionalmente, foi também discutido como é que o actual declínio dos sobreirais, 
nomeadamente dos montados, poderia afectar a disponibilidade dos principais recursos do 
texugo de modo a formular propostas de conservação para esta espécie, incluindo medidas de 
gestão adequadas para o montado.  

Demonstrou-se que os recursos alimentares mais importantes desta população são os frutos e 
os insectos, sendo que estes consituiram quase cerca de 90% da biomassa ingerida por este 
carnívoro. Os coleópteros (escaravelhos) tanto na fase adulta como ainda em larvas, e os 
ortópteros (grilos) foram os insectos mais consumidos. Quanto aos frutos, foram as bolotas, as 
pêras e as azeitonas, aqueles que apresentaram maior ocorrência, sendo que as azeitonas 
foram intensamente consumidas durante todo o tempo que estiveram disponívies, o que sugeriu 
um comportamento especialista sazonal para este fruto.  



De facto, os principais recursos alimentares do texugo mostraram ter flutuações temporais com 
picos de disponibilidade que ocorreram anualmente. Durante um período de 4 anos, 
ocasionalmente ocorreram também picos de abundância superior o que sugere uma dinâmica de 
“impulsos” na disponibilidade destes recursos. De um modo geral, os texugos tiraram proveito 
das flutuações temporais da maioria dos seus recursos alimentares, tal como foi evidenciado 
pela sobreposição quase total entre o consumo e a disponibilidade alimentar das azeitonas, das 
pêras e dos coleópteros. O mesmo não se passou com as bolotas, que tiveram apenas uma 
sobreposição parcial, e com os ortópteros, em que a relação foi negativa. Isto sugere que apesar 
de ser um generalista trófico que tira proveito dos recursos mais disponívies, o texugo parece 
seleccionar os seus alimentos em função do conteúdo energético e hídrico que estes lhe 
proporcionam. De facto é o que sucede, por exemplo, com as azeitonas; este recurso encontra-
se disponível ao mesmo tempo que as bolotas, no entanto o texugo parece “preferir” as 
azeitonas dado que estas apresentam um maior conteúdo energético. 

Demonstrou-se que na Serra de Grândola os texugos usam uma grande variedade de refúgios. 
De um modo geral, os complexos de tocas (buracos escavados pelos próprios texugos no solo) 
foram o tipo de refúgio mais usado durante todo o ano. No entanto, árvores ocas, arbustos de 
mato mediterrânico e zonas rochosas, entre outros, ocasionalmente também serviram de refúgio. 
O uso de outros tipos de refúgios que não tocas ocorreu especialmente durante a primavera e 
verão, em dias mais quentes, secos e menos ventosos. O uso dos refúgios pelo texugo 
demonstrou ter uma marcada sazonalidade, aparentemente relacionada com diversos factores, 
tais como condições climáticas, o estado reprodutor e perturbações humanas ou de outros 
animais. Contrariamente ao esperado, a proximidade às principais fontes de alimento (hortas e 
olivais) não teve qualquer influência no uso dos refúgios.  

Do mesmo modo, também não ficou clara a influência das principais fontes de alimento na 
tortuosidade dos movimentos dos texugos durante a sua actividade nocturna. O movimento de 
um animal pode ser linear, aleatório ou tortuoso. De um modo geral, os texugos tiveram 
movimentos tortuosos o que poderia sugerir uma adaptação à distribuição agrupada dos 
principais recursos alimentares em olivais e hortas. No entanto, a distância a fontes de alimento 
não surgiu como variável significativa para a tortuosidade de movimentos. A influência de outras 
variáveis (condições climáticas, distância a tocas, distância a estradas) no tipo de movimento 
dos texugos foi investigada, sendo que aparentemente apenas a distância a complexos de tocas 
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principais e a latrinas, bem como a densidade de refúgios parece ter tido influência na 
tortuosidade de movimentos. 

Os montados de sobro são habitats selecionados positivamente pelos texugos e por isso 
essenciais para a conservção desta espécie. No entanto, nos últimos anos muitos sobreirais e 
montados de sobro sofreram um declínio acentuado devido a vários factores. Entre eles, a 
dissimenação de diversas doenças, as secas prolongadas, os incêndios cada vez mais 
frequentes, o êxodo rural e a intensificação da produção de cortiça com uso de maquinaria 
moderna, tem contribuído para a morte de muitos sobreiros. O montado da Serra de Grândola foi 
um dos mais afectados nos anos 80. Com o declínio do montado a tendência é que toda a 
configuração desta paisagem típica alentejana se altere. Assim, os mosaicos de matos muito 
provavelmente irão aumentar havendo um decréscimo acentuado de outros mosaicos, tal como 
pastagens, hortas, olivais, e mesmo da própria matriz de sobreiros. Como consquência destas 
alterações da paisagem espera-se que a disponibilidade de alimento para o texugo, i.e., de frutos 
e insectos, diminua. A população de texugos da Serra de Grândola, que actualmente parece 
estar apenas limitada pela disponibilidade de locais para escavar tocas, poderá assim ficar 
também limitada pelo alimento. Sendo que esta população já ocorre em densidades 
relativamente baixas (0.36-0.48 badgers/km2) se o declínio do montado continuar a viabilidade 
desta população poderá estar em risco. 

Por fim foram sugeridas algumas medidas de gestão do montado que poderão auxiliar a 
conservação não só desta espécie mas também do próprio montado. Foram também propostos 
outros estudos futuros acerca da ecologia do texugo em Portugal: Entre outros, foi proposto que 
se realizassem estudos semelhantes noutras áreas de estudo (ex. mais humanizadas) e que se 
fizesse uma inventariação das populações de texugo a nível nacional.  
 

PALAVRAS-CHAVE: Conservação, Ecologia Trófica, Paisagem Mediterrânica, Texugo Euroasiático, 
Tortuosidade de Movimentos, Uso de Refúgios 
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SUMMARY 

Resources are any physical or virtual entity of limited availability which is used for satisfying 
animal needs. The aim of this thesis was to understand time and space use of key resources by 
the Eurasian badger (Meles meles) in a Mediterranean cork oak woodland of Serra de Grândola. 
Badgers’ main food resources were insects (Coleopera and Orthoptera) and fruits (e.g. olives, 
acorns, pears), and these showed temporal fluctuations in peaks of availability that occurred on 
an annual basis, having additional peaks of super abundance. The consumption of some food 
items overlapped with their peaks of availability; exceptions were acorns and Orthoptera. The 
tracking of primary resources appears to involve trade-offs involving energy and water 
requirements. Badgers used a large number of dens, different in terms of structure and function. 
Main setts were the most important dens. Nevertheless, badgers often used other types of refuge 
especially during spring and summer. There was a marked seasonality in the use of dens related 
to several factors (e.g. disturbance, climate conditions), but not with proximity to food patches. 
Badgers generally displayed convoluted movements, which could suggest an adaptation to the 
clumped distribution of their food. However, the influence of food resources was not clear. Other 
variables were also investigated (e.g. weather conditions, human infra-structure), but besides 
dens, only latrine location seemed to have influence on path tortuosity. With cork oak decline is 
expected an increase of shrubland patches, and a decrease of cork oak woodland and non-matrix 
habitat fragments (e.g. orchards). Consequently, in the coming decades it is expected that all the 
dynamic of landscape configuration, typical of the montado, might be altered. Food availability will 
probably decrease, but refuge will not increase since important dens (main setts), are dependent 
of the underlying geology. The badger population that nowadays seems to be limited mainly by 
sett availability, most likely will also be limited by food availability.  

 

KEY-WORDS: Conservation, Den Use, Eurasian Badger, Mediterranean Landscapes, Path 
Tortuosity, Trophic Ecology 
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“To stand by and watch the world's billion-year 
heritage go down the drain is the folly our 
descendants will least likely forgive us.”  

 
Edward O. Wilson 

 
 



____________________________________________ CHAPTER 1 
 

GENERAL INTRODUCTION   

Approaches to conservation and natural resources management are maturing rapidly, in 
response not only to changing perceptions about biodiversity and ecological systems (Poiani et 
al., 2000), but also to the increasing rate at which species are becoming threatened. In the past 
years a marked decline in the populations of many species has been documented, namely at a 
local level. An example is the Iberian lynx (Lynx pardinus), endemic of the Iberian Peninsula. This 
species, currently classified as Critically Endangered (CR), showed 80% of range loss between 
1960 and 1990, due to a decrease in the availability of wild European rabbit (Oryctolagus 

cuniculus), its main prey, and habitat destruction (Delibes et al., 2000). Likewise, the crocodile 
like gharial (Gavialis gangeticus) changed from Endangered to Critically Endangered (CR), as a 
consequence of 58% of population reduction over the last 10 years, due to irreversible loss of 
riverine habitat and net fishing (IUCN, 2007a). According to the IUCN red list, every year more 
species acquire a threatened status and just from 2006 to 2007 this was the case for more than 
100 vertebrate species (IUCN, 2007b). Many of those species never had the chance to be the 
target of a study or the studies started too late (Virgós et al., 2005). Others are well studied in 
certain parts of their distributional range but the information about their basic ecology is almost 
unknown in more unpredictable and adverse habitats. However, it is usually in these habitats that 
their densities are lower and the risk of local extinction is higher. 

Often the decline of a population is directly related with the loss of specific environmental 
requirements, which are usually related to the resources that a species needs to survive. The 
knowledge of the biology and ecology of a species throughout its distributional range, namely, of 
which are its key resources and how they are used, is a basic requirement for its conservation in 
nature (Virgós et al., 2005).  

A resource is any physical or virtual entity of limited availability which is used by animals to 
satisfy their needs. Resources are therefore fundamental factors to the survival of most species, 
namely main or key resources, without which individuals would die. Important resources are food, 
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refuge, den sites, nest cavities, mates, water sources or suitable habitat, and these may vary 
enormously between species, and intra-specifically along the distributional range. 

In nature, key resources are usually food, dens/refuge and mates, but the one commonly 
considered the most important is food (Macdonald and Carr, 1989). Besides being a resource 
that is usually very important throughout the entire year, food abundance generally has a direct 
influence in several parameters of species ecology and biology. Movement paths and spacing 
patterns, for example, are largely shaped by food abundance and distribution (Prangue et al., 
2004). In fact, the spatial distribution of a species is commonly thought to reflect the distribution of 
one or several limiting resources on a landscape (Mitchell and Powell, 2004), including food. 
Dispersal and migrations are also often related to food availability. When food is in short supply, 
dispersion is usually more pronounced and animals may leave either because they are hungry, or 
they may be driven out by more dominant individuals (Bekoff and Daniels, 1984). Similarly, 
migration movements of many mammals (e.g. marine mammals and ungulates) and birds, 
frequently aim to find places offering the best and most profitable food sources. The extraordinary 
migration of various species of antelopes across the African grasslands takes them from dry-
season retreats close to water supplies, to lush but short term wet season pastures (Macdonald, 
1995). Likewise, the pink-footed goose (Anser brachyrhynchus) flies more than 1000 km over sea 
and migrates from the Belgian, Dutch and Danish wintering areas, to the Norwich nesting areas, 
in England, where food is more abundant (Fox et al., 2006).  

Moreover, food resources directly and indirectly regulate or limit animal densities and population 
dynamics (Prangue et al., 2004), not only by influencing times of dispersion and migration, but 
also by controlling body condition, breeding success and survival (Krebs and Davies, 1997; 
Prangue et al., 2004). Brown bear (Ursus arctos) densities, for example, are highest in coastal 
Alaska where runs of salmon are seasonally superabundant, and lowest in the north of the Artic 
Circle, where the growing season is short and both plant and animal’s biomasses are low 
(Nowak, 2005).  

As for reproductive success, females tend to invest in offspring according to food availability, 
their reproductive rate and productivity being usually limited by the quantity and quality of food 
resources (Krebs and Davies, 1997). In fact, wildlife reproductive characteristics and success are 
closely linked to food (Robbins, 2001). A good adaptive example of this association is delayed 
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implantation, with birth events coinciding with abundant resources. Delayed implantation is 
known to occur in about 47 species of six different mammal orders (Carnivora, Pnnipedia, 
Chiroptera, Insectivora, Artiodactila and Edentata) and consists in suspending the growth of the 
blastocyst during a certain time, usually the winter when food resources are scarce (Macdonald, 
1995). When the time is right (i.e. food abundance is high) the blastocyst implants in the uterine 
wall and continues its normal development. 

At last, food is also primarily responsible for intra-specific variation in social organization and 
social behaviour (Bekoff and Daniels, 1984). Behavioural ecologists have long recognized a 
relationship between social behaviour and distribution and predictability of resources (Johnson et 
al., 2002), namely food, and because of this, attention has increasingly been devoted to 
understanding relationships among prey dispersion, social organization, and predator’s food 
habits (Patterson and Messier, 2001).  

But food is not the only key resource. As already mentioned, den sites and/or refuge (e.g. nest 
cavities, burrows, warrens) and mates are other key resources. Although the importance of these 
resources might be seasonal, their absence might threaten the survival of a population. Burrows 
for example, are extremely important for many rodents (e.g. voles, prairie dogs) and lagomorphs; 
besides providing protection against predators also serve as refuge and breeding sites. The wild 
European rabbit, for example, builds warrens that function simultaneously as protective structures 
against predation and climatic extremes (Martins et al., 2002), being essential for its survival. In 
fact, warrens availability is a matter of concern in the Iberian Peninsula within the strategy to 
recover rabbit populations (Palomares, 2003). Similarly, birds are also dependent of protective 
structures often associated with reproduction. In a northern Arizona ponderosa pine forest, 
breeding densities of three bird species were apparently limited by nest sites (Brawn and Balda, 
1988). Suitable nest cavities which are usually present in dead trees can be scarce due to man’s 
silvicultural activities, or natural processes such as fires, therefore influencing breeding 
productivity (Brawn and Balda, 1988). 

Finally, although finding mates is essential to the survival of any species, sometimes in nature, 
for several reasons, might be a difficult task given the low rate of encounters or due to the intense 
competition among males. In fact, searching for mates has much in common with searching for 
food resources (Parker, 1978). Young males of Northern elephant seals (Mirounga angustirostris) 
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in the New World, for example, have no hope of securing an harem in a fair fight with a large 
adult (Macdonald, 1995). Thus, some of them behave like females, insinuating themselves into a 
harem and trying to sneak mating (Macdonald, 1995).  

But an animal environment does not consist solely of places to feed, nest, shelter, hide from 
predators and mate; there is also a living environment of competitors (Krebs and Davies, 1997), 
since very often the required resources are short in supply and insufficient to do round 
(Macdonald, 1995). The result is competition (intra and inter-specific) among animals that search 
for the same resources. In fact, that is how territoriality emerged in the animal kingdom. 
Territoriality has been often defined as the behaviour of defending a fixed space from which an 
individual, or group of mutually tolerant individuals, actively exclude competitors for a specific 
resource or resources (Maher and Lott, 1995) and has been a common assumption of most 
hypothesis advanced to explain group formation. Indeed, increasingly empirical evidences has 
emerged that supports resource-based explanations of social organization and territoriality in a 
variety of species (e.g. Eurasian badger, Meles meles; fox, Vulpes vulpes, (Johnson et al., 2002). 
The most common is the Resource Dispersion Hypothesis (RDH - Macdonald, 1983) which has 
been often used to explain social behaviour not only in mammals but also in birds (Johnson et al., 
2001). This hypothesis suggests that groups may develop where resources (usually food, but 
could be also dens, mates or other) are dispersed in such a way that the smallest defensible 
territory for a pair can also sustain additional animals (Nowak, 2005). This happens because, 
where resources’ patches are heterogeneous (in space and/or time), the primary breeding pair 
will have to defend a relatively larger area to include sufficient resources patches to guarantee 
enough usable patches over time (Nowak, 2005). Two other hypotheses not so common are the 
Prey Renewal Hypothesis (PRH - Waser, 1981) and the Constant Territory Size Hypothesis 
(CTSH - von Schantz, 1984). The former is based on food resources, namely prey, and suggests 
that when prey renewal rate is high, animals do not need to defend resources, since there will be 
a surplus, and therefore other animals can be tolerated inside home ranges leading to the 
establishment of groups (Waser, 1981). Constant Territory Size Hypothesis (CTSH) on the other 
hand, predicts that in an environment where the resources fluctuate (mainly food but could be 
other), animals should have a constant territory size. When there is high abundance of resources, 
the defended territory can contain more animals and group formation emerges (von Schantz, 
1984). 
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Competition and territoriality are therefore not necessarily over access to food, they might be 
over access to any resource. Depending on the species, geographical location and time of the 
year, resources might differ in importance. Indeed, the same species may be limited by different 
resources in different places or at different times of the year. On sand dunes for example, rabbits 
have no difficulty in digging as many burrows as they wish. In these circumstances, as the 
population increases the rabbits simply dig more burrows, until food grows thinner on the ground 
and they become directly exposed to food competition (Macdonald, 1995). Nevertheless, for 
rabbits living on chalk grasslands, burrows are the limiting resource because of hard digging soil 
(Macdonald, 1995). 

Among the mammalian order Carnivora there are numerous examples where variations in 
resources exist at the geographical range level. This order has about 9 families and around 231 
species distributed across the world (Macdonald, 2001), some of which with a vast distributional 
range (e.g. fox, Eurasian badger). The coyote (Canis latrans), for example, demonstrates large 
regional and seasonal variation in food habits and social organization (Patterson and Messier, 
2001). Similarly to the coyote, the same behavioural plasticity occurs in many other species of 
carnivores. For this reason, carnivores are an excellent model group for illustrating the adaptive 
patterns of life history traits and geographical adaptations including the way species explore their 
resources.  

Moreover, living at the top of the food pyramid (top-down predators), carnivores, by definition 
never common (Nowak, 2005), often function as keystone and umbrella species (Schonewald-
Cox et al., 1991) being very important elements of an ecosystem. Nevertheless, for this same 
reason, carnivores frequently enter in conflict with humans, especially due to the increasing 
number of urbanized systems and to the gradually disappearance of their natural preys, which is 
often the cause of their attacks on domestic animals (e.g. red foxes kill chickens, brown bears 
and wolves kill sheep and stoats and weasels kill game birds). Moreover, in urbanized systems 
the distribution and abundance of natural food resources are often altered due to occurrence of 
other abundant and highly concentrated anthropogenic resources (Prangue et al., 2004), 
consequently increasing the encounters between carnivores and humans.  

Thus, more than protecting a species, conservation has to focus on protecting the space that 
that species need to survive, including its key resources. This might help to avoid many conflicts 
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with humans and to better elaborate management and conservation guidelines. For this, it is very 
important to understand the ecology of the species, namely how it uses resources throughout its 
geographical range. It is therefore crucial to have the answer to certain questions related to a 
species basic ecology at different places of its distributional area.  

1) Which are the main resources for a certain species? 

2) Which resources are limiting a species’ density? 

3) How does a species use its resources throughout time and space? 

4) What influences the use of main resources? 

5) How resources might influence population trends?  

The answer to these questions is even more relevant in landscapes where anthropogenic 
effects are common and fluctuations in resources, namely food, tend to be cyclic. In such 
environments, keeping track of changes in resources may be one of the problems faced by many 
animals, influencing their basic ecology. Determining patterns of availability and use of resources 
in time and space might be therefore essential to understand the environmental constrains of a 
species, especially in habitats such as Mediterranean cork oaks, that nowadays face a severe 
decline. However, this is only possible with long term studies. 

This thesis, that uses, as biological model, a population of Eurasian badgers (Meles meles) 
living in a Mediterranean cork oak (Quercus suber) woodland of south-west Portugal, is the 
follow-up of an ecological research that began in 1999 (Rosalino, 2004). The previous study 
provided the first insights about the density and social organization of the above referred 
population, besides identifying the main resources for the species. But understanding the patterns 
of availability of these resources, and how these are used over time and space, was considered 
the next step to be able to predict species response to landscape changes, such as the decline 
currently faced by cork oak woodlands, and to propose adequate conservation guidelines for both 
the badgers and their habitat.  
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Eurasian badger as a surrogate species of cork oak woodland biodiversity 

The Eurasian badger is a medium sized carnivore which belongs to the Mustelidae family, the 
same as for weasels, martens, otters, and several other mesocarnivores.  

Like most carnivores, its rhythmic activity is mainly crepuscular and nocturnal, being one of the 
few mustelid species that is gregarious and lives in social groups or clans (Neal and Cheeseman, 
1996). Social groups are formed mainly by relatives, since generally young badgers never leave 
their natal group (Macdonald, 2001). 

With a broad distributional range throughout almost all Eurasia (Neal and Cheeseman, 1996), 
this carnivore inhabits a large variety of habitats, from boreal forests to semi-arid environments 
(Kruuk and Parish, 1987; Neal and Cheeseman, 1996) including Mediterranean cork and holm 
oak forests (Rosalino, 2004; Rosalino et al., 2007) at their southwestern distribution edge in the 
Iberian Peninsula (Dobson, 1998; Virgós and Casanovas, 1999). 

As for other carnivores, their densities vary dramatically between habitats and regions in 
response to climatic variations or other factors such as vegetation characteristics (Virgós, 2001) 
and food availability, thus making it a good surrogate species to illustrate how in a geographical 
scale the resources it uses highly influence their ecology and conservation needs. Although at a 
continental scale badgers are not threatened, currently they are thought to be declining in 
Mediterranean areas, where their populations are of conservation concern (Griffiths and Thomas, 
1997; Revilla et al., 2000; Revilla et al., 2001a).  

Twenty years ago, the Eurasian badger’s ecology was already well known in Central and 
Northern Europe, namely in the British Islands. There, badgers are susceptible to be infected by 
Mycobacterium bovis and transmit bovine tuberculosis (referred hereafter as bTB) to cattle. This 
disease has serious economic implications both for the farming industry and the public finances, 
and raises significant animal welfare concerns (Garnett et al., 2003). The strong circumstantial 
evidence of a link between bTB and badgers promoted many studies on the species. These 
concerned, spatial organization (e.g. Kruuk, 1978; Kruuk and Parish, 1987), population dynamics 
(e.g. Cheeseman et al., 1987; Skinner et al., 1991), social structure (e.g.Evans and Macdonald, 
1989), trophic ecology (e.g. Kruuk and Parish, 1981; Shepherdson et al., 1990), among others, 
and were conducted in order to better understand the dynamics of this species and how the 
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disease was transmitted to cattle. At that time the Eurasian badger was known as a food 
specialist whose main food resource was earthworms (Lumbricus spp.), usually found in more 
than 90% of the scats (Kruuk et al., 1979; Kruuk and Parish, 1981), and their densities were 
assumed to be in general high and dependent on the worm availability (Kruuk and Parish, 1987). 
Dens were seen as the other main resource for these animals, which used them as reproduction 
and socialization sites. Usually living in high densities, badger territories had only one main sett 
and a small number of ‘outlier’s setts’ (2-3 on average but occasionally up to about a dozen - 
(Cresswell and Harris, 1989; Ostler and Roper, 1998).  

In the Mediterranean basin studies on badgers only began in the late 80s early 90s, and were 
specially related to the trophic ecology (e.g. (Ciampalini and Lovari, 1985; Pigozzi, 1991) in Italy 
and (Rodriguéz and Delibes, 1992; Fedriani et al., 1998) in Spain. Mediterranean landscapes 
have very different environmental conditions compared to the British Islands (e.g. hotter 
temperatures and less rain), and therefore a very low availability of earthworms was expected. As 
a consequence, some of the generalized conclusions made before about badger’ dynamics and 
ecology most likely would not applied to Mediterranean populations. In fact, badgers in the 
Mediterranean basin have shown a much more diverse diet. Whilst in some places fruits and 
arthropods seemed to be “preferred” (Kruuk and De Kock, 1981; Ciampalini and Lovari, 1985), in 
other areas rabbits were intensively consumed (Fedriani et al., 1998; Revilla and Palomares, 
2002). Thus, the Eurasian badger could no longer be considered an earthworm specialist. 
Following studies demonstrated that the trophic behaviour of badgers highly depends on the 
geographic area (Virgós et al., 2004) and availability of resources. Different results were also 
obtained concerning the density, sociality and denning behaviour of badgers. Mediterranean 
populations live in much lower densities, form smaller groups, sometimes only pairs (Revilla, 
1998), and usually use a higher number of dens (almost 30 shelters per territory - Revilla et al., 
2001b). 

In Portugal, the Eurasian badger is one of the 14 existing species of carnivores, being its 
distribution generalized throughout the country (Santos-Reis et al., 2005). In spite of the broad 
distribution and apparent abundance, the species ecology was mostly unknown till the end of the 
90s when the first observational study started with the goal of understanding the density and 
sociality of a population inhabiting a cork oak woodland (Serra de Grândola). The main results of 
such study (Rosalino 2004) were: 
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• Badgers density was one of the lowest recorded in Western Europe, with 0.36-
0.48ind/km2, and the population was organised in groups of 3-4 adults plus 3-4 cubs of 
the year; 

• Food availability was not a limiting factor for badger density, in opposition to the 
availability of suitable sites for den emplacement, which seems to regulate the number of 
social groups inhabiting the area. 

Besides, Rosalino´s study (2004) also gave information about the species’ basic ecological 
requirements showing that: 

• Badgers’ main foods were insects and fruits, constituting ca. 90% of the biomass 
ingested, and individuals responded to the pattern of olive availability; 

• Individuals used seasonally stable home-ranges that averaged 4.46 km2, a size similar to 
that described to southwest Spain, but smaller than those of Central Europe where 
ranges can reach 25km2; moreover, home-ranges sizes were positively correlated with 
food patch dispersion; 

• Habitat use was not random, with badgers selectively using olive groves and orchards as 
food sources and cork woodland and riparian vegetation for shelter and protection;  

• Badgers revealed lower den fidelity than reported for their northern counterparts. 

Thus, thirty years later, after the first scientific studies on the species, results obtained at a 
broader scale showed that the Eurasian badger has a strong geographical variation in their 
behavioural ecology depending on the environmental determinants of each area and, 
consequently, of the resources available there. Studies in different places of the distributional 
range are therefore very important to better understand the adaptability of this species. 

 

Aims and novelty of this study 

Questions about badgers’ ecology in Serra de Grândola were not fully answered with Rosalino 
(2004)’s study and new questions emerged. For example, the main food resources consumed by 
badgers and the characteristics of the Mediterranean climate, suggest a fluctuation in the food’s 
availability that might have a pulsed nature (Ostfeld and Keesing, 2000). Whether peaks of food 
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availability were tracked by badgers remained unclear. On the other hand, being sett fidelity lower 
than the observed in northern regions, climate variations and food availability (i.e. seasonality) 
could be favouring the change of dens throughout the year. Additionally, the inhospitable soil 
characteristics, which restricted the number of setts in the area, together with the seasonality of 
food resources might foster random movements through the home-ranges while foraging.  

The assumption that food and dens are the environmental determinants of the density and 
sociality of this Mediterranean badger population, and may be important to predict future trends, 
was therefore the driving purpose of this Ph.D. that aims a deeper understanding of how the 
Eurasian badger uses its key resources throughout time and space, and which factors influence 
its use. Additionally, it is also discussed how the present decline of cork oak forests, the most 
selected habitat in southern Portugal (Rosalino et. al., 2007) might affect the availability of long-
term resources and the badger population, in order to formulate guidelines and strategies for 
badger conservation and the management of this forested system.  

As a background, I used the findings from the previous study initiated in 1999 in the same study 
area (Rosalino, 2004), together with new data gathered from 2002 thereafter. From 1999 to 2001 
I had an active participation on the previous study, not only in the collection of field data (scat 
sampling, fruits and insect availability evaluation, badgers’ capture and radio-tracking) and in the 
laboratorial work (scats and pit-falls analyses), but also partially in data analyses, being co-author 
in some of the papers emerging from L.M. Rosalino’s thesis (Rosalino et al., 2003; Rosalino et 
al., 2005). 

The main goals of this thesis were: 

• to determine badgers main food resources and the variation in their availability through 
time;  

• to investigate the importance of different types of dens for badgers and what influences 
their use throughout the year; 

• to evaluate how the location of food resources and dens might influence the movement 
patterns throughout the home-ranges; 

• to investigate how the sustainability of the cork oak montado may influence the future of 
the badger population at Serra de Grândola 
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Thesis Structure 

This thesis is divided in five sections. The first part corresponds to this first chapter, which 
consists of an introduction where the context, aims and structure of the study are presented, 
along with a second chapter where the study area is described.  

In the second, third and fourth parts, which include the chapters 3 to 7, the results obtained are 
presented as 5 scientific papers published or submitted to peer-review journals (see next 
section). Throughout these papers we attempted to answer the research questions under 
analysis and achieve the thesis’ main goals. 

The fifth part, corresponding to chapter 8, consists of an integration and discussion of the results 
obtained. To conclude, ideas for future studies, as well as conservation guidelines for badger 
populations inhabiting cork oak woodlands in Mediterranean habitats, are also presented. 
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List of Papers 

This thesis comprises the papers listed below, each corresponding to a Chapter, from 3 to 7. 

 Rosalino, L.M.; Loureiro, F.; Macdonald, D.W. & Santos-Reis, M. (2005). Dietary shifts of the 
badger Meles meles in Mediterranean woodlands: an opportunistic forager with seasonal 
specialisms. Mammalian Biology, 70(1): 12-23.  

 Loureiro, F.; Bissonette, J.A.; Macdonald, D.W. and Santos-Reis, M. (submitted). Resource 
variability and temporal tracking by Eurasian badgers. Wildlife Biology. 

 Loureiro, F.; Rosalino, L.M.; Macdonald, D.W.  and Santos-Reis, M. (2007). The use of 
multiple den sites by Eurasian badgers, Meles meles, in a Mediterranean habitat. 
Zoological Science, 24: 978 – 985.  

 Loureiro, F.; Rosalino, L.M.; Macdonald D.W. and Santos-Reis, M. (2007).Path tortuosity of 
Eurasian badgers (Meles meles) in a heterogeneous Mediterranean landscape. Ecological 

Research, 22: 837-844 

 Loureiro, F. and Santos-Reis, M. (in prep.). Consequences of cork oak decline for 
biodiversity: an example with Eurasian badgers (Meles meles). Biodiversity and 

Conservation. 

 

The author of this thesis was responsible for sample collection and processing laboratory 
procedures, as well as for data analyses and manuscript writing of all the papers herein listed, 
including the first paper, where it is co-author. This paper was already presented in the PhD 
thesis of L.M. Rosalino, who accepted its inclusion in this thesis since it was essencial to the 
theme under discussion.  
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____________________________________________ CHAPTER 2 
 

STUDY AREA  

The Mediterranean basin is considered an important biodiversity hotspot for conservation 
(Myers et al., 2000), featuring an exceptional concentration of species, including endemisms 
(Temple and Terry, 2007). The Mediterranean area, alone, harbours ca. 25.000 plant species 
(50% of which are endemic to the region) whereas in central and northern Europe, a region four 
times larger, only 6.000 flowering plants and ferns can be found (Scarascia-Mugnozza et al., 
2000). Concerning terrestrial mammals, ca. 200 species inhabit the Mediterranean area, of which 
25% are endemic (Scarascia-Mugnozza et al., 2000). In fact, if we express this diversity as a ratio 
between species richness and area, the indices for the two regions would be 11.3 vs. 4.2, 
respectively (Scarascia-Mugnozza et al., 2000). Nevertheless, nowadays this area is 
experiencing a high habitat loss. 

Cork oak (Quercus suber) forests are an important ecosystem throughout the Mediterranean 
basin, and are highly valued for their conservation and economic attributes (Orgeas et al., 2002). 
Present in several Mediterranean countries (Portugal, Spain, France, Italy, Morocco, Tunisia and 
Algeria), including some islands (Corsica, Sardinia and Sicily), its distribution is mostly 
concentrated in the western part of the Iberian Peninsula (Carrión et al., 2000), covering 2 million 
hectares worldwide (DGRF, 2001). Associated with a remarkable biodiversity (Myers et al., 2000), 
these forests constitute unique ecosystems which are recognized since 1993 for their ecological 
value under the framework of the Natura 2000 Network (European Union Directive no. 
92/43/CEE, Appendix I). However, during the twentieth century, for reasons that include rural 
depopulation, undergrowth clearing and fire, cork oak forests have markedly declined (Orgeas et 
al., 2002; Loureiro and Santos-Reis, in prep.). 

 

Cork oak montado in Portugal 

Portugal has the largest extent of cork oak forests (Silva, 2007) in the world; about 730 
thousand hectares which represent 32% of the world's cork oak forests. Most of it is located in the 
Alentejo region, which alone has 527 thousand hectares of cork oak forest, mainly represented by 
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an agro-silvo-pastoral system: the montado (Costa and Pereira, 2007). Although the Alentejo 
region has the largest extent of montado, this same system occurs in other parts of the country, 
but only in smaller areas (Pinto-Correia, 2000).  

The montado has been implemented in the southern Iberian Peninsula since the VIIth century 
(Joffre et al., 1999) being one of the last examples of traditional rural agro-silvo-pastoral systems 
in Europe (Martín et al., 2005). It results from the progressive transformation of the original 
Mediterranean macquis (Pinto-Correia, 2000) into a savannah-like open tree layer, mainly 
dominated by evergreen oaks (cork and/or holm oak, Q. rotundifolia - Joffre et al., 1999) and 
closely resembles the Spanish dehesa.  

In Portugal, due to its ecological and economical importance, several laws have protected cork 
oak trees since the year 1259 (McGrath, 2007). In the 70s, for example, a law was approved that 
stated that without permission from the government, it is illegal to cut down any cork oak, dead or 
alive (Law decree #221/78). The last law was approved in 2001 (Law decree #169/2001) and 
improves previous legislation regarding several factors related with cork oak (e.g. cork extraction, 
pruning, conditions for cutting trees, etc). 

Besides the cork oak montado, there is also the holm oak montado, more characteristic of areas 
of warmer and drier climate, such as in the interior of Alentejo (Pinto-Correia, 2000). The 
distribution range of these two types of montado has therefore a small overlap, which is directly 
dependent on the Atlantic versus inland climatic influences (Santos, 2003).  

Cork oak montados are characterised by the combination of an open tree cover of cork oak 
trees, in varying densities (usually 60 to 100 trees per ha), with a rotation at the soil level, of crop 
cultures, grazing and fallow (Pinto-Correia, 1993). Crop cultures include cultivated cereals such 
as barley (Hordeum vulgare) or wheat (Triticum spp.), among others, whilst grazing areas are 
often constituted by native vegetation, the majority of which annual species. Fallow areas are 
usually dominated by Mediterranean shrubs such as Cistus spp., Arbutus unedo, Erica spp., 
Lavandula spp. and Ulex spp.  

Montado systems represent a good model for the management of renewable natural resources, 
flexible and adapted to the Mediterranean climate, characterised by low edaphic and climatic 
potential (Pinto-Correia, 2000). With this system several gains are achieved, not only at the 
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economical level (cork, fuelwood, charcoal, acorns for animals, pastures, hunting leases, etc.), 
but also at the ecological (soil protection, biodiversity reserve, hidrological regulation, etc) and 
social level (recreational, cultural and educational values).  

Moreover, due to its characteristics, and comparing with other forest ecosystems, the montado 
supports one of the highest biological diversity not only of plants but also of animals (Carrión et 
al., 2000) having associated to it several endemic and rare species.  

 

Serra de Grândola’s Montado 

Geographical context 

Within the former context, Serra de Grândola (Grandola’s Mountain) was selected as the study 
area. Located in the Mediterranean basin, in Portugal, more specifically in the Alentejo region 
(38º 07’N; 8º 36W, Fig. 2.1), Serra de Grândola has one of the most homogeneous and extensive 
stands of cork oaks in Portugal (Costa and Pereira, 2007).  

 

Fig. 2.1. Location of the study area and of Serra de Grândola within Portugal; Serra de Grândola is in green. 
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Consisting of two counties (Grândola and Santiago do Cacém) and six parishes (Santa 
Margarida da Serra, São Bartolomeu da Serra, São Francisco da Serra, Melides, Grândola, 
Santiago do Cacém), it occupies about 300 thousand hectares. In spite of its low altitude (150 to 
270m a.s.l., (Santos-Reis and Correia, 1999), it is curious to notice that the 3 parishes which are 
in the core of this mountain have in their name ‘Serra‘ (i.e. Mountain), which reflects their location 
and the importance of this mountain to the locals. Our study area is located in the northern slope 
of Serra de Grândola, mainly in the parish of Santa Margarida da Serra, about 7km of Grândola 
and 115km of Lisbon, and covers about 66km2. 

 

Climate, vegetation and fauna 

Climate in Serra de Grândola is Mediterranean and humid due to the Atlantic influence, being 
clearly seasonal in terms of temperature and precipitation (Fig. 2.2). Winters are temperate, 
characterized by very cold temperatures and some precipitation, whilst autumn is generally less 
cold but more rainy. In winter, temperatures can reach -6ºC. Spring and summer are the dry 
seasons. Summer is the hottest and driest season of the year, with maximum temperature 
reaching more than 40ºC, whereas Spring is less humid and hotter 
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Fig. 2.2. Four-year average of total precipitation and mean, minimum and maximum temperatures by month in the 
study area; the bold dash line is the mean temperatures; the bold line is total precipitation and the dash lines are the 
minimal and maximal temperatures (data collected between 2002 to 2005 at a weather station located at 38º 06’N; 8º 
34W). 
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Concerning the vegetation, Serra de Grândola, and particularly our study area, is dominated by 
the cork oak montado. As a consequence of the management measures applied to this system, 
cork oak montados incorporates a high diversity of cover and land uses that result in a 
heterogeneous mosaic (Pinto-Correia, 2000). Thus, within the matrix of the cork oak montado 
several other patches of different types of vegetation can be found (Fig. 2.3).  

 

Fig. 2.3. Land use at the study area. 

 

 

Besides orchards, vegetable gardens and olive yards, along temporary and permanent streams 
there are several corridors of riparian vegetation, sometimes very dense, dominated by 
blackberry bushes (Rubus spp.). Also present is the poplar (Populus alba) and the ash (Fraxinus 
angustifolia). Although with a small percentage of cover, there are also patches of pine (Pinus 

pinea and Pinus pinaster) and eucalyptus (Eucalyptus globosus). In spite of grazing being no 
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longer an important activity in the area, there are still some patches of pastures throughout the 
montado of Serra de Grândola. 

Also characteristic of cork oak montados is the high biodiversity of fauna that inhabits at these 
landscapes. Serra de Grândola´s montado is no exception. Mammals are the group with the 
richest biodiversity, being present more than 80% of all mammals that inhabit southern Portugal 
(Santos-Reis and Correia, 1999). Among these, carnivores are very well represented in Grândola 
forming a diverse community with at least eight of the ten Portuguese carnivore species with a 
distributional range that includes the study area, including the Eurasian badger, our target 
species (Santos-Reis et al., 1999). Only the fish and amphibian communities have a low number 
of species (Rebelo and Crespo, 1999; Magalhães et al., 1999), but this is most certainly a 
consequence of the small number of streams that cross the study area and which are of 
intermittent regime.  

 

Land use history  

Within Serra de Grândola, Santa Margarida da Serra, where our study area is located, is the 
parish which suffered the most with the rural depopulation that started in the 50s; from 981 
inhabitants in 1950 it decreased more than 70%, having nowadays only 243 persons (data from 
INE 1950, 2001). In general the same trend occurred in the entire county of Grândola (Fig. 2.4).  
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Fig. 2.4. Population trend in Grândola’s county in the last 50 years (data from INE 1950, 1960, 1970, 1981, 1991, 
2001). 
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Nowadays, most of the population is concentrated in “Santa Margarida da Serra” the only village 
located within our study area. As a consequence of this low human population, there are only two 
main roads (tarmac roads) crossing the area and several trails, which together currently carry 
only very light traffic. Trails are dirt roads that used be utilized to travel between farmers’ houses 
and that currently are still very important to the management of the cork oak montado.  

In the past, the majority of the population of Serra de Grândola, and particularly of the parish of 
Santa Margarida da Serra, worked in activities related with the management and sustainability of 
montado. Most families used to live in small houses grouped in the top of the hills (denominated 
in Portuguese by “montes”, Fig. 2.5).  

 

Fig. 2.5. Picture of an abandoned “monte” in the study area. 

 

Each one of these “montes” had orchards and vegetable gardens which produced a high variety 
of fruits (quinces, Cydonia oblonga; plums, Prunus sp.; apples, Malus sp., loquats, Eriobotrya 

japonica; and citrons, among others) and vegetables. Nearby, there were also olive yards, and in 
autumn, farmers gathered olives for olive oil production. Besides cork stripping, that occurs in late 
spring and summer, other important activities associated to the montado were livestock grazing 
(sheep, goats or Iberian black pigs), crop production (e.g. barley, wheat) and hunting (e.g. 
pigeon, Columba palumbus; partridge, Alectoris rufa; rabbit, Oryctolagus cuniculus). Organic 
honey produced by wild-raised bees, and wild mushrooms and aromatic plants’ gathering, were 
also important rural activities at that time. 
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All these activities were made in a traditional field rotational system (usually cereals – fallow – 
grazing, Fig. 2.6), which created a heterogeneous landscape constituted by different patches 
(Pinto-Correia and Vos, 2004). Rotations (two- or three-course) were normal, such as of alfalfa 
(Medicago sativa) and wheat (every fourth year), and also post-harvest stubble-grazing by sheep 
and goats, combined with mulching and controlled burning (Pinto-Correia and Vos, 2004). In 
fallow areas, shrubs dominated and, until the next rotation, provided refuge to several hunting 
species (e.g. rabbit and partridge) as well as many other animals (e.g. stone marten, Martes 

foina; wild boar, Sus scrofa). 

 

Fig. 2.6. Illustration of the traditional field rotational system, usually: cereals – fallow – grazing (adapted from Pinto-
Correia, 2000) 

 

Nowadays the montado of Serra de Grândola is within an area that faced a severe 
desertification (Seixas, 2000). Mainly after the 1974 revolution, rural population migrated towards 
major cities and fewer workers remained to keep the traditional agriculture practices, increasing 
the need for mechanization (Santos, 2003). Today, Grandola´s county has a low human density, 
about 18.5 indivuals/km2, and only about 20% of the population works in rural activities (Bizarro 
and Bizarro, 2005). Most people live in the villages and the majority of “montes” are abandoned. 
The traditional field rotational system is no further used, and farmers exploit montado almost 
exclusively for cork production. Due to the high economical value of cork, there has been an 
intensification of cork harvesting, which is now done in a much more mechanized way, namely in 
what concerns shrub clearing. This intensification of cork harvesting is often associated with 
wrong management practices (deep ploughing and excessive canopy pruning), and inadequate 
cork stripping, which severely affect trees that become more susceptible to decay (Silva and 
Catry, 2006). 
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As a consequence, presently there are vast areas in Serra de Grândola, namely in our study 
area, where it is possible to see entire hills or slopes of dead trees. In fact, during the 80s cork 
oak mortality reached such high proportions in Portugal that it became a matter of high concern 
for the future of cork production, particularly in the central southern regions of the country 
(Moreira and Martins, 2005), including in Serra de Grândola. In 1988, estimates pointed out that 6 
to 10% of the cork oak montado of Alentejo was dying (Ferraz and Moreira, 1993), with Serra de 
Grândola being referred as one of the most important nuclei of cork oak mortality (Cabral and 
Lopes, 1992; Pereira et al., 1999). A study conducted at that time revealed that, as in most cork 
oak forests, there were several causes to the mortality observed in cork oak trees of Serra de 
Grândola, namely a long list of biological agents (e.g. Phytophora cinamonni), new and stronger 
parasites, air pollution, cork oak tree ageing, cultural measures (e.g. soil mobilization) and a long 
period of consecutive droughts (Cabral and Lopes, 1992).  

Throughout time fires have also been a very important cause of forest decline in Serra de 
Grândola. With the abandonment of the field rotational system and the decrease of grazing 
activity, a severe raise of shrubs occurred and therefore of flammable material. As a result, over 
the past years, there has been a seriously increase in the size and intensity of fires, and 
consequently of the burned area, in Grândola´s county (Fig. 2.7). 
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Fig. 2.7. Burned area and number of fire occurrences in Grândola county (source data (DGRF, 2001). 
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Only in 2003, more than 2500 hectares burned, and in 2006 fire occurrences reached one of the 
highest values (n = 45), only similar to 1995. The increase in the level of disturbances, such as 
fires, also contributes to the decrease of the fitness of the cork oak trees, making them more 
susceptible to insect attack and inter-specific competition, resulting in the loss of many trees 
(Orgeas et al., 2002). 

In the past years, some projects of reforestation were made in the study area. Nevertheless, the 
abandonment of rural activities associated to montado, namely of field rotation, remains and will 
hardly be recovered. Basically, human activities are currently restricted to some subsistence 
agriculture, some hunting and grazing (in a very small percentage) and cork extraction (the bulk 
of income in this area). Most orchards and vegetable gardens are abandoned and very soon, 
olive yards will have the same fate. Thus, the sustainability of cork oak montado as an extensive 
agro-silvo-pastoral system in Serra de Grândola might be threatened. 
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“We need to know more about the how’s before we 
flood the market with grandiose theories about the 
why’s”  
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DIETARY SHIFTS OF THE BADGER (MELES MELES) IN MEDITERRANEAN WOODLANDS: AN 

OPPORTUNISTIC FORAGER WITH SEASONAL SPECIALISMS 

 

______________________________________________________________________ 

ABSTRACT: Accumulating publications on the feeding ecology of the Eurasian badger (Meles 
meles Linnaeus, 1758) in different habitats throughout Europe provide a basis for intra-specific 
comparisons, however none has described their diet in cork oak montado woodlands, found in 
the southwestern extreme of the species’ distribution. This study aims to understand how badgers 
use the available trophic resources in Serra de Grândola (SW Portugal) and is based on 450 scat 
samples collected between 1999 and 2000. Nine food-items were identified, 3 of which comprise 
89% of the biomass ingested by badgers in cork oak woodland: fruits (mainly olives, pears and 
figs), and adult and larval arthropods. Food abundance was measured, and was shown to 
fluctuate seasonally; the comparison between availability and consumption suggests that food 
selection is affected by the pattern of olive availability. These findings reinforce the accumulating 
evidence that badger ecology in many parts of Europe is heavily affected by local patterns of 
agriculture and reveal that in this habitat the badger is a generalist forager with seasonal 
specialisms.  

Key words: Meles meles, badger, diet, Mediterranean environments, cork oak woodlands 
______________________________________________________________________ 

 

INTRODUCTION 

Identifying the pattern of resource use by species is a fundamental step in unravelling 
community organization, the pattern of species coexistence, and niche structure (Tokeshi, 1999). 
In this context, because food is a crucial niche dimension, describing feeding ecology is essential 
(Krebs, 1989). Adaptations to trophic circumstances will be complicated where food types are 
diverse, patchily distributed and unpredictably available, all of which are characteristics of 
montado (woodlands of cork oak Quercus suber), a semi-natural agro-forest system adapted to 
Mediterranean conditions (Pinto-Correia, 2000). This is particularly important when considering 
carnivores because they tend to have the characteristics of umbrella species (Schonewald-Cox et 
al., 1991).  
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The badger, Meles meles, has an extensive Eurasian distribution (Kruuk, 1989; Neal and 
Cheeseman, 1996). In some parts of western Europe this carnivore is regarded as an extreme 
specialist, feeding on one species of earthworm, Lumbricus terrestris (Kruuk and Parish, 1981) – 
a prey species whose great abundance can make it an influential component of lowland 
agricultural ecosystems (Macdonald, 1984). In Mediterranean areas previous studies have 
reached contradictory conclusions about the badger’s trophic classification, with some authors 
labelling it as a generalist (e.g. Ciampalini and Lovari, 1985) whereas others regard it as a 
specialist (e.g. Kruuk and de Kock, 1981; Martín et al., 1995). Revilla and Palomares (2002) may 
provide one, essentially methodological, explanation of these seemingly contradictory views: they 
suggest that short-term studies, underestimating temporal variability, can lead to a false 
impression of local specialization. Alternatively, badgers may not be constrained to a given 
classification, but may be specialists in some circumstances and generalists in others (see 
reviews by Kruuk, 1989 and Woodroffe and Macdonald, 1993). Indeed, Goszczynski et al. (2000) 
identified trends in latitudinal variation of the badger’s feeding habits, and extrapolating from 
these we might expect badgers in this western Mediterranean woodland habitat to be generalist 
feeders.  

Our aim, therefore, is to describe how Eurasian badgers exploit the available food resources in 
the Portuguese cork oak woodlands or montado systems. Although published data from the 
Iberian Peninsula already exists (e.g. Martín et al., 1995; Fedriani et al., 1998) it regards 
Southwest Spain, in areas dominated mainly by extensive marshes, dunes systems, xerophytic 
scrubland and pine stands, being cork oaks just scattered throughout the landscape (Martín et al., 
1995; Fedriani et al., 1998). 

The relevance of the montado is heightened because it is the major remaining wood-pasture 
system of Europe (Grove and Rackham, 2003). Indeed, this traditional landscape has mounting 
significance to conservation as its future is threatened by the exodus of rural populations. 
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MATERIALS AND METHODS 

Study Area 

The study area, with a size of 66 km2, is located near the south-western coast of Portugal, 115 
km south of Lisbon, in the eastern slope of Serra de Grândola. The relief of the region is gently 
undulating, with 0-15% slopes and elevations of 150 to 270 m a.s.l., and the climate is semi-arid 
(Mediterranean), with mild winters and hot, dry summers. Mean annual temperature is 15.6 ºC 
and mean precipitation is 500 mm/year (Correia and Santos-Reis, 1999). The region is mostly 
covered by cork oaks – montado - with an understory of Mediterranean shrubs (Cistus spp., 
Lavandula spp., Erica spp., etc.) or pasture. A network of valleys with riparian vegetation (mainly 
Populus spp., Fraxinus angustifolia and Rubus ulmifolius) cross the area and many small 
orchards and olive groves (Olea europaea) can be found around farms, most of which are now 
abandoned (Correia and Santos-Reis, 1999). This last patches are small sized and scattered. 
The orchards are composed of fruit trees, especially fig (Ficus carica), loquats (Eriobotrya 

japonica), plums (Prunus spp.), orange-trees (Citrus sinensis) and quinces (Cydonia oblonga). 
Patches of wild berry-bearing bushes and pear-trees (Pyrus bourgaeana) are scattered 
throughout the area; blackberries (R. ulmifolius) are restricted to valleys with riparian vegetation; 
and strawberry-trees (Arbutus unedo) are limited mainly to original Mediterranean woodlands. 
Although the landscape was created by the local system of agro-forestry, human population 
density is now low and principal activities are cork extraction, cattle raising and hunting. 

 

Diet analysis 
Between January 1999 and December 2000 all badger latrines found in the study area were 

monitored, and faecal samples (n=450) collected fortnightly. Scat samples were processed 
following standard analytical procedures (e.g. Kruuk and Parish, 1981; Rosalino and Santos-Reis, 
2002) and the recommendations of Reynolds and Aebischer (1991). Skeletal remains of 
vertebrates and arthropods, hairs, feathers, scales and seeds were used to identify the materials 
consumed (Santero and Alvarez, 1985; Brom, 1986; Barrientos, 1988; Teerink, 1991; our own 
collection) and estimate the minimum number of individuals/fruits consumed (e.g. number of 
teeth, seeds, etc), a parameter used to calculate percentage of occurrence. Earthworm’s remains 
were detected by microscopic examination for chaetae (see Kruuk and Parish, 1981). Several 
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samples (0.1ml each) were examined, and the number of chaetae in each counted. 
Subsequently, this number was extrapolated for all the scat samples’ volume. The number of 
earthworms was attained by dividing the number of chaetae in a scat by the mean number of 
chaetae in an earthworm (Wroot, 1985). Undigested remains were categorised in 9 food-items: 
mammals, birds, reptiles, amphibians, annelids, molluscs, arthropods (adults and larvae) and 
fruit. 

Diet composition was expressed as the percentage of occurrence [PO = (number of individuals 
or fruits of the same species or taxonomic group x 100)/(total number of consumed items)] and as 
the percentage of fresh weight biomass intake [PB= (ingested biomass of the same species or 
taxonomic group x 100)/(total consumed biomass)] (Reynolds and Aebisher, 1991; Rosalino and 
Santos-Reis, 2002)  

To estimate biomass intake we calculated correction factors, also called digestibility 
coefficients (DC), derived from mean ratios of fresh mass eaten and dry weight in faeces 
obtained during a feeding trial during which representative local foods were fed to a captive adult 
male badger (Rosalino et al., 2003). For untested resources we used DC values previously 
published (Palomares and Delibes, 1990; Revilla, 1998; Goszczynski et al., 2000), or the mean 
weight of prey/fruits (pers. obs. for gastropods and plums; Omedes et al., 1997 for 
Columbiformes; Goszczynski et al., 2000 for Passeriformes; J. C. Brito pers.comm. for reptiles). 

 

Resource availability 
Relative abundance of the key resources (adult arthropods and fruit) was analysed in order to 

investigate food preferences.  

For ground dwelling arthropods, such as ground beetles, diversity and relative abundance 
were evaluated using pitfall trapping (Benest, 1989). Pitfall traps were placed in the four dominant 
habitats (cork woodland without understory; cork woodland with understory; pasture; riparian 
vegetation) following Westerberg’s (1977) recommendations: 24 traps per habitat (3 sites x 8 pit-
falls) with traps separated by 1m during 8 consecutive days per season. Each pit-fall consisted in 
a receptacle containing water, formalin (4%) and soap. The formalin acted as a preservative with 
no known repellent or attractant properties (Waage, 1985); the soap breaks the surface tension of 
the water, making the insects drown more rapidly (Basedow, 1976). To facilitate the capture of 
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badger’s main insect prey (Coleoptera), all pitfalls were baited with herbivore droppings. The 
pitfall traps were active every three months (one trapping session per season), for 5 seasons. 
This methodology was designed to provide relative measures of the availability of arthropods 
between seasons.  

Fruit availability was estimated monthly from the number of ripe fruits on the ground within a 
predefined square meter under each sample tree. Tree species were sampled in proportion to 
their abundance in the field, determined by the degree of cover of the habitats containing those 
fruit-trees: cork oaks (Quercus suber) - 40 trees; olive-trees (Olea europaea) - 30; pear-trees 
(Pyrus bourgeana) - 20.  

 

Data analysis 

Results were analysed by year (1999-2000) and season (winter: January to March; spring: 
April to June; summer: July to September; and autumn: October to December). Representative 
sampling for temporal comparisons was tested, after randomisation, by plotting the cumulative 
frequency of resource items against increase in sample size (Mason and Macdonald, 1980). Sub-
sample size homogeneity was tested using chi-square tests (Zar, 1999).  

Absolute frequency of the food categories was compared between seasons and years using 
Yates’ correction for continuity applied to a modified chi-square test (Simpson et al., 1960). Food 
diversity was evaluated using the Shannon-Wiener index (H’), ranging from 0 (specialists) to 
H’max=lognº of categories (generalists), and the Evenness index (J’), ranging from 0 (specialists) to 1 
(generalists) (Krebs, 1989). In order to compare our results with the Goszczynski et al.’s (2000) 
feeding model, we also used the Levins index (B), which ranges from 1 (specialists) to n 

(generalists), where n is the number of food item categories.  

H’ values of sub-samples were compared with Hutcheson t-test (Zar, 1999), and the Bonferroni 
correction used to adjusted the level of statistical significance. Trophic niche overlap was 
calculated on the basis of Morisita index (C), that ranges from 0 (null niche overlap) to 1 (full 
niche overlap) (Krebs, 1989), a measure least biased under changing numbers of resources, 
sample size, and evenness of resource distribution (Smith and Zaret, 1982). In all indices 
formulas a base ten logarithm was used.  
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The contribution of resource-type, season and year variables to explain observed variability in 
diet composition (expressed as main prey items PB – dependent variable) was evaluated through 
a generalized linear model (GLM – Poisson model) (Tabachnick and Fidell, 1996) performed 
using S-Plus 2000 (MathSoft, Inc.) 

Correlations between availability and consumption of analysed food categories were calculated 
using the Pearson coefficient (r), and seasonal differences in food availability were tested using 
the Kruskal-Wallis test (k), having confirmed normality using Kolmogorov-Smirnov statistics, with 
a Lilliefors significance level (Zar, 1999). Food selection was quantified using Jacobs Index (D), 
ranging from -1 (negative selection) to 1 (positive selection) (Jacobs, 1974). 

Statistical significance was taken as p<0.05 and analyses were carried out using the statistical 
package SPSS for Windows, Release 11.5, except where specified otherwise. 

 

RESULTSOverall diet  

Sample size was sufficient to characterize the badgers’ diet once the cumulative frequency of 
resources items reached an asymptote at n=282. 

Badgers in Serra de Grândola cork oak woodland had a diverse diet ranging from vegetables 
to mammals (Table 3.1). Nonetheless, arthropods (adult and larvae) and fruits together account 
for 97.1% of PO and 89.3% of PB (Table 3.1). Fruits (PB=44.9%) and adult arthropods 
(PB=29.5%) constitute the bulk of the diet and secondary resources include arthropod larvae 
(PB=14.9%), mammals (PB=5.8%) and amphibians (PB=3.9%). 

Olives were the dominating fruits in the diet (Table 3.1, PO=21.7%; PB=12.4%), corresponding 
to almost 70% of the total number of fruits ingested and 30% of the fruit biomass. Other fruits 
were also important, especially if ingested biomass is considered: figs (PO=1.2%; PB=12.5%) 
and pears (PO=1.5%; PB=12.4%). Acorns (PO=2.9%; PB=3.5%) supplemented the fruit diet.  
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Table 3.1. Food items in the diet of the Eurasian badger (Meles meles L.) in “Serra de Grândola”. Number of 
individual items (N); Percentage of Occurrence (PO); Percentage of Consumed Biomass (PB) 

FOOD  ITEM N PO PB FOOD  ITEM N PO PB 

MAMMALS 238 1.348 5.802 ARTHROPODS (adults) 9271 52.515 29.523 
Ord. Insectivora 12 0.068 0.233 Cl. Arachnida - Ord. Araneae 123 0.697 0.069 
Erinaceus europaeus 6 0.034 0.136                             Ord. Scorpionida 102 0.578 0.237 
Crocidura russula 3 0.017 0.003 Cl. Malacostraca – Ord. Isopoda 1 0.006 0.001 
Talpa occidentalis 3 0.017 0.094 Cl. Chilopoda – Scolopendra sp. 546 3.093 1.297 
Ord. Lagomorpha 3 0.017 0.215 Cl. Diplopoda 26 0.147 0.053 
Ord. Rodentia 223 1.263 5.310 Cl. Insecta  8470 47.978 13.781 
Arvicola sapidus 1 0.006 0.022 Ord. Orthoptera 3948 22.363 4.392 
Microtus sp. 63 0.357 1.267 • Fam. Gryllidae 3107 17.866 a 
Microtus cabrerae 7 0.040 0.379 • Fam. Gryllotalpidae 598 3.444 a 
Microtus duodecimcostatus 69 0.391 2.793 • Fam. Acrididae 183 1.054 a 
Apodemus sylvaticus 22 0.125 0.233 Ord. Dermaptera 4 0.023 0.001 
Rattus norvegicus 2 0.011 0.014 Ord. Neuroptera 18 0.102 0.001 
Mus sp. 45 0.255 0.602 Ord. Coleoptera 4270 24.187 9.324 
Mammals N.I. 14 0.079 0.044 • Fam. Carabidae 1921 10.881 a 

BIRDS 25 0.142 0.503 • Fam. Tenebrionidae 333 1.886 a 
Ord. Columbiformes 1 0.006 0.264 • Fam. Cetoniidae 131 0.724 a 
Ord. Passeriformes 16 0.091 0.212 • Fam. Dynastidae 187 1.059 a 
Birds N.I. 5 0.028 0.014 • Fam. Geotrupidae 230 1.303 a 
Eggs 3 0.017 0.013 • Fam. Melolonthidae 53 0.300 a 

REPTILES 52 0.295 0.205 • Fam. Scarabaeidae 504 2.855 a 
Ord. Sauria 5 0.028 0.112 • Fam. Trogidae 3 0.017 a 
Podarcis hispanica 1 0.006 0.012 • Fam. Cerambicidae 26 0.147 a 
Psammodromus algirus 1 0.006 0.025 • Fam. Curculionidae 4 0.023 a 
Fam. Lacertidae N.I. 3 0.017 0.076 • Fam. Chrysomelidae 8 0.045 a 
Ord. Serpentes - Fam. Colubridae N.I. 3 0.017 0.014 • Fam. Staphilinidae 9 0.051 a 
Reptiles N.I. 44 0.249 0.079 • Fam. Hidrophilidae 2 0.011 a 
AMPHIBIANS 83 0.470 3.903 • Ord. Coleoptra N.I. 859 4.866  
Ord. Caudata 8 0.045 0.235 Ord. Diptera 3 0.017 0.001 
Salamandra salamandra 7 0.040 0.219 Ord. Hymenoptera 227 1.286 0.063 
Ord. Caudata N.I. 1 0.006 0.016 ARTHROPODS (Larvae) 2367 13.408 14.892 
Ord. Anura 29 0.164 1.897 FRUITS 5510 31.211 44.906 
Alyctes cisternasii 4 0.023 0.084 Quercus suber 505 2.861 3.521 
Pelobates cultripes 4 0.023 0.294 Ficus carica 207 1.173 12.493 
Bufo sp. 5 0.028 0.441 Eriobotrya japonica 57 0.323 2.889 
Rana perezi 7 0.040 0.262 Pyrus bourgaeana 259 1.467 12.423 
Ord. Anura N.I. 9 0.051 0.815 Rubus ulmifolius 572 3.240 1.133 
Amphibians N.I 46 0.261 1.770 Arbutus unedo 10 0.057 0.014 
MOLLUSCS (Cl. Gastropoda) 100 0.566 0.232 Olea europaea 3931 21.700 12.349 
ANNELIDS (Cl. Oligochaeta) 8 0.045 0.033 Prunus sp. 45 0.255 0.064 

Solanum lycopersicum 1 0.006 0.012 a – P.B. was not calculated due to the impossibility of clearly identify 
every exoskeleton part of each group for weighting.  Fruits N.I. 23 0.130 0.009 
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Adult insects predominated amongst arthropod prey, especially Coleoptera (PO=24.2%; 
PB=9.3%) and Orthoptera (PO=22.4%; PB=4.4%), that together account for 88% of the arthropod 
number and 46% of its biomass. Arthropods larvae, mainly Scarabaeoidea, supplemented the 
diet (PO=13.4%; PB=14.9%) in terms of number of prey, but were as important for badgers as 
adult insects when the ingested biomass is considered. 

From the remaining food categories only mammals and amphibians recorded noteworthy PB 
values (5.8% and 3.9%, respectively). Mammal remains were mainly of voles, probably the 
Mediterranean pine vole, Microtus duodecimcostatus, the most common species in the study 
area (Mathias and Ramalhinho, 1999). Most amphibian remains could not be identified, although 
7 Anura species and 4 Caudata species occurred in the study area (Rebelo and Crespo, 1999). 

The diversity indices (J’=0.51 and H’=0.48) were intermediate on the generalist-specialist 
continuum.  

 

Annual and seasonal dietary shifts  

Proportions of prey categories in the diet varied significantly according to season and year 
(Table 3.2). The results of the generalized linear model indicated that all factors and their 
interactions were significant. 

Corroborating this result some P.B. values for fruit and arthropods (adults and larvae) differed 
inter-annually (χ2art.adults=356.117, P<0.001; χ2art.larvae=111.028, P<0.001; χ2fruits=776.277, 
P<0.001), although no sampling effect was detected in the two years, once sample sizes were 
equalised (χ2=1.280, P>0.05). In 1999, diet was more balanced between fruits and adult 
arthropods (PBfruits=39.84%; PBfruits=32.85%). In 2000, fruits predominated, accounting for more 
than 50% of the consumed biomass. This variation is reinforced by the observed annual 
difference in H’ values (t=-3.341, P<0.001), and the greater diversity index in 2000 (J’1999=0.48; 
J’2000=0.50). Nonetheless, the Morisita index indicates a high inter-annual overlap (C=0.93). 
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Table 3.2. Results from the General Linear Model performed to assess differences in badger diet composition (PB) 
based on year, season and food category in “Serra de Grândola” (year: 1999 and 2000; season: winter, spring, 
summer and autumn; food category: mammals, birds, etc.). 

 Df Deviance Resid. df Resid. Dev. Pr (chi) 
Null 47 31277.690    
Year 1 4.764 46 31272.920 0.029 
Season 1 309.071 45 30963.850 <0.001 
Food category 1 404.101 44 30559.750 <0.001 
Season *Year 1 1414.490 43 29145.260 <0.001 
Season * Food category 1 6.582 42 29138.680 0.010 
Year * Food category 1 233.838 41 28904.840 <0.001 
Year * Food category * season 1 136.315 40 28768.530 <0.001 

(df – degrees of freedom; Resid. df – Residual degrees of freedom; Resid. dev. – Residual deviance; Pr (chi) – p-

value) 

 

We repeated analyses treating the same seasons in different years as independent data (Fig. 
3.1). Despite the resulting reduction in sample sizes, which differed significantly between seasons 
(n=40 to 91; χ2=39.164, P<0.001), differences emerged. Due to some seasonal sampling 
constrains it was not possible to minimise the discrepancy between season sub-sample sizes.  
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Fig. 3.1. Seasonal variation of badgers diet (using PB) in “Serra de Grândola” (n=number of scats; Art. - Arthropoda). 
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With the exception of spring and winter 1999, fruits dominated the badgers’ diet throughout the 
study, representing on average of 46.2% of PB and reaching more than 80% of the ingested 
biomass in summer 2000. 

Although present throughout the year (see availability versus consumption), adult arthropods 
were most important in spring, whereas there was little seasonality in consumption of larvae 
(most were eaten in spring 1999). Mammals assume a higher importance in winter 1999 and 
autumn 2000 and amphibians were represented in two predation peaks in summer 1999 and 
winter 2000.  

Variation in the diet is also expressed by J’ index values, with all seasons reaching values near 
0.50 (ranging from 0.45 in spring 1999 to 0.55 in spring 2000) and showing significant inter-
seasonal differences (Table 3.3); the most diverse diet was consumed in spring 2000 and the 
least in spring 1999. 
 

Table 3.3.Values of t-tests and p-values of inter-seasonal comparisons between H’ values (significance level was 
reduced by the Bonferroni correction to P=0.002). 

 t-test p-value   t-test p-value 

winter 99 vs spring 99  2.341 P<0.05  summer 99 vs winter 00 1.307 P>0.05 

winter 99 vs summer 99 -1.212 P>0.05  summer 99 vs spring 00 -1.523 P>0.05 

winter 99 vs autumn 99 -0.922 P>0.05  summer 99 vs summer 00 2.609 P<0.01 

winter 99 vs winter 00 0.227 P>0.05  summer 99 vs autumn 00 0.435 P>0.05 

winter 99 vs spring 00 -3.366 P<0.001  autumn 99 vs winter 00 1.052 P>0.05 

winter 99 vs summer 00 2.265 P<0.05  autumn 99 vs spring 00 -2.445 P<0.05 

winter 99 vs autumn 00 -1.451 P>0.05  autumn 99 vs summer 00 2.695 P<0.01 

spring 99 vs summer 99 -2.59 P<0.01  autumn 99 vs autumn 00 -3.391 P<0.001 

spring 99 vs autumn 99 -2.774 P<0.01  winter 00 vs spring 00 2.011 P<0.05 

spring 99 vs winter 00 -2.015 P<0.05  winter 00 vs summer 00 -0.249 P>0.05 

spring 99 vs spring 00 -4.631 P<0.001  winter 00 vs autumn 00 -1.544 P>0.05 

spring 99 vs summer 00 0.284 P>0.05  spring 00 vs summer 00 4.46 P<0.001 

spring 99 vs autumn 00 -3.482 P<0.001  spring 00 vs autumn 00 2.529 P<0.05 

summer 99 vs autumn 99 0.536 P>0.05  summer 00 vs autumn 00 -3.212 P<0.01 
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Dietary shifts emerge also from the variability of the results of Morisita index with diet overlap 
varying between 0.996 (near 1 – maximum similarity; winter 1999/spring 2000) and 0.558 
(medium similarity; spring 1999/winter 2000). 

 

Availability vs consumption  

A large number (n=8844) and diversity (15 categories – Orders or Classes) of insects and 
other arthropods (e.g. scorpions) were caught in pitfall traps, of which the most commonly eaten 
by badgers (Coleoptera) is depicted in figure 3.2, together with the monitored fruits (acorns, olives 
and pears). The availability of food resources varied among seasons (kpears= 50.952, P<0.001; 
kolives= 110.766, P<0.001; kacorns= 152.257, P<0.001; kcoleoptera= 117.842, P<0.001). 

According to the Pearson correlation coefficients, no significant association was found 
between availability and use of the selected food resources (rolives=0.270, P=0.661; racorns=0.238, 
P=0.700; rcoleoptera=0.005, P=0.994; rpears=-0.019, P=0.975). However, as depicted in figure 3.2 (a 
and b) olives are the most eaten item as long as they are available. Jacobs index confirms that 
olives are positively selected in winter and spring (Jwinter=0.98; Jspring=0.97). Pears are also 
positively selected in summer (J=0.97). The low importance of acorns in the diet is confirmed by 
the J values, which indicate that acorns are avoided (Jwinter=-0.96; Jspring=-1; Jsummer=-1; Jautumn=-
0.52). Although arthropods are a supplementary food resource, their consumption seems to track 
their availability (but not significantly).   
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Fig. 3.2. Availability and consumption (PB) of coleopters (a) and main fruits (b) included in the badger diet at “Serra 
de Grândola” (Col. – Coleoptera; Ac. – acorn; Ol. – olives; Pe. – pears; avail. - availability). 
 

 

DISCUSSION 

In “Serra de Grândola”, the Eurasian badger feeds mainly on fruits and arthropods (adults and 
larvae), especially olives, pears, figs, beetles (larvae and adults) and crickets. This is similar to 
results from other Mediterranean areas (e.g. Rivera and Rey, 1983; Pigozzi, 1991) 

Fruits occur in predictable patches, and are actively searched for, although their consumption 
not always tracks their availability (see also Rodríguez and Delibes, 1992); indeed, 64 % of 
badgers’ active radio-locations were within 300m of olive groves or/and orchards (unpublished 
data). Fruits were available, and eaten, throughout the year, but were consumed least in spring, 
when their energetic value was least (Herrera, 1982; Plesner-Jensen, 1993). The selection of 
olives, a high fat content fruit, seems to follow the same energetic rule (see also Barea-Azcón et 
al., 2001).  

Arthropods are apparently consumed opportunistically, with no significant relation between 
measured abundance and consumption (see also Rodríguez and Delibes, 1992). The heightened 
consumption of arthropods in spring coincides not only with their abundance but also a trough in 
the availability of olives and pears. Although it was impossible to identify the species of larvae 
consumed (Scarabaeoidea), the fact that these larvae live in the soil, in decaying parts of trees, in 

b) 
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debris, etc. suggests that they were actively sought for (Richards and Davies, 1988). They may 
be most easily excavated in wet weather (Pigozzi, 1987), and indeed larval consumption was 
highest when precipitation was high (winter and spring 1999 and autumn 2000).  

Fruits are rich in sugar contents but a poor source of proteins (Herrera, 1987), which may be 
compensated by the consumption of arthropods that are an important source of minerals and 
proteins (Cavani, 1991).  

The badgers’ diet appeared to be governed by the availability of olives (although pears and 
figs revealed to be important) and supplemented by arthropods, which were consumed regularly 
and were especially important when fruits are scarce. In seasons where olives were accessible 
they were preferred, as they were always the most consumed prey-item when available, even 
when they were not the most abundant food resource. This fact was not confirmed by any 
measurable correlation due, probably, to the fact that olives became buried after some time on 
the ground, thus being under-represented during the availability surveys. Olives fell from the trees 
mostly in autumn but, because they decay slowly, badgers can still find them buried on the 
ground until the following summer (Kruuk and de Kock, 1981). Pears seemed to come next in the 
preference order, being the most important resource-category when available, except when olives 
were accessible. No association between figs availability and consumption could be tested due to 
the lack of data.  

Although acorns were very abundant (cork oak woodland represent 88.7% of the land-use in 
the study area), they were not preferred, perhaps because of their indigestibility (Rosalino et al., 
2003) due to tannins, secondary plant metabolites with deleterious effects on protein digestion 
(Smallwood and Peters, 1986).  

Our results, and the Eveness value (J’=0.51), place badgers of the montado at an intermediate 
position along the opportunistic-specialist continuum. In short, they are seasonally specialist on 
olives, as this item is always the most consumed food when available, but otherwise generalists. 
This conclusion is compatible with the expectation that badgers would be generalists where 
resources are unpredictable and highly variable (Pianka, 1983). This corroborates the predictions 
of the feeding model of Goszczynski et al. (2000), according to which, at latitude ±39º, badgers 
diet would be mainly composed of vegetable material (including fruits) and insects. This is 
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confirmed by the Levins index value (B=2.55) that is graphically located on the predicted line of 
the proposed model for our latitude. 

Our findings are in accordance with those of Rivera and Rey (1983), Pigozzi (1991), Canova 
and Rosa (1994) and Ciampalini and Lovari (1995) who have indicated that fruits and insects 
represent the bulk of the badgers’ diet in Spain and Italy. However, Virgós et al. (2005) mentioned 
some data from Central Spain that suggest that earthworms are consumed in a higher proportion 
than expected, when it availability is considered, revealing a certain kind of specialization. 

In the cork oak woodland, earthworms were found in only 5 of 450 scat samples. In a similarly 
dry climate, Rodríguez and Delibes (1992) also found few earthworms in the diet. In Italy, Kruuk 
and de Kock (1981) also found specialisation on olives, and attributed this to the energetic fat 
content of the fruit. 

The majority of the fruits consumed by badgers were not wild, but characteristic of the 
traditional multi-use montado system. Fruit production (especially olives) is directly linked with 
traditional human activities, further emphasising the badger’s dependence upon agricultural 
landscapes as highlighted in the UK (e.g. Kruuk and Parish, 1985) and in Italy (e.g. Kruuk and de 
Kock, 1981) and the influence of local patterns of agriculture on badgers’ ecology. As human 
populations dwindle, through aging and a declining rural economy, this traditional land-use is 
degrading. Such changes in the agro-system affect not only badgers but also biodiversity in 
general.  
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TEMPORAL VARIATION IN AVAILABILITY OF MEDITERRANEAN FOOD RESOURCES: DO 

BADGERS TRACK THEM? 

 

______________________________________________________________________ 

ABSTRACT: The Mediterranean landscape of Serra de Grândola (Portugal) is one of many habitats 
inhabited by Eurasian badgers (Meles meles) and there, the onset of food availability is 
seasonally predictable, but abundance is often temporally unpredictable and ephemeral. In this 
study we investigated badger responses to the temporal pattern of resource availability. We 
predicted seasonal regularity in the timing of availability, but irregularity in temporal abundance, 
often coupled with occasional pulses when food items were superabundant. We hypothesized 
that badgers diets would reflect the seasonal onset of specific food resources with close food 
tracking, but that tracking would reflect a relationship between the putative energetic value and 
water content of each resource and badger requirements at the time. To evaluate our predictions, 
we assessed fruit and arthropod availability over four years, and analyzed 120 fecal samples over 
one year, to reveal any congruence that might suggest tracking.The primary foods of badgers in 
Serra de Grândola, insects and fruits, showed temporal fluctuations in peaks of availability that 
occurred on an annual basis. Although these variations, a clear pattern of insect and fruit 
availability was evident, suggesting a temporal pulsing dynamic. Comparison of diet results with 
phenology and availability of food resource showed a high degree of overlap for practically all 
main items consumed. Moreover, the consumption of Coleoptera, olives, and pears appear to 
coincide with their peaks of availability; whilst acorn consumption and availability were only 
partially associated. Orthoptera were the only exception with a negative relation between 
consumption and availability. Thus, badgers tracked the seasonal peaks of the availability of 
some of their main food. This tracking of primary resources with temporally differing peaks of 
availability and abundance by badgers appears to involve trade-offs involving energy and water 
requirements. Acorns peaked simultaneously with olives that, although not as abundant, had a 
higher fat content. Other minor fruits (e.g., loquats and figs) also seemed to be tracked since 
were important resources for badgers during summer when air temperatures were very high. 
These results have implications for understanding badger ecology in areas with temporally 
unpredictable resources.  
 

Key words: food availability, Mediterranean habitats, Meles meles, pulsed resources, 
seasonality, unpredictable environments 
______________________________________________________________________ 
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INTRODUCTION 

In Mediterranean and other arid environments, animals often depend on food resources that are 
unpredictable and ephemeral over time scales ranging from a few weeks to months (Shettleworth 
et al., 1988). This creates seasonal as well as inter- and intra-seasonal pulsed patterns of 
availability, quality, and abundance. Seasonal availability implies regular phenological events, 
while inter- and intra-seasonal differences in resource pulses occur irregularly and 
discontinuously over time (Ostfeld and Keesing, 2000; Schmidt, 2003). Familiar examples include 
periodic irruptions of insects, short-term transport of organic nutrients in plants, and oak masting 
(Ostfeld and Keesing, 2000).  

The successful exploitation of irregular and unpredictable inter-seasonal resource pulses 
requires plasticity in foraging behaviour, space-use patterns, and in social organization (Patterson 
et al., 1998). For animals dependent on such resources, tracking changes in availability is of 
paramount importance (Shettleworth et al.,1988). A likely example of seasonal food tracking is 
shown by the Eurasian badger (Meles meles, L.) in Mediterranean habitats. In these landscapes, 
badgers have been characterized as generalist feeders (Rosalino et al., 2005). In Portugal, 
Rosalino et al. (2005) have shown that fruits (mainly olives, acorns, pears, and figs) and 
arthropods (mainly insects of the Orders Coleoptera and Orthoptera) represented more than 90% 
of consumed biomass and that badgers behaved like opportunistic consumers that apparently 
exploited the most available food resources. Nevertheless, Rosalino et al.’s (2005) study focused 
mostly on a description of badger diets by season. 

In this study, we combined previously published data on badger diets (nine months of diet 
analysis and one year of food resources availability, Rosalino et al., 2005) with new diet and 
availability data using a more continuous temporal scale. Our aim was to determine if there were 
temporal differences in badger food consumption of fruits and insects, consistent with tracking 
and trade-offs of food availability. We expected to see regularity in the timing of food availability 
related to season, coupled with occasional pulses when food items were superabundant. We 
hypothesized that badgers’ diets would reflect the seasonal onset of specific food resources with 
some food tracking, but that tracking would reflect food composition trade-offs. We expected to 
see a deviation in strict tracking as a consequence of a putative relationship between the 
energetic value and water content of each resource and badger requirements at the time. Thus, 
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badgers would be expected to feed primarily on the most abundant food items, but to switch to 
other less abundant resources to fulfill their energetic and water needs. This concept differs 
importantly from and refines the more common view of the opportunistic forager that consumes 
the most available and abundant resource(s). 

 

MATERIALS AND METHODS 

Study Area 

This study was conducted from April 2000 to March 2004 in Serra de Grândola, a hilly area of 
southwestern Portugal (38º 07’N; 8º 36W), located in one of the largest and most continuous 
areas of cork oak (Quercus suber L.) woodland in the Iberian Peninsula, a key habitat of the 
Mediterranean landscape. The climate is Mediterranean with an Atlantic influence, characterized 
by temperate winters and hot and dry summers. The average annual temperature ranged 
between 15 to 16ºC, and precipitation averaged ~600 mm/year (Santos and Miranda, 2006).  

The study area (66 km2) was mainly cork oak woodland, combined with patches of other oaks 
(Quercus rotundifolia L. and Quercus faginea Lam.), maritime pines (Pinus pinaster Aiton), and 
eucalyptus (Eucalyptus globules Labill.). The understory consisted of pastures and shrubs (e.g., 
rock-roses, Cistus spp.; lavender, Lavandula luisieri L.; strawberry tree, Arbutus unedo L. and 
heath, Erica spp.). Other important land cover classes in this landscape included riparian 
corridors with typical vegetation (e.g., alder, Alnus glutinosa L.; raywood ash, Fraxinus 

angustifolia L.; grey willow, Salix atrocinerea Brotero; and blackberry-bush, Rubus ulmifolius 
Schott), orchards (e.g., figs, Ficus carica L.; loquats, Eriobotrya japonica Lindl.; plums, Prunus 

spp.), and olive yards (Olea europaea L.). Human density was ~18.5 inhabitants/km2 (INE, 2001) 
with most of the population concentrated in small villages. Anthropogenic activities included cork 
and firewood extraction, traditional agriculture, livestock production (mainly sheep and pigs), and 
small game hunting. Badgers were distributed throughout the study area at low densities, ranging 
between 0.36-0.48 individuals/km2 (Rosalino et al., 2004).  
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Temporal variation of resources 
Indices of food availability were calculated as relative abundances of insects (Orders Coleoptera 

and Orthoptera) and of the dominant fruits in the study area: acorns (Q. suber), pears (Pyrus 

bourgaeana Decne), and olives. Sampling was conducted from April 2000 to March 2004, 
combining pitfall trapping for insects (Benest, 1989) and fruit counts (adapted from Diaz et al., 
1997). 

To estimate relative abundances for Coleoptera and Orthoptera we set pitfall traps (Ward et al., 
2001) in the predominant land cover classes within the study area: 1) cork oak woodland with 
shrubs; 2) cork oak woodland without shrubs; 3) pasture areas; 4) riparian vegetation; 5) 
orchards; 6) eucalyptus plantations; and 7) pine tree plantations, following the methodology 
described by Westerberg (1977). Three replicates of 8 pitfall traps each were set for 8 
consecutive nights in the different land cover units for each season (February, May, August, and 
November) in each year. Seasons were defined according to the “Observatório Astronómico de 
Lisboa” (Lisbon Astronomic Observatory) as: winter (January to March), spring (April to June), 
summer (July to September), and autumn (October to December). Insects larger than 2 cm were 
identified to species and counted. Since only those insects were detected in badger’s diet, we 
assumed that other insects below 2cm, although eatable, might be negligectable to badgers and 
to the aim of this study. Mean relative abundances of insect as well as standard errors were 
calculated from the different land cover units and used as the index of availability for each 
season. Monthly insect availability was extrapolated from season estimates.  

To estimate relative abundances in the availability of fruits we randomly selected 30 individuals 
each of cork, olive, and pear trees dispersed throughout the study area and placed 1 m2 quadrats 
beneath each tree (adapted from Diaz et al., 1997). We counted fallen fruits in each quadrat once 
a month, every month, and left them in situ to monitor the duration of their availability. Mean 
monthly values (and standard errors) were calculated for each tree species and used as indices 
of availability. A literature review regarding the phenology of other non-major fruits known to be 
eaten by badgers, and occurring on the study site (e.g., blackberries, figs, loquats), was also 
conducted (Aas and Riedmiller, 1994; Gonzaléz, 1994; Romo, 1996; Cela et al., 1998) and was 
used to reveal the relationship between fruit availability and appearance in the diet.  
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Diet analyses 

Between April 2000 and March 2001, 165 fecal samples from three different social groups were 
collected fortnightly from badger latrines. Every month were randomly selected ca. 10 samples for 
analysis (min: 7; max: 13; mode:10) in order to totalize 30 samples per season.. Each sample in 
this study represents the content of a pit latrine and not of an individualized scat, since often was 
very difficult to distinguish different scats. Thus, our sample here represents analytical units of 
more than 2 scats.  

Diet analyses followed standard procedures which included the separation, identification, and 
quantification of all undigested food item remains (Rosalino et al., 2003; Rosalino et al., 2005). 
Seeds and skeletal remains of arthropods were used to identify the materials consumed (e.g. 
Barrientos, 1988; our own collection) and estimate the minimum number of fruits/insects 
consumed (e.g. number of insect legs, of wings, of seeds, etc). Whenever needed correction 
factors were also used. For example for pip/seed fruits, as pears or berries, the total weight of 
undigested remains (seeds, pulp, peel) was multiplied by it correspondent correction factor to 
estimate the consumed weight (Rosalino et al., 2003). Afterwards, estimated consumed weight 
was divided by the average weigh of the correspondent fruit, in order to achieve the minimum 
number of fruits consumed. 

 

Data analysis 

We analyzed differences in availability of food resources throughout the four years of study with 
a univariate repeated measure ANOVA in which responses to different years were considered as 
separate dependent variables (Tabanick and Fidell, 1996). We took this approach because the 
same sites were visited repeatedly every year. Differences between years were investigated by 
multiple mean comparisons of main effects with a Bonferroni confidence interval adjustment 
correction. 

We used autocorrelation analyses, represented as correlograms (Case, 2000), to determine both 
the cyclic pattern of primary food availability, as well as the time lag between availability and 
consumption of these resources. Correlograms for each studied food item were created by plotting 
the correlation value between food availability at time t and time t+1 on the y-axis, and time on the 
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x-axis. Correlations were measured using Spearman correlation coefficients because data were 
not normal. From the four years of data, we used monthly data for fruits and quarterly seasonal 
data for insects as the temporal resolution.  

We created time lag correlograms by plotting Pearson’s correlation coefficients between 
consumption at time t and availability at time t-1 of each food item over the time period (Case, 
2000). For this analysis we used only the year with both availability and consumption data, and 
month was used as the temporal unit. Pearson's correlation coefficients measure the linear 
association between consumption and availability of food resources. All statistical analyses were 
performed in SPSS 13 for Windows (evaluation version, SPSS Inc., Illinois, USA) using a 
significance level of 0.05. 

The University of Lisbon does not have an Institutional Animal Care and Use Committee, so 
during the course of this study, we conformed to best practices and followed ASM guidelines. Our 
pitfall trapping was confined to capturing primarily insects and other than that, we conducted no 
research on live animals, other than observation.  

 

RESULTS 

Temporal variation of resources 

Insects: Availability of insects varied significantly among the four years of study for both 
Orthoptera (F(1.35,14.89) = 4.65; P= 0.04) and Coleoptera (F(1.08,11.93) = 4.90; P=0.04). For 
Orthoptera differences were detected between the second and fourth year (M = -0.48, SD = 0.15, 
P = 0.04); while for Coleoptera differences were apparent between the first and third year (M = 
2.47, SD = 0.45, P<0.001).  

A seasonal pattern of availability existed for Orthoptera and Coleoptera. Orthoptera displayed a 
clear pattern with higher abundances in summer and lower in spring and winter (Fig. 4.1A). 
Coleoptera showed two peaks of availability each year, one during spring and another in autumn 
(Fig. 4.1B), with a very low abundance in summer. Coleoptera also had a very high peak of 
abundance in the autumn and winter of the fourth year of sampling.  
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Fig. 4.1. Temporal variation of availability of Orthoptera (A) and Coleoptera (B) in Serra de Grândola, measured as 
the mean number of insects per pitfall in a 4-year period. Whiskers represent the standard error of the mean values 
(Spr – spring; Sum – summer; Aut – autumn; Win – winter). 
 

 

The analyses of the correlograms (Fig. 4.2) confirmed the annual periodicity of availability for 
Orthoptera and biannual for Coleoptera: both orders showed an annual peak of abundance. In 
Orthoptera these cycles were clear and their yearly occurrence was evident, as shown by the 
positive correlation peaks that occurred annually every fourth season. In Coleoptera small 
intermediate cycles existed between cycles of higher availability. 
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Fig. 4.2. Correlograms indicating the length of availability cycles for Orthoptera (A) and Coleoptera (B). Each point 
represents correlation between availability at t and t+1, where t is a season unit. 
 

Fruits: We also observed variation in fruit productivity among the four sampling years as well as 
a year-to-year fluctuation in availabilty (Fig 4.3). Although, no statistical differences were detected 
between years (Olives: F(1.03,11.29) = 2.93, P = 0.11; Acorns: F(1.33, 14.64) = 3.13, P>0.09; Pears: 
F(1.10,12.07) = 3.10, P = 0.10), a clear pattern of fruit availability was evident. Olives became 
available during the autumn months (October to December) and had a very high peak of 
productivity in the second year (Fig. 4.3A). Acorns, in general, became available in autumn, but 
lasted through winter and remained available until spring (Fig. 4.3B). A gap in acorn availability, 
probably due to a failure in mast crop, was detected during the second year of the study. Pears 
did not show as clear a pattern but were mostly available during summer and autumn, and less 
during spring (Fig. 4.3C). 
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Fig. 4.3. Temporal variation of availability of olives (A), acorns (B), and pears (C) in Serra de Grândola measured as 
the mean number of fruits per m2 in a 4-year period. Whiskers represent the standard error of the mean values (Spr – 
spring; Sum – summer; Aut – autumn; Win – winter). 

 

Pears were present practically all year round; nevertheless after a certain period on the ground 
they were dried, rotten, and presumably much less edible. The first year of the study revealed 
high productivity for both acorns and pears, which appeared to exhibit more variation in temporal 
pattern than did olives. However, and importantly, the correlograms shown in Fig. 4.4 indicate 
that both pears and olives had cycles of high abundance every 12 months, i.e., on an annual 
basis, indicated by the highest positive correlation peak at the 12th month. For acorns these 
cycles were not as clear, probably due to the gap in acorn availability during the second year.  
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Fig. 4.4. Correlograms indicating the length of availability cycles for olives (A), acorns (B) and pears (C). Each point 
represents correlation between availability at t and t+1, where t is a month unit. 
 

Tracking food availability 

Comparison of diet results with phenology and availability of food resource showed a high 
degree of overlap for practically all main items consumed (Fig. 4.5). Arthropods (Coleoptera and 
Orthoptera) were present and consumed throughout the year. Of fruits, only acorns and pears 
were available the entire year, even though they were not consumed continuously. All other fruits 
were only seasonally available, being present for three (e.g., loquats, blackberries) to nine 
months (e.g., olives). Summer and autumn were the richest fruiting seasons, with more than five 
different fruits available. On the other hand, winter and early spring were the poorest seasons 
with few fruits available. Interestingly, olives and blackberries occurred in the diet at low 
frequencies beyond the period of their apparent availability, as a result of small scattered patches 
that escaped our routine sampling.  



CHAPTER 4. TEMPORAL VARIATION IN AVAILABILITY OF RESOURCES 

68 

 

 
 
Fig. 4.5. Overlap in consumption (dashed line) and availability (straight line) of main food items consumed by 
badgers in Serra de Grândola. Consumption was measured between April 2000 and March 2001 in terms of 
presence of the food items in scats in a certain month and availability was obtained considering field availability and 
a literature review. 
 
 
 

The consumption of Coleoptera, olives, and pears appear to coincide with their peaks of 
availability (Figs 4.6B, C and E), as shown by significant correlation results (rColeoptera = 0.68, P = 
0.02; rolives = 0.64, P= 0.02; rpears = 0.67, P =0.02). Acorn consumption and availability were only 
partially associated and did not show a significant correlation (racorns = 0.23, P= 0.48; Fig. 4.6D) 
apparently because as acorns first became available in the fall, they were heavily consumed by 
badgers. As the season progressed and more acorns dropped, we were able to detect them with 
our sampling but badgers seemed to consume more olives. Orthoptera were the only exception 
with a negative relation between consumption and availability (rOrthoptera = - 0.10, P = 0.77; Fig. 
4.6A). These results demonstrate that badgers tracked some of their main resources when they 
were most available. 
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Fig. 4.6. Consumption and availability of abundance of badgers’ main food items in Serra de Grândola during one 
year: A) Orthoptera, B) Coleoptera, C) olives, D) acorns and E) pears. Consumption was measured as the total 
number of a food item consumed per month, and availability was measured as the average value available for that 
month.  
 

Badger response to high availability of Coleoptera and pears (Figs 4.7B, D and E), was 
immediate. The maximum correlation coefficient between consumption and availability occurs at 
time zero, and was high and significant for Coleoptera and pears (rColeoptera = 0.68, P = 0.02; rpears 
= 0.67, P = 0.02). There was no such relationship for acorns (racorns = 0.23, P = 0.48). For olives, 
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consumption lagged about one month behind the peak of availability (rolives= 0.925; P<0.001;   
Fig. 4.7C). Although the correlogram for Orthoptera was highly significant (rOrthoptera = 0.79, 
P=0.01; Fig. 4.7A), this occurred only after a three month lag.  

 

Fig. 7. Correlograms indicating the lag between food availability and food consumption for badgers in Serra de 
Grandola: A) Orthoptera, B) Coleoptera, C) olives, D) acorns and E) pears. Each point represents correlation 
between consumption at t and availability t-1 during one year, where t is a month unit. 
 

DISCUSSION 

Our results showed that the availability of Orthoptera, Coleoptera, olives, acorns and pears, the 
primary food of badgers in Serra de Grândola (Rosalino et al., 2005), showed seasonal regularity 
in the timing of their peaks of abundance coupled with occasional pulses of superabundance, 
characterized by longer inter-pulse intervals (Ostfeld and Keesing, 2000). Although badger diets 
reflected the seasonal onset of the availability of specific food resources, tracking of diet on 
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abundance was not exact for all foods items. Fruits that played a major role in the diet - olives, 
acorns and pears - were generally available for protracted periods. Other fruits had a much more 
restricted period of availability, during which they briefly occurred with some importance in 
badger’s diet (e.g. blackberries, Rubus sp. 38.8% of occurrence in August; loquats, Eriobotyra 

japonica, 9.5% of occurrence in May). Peaks of availability of Orthoptera and acorns were not 
closely tracked. Rather, their pattern of occurrence in the diet suggested a trade-off between the 
energetic value of these and other resources available at the time and badger energetic 
requirements. Figs, loquats, plums, and blackberries, for example, all seemed to be important 
resources and badgers tracked their availability even during the peak of abundance of 
Orthoptera, demonstrating that fruits were more valuable to badgers at that time. Similarly, higher 
consumption of olives occurred at a time when acorns were more available, suggesting active 
tracking and selection.  

Energy and nutritional demands of badgers vary according to season, reproductive status, and 
availability of alternative food resources (Pigozzi, 1992), in ways that affect diet selection. While 
fruits represent a poor source of protein, they have high energetic values (plant seeds range from 
4.5 kcal/g to 6.1 kcal/g – Robbins, 1993). Insects usually have low caloric content (2.2 kcal/g – 
Robbins, 1993). Nevertheless, Coleoptera and Orhthoptera have relatively high energetic 
content, with 5.1 and 4.8 kcal/g of ash free dry mass, respectively (Chen et al., 2004). During 
spring, badgers need to replenish body resources depleted during winter so, especially for 
lactating females the ingestion of protein becomes particularly important (Neal and Cheeseman, 
1996). In Serra de Grândola, sources of protein such as mammalian prey are scarce. Thus, 
Coleoptera, with peaks of abundance during spring and autumn, emerge as an important source 
of protein. During summer, food is abundant. Coincidently, air temperature and solar radiation are 
high, and badgers made a concerted effort to find water-rich fruits (e.g., pears, loquats, plums, 
figs, and blackberries), rather than focusing on the peak availability of Orthoptera. Fruits often 
contain > 70% water (Herrera, 1987) constituting an important source of hydration (Robbins, 
1993), at a time when temperatures can exceed 40ºC. During autumn, badgers accumulate fat 
reserves for winter and for reproduction (Woodroffe, 1995) and once again the ingestion of 
proteins becomes important. These aspects of the badgers’ natural history may explain the close 
tracking in the diet of the peaks in abundance of Coleoptera, olives, and acorns, all of which have 
high caloric value, allowing the accumulation of fat reserve and contributing to the maintenance of 
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body temperature during winter (Kruuk and De Kock, 1981). Olives, in particular, have high 
caloric value (> 40% lipid content – Herrera, 1987) and this is probably the reason they were 
preferred to acorns. 

The ability of animals to take advantage of resource fluctuations is enhanced by the flexibility 
of their social organization (Kruuk, 1978), their foraging efficiency (Pyke, 1984), and ability to 
move long distances (Ostfeld and Keesing, 2000), and certainly influences survival rates and 
reproductive strategy (Bekoff and Daniels, 1984). Clearly, understanding animal response to the 
temporal pattern of resource availability is an important component of foraging ecology theory 
and it is likely that when availability of important resources is pulsed, population performance will 
be affected. Harsh, highly seasonal environments, such at our Mediterranean study area offer a 
promising testbed for ideas that relate spatially and temporally patchy resources to associated 
guilds of species (e.g., predators, seed eating birds) that feed on resources with these 
characteristics. 
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THE USE OF MULTIPLE DEN SITES BY EURASIAN BADGERS, MELES MELES, IN A 

MEDITERRANEAN HABITAT 

 

______________________________________________________________________ 

Abstract: Den sites are a conspicuous feature of Eurasian badgers, Meles meles, and in many 
environments include large communal burrows used by several group members. In Serra de 
Grândola, Southwest Portugal, nine badgers from three social groups were captured and radio-
collared from 2000 to 2004. A total of 1787 locations of badgers in their resting sites were 
registered along with a brief description of the type of site and weather conditions. Resting sites 
were grouped according to structure (burrows, shrubs, rocks, hollow trees and man-made 
structures) and function (main, secondary and occasional). Although main setts were the most 
frequently used shelter (62.25%), an average of 14 (SD 7.55) resting sites were used in each 
territory. The pattern of use varied seasonally, showing differences according to sex and social 
groups. Overall females used more than twice as many occasional resting sites as did males. 
Generally burrows, predominantly main setts, were most frequently used during winter and 
autumn; whilst non-burrows shelters, were preferred during spring and summer, when the 
weather was hot, dry and not windy. Proximity to food patches had no apparent influence on the 
location of resting sites. Our results offered no support for the foraging-related hypotheses that 
multiple resting sites are a means of conserving energy or of maintaining proximity to rich food 
patches. We suggest that other factors such as thermoregulation needs, disturbance, and 
reproductive status, could be influencing the observed pattern of resting site use by badgers in 
Serra de Grândola. 
 

Key-words: Resting sites, seasonal changes, Mustelidae, Cork oak forests, climate 
______________________________________________________________________ 

 

INTRODUCTION  

Most carnivores use, depend upon and sometimes spend considerable time in dens or resting 
sites (e.g. polecat, Mustela putorius, Weber, 1989; mongoose, Herpestes ichneumon, Palomares, 
1994; pine-marten, Martes martes, Zalewski, 1997; skunk, Mephitis mephitis, Larivière and 
Messier, 1998; American Marten, Martes americana, Bull and Heater, 2000). The Eurasian 
badger (Meles meles L.) is no exception. For this mustelid, resting sites may function not only as 
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refuge but also as breeding sites and considerable effort is expended in their construction and 
maintenance (Stewart et al., 1999). Moreover, their dispersion and availability may affect badger 
social behaviour (Neal and Roper, 1991; Roper, 1992; Macdonald et al., 2004b). Indeed, there 
are environments, such as Mediterranean landscapes, where den sites limit badger population 
density (Rosalino et al., 2005a), a factor already anticipated by Doncaster and Woodroffe (1993). 

The function of badger dens (generally known as setts), and the pattern of their use has been 
widely discussed (e.g. Roper, 1993; Brøseth et al., 1997; Roper et al., 2001; Kowalczyk et al., 
2004). In high density populations, the territory of a social group usually contains only one main 
sett and a small number of ‘outlier’s setts’ (mean 2-3, occasionally up to about a dozen: Cresswell 
et al., 1989; Ostler and Roper, 1998; Macdonald et al., 2004b). In some low density populations 
badgers have been recorded using a large number of resting sites (including both burrows and 
couches) without apparent preference (Brøseth et al., 1997; Revilla et al., 2001; Kowalczyk et al., 
2004). 

One hypothesis advanced to explain why badgers use complex main setts (with presumably 
high construction and maintenance costs – Roper et al., 2001), and a variety of outlier resting 
sites, is the control of ecto-parasite burdens through periodically moving nest chamber or den 
(Butler and Roper, 1996). Ecto-parasites are certainly a major factor in badger life (Stewart and 
Macdonald, 2003). Alternatively, retreat from the main sett to an outlier may enable subordinate 
group-members to avoid harassment by dominants (Kruuk, 1989; Macdonald and Newman, 
2002). Two other hypotheses, especially applicable to low-density populations, are related to 
energetic costs and territorial marking. The former, suggests that by using several resting sites, 
badgers limit the energetic costs of returning to a central site (Roper, 1992; Good et al., 2001; 
Kowalczyk et al., 2004). The other advocates that resting sites may be used as territorial markers 
once they are regularly visited and scent-marked (Revilla and Palomares, 2002; Kowalczyk et al., 
2004).  

The specific objective of the current study was to investigate the characteristics and seasonal 
use of resting sites in Serra de Grândola, a Mediterranean type landscape of Portugal, typified by 
marked seasonal variations in food resources and weather, where badgers feed particularly in 
orchards and olive groves (Rosalino et al., 2005b). In addition, the location of resting sites in 
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relation to food patches and the way weather conditions influenced the pattern of use were also 
documented. 

 
MATERIALS AND METHODS 
Study Area  
Data were collected in Serra de Grândola, a forested landscape in the Southwest of Portugal 

(38º 07’N; 8º 36W, elevation range, 150 to 270m a.s.l.), where the climate is Mediterranean with 
Atlantic influences and seasonality is highly marked (Blondel and Aronson, 1999). Spring is mild, 
with some rain and high temperatures while summer is the hottest and driest season (Table 5.1). 
Winters are usually very cold and rainy, whereas autumn is generally milder but rainy (see Field 
Methods for season’s definition). 

Table 5.1. Study area climate variables: annual total precipitation and average  
temperatures for each season (2000-2004). 

Temperature (ºC) Season Total Precipitation 
(mm) Minimal Maximal Mean 

Spring 54.6 6.2 32.6 17.6 
Summer 20.2 10.5 37.0 22.2 
Autumn 118 2.9 23.9 14.3 
Winter 87.9 -0.6 21.9 11.2 

 

The study area encompassed 66 km2 and is part of one of the largest areas of homogeneous 
cork oak (Quercus suber L.) woodland in Portugal. Also comprising holm oaks (Q. rotundifolia), 
these woods dominate the landscape. Other habitat types interspersed in the oak woodland are 
riparian vegetation, orchards, olive groves, and small stands of eucalyptus and pine trees (for 
more details see Rosalino et al., 2005a). Rosalino et al. (2005a, b) found orchards and olive 
groves to be the richest habitats in fruit and arthropods, the main foods of badgers in Serra de 
Grândola. 

The study area has one of the lowest densities of Eurasian badgers recorded in Western 
Europe (0.36 to 0.48 badgers/km2 - Rosalino et al., 2004). It includes at least three social groups 
(Rosalino et al., 2005a), each numbering 3 to 4 adults plus 3-4 cubs of the year, within home-
ranges averaging 4.46 km2 (see Rosalino et al., 2004).  
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Field Methods 

Badgers, belonging to three social groups, were radio-tracked between 2000 and 2004. Badgers 
were live-trapped under appropriate license from the Institute for Nature Conservation (ICN) with 
box traps (model 608, Tomahawk Live Trap Co., Wisconsin, USA) and foot-hold-traps (Victor Soft 
Catch nº2, Long Spring Woodstream Corporation, Pennsylvania, USA) set along paths and near 
setts. All captured animals were handled following the recommendations of the Animal Welfare 
Protocol of the European Union. Captives were sedated with 0.1ml of ketamine hydrochloride per 
kilogram (Imalgene 1000, Rhöne Mérieux, Lyon, France) and then sexed, measured and aged 
according to tooth wear (da Silva and Macdonald, 1989; Macdonald and Newman, 2002). Nine 
badgers (four adult females, four adult males and one juvenile male of more than 9 months), were 
radio-tagged with Biotrack transmitters equipped with motion sensors (model TW-5, Biotrack, 
Wareham, UK - for more details see Rosalino et al., 2004).  

On an average of 9.3 (SD 2.7) days per month badgers were located during daytime, i.e., from 
sunrise to sunset by homing (for methodological details see White and Garrott, 1990; Rosalino et 
al., 2005c). A total of 1787 locations of badgers in their resting sites were recorded (Min= 34, T30 
♂; Max = 384, T21 ♂; Mean= 198.6 locations/badger), covering all daytime hour periods. The 
generic term ‘resting site’ is used to define any site or structure used by a badger while sleeping 
or resting during the day. Every resting site was mapped (Fig. 5.1) and classified according to its 
structure (type of shelter) and function (category of shelter). In terms of structure, resting sites 
were categorized into 5 groups: i) burrows, ii) shrubs (dominated by Rubus spp. and Cistus spp.), 
iii) rocks, iv) hollow trees and, v) man-made structures. In terms of function, three categories were 
created: i) main setts - used as winter resting site by all members of a social group, and where 
reproduction occurs (Roper, 1992); ii) secondary setts - used frequently by more than one 
individual of a social group; iii) occasional resting sites - used sporadically generally only by a 
single animal. Although not in common usage, we included the category of secondary setts to 
describe the observed patterns of use. Seasons were defined as: winter (January to March), 
spring (April to June), summer (July to September) and autumn (October to December).  
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Fig. 5.1. Spatial distribution of resting sites within badgers home ranges in the study area, Serra de Grândola. 

During this study various climate parameters were recorded. Until January 2002 data was 
recorded from a weather station sited 5km from our study site (38º10’N; 8º33’W), and thereafter a 
weather station (Davies Instruments Corp., Hayward, California, USA) was set up in the study 
area (38º 06’N; 8º 34W, Fig. 1). We recorded daily measures of minimum, maximum and mean 
temperatures, total precipitation and maximum wind speed. 

 
Data Analysis 

Percentage of use was calculated by dividing the number of locations in a certain type or 
category of resting site by the total number of locations. Likelihood-ratio G tests were performed 
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to investigate whether the proportions of different types and categories of resting sites were 
independent of social group identity and badger sex (Fowler and Cohen, 1990).  

To assess if proximity to important food patches influences the location of resting sites, random 
points were generated (in equal number to shelters) inside the home ranges of the three studied 
social groups using Random Point Generator v. 1.3 (Jenness Enterprises, Arizona, U.S.A.). 
Buffers with a radius of 330m (mean distance between setts and feeding patches – Rosalino et 
al., 2005c) were created around all shelters and random points, and the percentage of rich 
feeding patches (olive groves and orchards) inside each buffer was determined. Distances to the 
nearest feeding patch were calculated for dens and random points. Both buffers and distances 
were calculated using Nearest Features v3.8a for Arcview (Jenness Enterprises, Arizona, 
U.S.A.). Mann-Whithney tests were used to investigate differences between resting sites and 
random points. 

Non-parametric tests, Mann–Whitney and Kruskal-Wallis, were performed to investigate 
differences in daily climate variables during the use of the different categories and types of resting 
sites (Zar, 1999). These analyses excluded the southwest social group (T24 and T25) whose 
main sett was destroyed (for reasons to be discussed later) while the study was in progress. 
Moreover, only one individual of this social group was able to be followed for an entire year cycle. 

All statistical analyses were performed at a significance level of 0.05 using the SPSS 13 for 
Windows (SPSS Inc., Illinois, U.S.A.) statistical package. 

 

RESULTS 
Types and categories of resting sites 

We registered 48 different diurnal resting sites (Table 5.2). Burrows (B) were by far the most 
frequently used type of resting site (91.77% of locations), followed by shrubs (S) with 4.8%. The 
number of types of resting sites used differed between social groups (G = 17.64, df = 8 p = 0.02). 
For example, members of the northern group never used man-made structures (MMS), whereas 
animals from the southwest social group never slept in rocky shelters (R). 
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Table 5.2. Number and percentage of use of the different types of resting sites used by radio-collared badgers in 
three social groups inhabiting Serra de Grândola (N= 1787; Legend: B = burrows; S = shrubs; R = rocks; HT = hollow 
trees; MMS =: man-made structures.)  

  
Total 

 North 
Group 

 Southeast 
Group 

 Southwest 
Group  

Males 
 

Females Resting 
site 
Type N % use  N % use  N % use  N % use  N % use  N % use 
B 17 91.77  6 95.01  9 88.70  2 87.30  11 89.82  14 93.23 
S 20 4.81  15 4.56  3 7.47  2 1.24 0 6 5.43  14 4.29 
R 2 1.01  1 0.32  1 2.87  0 0  1 0.41  2 1.43 
HT 7 2.13  2 0.11  1 0.19  4 11.15  2 4.34  5 0.57 
MMS 2 0.28  0 0  1 0.77  1 0.31  0 0.00  2 0.48 

Total 48 100.00  24 100.00  15 100.00  9 100.00  20 100.00  37 100.00 
 

For both sexes burrows were the most common resting site used (about 90%), followed by 
shrubs (about 5%); males were never found denning in man-made structures (Table 5.2). 
Females used almost twice as many shelters as did males, but the difference was not statistically 
significant (G = 2.95, df = 4, p= 0.57).  

Badgers from each social groups used one main, one secondary and several occasional resting 
sites (Table 5.3), so there was no significative difference in the categories of resting sites 
between social groups (G = 1.09, df = 4, p= 0.89). Although occasional resting sites were the 
most numerous (14±7.55), they were only used in 11.25% of all locations. Main setts were 
generally the most used category of resting site (62.25±23.02%). Southwest social group was the 
only exception as the secondary sett was used more than the main one (54.80% and 32.30%, 
respectively). Occasional resting sites were used in average 4.9 times (±6.9), varying it frequency 
of use between 1 and 32 times. 

 
Table 5.3. Number and percentage of use of the different categories of resting sites used by radio-collared badgers 
of three social groups inhabiting Serra de Grândola (N= 1787).  

  
Total 

 North 
Group 

 Southeast 
Group 

 Southwest 
Group  

Males 
 

Females Resting 
Site 
Category N % use  N % use  N % use  N % use  N % use  N % use 
Main sett 3 65.25  1 75.16  1 67.81  1 32.20  2 60.92  3 68.29 
Secondary sett 3 23.50  1 16.56  1 16.67  1 54.80  3 24.02  2 23.14 
Occasional resting sites 42 11.25  22 8.28  13 15.52  7 13.00  15 15.06  32 8.57 

Total 48 100.00  24 100.00  15 100.00  9 100.00  20 100.00  37 100.00 
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The number of different categories of resting sites did not differ significantly between the sexes 
(G = 1.55, df = 2, p= 0.46). Nonetheless, not all males used the main sett nor did all females use 
the secondary sett, and overall females used more than twice as many occasional resting sites as 
did males (Table 5.3). 
 

Seasonal pattern of use 

Structure 

Burrows were used least in spring and summer (Fig. 5.2). Nevertheless, more than 60% of the 
overall resting locations were underground. This seasonal pattern was due to the behaviour of 
females, that of males being more inconsistent. The seasonal pattern of den-type use also varied 
amongst the three territories. For all three social groups, burrows were more used during winter 
and autumn (more than 80% of locations in these seasons). Animals from the southeast social 
group had a slightly different pattern of use; in spring badgers from this group used other types of 
resting sites less often whilst during autumn they use them more frequently, than the other social 
groups. 

 

 
Fig. 5.2. Seasonal changes in the use of the resting sites types by radio-collared badgers in Serra de Grândola, by 
gender: males (N= 5) and females (N=4), and by social group: animals from the North (N=3), Southeast (N=4) and 
Southwest (N=2).  

 



CHAPTER 5. USE OF MULTIPLE DEN SITES 

86 

Function 

Both sexes showed a clear pattern of seasonal use of different categories of resting site (Fig. 
5.3), with a decrease in the use of main setts towards summer, and associated increase in the 
use of secondary ones. Generally, occasional resting sites were used mainly in spring and 
summer. Females used main setts more frequently than males, especially during winter and 
spring.  

 

Fig. 5.3. Seasonal changes in the use of the resting site categories by radio-collared badgers in Serra de Grândola 
by gender: male (N=5) and female (N=4), and by social group: animals from the North (N=3), Southeast (N=4) and 
Southwest (N=2). 

 

The patterns of den-type use were similar between the north and southeast groups, but more 
variable in the southwest. In this social group, contrarily to the majority of the data, percentage of 
use of the secondary sett was higher than the main sett (generally, above 50%). Moreover, 
occasional resting sites were also used more frequently during autumn. 

 

Location of resting sites in relation to food patches  

We found no evidence that location of resting sites was influenced by proximity to rich food 
patches, as evidenced by comparing observed and randomised distances 
(MeanRestingsites=305.51m±193.76; MeanRandom Point=315.06m±187.80; U=1120, p=0.81). Nor were 
the percentages of feeding patches inside buffers around resting sites significantly different to 
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those around random points (MeanResting sites=1.67±2.44; MeanRandom Point=1.96±2.39; U=1075, 
p=0.56). The average distance to the nearest food patch was reasonably constant during the year 
(Mean=307.07m ± 21.96). 
 

Influence of weather conditions 

Despite their general use of burrows badgers increasingly used other types of resting sites in 
warmer, dryer and less windy seasons (Table 5.4); during spring and summer, temperatures were 
significantly lower when badgers slept in burrows. Although not significant, animals tend to sleep 
more often in burrows in rainy days. Although results from wind data suggest some influence, the 
pattern was not conclusive. 

Table 5.4. Average values and standard deviation of climate variables for each season and results of the non-
parametric Mann-Whitney U tests performed to investigate differences in climate variables between setts and other 
types of resting sites (SD: standard deviation; U: Mann-Whitney U test; Sig.:significance). 
 

 

 

 

 

 

 

 

 

Similarly, amongst sett categories badgers rested in occasional resting sites most frequently 
when days were warmer (Table 5.5); mean temperatures were significantly higher when animals 
slept in resting sites for all seasons but winter. In contrast animals slept more frequently in main 
setts in rainy days. Although there were significant differences between wind speeds registered 
while animals slept in the different resting site categories for all seasons except autumn, again 
there was no conclusive pattern. 

 Mean Temperature  Precipitation  Wind speed Season 
 Mean SD  Mean SD  Mean SD 

Winter Burrows 10.48 2.85  1.61 7.44  3.45 6.55 
 Others 10.38 1.71  0.00 0.00  0.13 0.07 
 U (Sig.) 1926.50 (0.19)  1904.50 (0.06)  1320.00 (0.04) 
Spring Burrows 17.00 4.20  1.38 5.09  7.42 10.32 
 Others 19.41 2.67  0.45 1.35  16.62 17.17 
 U (Sig.) 3916.50 (<0.001)  5626.00 (0.87)  806.00 (<0.001) 
Summer Burrows 20.04 5.97  0.24 1.52  18.11 14.50 
 Others 22.59 4.36  0.04 0.31  11.47 10.26 
 U (Sig.) 5597.00 (<0.001)  7337.00 (0.29)  5763.00 (0.01) 
Autumn Burrows 12.80 3.76  3.18 8.28  6.74 7.81 
 Others 12.50 4.59  0.00 0.00  8.66 10.17 
 U (Sig.) 830.00 (0.51)  687.00 (0.10)  838.50 (0.95) 
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Table 5.5. Average values and standard deviation of climate variables at Serra de Grândola for each season and 
results of the non-parametric Kruskal- Wallis tests performed to investigate differences in climate variables when 
animals were sleeping in different categories of resting sites (Tmean: mean temperature; SD: standard deviation; 
Sig.:significance). 

 Mean Temperature  Precipitation  Wind speed Season 
 Mean SD  Mean SD  Mean SD 

Winter Main setts 11.25 3.27  2.29 7.71  3.36 6.40 
 Secondary setts 11.67 3.04  1.77 8.98  4.38 8.00 
 Occasional resting sites 10.38 1.71  0.00 0.00  0.13 0.07 
 χ  2 (Sig.) 1.79 (0.41)  7.57 (0.02)  6.23 (0.04) 
Spring Main setts 16.41 3.68  1.27 4.42  8.27 10.87 
 Secondary setts 15.35 3.91  0.59 1.39  2.86 0.82 
 Occasional resting sites 17.99 3.30  1.08 3.87  11.99 14.91 
 χ  2 (Sig.) 17.42 (<0.001)  1.88 (0.39)  12.62 (<0.002) 
Summer Main setts 18.55 6.50  0.76 3.27  18.83 14.93 
 Secondary setts 21.62 4.32  0.00 0.00  17.65 14.19 
 Occasional resting sites 22.56 4.63  0.03 0.26  12.45 11.07 
 χ  2 (Sig.) 30.51 (<0.001)  16.13 (<0.001)  6.51 (0.04) 
Autumn Main setts 13.03 3.67  3.19 7.71  6.63 7.65 
 Secondary setts 16.25 5.09  4.37 11.54  7.49 9.06 
 Occasional resting sites 15.07 4.03  3.16 8.28  7.57 7.86 
 χ  2 (Sig.) 20.70 (<0.001)  1.48 (0.48)  0.29 (0.86) 

 

 

DISCUSSION 

Badgers used a large number and variety of resting sites in Serra de Grândola, and were most 
inclined to sleep away from the main setts, either in lesser burrows or on the surface, in the 
spring and summer, when weather was typically warmer, dryer and less windy. Contrary to 
expectations, the proximity to, and density of, food patches did not appear to influence resting 
sites location. 

In Serra de Grândola, the mean number of shelters used per social group was high (16±7.55). 
With the exception of the population of Coto del Rey in Spain (Revilla et al., 2001), which had a 
mean of 27 shelters per territory, most studies have revealed lower numbers of resting sites (e.g. 
Low density areas: Norway, 12 – Brøseth et al., 1997; Poland, 9 – Kowalczyk et al., 2004; High 
density areas: England, 5.3 – Roper et al., 2001; Ireland, 5.0 – Feore and Montgomery, 1999). 
This high number of shelters could be explained by the large home ranges of badgers in Serra de 
Grândola (4.46km2 - Rosalino et al., 2004). As demonstrated by other authors (Revilla et al., 
2001; Kowalczyk et al., 2004), there is a significant correlation between number of resting sites 
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and territory size, suggesting that the larger the territory the higher the number of resting sites. 
On the other hand, there is certainly a high diversity of structurally different sites available to 
Grândola’s badgers (shrubs, hollow trees, rocks and man-made structures). The use of hollow 
trees, dense vegetation and man-made structures, had already been reported by other authors 
(Brøseth et al., 1997; Revilla et al., 2001; Kowalczyk et al., 2004), whilst the use of resting sites 
below rocks were only referred by Virgós and Casanovas (1999) who suggest that these may be 
cooler in summer. In spite of this variety of types of resting sites, 62.5% of our observations were 
of badgers using main setts (comparable to figures reported by Rodríguez et al., 1996: 63.3%; Do 
Linh San, 2002: 75.0%). 

Our results offered no support for the foraging-related hypotheses that multiple resting sites 
were a means of conserving energy (Bevanger and Brøseth, 1998) or of maintaining proximity to 
rich food patches (Good et al., 2001). In fact, as Rosalino et al. (2005a) demonstrated, although 
feeding patches in Serra de Grândola are somewhat aggregated, they occur at high density (3.27 
feeding patches/km2), with short distances between them (130.37m). Although the hypothesis of 
conserving energy by moving less is not supported by our data, we believe that having multiple 
dens might help to fulfil thermoregulation needs as suggested by the observed seasonal pattern. 

Seasonal differences in the use of dens occurred not only in what concerns to the category of 
resting sites but also to their structure, suggesting that it might be influenced by climate 
conditions. Moore and Roper (2003), working in the UK, concluded that there was no evidence 
that temperatures within main setts differed from that of other burrows. The same may not apply 
to Mediterranean areas where thermal range is much wider, and shelters other than burrows are 
widely used. Not much is know about the environmental conditions inside other types of shelters 
and we have no data for internal temperature of the different resting sites. However, in our 
Mediterranean habitats, there was a clear general association between warmer weather and 
occupancy of sites outside burrows, namely of main setts. Badgers only used Mediterranean 
shrublands, rocks and man-made structures during spring and summer, the hottest seasons; 
whilst during autumn and winter, when temperatures reach low values, burrows were more used. 
Further studies which assess internal and external temperature measures of resting sites are 
needed and might help us to better understand the weight of climate on the use pattern of 
multiple den sites. 
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If this seasonal association is causal, or merely a correlation with some other, for example 
sociological, reproductive or parasitological factors, is also unknown. Reproduction, for instance, 
clearly contributes to the observed pattern of use. Breeding females  spend most of winter and 
early spring inside and close to the main setts, where cubs are born and raised, and begin to 
move further afield around June when cubs are older (F. Loureiro, unpublished data). 

Other factors, such as interactions with foxes (e.g. Macdonald et al., 2004a) and human 
disturbance may also affect the pattern of den use. Indeed, on two years, during spring, red foxes 
(Vulpes vulpes) reared cubs in main badger setts, and badgers moved to secondary setts nearby 
(F. Loureiro, unpublished data).  

On the other hand, in cork oak forests, management activities such as shrub clear-cut for cork 
extraction, often lead to the destruction of badgers main setts during spring time, when cubs 
become to emerge from dens. Such activities destroyed the main sett of the southwest group in 
the third year of this study, prompting the badgers to move to the secondary sett (F. Loureiro, 
unpublished data).  

Therefore, understanding the causal mechanisms of badgers’ use of dens in this Mediterranean 
landscapes, might be very valuable, not only for determining the species ecological requirements, 
but also and more importantly, to help to create guidelines for cork oak managers to help badgers 
conservation. 
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PART III. DO KEY RESOURCES DISTRIBUTION  
FOSTER BADGER’S MOVEMENT PATTERNS? 

______________________________________________________________________ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
“Do not go where the path may lead, go 
instead where there is no path and leave 
a trail”      
 

Ralph Waldo Emerson 
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PATH TORTUOSITY OF EURASIAN BADGERS (MELES MELES) IN A HETEROGENEOUS 

MEDITERRANEAN LANDSCAPE 

 

______________________________________________________________________ 

Abstract: Movement is the process by which individual organisms are displaced over time to eat, 
reproduce and defend resources. Fractal analysis is a technique used to study animal movement 
that measures spatial complexity of path tortuosity; here, we apply it to characterize the 
movement patterns of the Eurasian badger (Meles meles) in a Mediterranean landscape. We 
calculated path tortuosity overall and seasonally, and for individuals of different sexes and social 
groups. The influence of variables related to badger’s resources (food, shelter, water), human 
infra-structures and weather conditions were analysed with respect to the tortuosity of each 
badger’s path. A total of 55 search paths from 6 badgers were considered for this study. Although 
badgers generally displayed convoluted movement, there were two exceptions: a) males overall 
and b) all badgers in summer; for both, movements had a lower fractal value, i.e. were less 
tortuous. The convoluted movement pattern generally observed is probably adapted to the 
clumped distribution of their food in the study area. Nevertheless our results suggest that the use 
of dens and latrines were the principal determinants of badgers’ tortuosity of badgers’ paths while 
foraging. 
 
Key-words: Eurasian badger, Mediterranean habitats, random walks, tortuosity, fractal analysis. 
______________________________________________________________________ 

 

INTRODUCTION  

Movements are part of mammals’ daily activities. In its broad sense, movement can be 
considered as the process by which individual organisms are displaced over time and can have 
important implications, not only in population processes (Turchin, 1998), but also in terms of 
diverse behavioural strategies (Wiens et al., 1995). Additionally, movement also permits the 
optimization of foraging patterns and energy investment and contributes to territorial and social 
behaviours (Bascompte and Vilà, 1997).  
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The simplest method for obtaining data on movement paths is to follow an individual organism. 
Direct observations and spool line methods are two possible ways to get this information 
(Macdonald, 1980; Hawkins and Macdonald, 1992). However in some landscapes, where the 
understory is dense and animals are difficult to see, radio-tagging is often the only way to track 
secretive and nocturnal mammals such as carnivores (White and Garrott, 1990; Wilson et al., 
1996). Many improvements in basic radio-tracking materials and field techniques have emerged 
since the 60’s, when this methodology began to be applied (Amlaner and Macdonald, 1980; 
Mech, 1983) and nowadays it is possible to follow a foraging animal’s path in great detail 
(Kenward, 2001)  

Current techniques for the analysis of animal movement paths include complex modeling 
approaches (e.g. Crist et al., 1992; With, 1994; Turchin, 1996; Turchin, 1998). For example 
random walk models and their diffusion approximations (e.g. Jeanson et al., 2003; Bengtsson et 
al., 2004) have been widely used. Nonetheless, these models sometimes give unrealistic 
predictions when extrapolated to scales beyond that at which the data were collected (Turchin, 
1996; Morales and Ellner, 2002). Another approach is fractal analysis, which is amenable to 
standard statistical techniques (Katz and George, 1985). Such models use the fractal dimension 
to measure path tortuosity, i.e. the degree of convolution or straightness of a path (Bascompte 
and Vilà, 1997), and the parameters (e.g. path length) needed to calculate this index can be 
easily collected. Fractal analysis has been applied to diverse animals (e.g., coleoptera, Wiens et 
al., 1995; wolves, Bascompte and Vilà, 1997; passerines, Westcott and Graham, 2000; reindeer, 
Mårell et al., 2002; and martens, Nams and Bourgeois, 2004), and can be undertaken with small 
samples (Bascompte and Vilà, 1997). 

We applied fractal analysis to the Eurasian badger, Meles meles (Linnaeus, 1758) paths, in 
order to study their movement pattern in a heterogeneous Mediterranean landscape (Serra de 
Grândola in Portugal). Previous data (Rosalino et al., 2004) suggested that the combination of 
habitats in Mediterranean environments provide badgers with different, but complementary 
resources (food and shelter) (i.e. habitat complementation, sensu Dunning et al., 1992). In fact, 
habitat selection by badgers in Serra de Grândola was not random, and apparently den site and 
food availability were the main reasons for badgers’ choice (Rosalino et al., 2004). As a 
consequence, badgers are expected to show a functional response to areas of high resource 
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availability, such as orchards and olive yards (Rosalino et al., 2005a). Considering all this, our 
aims were to i) characterize badgers’ movements according to their path tortuosity using fractal 
analysis, ii) investigate differences in movement patterns between sexes, seasons and social 
groups, and iii) evaluate whether important resources, anthropogenic features considered a 
surrogate of disturbance, and weather conditions influence path tortuosity of badgers in 
Mediterranean habitats. 

 

METHODS 

Study Area 

This study focused on movements of badgers in Serra de Grândola, a Mediterranean landscape 
in the Southwest of Portugal (38º 07’N; 8º 36W, elevation range, 150 to 270m a.s.l. Fig. 6.1).  

 

Fig. 6.1. Study area, home ranges, setts, dens and latrines of the two badger’s social groups studied at Serra de 
Grândola, SW of Portugal.  
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Cork (Quercus suber) and holm (Q. rotundifolia) oak woodland, with and without understory, 
constitutes the matrix of this landscape, where several patches of different land cover classes 
such as riparian vegetation, orchards, olive yards, and pine and eucalyptus stands are 
interspersed (for more details see Rosalino et al., 2004). Human settlements are nowadays 
reduced to small villages and most farm houses are abandoned. The study area is crossed by 
two main roads and several trails. Trails are dirt roads used to travel between farm houses, but 
together with main roads currently carry only very light traffic. Human activities are restricted to 
agriculture, cork and wood extraction and cattle rearing. 

The climate is Mediterranean, humid due to the Atlantic influence, and clearly seasonal in terms 
of temperature and precipitation. Winters are temperate, characterized by very cold temperatures 
and some precipitation (Averages: Min: -0.6ºC; Max: 21.9ºC; Mean: 11.2°C; TotalPrec: 87.9mm). 
Autumn is generally less cold but more rainy (Averages: Min: 2.9ºC; Max: 23.9ºC; Mean: 14.3°C; 
TotalPrec: 118mm). Dry seasons are spring and summer. Spring is less humid and hotter 
(Averages: Min: 6.2ºC; Max: 32.6ºC; Mean:17.6°C; TotalPrec: 54.6mm); on the other hand, 
summer is the hottest and driest season of the year (Averages: Min: 10.5ºC; Max: 37.0ºC; Mean: 
22.2°C; TotalPrec:20.2mm). 

In Serra de Grândola there is a rich and diverse community of carnivores with at least 7 of the 
14 Portuguese carnivore species (Santos-Reis et al., 1999), including the Eurasian badger. There 
is little information about badgers in Portugal, and existent data about its distribution result from 
non systematic surveys, showing, however, that this mustelid is generally distributed all over the 
country (Santos-Reis et al., 2005).Similarly, there are no data on population trends. Nonetheless, 
badger populations inhabiting in Mediterranean ecosystems are considered to be of conservation 
concern by Griffiths and Thomas (1993); they live at low densities and therefore may be 
vulnerable to the fragmentation of habitats (Revilla et al., 1999) and are susceptible to human-
caused mortality (Revilla et al., 2000). Hunting badgers is illegal, but they are frequently killed 
illegally in Portugal. The Red Data Book of Portuguese vertebrates lists Eurasian badgers as non 
threatened species, having the status of Least Concern (Cabral et al., 2005).  

At least 3 social groups of Eurasian badgers inhabit the study area (66km2), each comprising on 
average 3 to 4 adults plus 3-4 cubs of the year (see Rosalino et al., 2004). These badgers feed 
mainly on arthropods and fruits that are especially abundant on orchards and olive yards 
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(Rosalino et al., 2005b). Home range size averaged 4.46km2 (range 2.19-8.86 km2), with males 
tending to have larger territories than females (Rosalino et al., 2004). The study area has one of 
the lowest badger population densities registered in Western Europe, ranging from 0.36 to 0.48 
badgers/km2 (Rosalino et al., 2004), which seems to be constrained by the availability of suitable 
sites for sett placement (Rosalino et al., 2005a). 

 

Field Methods 

Between March 2000 and December 2002, nine badgers were captured using box traps (model 
608, Tomahawk Live Trap Co., Wisconsin, USA) and foot-hold-traps (Victor Soft Catch nº2, Long 
Spring Woodstream Corporation, Pensylvania, USA), set along badger paths and near their setts. 
Box traps were the selected method of capture and foot-hold-traps, were used as complement 
after the first proved its inefficiency, especially considering adult badgers, the target of this study. 
Foot-hold traps proved to be much more efficient in these Mediterranean landscapes where 
badgers density is low and box trap-shyness is high probably due to human persecution (not 
specific to badgers but to carnivores in general, such as foxes that often use badger setts - 
personal observation). Foot-hold-traps were checked twice a day, early in the morning (when 
badger activity was finished) and early in the night (when animals began to move). In this way, 
stress was minimized and no injuries were incurred. All animals were released in good physical 
conditions and no injuries were ever registered. Badgers were live-trapped under license from the 
Institute for Nature Conservation (ICN) and handled following all the recommendations of the 
Animal Welfare Protocol of the European Union. Upon capture they were aged according to tooth 
wear (da Silva and Macdonald, 1989; Macdonald and Newman, 2002) and sexed. All adults 
captured, and one juvenile (>9 months), were radio-tagged with Biotrack transmitters equipped 
with motion sensors (model TW-5, Biotrack, Wareham, UK) (for further details see Rosalino et al., 
2005c).  

Each radio-tagged animal was regularly located, during the day and throughout the night. Some 
preliminary 24 hour-periods tracking sessions confirmed badgers’ nocturnal activity pattern 
(Rosalino et al., 2005c). Thereafter, badgers’ positions were determined by triangulation (e.g. 
Macdonald and Amlaner, 1980; Mech, 1983), every half-hour during their activity periods through 
nocturnal tracking sessions which commenced at least one hour before dusk (with the animal still 
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in the sett) and ended one hour after sunrise (always after the animal stopped moving). 
Considering the topography of the study area and road network, a 30 minutes interval between 
locations was the minimal possible. The mean error associated with each animal location was 
assessed in a pilot study (M.J. Cruz, unpublished data), and was quantified as a circle of 115m 
radius around each location. 

Each tracking session, and therefore each set of nocturnal movements, was considered a 
‘search path’. We have excluded tracking sessions for which no movement was registered 
throughout the night, and search paths for which no locations were registered during 3 hours or 
more (because the animal eluded us, or bad weather conditions or technical problems 
foreshortened the tracking session). We considered data from six badgers: three adult females 
(T7, T13, T17), two adult males (T18 and T21) and one juvenile male (T11), belonging to two 
different social groups (North Group: T7, T13 and T21; South Group: T11, T17 and T18) (Fig. 1). 
Search paths were analyzed using Animal Movement extension (Hooge et al., 1999) of Arcview 
version 3.3, Esri, California, USA. 

 

Analytical procedures 

Path tortuosity 

Movement patterns were characterized using the fractal dimension. Fractal dimension (D) is a 
natural measure of tortuosity, which classifies paths according to their degree of convolution or 
straightness (Katz and George, 1985). This index relates the total length of a path with the 
maximum total area that such path could fill (for methodological procedures see Katz and 
George, 1985). In a simplified way, the fractal dimension (D) can be calculated as: D= log (n) / 
[log (n) +log (d/L)], where, n is the number of steps, L is the sum of the length of each step (the 
total length) and d is the planar diameter (the greatest distance between two points on the curve). 
A step is based on artificial break-points, and is defined as displacement during a regular time 
interval (30min in this study, which was the interval used in the field to locate animals) (Turchin, 
1998). The length of each step is the linear distance separating the position at two consecutive 
sampling occasions. The fractal dimension ranges from one to infinity, where one is a perfectly 
straight path. Random walk paths will have a fractal dimension that approach two and, paths 
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constrained in a limited area will have fractal dimensions greater than two (Katz and George, 
1985). Thus, the more convoluted the movements, the higher the fractal dimension.  

The use of this formula has several advantages comparing to other methods, namely box-
counting it: i) is more intuitive, easy to apply and can be used by field ecologists working with 
telemetry data, ii) can validly be applied to smaller sample sizes, and iii) the most important being 
that the logarithms of the fractal dimension tend to be normally distributed (Bascompte and Vilà, 
1997). Thus, the use of common statistical analyses (e.g. student t-tests and ANOVA) can be 
applied to the logs of the fractal dimension and comparisons and significant differences between 
a set of paths may be tested comparing observed values with Katz and George’s (1985) table. 
This table contains the mean and the mode of estimated fractal dimensions for simulated random 
walks of several lengths of unitary steps. Considering the length of unitary steps, it is possible to 
investigate if there are significant differences between the tabled values (assumed to be random) 
and ours, and to classify the degree of complexity of paths, or a set of paths, into straight, random 
or constrained (for more details see Katz and George, 1985). 

 

Statistical Analyses 

The normality of fractal analysis was tested using a Kolmogorov-Smirnov statistics, with a 
Lilliefors significance level (Sokal and Rohlf, 2003). The distribution of the fractal dimensions for 
search paths departed from a normal distribution, which was attained by log transformation (k-s= 
0.16, df= 55, p>0.05).  

Significant differences in total length of paths between individuals, sexes, social groups and 
seasons, were investigated using either a Student t-test or one way ANOVA (Sokal and Rohlf, 
2003). Seasons were defined as: winter (January to March), spring (April to June), summer (July 
to September) and autumn (October until December).  

A Linear Mixed Model was also used to estimate the effect of season, sex and social group and 
their interaction on path tortuosity, while adjusting for correlation due to repeated observations on 
each individual (Sokal and Rohlf, 2003). In this analysis pseudo-replication is avoided once each 
individual is treated as an independent observational unit, and therefore its effects on weight are 
considered random. In this model season, sex and social groups were considered fixed effects. 
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Several variables, related to badger resources (setts, food and water), weather conditions and 
human infra-structures (roads and trails), were also used to investigate which factors might 
influence path tortuosity. Thus, the following variables were calculated: distances to the nearest 
latrine (DistLat), den (DistD), main sett (DistMS), trail (DistT), main road (DistR), food source 
(DistFS - olive yards and orchards) and water (DistW – closest stream); densities of latrines 
(DensLat), dens (DensD), main setts (DensMS), trails (DensT), and food sources (DensFS); and 
weather conditions - mean, minimum and maximum temperatures (Tmean, Tmin, Tmax), 
precipitation (Prec), humidity (Hum) and wind speed (Wind). Climatic data were recorded from a 
weather station sited 5 km from our study site (38º18’N; 8º56W; elevation, 91m a.s.l.). Each path 
was divided into 200m intervals (distance more frequently walked in half an hour) and distances 
were calculated from these points to the parameters listed above (e.g., nearest latrine) using 
Nearest Features v3.8a for Arcview (Jenness Enterprises, Arizona, U.S.A.). Average of the 
distances of every variable was then calculated for each path. Densities were defined as total 
numbers (latrines, setts and main setts), lengths (trails) or occupancy areas (food source) within 
each night home range (defined as being the area used by each tracked individual during its 
nocturnal activity cycle), divided by the total area of that home range. Night home ranges were 
calculated using the minimum convex polygon (White and Garrott, 1990) and the Animal 
Movement SA v. 2.04 beta for Arcview (USGS-BRD, Alaska, USA) software. All attributes were 
measured in kilometers. 

We additionally used a stepwise linear regression to determine which continuous variables 
influence path tortuosity. Basic assumptions of linear regression analysis (linearity, 
homoscedasticity, and normality) were tested and transformations were performed when needed 
(Sokal and Rohlf, 2003). Multi-colinearity was investigated excluding variables with high tolerance 
values and low variance inflation factor values (VIF). Auto-correlation of residuals was tested with 
the Durbin-Watson test and normality of residuals was tested with a Kolmogorov-Smirnov test 
(Sokal and Rohlf, 2003).  

Statistical analyses were performed at a significance level of 0.05 using the SPSS 13 for 
Windows (SPSS Inc., Illinois, U.S.A.) statistical package. 
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RESULTS  

Search Paths 

In total 55 search paths were considered. Females were monitored for a longer time and 
therefore provided most of the search paths (Nfemales= 38; NMales = 17). The total distance travelled 
by badgers in one night was estimated to vary from 1.69 to 9.16 km; the mean distance travelled 
was significantly longer for males (males - 5.44 km ± 1.71 km; females - 4.19 ± 1.45km, Z= -2.15, 
p< 0.05). 

Individuals from the northern group provided more search paths than did the southern ones 
(NNorth = 36; NSouth = 19) since they were monitored for a longer time. Average distances travelled 
were similar for the individuals of both social groups (North group: 4.57km ± 1.72km; South 
group: 4.59km ± 1.46km) and no statistical differences were detected (t = -0.57, df = 53, p>0.05). 

Fewer search paths were considered in winter, when badgers sometimes did not leave their 
setts throughout the night (Table 6.1). The mean distance travelled per night was similar between 
seasons (F = 0.069, df =54, p>0.05), however, during winter badgers travelled slightly shorter 
distances.  

 
Table 6.1. Number of paths (N) and total lengths (minimum, maximum  

and mean) travelled per season (km). 

 Autumn Spring Summer Winter 
N 13 19 17 6 
Minimum 1.69 1.79 2.27 3.90 
Maximum 8.99 7.03 9.16 5.50 
Mean 4.54 4.70 4.53 4.39 
Standard deviation 1.90 1.60 1.80 0.60 

 

 

Path Tortuosity 

Individual badgers’ search paths showed the three possible categories of tortuosity: straight, 
constrained and random walk (Fig. 6.2). 
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Fig. 6.2.Examples of badgers’ search paths in Serra de Grândola and their tortuosity (D = fractal dimension), a) 
random walk, female T7; b) constrained walk, female T7; c) straight walk, female T17. Outermost numbers are the 
coordinates in the transverse Mercator grid – UTM (European Datum 1950) 

 

Overall the average fractal dimension was 1.95 (±0.54, N=55), close to the value of 2.0 for 
random walk. However, considering the average number of daily steps (n= 10.69 ± 3.40), and 
comparing with Katz and George’s table (1985), the chances that badgers’ paths are sampled 
from a set of random walks are very low (t= -23.39, df = 54, p<0.001) and the random walk 
hypothesis can be rejected.  

For all seasons, badgers’ movements differed significantly from a random walk (Table 6.2). 
During summer, the season when their movements had the lowest fractal dimension, search 
paths were relatively straight, whereas in all other seasons they were constrained. 
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Table 6.2. Average values of fractal dimension (D), respective standard deviation and results of one-sample t-test 
performed to investigate path tortuosity of badgers in Serra de Grândola, for all p<0.05 (test-value: 0.592 – tabled 

value for our length of unitary steps, see Katz and George, 1985’s table) 
 

 

 

 

Concerning sexes, males’ search paths differed significantly from a random walk (D = 1.83± 
0.29, t= -19.47, df =16, p<0.05) and appeared to be relatively straight. In contrast, females’ paths, 
while also different from random walks (D = 2.01±0.62, t=-17.14, df = 37, p<0.05), had an 
average fractal dimension higher than expected and were, therefore, constrained within an area.  

Individuals of both social groups showed a movement pattern different from random (North 
group: D= 1.91± 0.35, t= -20.77, df = 35, p<0.05; South group: D=2.03±0.80, t= -10.92, df = 37, 
p<0.05), with a tortuosity more convoluted, since their average fractal dimension was higher than 
expected.  

 

Factors influencing path tortuosity 

Results of the Linear Mixed Model showed that sex, social group and season did not influence 
path tortuosity (Table 6.3), neither did their interactions. Nevertheless, sex and the interaction of 
sex with social group approached significance (p=0.08); this lack of significance in the overall 
results may be a result of low statistical power due to small sample sizes.  
 

Table 6.3 – Tests of fixed effects from the Linear Mixed Model performed to investigate path  
tortuosity of badgers in Serra de Grândola; dependent variable was path tortuosity. 

Source Numerator df Denominator df F Sig. 
Intercept 1 41 292.32 0.00 
Social Group 1 41 0.28 0.60 
Sex 1 41 3.23 0.08 
Season 3 41 0.87 0.46 
Social Group * Sex 1 41 2.40 0.13 
Social Group * Season 3 41 2.41 0.08 
Sex * Season 3 41 1.15 0.34 
Social Group * Sex * Season 1 41 0.24 0.63 

  t df Average D Pattern 
Winter -27.94 5 2.08±0.12 constrained 
Spring -11.03 18 2.00±0.79 constrained 
Summer -13.24 16 1.85±0.39 straight 
Autumn -12.84 12 1.94±0.40 constrained 
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The stepwise linear regression model explained almost 35% of the variance of path tortuosity 
(R2 = 0.349, F = 8.69, p<0.05). Only three variables, distance to main setts, density of dens and 
distance to latrines, were important predictors of path tortuosity of badgers in Serra de Grândola 
(Table 6.4).  

 

Table 6.4 . Linear Regression Model produced to analyse path tortuosity of badgers in Serra de Grândola (Leg: 
DistMS= average distance to main setts, DensD = density of dens, DistLat = average distance to latrines). 

Unstandardized 
Coefficients 

 Standardized 
Coefficients Model 

B Std. Error  Beta 
t Sig. 

(Constant) 0.35 0.09   4.00 <0.001 
DistMS -0.94 0.25  -1.04 -3.84 <0.001 
DensD -0.10 0.04  -0.30 -2.41 0.02 
DistLat 0.58 0.25  0.61 2.27 0.03 

       a. Dependent Variable: Path Tortuosity 

 

DISCUSSION 

As expected, in Serra de Grândola, nightly movement patterns of badgers were not random, 
and apparently were influenced by the locations of dens and latrines. Although badgers generally 
undertook convoluted movements, this was not so in summer or for males – in which cases 
movement paths tended to be straighter. 

Food is obviously essential to badger survival, and in Serra de Grândola is spatially and 
temporally unpredictable, occurring in scattered clusters (e.g. orchards / olive yards - Rosalino et 
al., 2005a; Loureiro et al., submit.). Moreover, in markedly seasonal Mediterranean habitats, 
distribution and scarcity of food resources are expected to vary between seasons, along with 
changes in path tortuosity. The convoluted badger paths generally observed appeared to mirror 
the clustered distribution of their food in the study area (Wiens et al., 1995), once it allows an 
increased use of the area and a more successful foraging (Nams and Bourgeois, 2004). 
Nevertheless, no significant differences were found between path tortuosity of different seasons, 
suggesting that the seasonal changes in food distribution were not reflected in the fractal 
dimension of badgers’ movements. Indeed, our analyses revealed a greater influence of the use 
of dens and latrines on path tortuosity than that of any food-related variable.  
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Dens, especially main setts, are an important resource for badger survival, reproduction, social 
behaviour, and even perhaps as an evolutionary force behind badger sociality (Roper, 1993; 
Revilla et al., 2001). As Rosalino et al. (2005c) showed, on 63.16 % of days badgers return to 
sleep in the same sett on consecutive days, contributing to the tortuosity reported here. 
Nonetheless, in summer badgers change resting sites more often (Rosalino et al., 2005c), 
resulting a lower mean number of consecutive days spent in a den (Kowalczyk et al., 2004; 
Rosalino et al., 2005c) and therefore a straighter trajectory to their nightly movements. This 
seasonal use of resting sites seems to be, at least to some extent, related to climate conditions 
although other factors such as social interactions and badgers reproductive status might also be 
influencing this behaviour (F. Loureiro, unpublished data). Females show greater fidelity to 
daytime resting sites than do males (Rosalino et al., 2005c).Thus, the lower fractal dimension of 
males’ movements is probably a reflection of their lower fidelity to dens together with greater 
involvement in scent marking at latrines (Neal and Cheeseman, 1996; Revilla and Palomares, 
2002; Rosalino et al., 2005a) and searching for females. 

The use of latrine sites for defecation (Stewart et al., 2001), apparently also influences path 
tortuosity, and this may be explained by latrines multi-functionality. Badgers defecate, urinate and 
scent mark at latrines (Roper et al., 1986; Roper et al., 1993). Consequently, visiting latrines is 
certainly part of badgers’ nocturnal activities and naturally influences their path while foraging. 

In summary, the path tortuosity, and therefore movement patterns, of badgers in Serra de 
Grândola were explicable by the locations of dens and latrines. The influence of food resources 
was not clear in our analysis of path tortuosity. In Serra de Grandola high quality feeding patches 
are numerous and dispersed throughout the study area (Rosalino et al., 2005a); although their 
distribution changes with season, their dispersion may not. These conditions may all explain why 
food resources apparently had low influence on path tortuosity, in contrast to suitable den sites, 
that as Rosalino et al. (2005a) reported are a limiting factor for badgers in this area. Our analyses 
were based on a resolution of one radio-location each 30 minutes. Further, more detailed tracking 
data might reveal habitat specific patterns of tortuosity at a finer scale and help to support 
conservation and management actions for badger populations in cork oak dominated landscapes. 
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“You plant vines (or crops) for yourself, 
olives for your children and cork oak for 
your grandchildren”  
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CORK OAK DECLINE AND CONSEQUENCES FOR BIODIVERSITY: AN EXAMPLE WITH THE 

EURASIAN BADGER (MELES MELES) 

 
______________________________________________________________________ 

Abstract: Cork oak forests are one of the most important habitats in southwestern Europe, 
supporting a high biodiversity. In the Iberian Peninsula, most cork oak forests were transformed 
into a sustainable agroforestry system - the montado (or dehesa in Spain). Nowadays, however, 
several factors are contributing to the decline of cork oak forests, compromising therefore the 
survival of the associated biodiversity. In addition to natural causes (e.g., diseases), the 
sustainability and viability of the cork oak landscapes is currently being compromised by land 
abandonment, fires intensity and frequency, and the cork market decline caused by competition 
with plastic /screw stoppers. Inadequate management measures are also common and are an 
important cause of tree mortality, mainly in cork oak montados. The conservation of the wildlife 
linked to man-made habitats like montados and the sustainability of these Mediterranean 
landscapes depends on the maintenance of traditional management practices. In this paper, 
using the European badger as a biodiversity surrogate, we demonstrate the importance of 
maintaining historic human disturbance regimes in the montado to preserve Mediterranean 
biological diversity. 
 

Key-Words: cork oak montado, dehesa, Quercus suber woodland, mesocarnivore, mustelid, 
Mediterranean landscape, conservation 
______________________________________________________________________ 

 

INTRODUCTION 

In Europe, Mediterranean landscapes exhibit features that make them attractive not only from a 
human history and culture perspective, but also from an ecological point of view (Scarascia-
Mugnozza et al., 2000). Besides, at the global scale, the Mediterranean basin is considered one 
of the biodiversity hotspots for conservation (Myers et al., 2000), including areas featuring 
exceptional concentrations of endemic species (Temple and Terry, 2007) and experiencing a high 
habitat loss (Myers et al., 2000). 
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Cork oak (Quercus suber) forests are one of the most important habitats of south-western 
Europe and are typical of Mediterranean landscapes. Associated with a remarkable biodiversity 
(Myers et al., 2000), these forests constitute unique ecosystems which have been recognized by 
the Natura 2000 Network (European Union Directive no. 92/43/CEE, Appendix I) since 1993 for 
their ecological value. Moreover, because the bark of the cork oak tree regrows after harvesting, 
commercial exploitation of these forests is environmentally sustainable and it does not require the 
removal of trees. Cork forests have therefore a high economical value and are an important 
source of income in several Mediterranean countries, being responsible for thousands of jobs 
(Silva and Catry, 2006).  

In general, the remaining so-called natural cork oak forests are nowadays altered woods, more 
or less intensively managed by man, that often correspond to different stages of regressive 
succession of the original forest (Scarascia-Mugnozza et al., 2000). Within the Iberia, the majority 
of cork oak forests were transformed over the centuries into a very peculiar agro-sylvo-pastoral 
system, termed ‘cork oak montado’ in Portugal (or dehesa in Spain). 

During the past decades cork oak forests have experienced a rapid decline (Moreira and 
Martins, 2005) and are being increasingly fragmented. The premature death of cork oak trees, 
due to very different causes, have become a matter of high concern, both in economic and 
ecological terms, especially because the reforestation of these plants is a very slow process that 
takes decades (Costa and Pereira, 2007a). Thus, the decline of these forests will mean the loss 
of many jobs and will threaten the survival of many species with consequent biodiversity loss. In 
fact, the survival of many species inhabiting cork oak forests is directly related to the sustainability 
of cork oak. Within carnivores, the Eurasian badger (Meles meles L., 1758) is one of the species 
for which cork oak forests provide key resources such as food and refuge (Rosalino et al., 2005a; 
Rosalino et al., 2005c).  

In conservation planning one must define management objectives for landscape features and 
associated biodiversity. In this paper, we review the currently known causes of cork oak forest 
decline, and examine its consequences for biodiversity conservation. We further explore the 
importance of maintaining the montado to preserve Mediterranean biological diversity by using 
the badger as a biodiversity surrogate. We conducted our study in the cork oak montado of 
southwest Portugal. 



CHAPTER 7. CORK OAK DECLINE 

119 

THE VALUE OF CORK OAK MONTADOS  

Although widely scattered across European Mediterranean countries, including some islands 
(Corsica, Sardinia and Sicily), cork oak forests distribution is centred essentially in the western 
part of the Iberian Peninsula with its largest extent in Portugal (Fig. 7.1, Carrión et al., 2000). 
These forests cover about 2 million ha worldwide, with more than 30% concentrated in Portugal 
(Table 7.1).  

 

Fig. 7.1. World distribution of cork oak tree (Quercus suber) (adapted from (Bohbot et al., 2005). 

 
Table 7.1. World Statistics of cork oak surface (source DGF, 2001) 

Country Area 
(x1000 ha) % 

Portugal 730 32,2 
Spain 500 22,0 
Algeria 410 18,1 

Morocco 340 15,0 
France 100 4,4 
Tunisia 99 4,4 

Italy 90 4,0 
TOTAL 2.269 100 

 

Cork oak montados (or dehesas) are one of the last examples of traditional rural agro-ecological 
systems in Europe (Joffre et al., 1999). In cork oak montados, the matrix is a savannah-like open 
tree layer of low density (usually 80 to 100 trees per ha), combined with an herbaceous layer and 
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shrublands (Pinto-Correia and Vos, 2004). The herbaceous layer is usually comprised of either 
cultivated cereals (e.g., barley, Hordeum vulgare; wheat, Triticum spp.) or, more commonly, of 
native vegetation dominated by annually grazed grass and forb species. In the absence of 
herbaceous cover there is a mixed shrubby understory, usually dominated by Cistus spp., 
Arbutus unedo, Erica spp., Lavandula spp. and Ulex spp (Moreira and Martins, 2005).  

Comprising patches of different tree densities, the cork oak montado is a mosaic of various 
landscape elements subjected to different understory management practices, including seasonal 
grazing intensity, subsistence agriculture, and fallow periods (Pinto-Correia, 2000). Besides, 
montados typically include riparian corridors that cross the forested matrix and small patches of 
olive yards and orchards (Rosalino et al., 2004). These orchards contain a diversity of fruit tree 
species that, along with olive trees, produce important food sources for the diverse communities 
of animals that inhabit these ecosystems (e.g., birds: Patterson et al., 1991; Rey et al., 1997; 
carnivores: Rosalino et al., 2005a; Santos et al., 2007).  

Cork oak montados are therefore characterized by its economic and ecological benefits (Pinto-
Correia, 2000), representing a good model for the management of natural resources, flexible and 
adapted to the Mediterranean climate (Marañón et al., 1999) and with multiple outputs.  

 

Economic benefits of the montado 

Direct products are wood, mainly for charcoal, acorns, mostly to feed livestock, and cork, the 
most valuable product (Fig. 7.2). Other important economical outputs are livestock (e.g., sheep, 
goats or Iberian black pigs), crop products (e.g., barley, wheat) and hunting leases (e.g., pigeon, 
partridge, rabbit) that, although secondary, are also very important economically and indirectly 
contribute to the sustainability and maintenance of cork oak montados. Organic honey produced 
by wild-raised bees, wild mushrooms, and aromatic plants are subsidiary products of minor 
economic importance.  
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Fig. 7.2. Multiple products of the montado agroforestry system. 

 

In spite of the diversity of the montado products, the bulk of income is generated by cork 
(McGrath, 2007). For example, in Portugal, where is originated more than half of the world’s cork 
production, every year about 185 thousands tons of cork are extracted (Silva and Catry, 2006), 
corresponding to about 3% of total Portuguese exports and amounting approx. 900 million of 
euros (APCOR, 2007). In fact, cork oak montados have been preserved mainly because they 
provide a valuable source of income for the farmers who own them. Due to high prices of cork, 
montado is economically viable (Pinto-Correia and Vos, 2004). Nevertheless, cork prices are 
highly dependent of cork stoppers’ market, since 70% of cork revenues are originated from the 
wine industry (McGrath, 2007). The current decline in trading of cork oak products that results 
largely from the increasingly use of synthetic and screw-top stoppers by the wine industry, might 
quickly lead the value of cork to drop, contributing to the abandonment of these forests.  
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Ecological benefits of montados 

Cork oak montados also provide environmental services such as soil conservation. Indeed, by 
helping to regulate the hydrological cycle, cork oak montados prevent soil erosion, improve water 
quality, and avoid desertification (Gawler and Lawrence, 2007; Silva, 2007). Moreover, these 
forests play an important role in regional oxygen balance and carbon sequestration (Gawler and 
Lawrence, 2007). 

But cork oak landscapes are more than trees; they support communities of animals, plants and 
other biotic agents whose dynamics might completely change with the increasing of cork oak tree 
death. In fact, due to management measures applied in this agro-forestry system, cork oak 
montados incorporates a high diversity of land uses and cover that results in a heterogeneous 
mosaic that, comparing with other forests, supports a high biological diversity, including endemic 
species (Pinto-Correia, 2000). Although, diversity may be very different in each cork oak 
montado, it is known that of the total Iberian Peninsula fauna and flora, these harbor circa 30% of 
the plant species and 40% of the bird species (Pereira and Fonseca, 2003). The importance of 
these traditional systems in preserving biological diversity on a continental scale is reflected, for 
example, by the high number of endangered birds species that they support (e.g. black vulture, 
Aegypius monachus; black stork, Ciconia nigra; Bonelli's eagle, Hieraaetus fasciatus - Diáz et al., 
1987). These species, as many other animals (e.g. amphibians: spanish ribbed newt, Pleurodeles 

walt; Western spadefoot, Pelobates cultripes; reptiles: large Psammodromus, Psammodromus 

algirus; false smooth snake, Macroprotodon cucullatus; carnivores: stone marten, Martes foina; 
mongoose, Herpestes ichneumon - Santos-Reis and Correia, 1999), depend on the conservation 
of these landscapes for the maintenance of viable populations. 

In addition to wildlife, it is also worth mention that cork oak montado enables the preservation of 
various breeds of indigenous livestock (e.g. Iberian pig, Sus scrofa talpiceps) suitable for the 
production of quality meat and milk.  

 

THREATS TO THE MONTADO 

In the past few years, studies conducted throughout Europe, have documented the decline of 
cork oak forests and have implicated both biotic and abiotic factors (Fig. 7.3) as causes of tree 
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death (Cabral and Lopes, 1992; Moreira and Martins, 2005). Besides the decrease in the value of 
cork, which results in the abandonment of these forests, biotic agents, fire, adverse climate and 
wrong human management practices (including incorrect pruning and ploughing to close to the 
trees), have been often referred as causes of cork oak forests decline (Pereira et al., 1999).  

 

Fig 7.3. Diagram of factors that contribute to the decline of cork oak forests. 

 

Biotic Agents 

Biotic agents are part of cork oak ecosystems, living in equilibrium with their hosts. 
Nevertheless, when certain disequilibrium conditions occur, pathogens emerge at high densities, 
causing the weakening, illness and death of trees. In current times, pathogen outbreaks are often 
associated with human activities (Ferreira, 1992).  

There is a long list of biotic agents that affect cork oak trees, including insects and fungi (Fig. 
7.3). Defoliating insects feed on leaves, decreasing or eliminating a tree's photosynthetic 
capability, limiting growth and often causing the death of the tree. Additionally, insects can also 
transport pathogenic agents that may cause diseases (Silva, 2007). There are many species of 
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insects that attack cork oak trees, including Lepidoptera and Coleoptera. Common examples are 
Porthertria dispar, Periclista andrei, Coroebus undatus and Platypus cilindrus (Ferreira, 1992).  

The list of species of fungi attacking cork oaks is large. In Catalonia (NE Spain), during 1992–95 
thirty-four fungal species were isolated from cork oak trees; from those, 14 species were found to 
be pathogenic either for stem or leafs (Luque et al., 2000). Species like Fusarium spp., 
Ophyostoma spp., Endothiella gyrosa, Biscogniauxia mediterranea, Armillaria mellea and 
Armillaria tabascens occur frequently in cork oak trees (Santos, 2003b).  

Of fungal diseases that affect cork oak trees, Phytophthora root disease is probably the most 
common and the most studied. Is caused by the fungus Phytophthora and causes the root rot, 
being considered among the most important factors involved in the oak decline syndrome in 
Europe (Vettraino et al., 2002). Phytophthora is known primarily as a genus of aggressive plant 
pathogens on agricultural crops (Jung et al., 2002) and includes at least 300 species worldwide, 
responsible for root rot of over 1000 herbaceous and woody plants, including forest trees 
(Vettraino et al., 2002). The two most widespread and frequently isolated species are P. quercina 

in Central and Western Europe and P. cinnamomi usually associated with oak decline in Iberian 
Peninsula (Moreira and Martins, 2005). Brasier et al. (1993), for example, reported severe decline 
not only of cork oak trees but also of holm oak trees (Quercus rotundifolia) in Spain and Portugal 
associated with the presence of P. cinnamomi.  

 

Fire 

Fire is a severe and direct threat to forests, especially in Mediterranean environments where it 
has always been a natural hazard. However, fire also represents a common strategy for the 
survival of many species (e.g., through seed propagation). In agrarian environments, such as 
cork oak montado and dehesas, fire is often used for the management of soil fertility and removal 
of the excess of fuel after the harvest season (Badia et al., 2002). 

Nowadays, most fires are due to anthropogenic causes (intentional or negligent) and in the past 
decades its frequency of occurrence and extent has greatly increased with severe consequences 
to biodiversity. In fact, in most countries of Mediterranean basin, between the 1960s and 1990s, 
the area reported as burnt each year has increased by about fivefold (Rackham, 2003) and the 
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current tendency is even higher. Although it is difficult to say how much of this is due to an 
increased number of fires or to a more efficient recording system, the fact is that currently, there 
is much more to burn than when the countryside was more densely populated and used 
(Rackham, 2003). Land use changes, associated with increasing abandonment of marginal land 
from agriculture, has increased fuel loads enhancing the probability of fire occurrence. 

Cork oak forests are among the most resistant European forests to fire, because of the 
insulating capability of the cork bark (Costa and Pereira, 2007a). In fact, palaeoecological 
information has shown that the cork oak tree exhibits multiple adaptive traits to fire and supports 
the hypothesis that episodic fires may have been critical in shaping the present distribution and 
ecology of the species (Carrión et al., 2000). Furthermore, Q. suber is the only European tree 
with above-ground sprouting capability, which is a well-known fact in native trees of Australia 
(Silva, 2007). 

Despite the remarkable resistance of cork oak tree to fire, there might be important ecological 
consequences to consider (Silva and Catry, 2006). Depending on the characteristics of the fire 
and the management measures used in each forest, consequences might be very different and 
have several degrees of magnitude. Dead or damaged trees, loss of habitat for many species, 
costs of rehabilitation (living trees, soil erosion, and reforestation) and environmental costs (CO, 
landscape, biodiversity) are among some of the ecological effects that fire have in a cork forest, 
to which we can add the time that this ecosystem takes to recover. Meanwhile, disequilibrium is 
created and cork oak forests became more vulnerable to the attack of diseases and plagues.  

Besides the ecological consequences, there is also the economical impact to be considered. 
Although many trees manage to survive, the burned cork is often unsuitable for most industrial 
uses (Silva and Catry, 2006) and cork harvesting of good quality, generally is only possible 
several years after (depending how long cork as been harvested at the time of the fire). 
Moreover, burned cork value is very low and negligible when compared with the commercial 
value of undamaged cork (Silva and Catry, 2006). Harvesting cork becomes therefore less 
profitable. 
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Inadequate human management practices 

At present almost all forests of Europe are managed or under the influence of some human 
activity. Cork oak forests are no exception. Agro-forestry systems like the montados and dehesas 
require constant management to maintain their productivity (Fig. 7.4). Nevertheless, this 
management must be balanced and integrated in order to incorporate all components in a long-
term sustainable way (Pinto-Correia and Vos, 2004). Shrub clearing, canopy thinning and 
pruning, sanitary control, field rotation, pasturing, reforestation, among others, are some 
examples of human activities used in management. In large part, the distribution, structure and 
configuration of these landscapes have resulted from human intervention through these 
management measures (Diáz et al., 1987). Nevertheless nowadays, rural depopulation, cultural 
intensification and inadequate management in agro-systems are putting at risk the sustainability 
and survival of many cork oak montados. 

 

Fig. 7.4. Time chronology of main management activities in cork oak forests (adapted from Costa and Pereira, 
2007b). 

 

With rural depopulation, and consequent land abandonment, frequently the management of 
many cork oak montados has become limited to cork production. In the absence of grazing and 
cereal cultivation, shrubs grow leading to situations of high combustibility and fire hazard (Silva 
and Catry, 2006). Moreover, in the absence of grazing, soil fertility and capability of water 
retention are greatly reduced (Pereira et al., 1993). 

Cork stripping itself, although not causing the tree’s death, constitutes a debilitating factor, 
especially when made for intense cork production, since originates high stress and make them 
more susceptible to biotic and abiotic agents (Costa and Pereira, 2007b). Thus, cultural 
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intensification and bad management practices, in order to increase economical inputs, accelerate 
the weakening of trees. For example the use of modern machinery for shrub clearance, instead of 
traditional manual work and grazing activity, often involves soil mobilization that, besides 
accelerating organic matter degradation, destroys the root system, mainly small roots that are the 
main vehicle of water and nutrient absorption (Ferraz and Moreira, 1993). Consequently, is 
created disequilibrium on the interactions between roots and microorganisms. Recent studies 
suggest that this type of management using tillage practices eliminates almost completely the 
lateral roots of cork oak trees in the first 20 to 25 cm of soil depth (Silva and Catry, 2006). 
Consequently, trees become weaker and more vulnerable to infectious diseases, (e.g., P. 

cinnamoni). Besides, machinery movement between healthy and infected areas contributes to 
disease propagation. The frequent removal of understory has also negative consequences for the 
regeneration of forest stands since it destroys the young cork oak trees and prevents natural 
regeneration (Silva and Catry, 2006). 

 

Climate conditions  

Extreme climate conditions, such as storms, long duration periods of droughts and abnormally 
high temperatures, occur once in a while in natural conditions and contribute to the weakening of 
trees. By weakening the trees, these become more susceptible to the attack of biotic agents and 
the process of death is accelerated.  

More problematic than occasional extreme climate conditions are the climate changes faced 
nowadays. Earth has suffered several climate changes throughout evolution. Most of them were 
regular and had a well defined pattern, and all were until very recently due to natural causes 
(Santos and Miranda, 2006). Nevertheless, since the beginning of the twentieth century, global 

medium temperature of the atmosphere increased about 0.6±0.2 ºC (IPCC, 2001). These values 

are considered abnormal so much in the value itself as in the frequency of occurrence (Santos 
and Miranda, 2006). 

Although still considered controversial, according to the Third Report of the Intergovernamental 
Panel on Climate Change (IPCC, 2001) most of the global warming observed in the last years 
result of emissions of anthropogenic gases to the atmosphere (e.g. water steam, carbon dioxide, 
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methane, ozone, nitrous oxide, etc), namely from fossil fuel burning, changes in land cover, and 
deforestation (Phat et al., 2004).  

Nowadays, there is a growing awareness that global changes could have important effects on 
ecosystems, communities and populations. This applies especially to forests (Bergot et al., 2004), 
where the health status of trees will be highly influenced, especially due to the modification of 
interactions between trees and biotic stress factors such as insect and fungi (Vannini et al., 
1996). Consequently, the impact of many diseases is likely to increase (Bergot et al., 2004), with 
more favourable conditions for the development of pathogens and other biotic agents. Moreover, 
survival rates and number of life cycles per year will increase and, consequently, the agents will 
suffer a faster migration and adaptation than plants (Bergot et al., 2004), especially than cork oak 
trees, which are slow growth trees (Costa and Pereira, 2007a).  

Other important negative effect of climate change in cork oak forests is the raise of fire risk 
(Santos and Miranda, 2006). Weather conditions expected to occur in the future include the 
increase of the time and intensity of summer droughts. Thus, the rate of decomposition of organic 
matter in soil will be highly reduced during drought periods and the amount of flammable biomass 
present in the soil will be higher (Santos and Miranda, 2006).  

But not only fire and biotic agents will be a higher threat as a result of climate changes. With 
global warming, besides higher temperature, the subsoil hydric resources will decrease. 
Consequently cork oak trees will be subject to higher water stress, becoming more susceptible to 
biotic agent attacks (Santos and Miranda, 2006).  

In conclusion, although indirect, disturbances caused by climate changes may be a highly 
significant factor to be considered, being an important trigger to most of the potential causes of 
cork oak tree death. 

 

CONSEQUENCES OF CORK OAK DECLINE FOR BIODIVERSITY: THE EUROPEAN BADGER 

AS A SURROGATE SPECIES 

So far, little basic biological research has been conducted and integrated with the sustainability 
of cork oak woodlands. Yet, this information would facilitate the development of management 
strategies designed to maintain the biological diversity of cork oak montados, since the 
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conservation of the wildlife inhabiting these landscapes often depends on the continuation of 
traditional management practices (Fig. 7.5). It is, therefore, important to gather information on 
wildlife-habitat relationships in animal groups for which information is currently lacking (Diáz et al., 
1987). While studies on a large number of species although important are impracticable, 
management based on studies of a range of ecologically representative species are both feasible 
and advisabe (Diáz et al., 1987). 

 
Fig. 7.5. Effects of agricultural and forestry policies on wildlife. 

 

Carnivores are one of the target groups (Diáz et al., 1987). Because they live at relatively low 
densities, occupy large home ranges, and often disperse long distances (Sunquist and Sunquist, 
2001), they are species susceptible, both directly and indirectly, to changes in the dynamics and 
structure of landscapes (Hargis et al., 1999). Among the mesocarnivores occurring in the 
southwestern Iberia some, such as the Eurasian badger, proved to select cork oak woodlands 
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(Rosalino et al., 2007), and other even responded negatively to its fragmentation (e.g., stone 
marten Martes foina L., 1758 – C. Grilo, unpublished data). 

As far as the Eurasian badger is concerned, in the last few years we were able to gather a great 
amount of ecological data (e.g. population density – Rosalino et al., 2005c; social organization –
Rosalino et al., 2004; dietary preferences – Rosalino et al., 2005a; den use - Loureiro et al., 
2007a; movement patterns - Rosalino et al., 2005b; Loureiro et al., 2007b) on a population 
inhabiting the largest continuous area of cork oak montado in southwest Portugal (Serra de 
Grândola, 38º 07’N; 8º 36W). Hence, the badger can be considered a good surrogate species to 
predict how the decline of the cork oak montado might directly affect biological diversity.  

The Eurasian badger is a medium sized carnivore which has a broad distributional range 
throughout almost all Eurasia, with their south-western distribution edge at the Iberian Peninsula 
(Neal and Cheeseman, 1996; Virgós and Casanovas, 1999). Inhabiting a high variety of habitats, 
from boreal forests to semi-arid environments (Neal and Cheeseman, 1996), including cork oak 
forests (Santos-Reis and Correia, 1999), lives at densities that vary dramatically between habitats 
and regions in response to climatic variations or other factors such as vegetation characteristics 
(Virgós, 2001) and food availability. 

At a continental scale badgers are classified as not threatened (Least Concern, according to 
(IUCN, 2007), but they are thought to be declining, particularly in Mediterranean regions In fact, 
populations of Iberian Peninsula are of conservation concern (Griffiths and Thomas, 1997; Revilla 
et al., 2000; Revilla et al., 2001), due to their low densities (Revilla et al., 1999; Rosalino et al., 
2004); wide ranging behaviour (Rodríguez et al., 1996; Revilla, 1998; Rosalino et al., 2005b) and 
high susceptibility to human-caused mortality (Revilla et al., 2000). Moreover, habitat loss and 
fragmentation are among the most important causes of decline of Iberian populations of this 
carnivore (Virgós, 2001, Domingo-Roura et al., 2005).  

Although commonly described as a generalist with respect to habitat (e.g. Virgós, 2002; 
Rosalino et al., 2004) and food preferences (e.g. Goszczynski et al., 2000; Rosalino et al., 
2005a), in Mediterranean landscapes, where resources are scarce and unpredictably available, 
badgers may depend upon habitats that provide relatively stable resources (Santos, 2003a); 
(Rosalino et al., 2005c). In Portugal, Rosalino et al., (2007) demonstrated that cork and holm oak 
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forests are the most selected habitats by badgers, both at coarser and finer scales of analysis, 
and therefore its decline is of concern for the maintenance of viable Eurasian badger populations. 

As previously mentioned, Serra de Grândola is one of the most continuous areas of cork oak 
forest in Portugal. In the form of montado, this is a heterogeneous landscape. Composed by a 
matrix of cork oak woodland with (55.2%) and without (32.9%) shrub as undercover, it has 
several interspersed patches of riparian vegetation (1.2%), olive groves (2.0%), orchards (0.5%), 
pastures (5.6%) and eucalyptus stands (2.0%). These patches provide badgers with different, but 
complementary resources (Rosalino et al., 2004), in a situation often termed as habitat 
complementation (Dunning et al., 1992). Among the most important patches for badgers are olive 
groves and orchards that emerged as the crucial food providing habitat (Rosalino et al., 2005a). 
These patches are important food sources not only of cultivated fruits (e.g. olives, peaches, figs) 
but also of insects (F. Loureiro, unpublished data), the main food items consumed by badgers in 
Serra de Grândola (89.3% of consumed biomass - Rosalino et al., 2005a) and whose availability 
seem to be tracked by these animals (Loureiro et al., subm.). Spread throughout the landscape 
matrix (cork oak woodland) that provides acorns, other wild trees produce additional fruit 
resources such as strawberry tree fruits and pears (Rosalino et al., 2007). 

On the other hand, cork oak with understory and riparian vegetation, besides providing food and 
being very important as travel routes between food patches, also act as important sites for shelter 
(Rosalino et al., 2004; Rosalino et al., 2005b; Loureiro et al., 2007b). Cork oak woodland is often 
selected for sett’s emplacement (Rosalino et al., 2004) and riparian vegetation is frequently used 
as resting site during summer (Loureiro et al., 2007b) offering also blackberries and crickets as 
main food resources in this season (Loureiro et al., subm.). 

Habitat complementation is a very important ecological driver in complex landscapes (Dunning 
et al., 1992), such as cork oak montados. Nevertheless, as result of cork oak tree death and 
abandonment of management measures, configuration and distribution of the different patches in 
montado might undergo severe changes. 

Acácio et al. (in prep.) demonstrated, in Serra do Caldeirão (South Portugal), that the matrix of 
cork oak montado and grasslands is being transformed an increasing rate (about 4% and 1% 
between 1995 and 2002, respectively), predicting that, for the coming decades, there will be an 
increase of schrublands and a decrease of forests, including the montado. 
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In Serra de Grândola, consequences are thought to be very similar, as a result mainly of fire, 
pathogens and rural abandonment (causes that also affect Serra de Caldeirão). Scrubland 
patches are therefore expected to increase, simultaneously to a diminution of grasslands and 
cork oak woodland, being expected that all the dynamics of landscape configuration and habitat 
complementation might be altered, as well as, Eurasian badger population dynamics. 

Nowadays, refuge and, to a lesser extent, food seem to be the limiting factors for badgers’ 
density in the cork oak montado of Serra de Grândola (Rosalino et al., 2005c). Although, the 
presence of diggable sites for dens (i.e. the underlying geology) seem to be the most important 
limiting factor, both resources must be available, since badgers are absent when food is scarce 
but setts are available (Rosalino et al., 2005c).  

With the predicted increase of shrubland, is expectable that badgers main food (fruits and 
insects) might be less available and, as a result, food might become a limiting factor as important 
as den site availability, regulating the number of individuals per social group. In shrubland 
patches, oak seedling recruitment is severely limited and therefore tree regeneration is highly 
reduced (Acacio et al., 2007). Thus, acorns, as well as wild pears (that usually are distributed 
randomly in the cork oak matrix), are expected to become less abundant. Moreover, and as a 
consequence of the rural depopulation that has been increasingly occurring in Grândola county, 
where Serra de Grândola is located (loss of 30% of the human population in the past 50 years), 
orchards and olive yards will be successively abandoned and invaded by shrubs, decreasing the 
number of trees and fruit productivity. The same is expected to happen with insects, namely 
Coleoptera and Orthoptera (the most consumed insects, in Serra de Grândola, representing 24.2 
and 22.4 of % occurrence, respectively). These are currently more available along riparian 
vegetation, in pastures, and in orchards and olive yards (24.8, 20.3 and 14.4% respectively of 
collected Coleoptera and Orthoptera, F. Loureiro, unpublished data). In opposition, patches with 
shrubs, such as cork oak with understory and pine stands, exhibited the lower value of insect 
availability (10.2 and 7.7% respectively, F. Loureiro, unpublished data).  

Furthermore, although more shrubland might mean more refuge for badgers, the fact is that, 
only 5% of dens used by badgers were shrubs (Loureiro et al., 2007b) and more than 60% of the 
times badger used main setts, which are considered the limiting factor for badgers densities in 
Serra de Grândola (Rosalino et al., 2005c). Thus, with the expected transformation of several 



CHAPTER 7. CORK OAK DECLINE 

133 

patches into Mediterranean shrubland, it is not expected an increase of important dens, such as 
main setts, once those are dependent of the underlying geology. Instead, and if predicted trends 
occur, is expected a reduction in food and on the carrying capacity of Serra de Grândola. 

Badger population inhabiting this area already live at low densities (0.36-0.48 badgers/km2) with 
intermediate group size (not exceeding 6-8 individuals - Rosalino et al., 2004), compared to the 
high densities found in UK where almost 40 adult badger/km2 live in groups that may reach more 
than 20 adults (Macdonald and Newman, 2005). Since, lower densities may facilitate the 
extinction of badgers in areas of fragmented Mediterranean landscapes (Revilla et al., 2000) the 
conservation of this population might be in jeopardize, since their densities might be severely 
reduced in the future.  

Together with badgers, in Serra de Grândola several other carnivores also depend on fruits and 
insects (e.g. stone martens, Martes foina; genets, Genetta genetta, and foxes, Vulpes vulpes – 
Santos et al., 2007). With the abandonment and decline of cork oak montado, the entire carnivore 
guild might show a similar trend to that of the badger and interspecific competition for food 
resources may increase. 

 

MANAGEMENT IMPLICATIONS 

Cork oak forests are one of the most important habitats in southwestern Europe being home of 
a high biodiversity. Herein we gave the example of how a population of Eurasian badgers that 
inhabits cork oak forests may undergo changes with cork oak decline. Identical fate might have 
many other species inhabiting this area, not only of animals but also of plants. Thus, the predicted 
trends of some cork oak montados, will have an important influence in the dynamic of these 
ecosystems and in their biodiversity. Moreover, the long term maintenance of these traditional 
systems, also prevent an increased fragmentation and loss of habitat (Santos, 2003a).  

But, the most important lesson to retain from this overview is that the conservation of the 
biological diversity linked to managed habitats, like cork oak montados, depends mainly on the 
continuation of traditional management practices (Diáz et al., 1987). Any severe change in 
agricultural policies that do not favour traditional practices might affect an entire community.  
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Nowadays, preservation of Europe landscapes is mainly upheld in strategies formulated for the 
rural world, i.e. in the Common Agricultural Policy (CAP) which is a system of European Union 
agricultural subsidies and programs (Pinto-Correia, 2000). These programs are designed on 
national or regional levels being extremely diverse and reflecting environmental circumstances, 
national policies, administrative traditions and cultures, and are managed after approval by the 
Commission (Pinto-Correia, 2000). Although, in the last years, several reforms of the CAP have 
been in the way of encouraging the conservation of natural environment, there are still several 
policies which support changes in agricultures main activities, prejudicing traditional agriculture 
(Virgós et al., 2005), namely the large expansion in agricultural production.  

Nevertheless, nowadays, the main objective of agri-environmental programmes is to maintain 
traditional cultural landscapes, including traditional system as montados. According to the 
evaluation of agri-environmental programmes, montados provide an example of high nature value 
farming systems which rely to a considerable extent on low-input arable cropping (CEC, 1998). In 
these areas, arable reversion to grassland or shrubs would have damaging effects. Thus, 
measures to ensure the continuation of long rotation systems, low input and continued 
agricultural use should be applied and favoured (CEC, 1998). However, most of the measures 
created to support these systems resulted in the maintenance of some of their outcomes, but not 
in the systems as such, and thus had no real influence in the needed restructuring and innovation 
for a long term effect (Primdahl and Pinto-Correia, 2004). Thus, although CAP measures have 
avoided land abandonment, they do not have contributed to a stronger resistance in face of the 
social and economic marginalization trends and depopulation of rural areas (Primdahl and Pinto-
Correia, 2004). Therefore, new CAP reforms should have much more integrated rural policies in 
future, including social and environmental questions. 

Future studies should focus in the causes of cork oak tree death in different cork oak forests, in 
measures to combat these causes and in the understanding of the response of associated plant 
and animal communities to cork oak mortality. The effect of different management practices is 
another field of concern that deserves special attention. This knowledge would help scientists and 
technicians to propose adequate measures to the sustainability of montado and to nature 
conservation as a whole. 
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”It is not the strongest of the species that 
survive, nor the most intelligent, but the one 
most responsive to change.”  
 

Charles Darwin 
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____________________________________________ CHAPTER 8 
 

GENERAL DISCUSSION 

Conservation of biodiversity is currently one issue of high importance for most countries. Since 
the Rio de Janeiro Earth Summit in 1992, there has been wide acceptance of the idea that the 
global loss of biodiversity can be stopped only if the principle of sustainability is realized by 
society as a whole (Plieninger and Wilbrand, 2001). In the Mediterranean basin, the traditional 
agro-silvo-forestry systems of cork oak (Quercus suber) woodlands, in the form of montados, 
have been managed for centuries in a basis of sustainability, therefore maintaining a high 
biodiversity (Plieninger and Wilbrand, 2001). Nevertheless, with the increase of modern 
agriculture and rural depopulation the trend is the decrease of montados sustainability which 
consequently will affect the entire community of animals and plants associated to cork oaks and 
that benefit of montado resources.  

The Eurasian badger is one of the mesocarnivores that select this type of Mediterranean 
landscape (Rosalino et al., 2007). Seeing that this species benefits from the several resources 
that the montado system has to offer, the Iberian badger populations might therefore be affected 
by its decline.  

Research conducted in the frame of this Ph.D. allowed a deeper knowledge of the basic 
ecological requirements of this species, enhancing their adaptability to different conditions, but 
also called the attention to some conservation problems specific of the study area. Thus, 
guidelines to the conservation of this species and to the management measures applied to the 
montado could be proposed to help the long-term survival of this population as well as the 
sustainability of the montado agro-forestry system.  

The first aim was to determine badgers’ main food resources and their variation through 
time. Serra de Grândola is a Mediterranean environment; thus, food resources are expected to 
be unpredictable and ephemeral over time scales ranging from a few weeks to months 
(Shettleworth et al., 1988). The successful exploitation of irregular and unpredictable inter-
seasonal food resources, typical of Mediterranean landscapes, requires plasticity in foraging 
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behaviour (Patterson et al., 1998), and therefore the tracking of changes in availability is of 
paramount importance (Shettleworth et al., 1988). Analogous to other Mediterranean habitats 
(e.g. Rivera and Rey 1983; Ciampalini and Lovari 1985; Pigozzi 1991), the primary food 
resources for Eurasian badger in Serra de Grândola were fruits and arthropods, which constituted 
89.3% of its consumed biomass (44.9% and 44.4%, respectively, (Rosalino et al., 2005a). The 
majority of the fruits consumed by badgers were not wild, but characteristic of the traditional multi-
use montado system (e.g. olives, acorns, pears, figs). Among arthropods, Orthoptera (e.g. 
crickets) and Coleoptera (e.g. beetles) larvae and adults were the most ingested.  

As expected, in Serra de Grândola, the badgers’ primary foods resources showed temporal 
fluctuations, with peaks of availability that occurring on an annual basis (Loureiro et al., subm.). 
Additionally, all main food items, with the exception of Orthoptera, had at least one year of 
abnormal higher availability suggesting temporal pulsing dynamics. Thus, considering the existent 
temporal variation on food it was expected that badgers would behaved opportunistically, tracking 
the most abundant food resources. 

According to our results, badgers could be classified in an intermediate position along the 
opportunistic-specialist continuum (Rosalino et al., 2005a). .Indeed, although, badgers behaved 
as seasonally specialists on olives, as this item is always the most consumed when available, 
otherwise they behaved as generalists. Moreover, as hypothesized, badger diet reflected the 
seasonal onset of specific food resources with close food tracking. The comparison of diet results 
with phenology and availability of food resources showed a high degree of overlap for practically 
all main items consumed (Loureiro et al., subm.). Nevertheless, food tracking seemed to reflect a 
relationship between the putative energetic value and water content of each resource and badger 
requirements at the time (Loureiro et al., subm.). Thus, badgers tracked the seasonal peaks of 
availability of Coleoptera, olives, and pears, but did not track peak availability for Orthoptera or 
acorns, suggesting a trade-off between the energetic value of these and other resources 
available at the time, and the badger’s energetic requirements. A good example of this trade-off 
was the consumption of other minor fruits (e.g., loquats and figs) which were also tracked and 
seemed to be important resources during the peak of abundance of Orthoptera. At that time fruits 
seemed to be more valuable to badgers than Orthoptera, most probably due to their high water 
content.  
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In Serra de Grândola, badgers are well adapted to fruit occurrence and seasonality (especially 
of olives) which are directly linked with traditional human activities associated to the agro-forestry 
system of montado. Studies concerning trophic ecology of the badger, including simultaneous 
long-term analyses of diet and food availability, are needed to to better understand how badgers 
adapt to montado resources and respond to pulses of availability. Due to logistic constraints, this 
study, although including several years of food availability evaluation, only coincided with one 
year of diet analysis, and just concerned the most important fruits. It would be important to 
investigate the availability of other fruits, such as quinces or figs, since they prove to be essential 
resources during the dry season.   

Other key resources for badgers are den sites. According to (Rosalino et al., 2005c) den sites 
seemed to be the limiting resource for badger densities in Serra de Grândola. Thus, 
understanding the causal mechanisms of badgers’ use of dens in this Mediterranean landscape, 
was very valuable, not only for determining the species ecological requirements but also, and 
more importantly, to help create guidelines for cork oak managers to assist badgers’ 
conservation. Hence to investigate the importance of different types of dens for badgers 
throughout the year was the second aim of this thesis. 

Our results demonstrated that, as in other low-density populations, in Serra de Grândola, 
badgers used a large number and variety of resting sites (16±7.55 - Loureiro et al., 2007a). 
These results were expected considering the large home-ranges of badgers in Serra de Grândola 
(4.46km2 - (Rosalino et al., 2004). As shown by other authors (Revilla et al., 2001; Kowalczyk et 
al., 2004) the larger the territory the higher the number of resting sites. Moreover, there is a high 
diversity of structurally different sites available to Grândola’s badgers (shrubs, hollow trees, rocks 
and man-made structures), which might also contribute to the high number of resting sites used.  

Another important result was that, in spite of the high variety of structurally different dens 
available, 62.5% of our observations were of badgers using main setts, suggesting that, as in 
high density populations, this type of dens are extremely important, probably due to reproduction 
needs. Actually, breeding females spend most of winter and early spring in main setts, where 
cubs are born and raised. In opposition, non-burrow shelters were preferred during spring and 
summer, when the weather was hot, dry and not windy (Loureiro et al., 2007a).  
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Having demonstrated that in Serra de Grândola, the pattern of use of resting sites varied 
seasonally, showing differences according to sex and social groups, it was interesting to 
investigate which factors influence the use of different types of dens throughout the year, 
namely to understand if proximity to feeding patches (olive yards and orchards) and climate 
conditions would have an effect on the selection of dens. 

Apparently, proximity to food patches had no obvious influence on the location of resting sites, 
probably due to the high density of feeding patches in the area (3.27 feeding patches/km2), and 
their close proximity (130.37m, Loureiro et al., 2007a). On the other hand, climate conditions 
seem to have influenced the observed pattern of resting site used by badgers. Seasonal 
differences in the use of dens occurred not only in the category of resting sites, but also in their 
structure, suggesting that its use might be influenced by climate conditions and consequently by 
thermoregulation needs. However, further studies, which assess internal and external 
temperature of resting sites, are needed to better understand the role of climate on the pattern of 
use of multiple den sites. 

Other factors such as disturbance, reproductive status and cork oak forests management 
activities (e.g. shrub clear-cut for cork extraction) also seem to have a considerable influence on 
the observed pattern of resting sites used by badgers. In fact, management measures of shrub 
clearance highly affected one of the social groups being studied who left the main sett and moved 
to an intermediate burrow after the former was completely destroyed. It took several months until 
badgers from this social group returned to their main sett again.  

Movement is the process by which individual organisms are displaced over time to eat, 
reproduce and defend resources. After studying the pattern of use of food and dens, and 
considering that olive yards and orchards are the most important food resources for badgers in 
Serra de Grândola (Rosalino et al., 2005c), a new question emerged, this being: how the 
location of food resources and dens might foster movements throughout the home-ranges 
during foraging. 

In general, animal movement is not expected to be random and is usually largely determined by 
main resources, such as food abundance and den location in the badgers’ case. In Serra de 
Grândola, it was therefore expected that badgers would show a functional response to areas of 
high resource availability, such as orchards and olive yards (Rosalino et al., 2005c).  
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As predicted, badgers did not displayed random movements (Loureiro et al., 2007b). In fact, 
badgers, in general, displayed convoluted movements. This suggests an adaptation to the 
clumped distribution of their food resources in the study area (Wiens et al., 1995), because it 
allows an increased use of the area and a more successful foraging (Nams and Bourgeois, 
2004). However, and although the convoluted badger paths appeared to mirror the clustered 
distribution of their food, no significant differences were found in path tortuosity between different 
seasons, suggesting that the seasonal changes in food distribution were not reflected in the 
fractal dimension of badgers’ movements (Loureiro et al., 2007b). Thus, the influence of food 
resources was not clear in our analysis of path tortuosity.  

Inversely, our analyses revealed a greater influence of the location of dens and latrines on path 
tortuosity that were considered the principal determinants of badgers’ movement patterns while 
foraging (Loureiro et al., 2007b). The influence of other variables was also investigated (e.g. 
weather conditions, human infra-structure, etc.), nevertheless besides dens, only latrine location 
seemed to have some influence on path tortuosity. The fact that on average in more than 60 % of 
the days badgers returned to sleep in the same sett on consecutive days (Rosalino et al., 2005b) 
most probably contributed to the reported tortuous paths. On the other hand latrine multi-
functionality could also explain the observed pattern. Badgers defecate, urinate and scent mark at 
latrines (Roper et al., 1993; Roper et al., 1986), consequently, visiting latrines is certainly part of 
badgers’ nocturnal activities and naturally influences their path while foraging. 

Finally, having proved the importance of montado resources for badgers (e.g. olives and acorns) 
and being aware of the intense decline that in the last years cork oak forests have experienced 
among several European countries, namely in Portugal, it was interesting to investigate the 
importance of the sustainability of cork oak montado to the badger population in Serra de 
Grândola. For this, it was discussed how the current decline of cork oak forests might affect 
resources availability and long-term survival of the badger population.  

In the past years most cork oak forests have suffered from severe ageing, weakness and the 
death of trees. Often various diseases and intense fires are in the origin of this situation. 
Moreover, rural depopulation and use of modern machinery have contributed to the abandonment 
of the traditional agro-silvo-forestry system of montado. If the current trend continues in Serra de 
Grândola and other cork oak woodlands of Portugal, it is expected that the matrix of cork oak 
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montados and grasslands will be transformed into shrubby landscape. Moreover, and as a direct 
result of the rural depopulation that has been increasingly occurring, orchards and olive yards will 
be successively abandoned and invaded by shrubs. Thus, as a consequence, inr the coming 
decades it is expected that all the dynamics of landscape configuration and habitat 
complementation, typical of the montado lands, might be altered.  

With the predicted increase of shrubland patches, and decrease of cork oak woodland and non-
matrix habitat fragments such as orchards and olive groves, it is expected that badgers’ main 
food resources (fruits and insects) might be less available, and as result food might become a 
limiting factor as important as den site availability (Loureiro and Santos-Reis, in prep). Fruit 
productivity will highly decrease and the same is expected to happen with insects, namely 
Coleoptera and Orthoptera, which are currently more available in orchards and olive yards, along 
with pastures and riparian vegetation (F. Loureiro, unpublished data).  

Although, more shrubland might mean more refuge for badgers, the fact is that only 5% of dens 
used by badgers were within shrubs (Loureiro et al., 2007a) and more than 60% of the time 
badger used main setts, which are considered the limiting factor for the species’ density in Serra 
de Grândola (Rosalino et al., 2005c). Thus, with the expected transformation of several forest 
patches into Mediterranean shrubland, a reduction in food availability for Eurasian badger is 
predicted, but not an increase of important dens, such as main setts, since those are dependent 
of the underlying geology. Consequently, the carrying capacity for Eurasian badger inhabiting this 
cork oak montado is expected to be reduced, and badger population, that nowadays seems to be 
limited mainly by sett availability, most likely will also be limited by food availability.  

Badgers are omnivores, able to exploit a wide range of food resources (Roper, 1994). This 
plasticity in badgers’ trophic behaviour most probably will help them adapt to new food items. 
Nevertheless, is important to note that in Serra de Grândola most mesocarnivores feed on fruits 
and insects (e.g. fox, Vulpes vulpes; stone marten, Martes foina; genet, Genetta genetta –Santos 
et al., 2007), which probably reflects the low abundance of other alternative resources such as 
rodents and rabbits in the area. Hence, if food availability decreases, inter and intra-specific 
competition will be stronger and most likely the number of individuals per social group will also be 
reduced as these seem to be regulated by food availability (Rosalino 2004). The badger 
population inhabiting this area currently live at low densities (0.36-0.48 badgers/km2, Rosalino et 
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al., 2004). Since lower densities may facilitate the extinction of badgers in fragmented 
Mediterranean landscapes (Revilla et al., 2000), if montado decline trend continues the 
conservation of this population might be jeopardize.  

 

Conservation and management guidelines 

In rural Portugal the idea that most wildlife, namely predators, are undesirable animals that enter 
in conflict with men, eating several game prey (e.g. rabbit, partridge) and even some domestic 
animals (e.g. chickens, lambs) still exists. Among carnivores, foxes and mongooses (Herpestes 

icheneumon), for example, are the most unwelcome medium-sized predators. In Serra de 
Grândola badger is not a persecuted species and most people claim that they have nothing to 
complain about badgers. Nevertheless, illegal killing of this species still occur, especially due to 
unselective predator control measures aiming other animals, namely fox that often uses badgers 
dens during the breeding period (Loureiro et al., 2007a). 

On the other hand, some of the management measures applied to montados, might represent a 
severe disturbance for badgers. With the shrub clearance that usually occurs in the beginning of 
the spring (February to May), main setts entrances are often completely destroyed. Our studies 
revealed that main setts are the most important resource for the badger in Serra de Grândola, 
being the local where reproduction occurs. In fact, February to May is the time period when cubs 
emerge from burrows and begin to explore their environment (F. Loureiro, unpublished data). 
Thus, when main setts are destroyed, especially in late winter/beginning of spring, the cubs’ 
survival might be threatened. It is hard to propose the re-schedule of management measures, 
such as shrub clearance, since these are often associated with fire control and cork extraction, 
that occurs in the summer, and to the condition of the soil to be mobilized, which are usually only 
adequate at this time. Nevertheless, farmers could avoid shrub clearance near main setts 
burrows that usually occupy only a small area (on average between 10 to 30m2). Public 
consciousness, concerning badger and other carnivores is therefore very important in these agro-
forestry-systems.  

Conservation guidelines for the badger population in Serra de Grândola need to be developed 
within the framework of conservation measures for the montado agro-forestry system, and 
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include some adjustments in management practices to make them more in accordance with 
badgers’ biology. 

Concerning conservation measures for the montado, public awareness towards several 
attitudes and practices might be part of the solution to mitigate the dissemination of diseases and 
the high incidence of forest fires, and to minimize the effects of climate changes. In fact, when 
applying some of the traditional management practices used in cork oak montado, several 
measures of precaution might be taken to preserve montado and avoid its decline: 

• all tools and machinery should be clean thoroughly after their use, especially pruning or 
stripping tools (Reis, 1993). This is particularly important if work has been done in 
infected areas; 

• pruning debris (e.g. branches) should not be left in the forest, since they might be 
infected and therefore be a focus of disease (Silva, 2007). They should be removed and 
then burned together with dead trees; 

• harvesting should be made with all caution and by specialized personnel. Open scares 
constitute entry points for many diseases (Costa and Pereira, 2007) and contribute to the 
weakening of trees; 

• soil mobilization as shrub control is highly dissuaded; especially deep soil mobilization to 
prevent erosion. In opposition, shrubs should be cut and left in the soil for a quicker 
degradation and availability of nutrients (Ferraz and Moreira, 1993). When made, soil 
mobilization should be done at a safe distance from trees in order to avoid root contact; 

• traditional rotation systems and agricultural use should be favoured (CEC, 1998). The 
use of pasture, for example, contributes to soil fertilization and by preventing shrubs’ 
growing, shrub clearance with machinery is no longer needed; 

• olive yards and orchard gardens should be maintained by pruning debris of trees and 
shrub clearance, in order to maintain fruit productivity which help to support badgers and 
other wildlife populations; 

• riparian vegetation should be maintained, as it offers good refuge and food supply, not 
only for badgers but also for many other animals. 
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Due to the ecological and economical value of these forests, not only at the national but also at 
the European level, it is therefore urgent to create conservation guidelines to avoid the loss of 
cork oak forests. Being Portugal the possessor of about one third of the cork oak forests 
worldwide, Portuguese authorities should concentrate on creating a national strategy of defence 
and prevention of cork oak decline. Actions of public awareness should be part of this strategy 
and farmers should be a privileged stakeholder. Moreover, it would be wise to take advantage of 
the renewed political and socio-economic interest that Europe is directing to the Mediterranean 
region, to study and experiment scientifically-based conservation strategies, including the 
identification of silvicultural and management options appropriate for Southern European forests 
(Scarascia-Mugnozza et al., 2000). Further studies should also be done not only in Portuguese 
cork oak forests, but also in other countries, in order to fully understand the causes and 
mechanisms involved in the death of cork oak trees. Meanwhile, it is essential to ensure an 
adequate and sustainable management of these forests and guarantee their good sanitary state. 

 

Final remarks 

Badgers’ population in Serra de Grândola is currently reasonable studied. Nevertheless, long-
term studies on a population are always important, especially on Mediterranean environments 
that are characterized by their climate unpredictability and resource fluctuations. This thesis 
showed that some of the main food resources consumed by badgers appear to have a pulsed 
dynamics, with years of extremely high availability. Only with long-term studies it is possible to 
confirm these results and understand how they might influence this badger population. Moreover 
it is also important to have further information about population dynamics in order to relate food 
variation with badger population.  

Reproductive success, juvenile mortality and time of dispersal, for example are important 
parameters that also should be deeply studied. In average, in Serra de Grândola each year in a 
social group 3 to 4 cubs are born. Nevertheless the number of individuals per social group i been 
relatively stable through these years of study (about 3 adults) and there are not new social groups 
known, suggesting that probably some cubs die early and others disperse far away. Most likely 
factors as food availability are regulating the size of social group and time of dispersion; however 
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more data are needed to better understand these relations and help us to predict population 
trends. 

Additionally it is essential to take advantage of the new technologies (e.g. GPS collars), and 
make studies on habitat selection with a finer resolution. These studies, would allow us to better 
understand habitat use by badgers at each land use unit and the importance of each of the 
montado components (e.g. at orchards, in the matrix of woodland, etc), and to better predict the 
consequences of montado decline. 

Further studies on other areas dominated by other land-uses and more humanized (like the 
North of Portugal) are also extremely important, since most conclusions about badger ecology in 
Portugal are based on a single population that inhabits a cork oak woodland system. As 
previously mentioned, a species’ ecology and social structure are directly related to the resources 
that are locally available, and different landscapes offer different resources. Moreover, having 
information about badger ecology in less forested areas of Alentejo, for example, would make it 
easier to predict how the badger population in Serra de Grândola would behave with the decline 
of cork oak trees.  

Finally, a methodical survey of the distribution of badgers in Portugal, and habitats of higher 
occurrence, should be conducted in order to have generalised population data that will help to 
clarify the species status and trend, so far assessed on the basis of empirical data. Nowadays, 
the information about badger distribution in Portugal is not systematic ,resulting from occasional 
observations, references to presence signs and road kills (Santos-Reis et al., 2005), being 
probably biased to places where field works concentrate. Considering that the signs of presence 
of badgers are relatively easy to distinguish from other Portuguese mammals this species is 
rather easy to locate and this type of baseline information might be useful to have estimates of 
population trends. 
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