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Resumo 

As florestas são ecossistemas muito importantes, responsáveis por muitos 

serviços vitais para os seres humanos, e estão diretamente dependentes da 

biodiversidade. Porém, as ações humanas têm contribuído para a alteração rápida da 

composição, estrutura e função da maior parte dos ecossistemas, incluindo das 

florestas, levando a alterações nos serviços essenciais para a sobrevivência humana. 

A destruição, alteração e homogeneização das florestas podem ser 

responsáveis pela perda de espécies e deterioração do funcionamento dos 

ecossistemas. A coexistência das diferentes espécies vai depender principalmente da 

disponibilidade de recursos tróficos. As florestas portuguesas dominadas 

originalmente por Quercus sp. têm vindo a sofrer alterações devido à implementação 

de agricultura intensiva, e mais recentemente ao abandono agrícola,  e à introdução 

de espécies exóticas, como o Eucalyptus globulus e a Acacia dealbata. Além disso, 

as florestas passaram a ser geridas pelo Homem o que contribuiu para o aumento de 

plantações de monoculturas. Espera-se que estas mudanças afetem não só as 

comunidades vegetais, mas também podem ser altamente negativas para a 

diversidade e abundancia de artrópodes e assim afetando os restantes níveis tróficos 

das cadeias alimentares. 

Neste estudo pretendemos comparar a abundância, diversidade e 

disponibilidade de recursos primários (i.e. vegetais) e de artrópodes ao longo de um 

ano em bosques exóticos (plantações de eucaliptos Eucalyptus globulus e bosques de 

acácias Acacia dealbata) e bosques nativos e naturalizados (bosques dominados por 

Quercus faginea e plantações de pinheiro-bravo Pinus pinaster, respetivamente). 

Três tipos de recursos primários: flores, folhas e frutos, foram contabilizados entre 

janeiro e dezembro de 2014. Além disso, os artrópodes foram amostrados no verão de 

2013 e no inverno e primavera de 2014. 

Verificámos que nos bosques nativos, os recursos primários foram mais 

diversos, mais abundantes e mais homogeneamente distribuídos no tempo do que nas 

plantações e nos bosques de acácia. Relativamente aos artrópodes, apenas se 

registaram-se diferenças significativas na abundância, diversidade e biomassa de 

artrópodes entre as estações do ano. A biomassa média de artrópodes durante o verão 

foi bastante mais elevada na floresta nativa, mas a grande variabilidade dos dados 
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impediu que as diferenças fossem significativas. Possivelmente um maior número de 

estações de amostragem seria importante em estudos futuros, nomeadamente devido 

à elevada fragmentação dos habitats na área de estudo.  

Os bosques de acácia e as plantações de eucaliptos produzem um grande 

número de folhas e flores, altamente concentrados nos meses de inverno. No entanto, 

tal pico na produção de recursos não foi acompanhado por um aumento na biomassa 

e riqueza específica de artrópodes. Tal poderá ser explicado pelas condições 

climatéricas desfavoráveis nesta altura do ano, o que indica que no centro de Portugal 

o valor em termos de recursos primários que estes bosques e plantações de espécies 

exóticas podem proporcionar para níveis tróficos superiores é relativamente reduzido. 

 

Palavras-chave: ecossistemas florestais, biodiversidade, bosques nativos, bosques 

exóticos, plantações, Quercus faginea, Pinus pinaster, Eucalyptus globulus, Acacia 

dealbata, recursos primários, artrópodes. 
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Abstract 

Forests are very important ecosystems, responsible for many vital services to 

humans and are directly dependent on biodiversity. However, human actions have 

contributed to the rapid change in the composition, structure and function of most 

ecosystems, causing changes in essential services for human survival. 

The destruction, alteration and homogenization are responsible for the loss of 

species, and deterioration of forest ecosystem. The coexistence of different species 

will depend chiefly on the availability of trophic resources. The Portuguese forests 

originally dominated by Quercus sp. have been suffering changes due to the 

implementation of intensive agriculture and the introduction of exotic species, such 

as Eucalyptus globulus and Acacia dealbata. Furthermore, forests started to be 

managed by Human that contributed to the increase of monoculture tree plantations. 

These changes can be particularly negative not only for vegetation, but also to the 

diversity and abundance of arthropods and thus also to other trophic levels of food 

webs. 

In this study we will compare the abundance and diversity of primary 

resources available and arthropods over an entire year in exotic woods (eucalyptus 

plantations Eucalyptus globulus and acacia woods Acacia dealbata) and native and 

naturalized woods (woods dominated by Quercus faginea and Pinus pinaster 

plantations respectively). Three types of primary resources: flowers, leaves and fruits 

were recorded between January and December (2014) in the three habitats. 

Arthropods were sampled during summer (2013) and winter and spring (2014). 

We found that in native woods, primary resources were more diverse, more 

abundant and more widely spaced in time than in plantations and acacia woodlands. 

While only season was identified to significantly affect the abundance, diversity and 

biomass of arthropods. The mean arthropods biomass, during the summer was much 

higher in native woods, but the large data variability prevented the identification of 

significant differences. It is possible that a great number of sampling stations would 

be important in future studies, particularly due to the high fragmentation of the 

habitats in the study area.    
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 We also found that acacia and eucalyptus stands provide a large number of 

flowers and leaves, largely concentrated on few winter months. However such strong 

increase in resources was not matched by an increase in the biomass and richness of 

arthropods, because environmental conditions are much less favorable to arthropods 

at this time of the year. This suggests that although stands with exotic plant species 

provide many resources at specific periods of the year in the center of Portugal, these 

should be little used by higher trophic levels. 

 

Keywords: forest ecosystems, biodiversity, native forests, exotic woods, plantations, 

Quercus faginea, Pinus pinaster and Eucalyptus globulus, Acacia dealbata, primary 

resources, arthropods. 
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 Forests are vital ecosystems for sustaining life on earth. On recent centuries 

there has been an accelerated spread of exotic forests, which is likely to change the 

diversity and abundance of resources available to the fauna living on forests and on 

the other to change the temporal patterns of resource availability. About 60,000 km
2
 

of world’s primary forest are lost annually by human interventions. This modification 

of natural forest has been offset by fast-growing tree plantations (Aubin et al. 2008). 

Thus, there is a need to determine how important are forest plantations and exotic 

forests for the maintenance of biodiversity. It is also important to know if plantations 

can develop ecological attributes similar to naturally regenerated forests (Aubin et al. 

2008). However there is very little information on the diversity, abundance and 

availability of resources provided by native and exotic forests. I evaluated these 

patterns on four forests types in central Portugal. 

 

1. 1 Forest Ecosystem Services 

Three main attributes of biodiversity: composition, structure and function, can 

be used to represent the complexity of ecosystems (Aubin et al. 2008; Noss 1990). 

Humans depend on the ecosystems services, which contribute, directly and indirectly 

to their well-being and thus represent a huge economic value (Kremen and Ostfeld 

2005). The efficiency of most ecosystem services is directly related to biodiversity, 

which is essential to maintain the value of ecosystems for humanity (Hartmann et al. 

2010; Paillet et al. 2009; Thompson et al. 2011). However, human actions have been 

rapidly modifying the composition, structure and function of most ecosystems, 

leading to changes in the services essential to human survival (Hartmann et al. 2010; 

Kremen and Ostfeld 2005; Paillet et al. 2009). These alterations lead to biodiversity 

and habitat loss and severe modification (Sayer et al. 2004; Paillet et al. 2009; Pereira 

et al. 2012; Hobbs and Huenneke 1992).  

Forests are considered the most important ecosystems in providing services to 

Humanity. Indeed, forests provide many ecosystem services, such as wood supply, 

essential to economic development, but also contribute to climate and water 

regulation, hold soils and humidity, recreational and cultural opportunities, oxygen 

production, nutrient cycling, shelter, food production and create microclimates 
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(Constanza et al. 1997; Daily et al. 2000; Bremer and Farley 2010; Thompson et al. 

2011).  

These services are essential to economic, ecological and social level and 

translate the value of biodiversity (Azevedo 2012; Pereira et al. 2009). Forest 

ecosystem services can be included in the four categories presented by Millennium 

Ecosystem Assessment (2003): Supporting, Provisioning, Regulating and Cultural 

(Azevedo 2012; Brauman and Daily 2007; Pereira et al. 2009). Support services 

create the conditions necessary for other ecosystem services (Brauman and Daily 

2007). Support services of forests include soil formation and preservation. 

Biogeochemical cycles provide nutrients essential for plant growth and ensure the 

functioning and diversity of ecosystems (Azevedo 2012). The provision services 

relate to benefits from the use of goods produced by ecosystems such as food, water 

and wood (Azevedo 2012; Brauman and Daily 2007; Pereira et al. 2009). These 

services are usually commercialized services and have economic value (Azevedo 

2012). Regulating services include climate regulation, disease regulation, water 

purification and carbon sequestration (Azevedo 2012; Brauman and Daily 2007; 

Krieger 2001). Cultural services of forests include their aesthetic, spiritual and 

religious values. Forest ecosystems are habitat for game animals and fish sought by 

hunters and fishers. They also are sought for recreational activities such as hiking, 

bird watching, and wildlife viewing (Brauman and Daily 2007; Krieger 2001).  

 

1.2 Natural Forests vs. Plantation Forests (exotic or non-exotic) 

Forest ecosystems constitute a key to the Earth's biological diversity and their 

destruction, alteration and homogenization are responsible for the loss of species, and 

deterioration of forest ecosystem functioning (Stephens and Wagner 2007). The 

coexistence of different species will depend on the availability of sufficient resources, 

both in quality and in quantity, to sustain those species (Pereira et al. 2012). Overall, 

landscape complexity is positively related to the availability of ecological niches 

(Silva et al. 2008) and consequently with the number of species that can coexist 

(Pereira et al. 2012).  
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 In general, natural forests are complex and dynamic systems, with strong 

vertical and horizontal heterogeneity where native species regenerate themselves 

naturally (Aubin et al. 2008). Unlike natural forests, plantation forests are established 

during afforestation or reforestation by planting or seeding native or introduced tree 

species with approximately the same age and homogeneously distributed in space. 

Forest plantations are usually managed on a relatively short production cycles, which 

contrasts with the long-term dynamics of natural forest (Aubin et al. 2008; 

Brockerhoff et al. 2008; Hartley 2002; Proença et al. 2010). 

Natural forests tend to provide higher quality habitat than plantation forests for 

a wide range of native species (Calviño-Cancela et al. 2012). However there is also 

some evidence that plantation forests can provide valuable habitat, even for some 

endangered species, and may contribute to the conservation of biodiversity 

(Brockerhoff et al. 2008). Usually, forestry plantations depend on fast-growing 

species, such as the genera Pinus and Eucalyptus in the Iberian Peninsula, although 

the diversity of planted tree species is increasing (Calviño-Cancela et al. 2012; 

Calviño-Cancela and Rubido-Bará 2013; Carnus et al. 2006). 

Some exotic species have the possibility to spread and became invasive, which 

can be prejudicial to environment. The exotic plants have invaded almost all 

ecosystems and are, in most part, responsible for the global ecological changes (Litt et 

al. 2014). Biological invasions have been considered one of the causes of biodiversity 

loss, in addition to habitat loss (Lorenzo et al. 2012). Plantation forestry is highly 

productive and in many countries is mostly based on fast-growing exotic species 

(eucalyptus and pine) that can become invasive in the surrounding communities 

(Calviño-Cancela and Rubido-Bará 2013). Invasive plant species can modify the 

structure and composition of ecosystems, leading to shifts in the animal communities 

and therefore inducing important changes in the ecological processes of forest 

ecosystems (Calviño-Cancela and Rubido-Bará 2013; Heleno et al. 2008; Litt et al. 

2014; Lorenzo et al. 2012). Previous work showed that the richness of plants and 

insects and insect biomass might decrease with the spread of exotic plants while total 

insect abundance remained unaltered (Heleno et al. 2008). 

Biodiversity is frequently negatively affected when native forest is replaced by 

exotic monoculture plantations (Hartmann et al. 2010; Zhang and Fu 2009). The 
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monoculture plantations have been considered "biological deserts" without vegetation 

diversity (Hartley 2002). However, plantation forests, particularly of mixed species, 

can have positive impacts on biodiversity, for example when planted on degraded 

areas (Bremer and Farley 2010; Gómez- Aparicio et al. 2006; Pereira et al. 2012; 

Stephens and Wagner 2007). The increased complexity of a planted forest is an 

important factor for enriching the diversity because of the importance of habitat 

heterogeneity to attract species (Carnus et al. 2006; Parrota et al. 1997).  

Research showed that plantations might be important for biodiversity 

conservation and restoration of forest species when made in degraded fields instead of 

substituting natural ecosystems, and preferably using native species (Bremer and 

Farley 2010; Brockerhoff et al. 2008; Hartley 2002; Parrotta et al. 1997). Plantations 

may facilitate forest succession by stimulating the organic carbon accumulation in the 

superficial layers of the soil and the increase of the structural complexity (Parrotta et 

al. 1997). Plantations may also provide habitat for a variety of species, such as birds, 

fungi and invertebrate species (Hartmann et al. 2010), including endangered species 

and serve as wildlife corridors (Bremer and Farley 2010), and may be particular 

useful at certain periods of the year when natural forests provide fewer resources.   

One of the greatest threats to forests is not only deforestation, but also the fact 

that their biota is suffering from simplification, where rich native forests are 

converted to simplified secondary plantations (Noss 1999).  

 

1.3 The evolution of Portuguese forests 

After the beginning of the Holocene (approximately 10.000 years ago), the 

Iberian Peninsula natural forests were dominated by Quercus sp., and Pine tree 

species that were converted mostly into agriculture fields (Aguiar and Pinto 2007; 

Reboredo and Pais 2014). Quercus sp. has a high potential for production, since the 

timber was used in the construction. In the present, the extensive stands of oaks trees 

are reduced to small patches, especially in mixed stands with holm and other oaks 

(Carvalho 1996). The decline of this species occurred in the twentieth century due to 

land use change: forest for agriculture and plantations (Carvalho. 1996). These 

changes accelerated over the last century, when some of the native forests were 
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gradually replaced by species with faster growth and more profitable, such as the pine 

tree (Pinus pinaster) and eucalyptus (Eucalyptus globulus) (Barrocas et al. 1998; 

Proença et al. 2010; IFN 2013). Eucalyptus was firstly introduced in Portugal as an 

ornamental tree, but then its properties as raw material for the paper industry were 

discovered (Pina 1989). In 2010, 35% of the land in Portugal was occupied by forests. 

Eucalyptus plantations take up the largest forest area in Portugal (26%) followed by 

cork forests (23%) and pine plantations (23 %). Holm oak occupies an area of 11%, 

other oaks represent only 2% of the country, chestnut is 1%, and other hardwoods 

occupy 6% and other resinous 6% (IFN 2013). Both remaining natural forests and 

forestry plantations have been subjected to strong disturbances, particularly fires 

(chiefly in Pine forest and Eucalyptus forest) (Godinho-Ferreira et al. 2006) and 

diseases such as pine wood nematode (IFN 2013).  

Between 1995 and 2010, the area of Pinus pinaster showed a decrease of 

approximately 27%, while the area of eucalyptus increased by 13%. The area of the 

remaining species suffered fewer losses (IFN 2013). Most of the total area occupied 

by pine turned into woods and pasture land, eucalyptus plantations, urban spaces and 

areas with other tree species. The area dominated by Acacia sp. increased by 98% 

between 1995 and 2010 (IFN, 2013). Acacia species have been introduced, in the 

second half of 19th century, into coastal areas for sand dune stabilization (Acacia 

longifolia), or into interior forested areas (Acacia dealbata) (González-Muñoz et al. 

2012; Sousa et al. 1998). 

 

1.4 Biodiversity in natural forests, forestry plantations and exotic forests  

In this study we will compare the abundance and diversity of resources on four 

types of woods: native woods dominated by Quercus faginea, pine plantations (Pinus 

pinaster), eucalyptus plantations (Eucalyptus globulus) and woods of Acacia 

dealbata. 

The Quercus faginea Lamarck (Portuguese oak) is a native species found 

principally in the Iberian Peninsula, but also in northern Africa with its very rich 

forests in biodiversity. Its wood is presently not used and about which little is known 

(Quilhó et al. 2013).  
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Oak biotopes usually present high biodiversity compared to pine and 

eucalyptus forests (Proença et al. 2010). Research shows that oak patches are richer in 

species of forest plants and non-forest plants than patches of pine and eucalyptus 

forest (Proença et al. 2010). The high dynamics and heterogeneity of native forests 

explains these differences. Species of forest birds and non-forest birds have higher 

value species richness in oak forests compared with eucalyptus forests (Proença et al. 

2010). In turn oak and pine patches do not differ significantly in relation to the 

species richness of birds because they are important habitats and food supply 

(Proença et al. 2010).   

Pinus pinaster Aiton is indigenous tree of Western Mediterranean region, that 

has been extensively planted in the Iberian Peninsula during the 19
th
 and 20

th
 

centuries, mainly between the years 1960-1980 (Fernandes and Rigolot 2007; 

Calviño-Cancela and Rubido-Bará 2013; Gómez-Aparicio 2006; Proença et al. 2010). 

Pine plantations have been largely used to restore the forest area lost over the years, 

of human timber exploration and conversion to agricultural lands (Gómez-Aparicio 

2006). Mature pine forests have several types of arthropods that can serve as food for 

forest birds (Proença et al. 2010; Tellería and Galarza 1990).  

Eucalyptus globulus Labill is an exotic species, originally from southeastern 

Australia. It's one of the most widely planted hardwood species in the world, due to 

its rapid growth, good adaptability, high productivity and increase wood search for 

paper and timber production (Calviño-Cancela and Rubido-Bará 2013; Diaz-Balteiro 

et al. 2009; Larcombe et al. 2012; Proença et al. 2010; Zhang and Fu 2009). 

Eucalyptus sp. has been considered invasive in southern Europe, North and South 

America, the Pacific Islands, and New Zealand (Calviño-Cancela and Rubido-Bará 

2013). The substitution of native forests by Eucalyptus globulus is frequently 

associated with negative effects on biological communities (Martins et al. 2013).  

Monocultures of eucalyptus may lead to accumulation of phytotoxins in the 

soil, causing its degradation and, consequently, the loss of productivity, in spite the 

economic benefit of biomass production. The leaves, bark and roots of eucalyptus 

have allelopathic effects on other species, due to the release of phenolic acids and 

volatile oils (Martins et al. 2013; Zhang and Fu 2009). The essential oils released in 

eucalyptus leaf degradation may have important consequences on leaf microbial and 
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invertebrate-mediated degradation, secondary production and ecological services 

(Martins et al. 2013).  

Acacia dealbata Link is an exotic woody leguminous tree from Australia and 

introduced in Europe around 1800 as an ornamental species (González- Muñoz et al. 

2012; Lorenzo et al. 2010; Lorenzo et al. 2012; Marchante et al. 2007). Acacia 

dealbata is a fast growing species, non-deciduous, with preference for acid soils. It's 

capable to develop symbiotic associations with N-fixing bacteria, can form 

mycorrhiza in invaded sites and changing soil chemical characteristics and biological 

dynamics (González-Muñoz et al. 2012; Lorenzo 2011). González-Muñoz et al. 

(2012) verified that Acacia dealbata reduced the species richness of the soil seed bank 

and the species richness and abundance of the established vegetation, compared to 

native forests.  

 

1.5 Effects of forest modification in the arthropods communities  

Living organisms transport energy and organic matter that drive ecosystem 

functioning (Carnus et al. 2006). Plants in particular have a critical role in terrestrial 

food webs as they arrest the energy of the Sun on their chloroplasts and make this 

energy available to higher trophic levels of consumers (Power 1992).  

Invasive plants can affect vegetation communities and alter the quantity and 

quality of the habitat and the resources available for animal species, chiefly to 

herbivores, and secondarily to their consumers, and therefore to all terrestrial food 

chains all the way up to top predators (Litt et al. 2014; Tang et al. 2012). These 

changes may be particularly negative for arthropods because many species feed on 

specific plants or need them for reproduction (Litt et al. 2014). On the other hand 

exotic plants may provide extra resources, such as flowers and fruits, at certain times 

of the year when native forests are in the dormant stage. For instance, Acacia trees 

flourish in winter, and produces seeds in spring, which is a time when most native 

deciduous plant species in southern Europe are dormant or began producing the first 

new shoots and leaves. Therefore, these sudden appearances of highly abundant novel 

resources might be important for arthropods and other taxa. 
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The functioning of forest ecosystems and the maintenance of stable 

communities of soil arthropods depend on the periodic input of leaf material to the 

soil surface (Sousa et al. 1998). Invertebrates are essential for a wide range of 

ecosystem functions: pollination, decomposition, nutrient cycling, seed dispersal, etc 

(Wilson 1987). Invertebrates also provide food for large animals and can function as 

biodiversity indicators (Norton et al. 2014). The substitution of native plants by exotic 

species can thus affect higher trophic levels, via changes on phytophagous insects 

(Heleno et al. 2008). Insects represent between 65 to 85% of all species (Brockerhoff 

et al. 2001). Martins et al. (2013) showed that replacements of native Portuguese 

forests by eucalyptus induce strong losses in the diversity of the edaphic fauna, 

including losses of endemic invertebrates, and in the total abundance and the 

taxonomic richness of arthropods, probably due to the direct effects on the decrease of 

plant diversity (Litt et al. 2014). Several studies evaluated the impact of invasive 

plants on arthropods, but there is very little information about the seasonal variation 

in leaf, flower and fruit resources, as well as in arthropods, between native and exotic 

forests in the Mediterranean area. Some of these exotic forest, such as Acacia, are 

very novel habitats and not been researched. Therefore, it is not known how such food 

resources vary in these forests in relation to native forest and forestry plantations (Litt 

et al. 2014). 

This study compares the abundance, diversity and temporal availability of 

resources for the fauna among exotic woods (Eucalyptus plantations and Acacia 

woods) and native and naturalized woods (Oak woods and pine plantations, 

respectively). I focus on four main resource types, namely: young leaves, flowers, 

fruits and arthropods. Flowers, young leaves and fruits are primary resources and they 

are the basis of many functions of ecosystems. These resources show seasonal 

fluctuations according to the plant life cycle and they are available for most 

arthropods. On the other hand, arthropods represent an important food source for 

other trophic levels and also are very important for a wide range of ecosystem 

functions. 

 Once that plantations are more homogeneous in plant diversity (one or two 

dominant species) compared with native woods (several dominant plant species), we 

expect that resources are more diverse, abundant and widely spaced in time in native 

woods than in plantations. We hope a decreasing diversity of resources from oak 
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woods with the highest values, followed by pine plantations and eucalyptus 

plantations and acacia woods. Particularly, we also expect more stable resources 

throughout the year in native than in exotic woods and that exotic woods will present 

strong bursts of low diversity resources. 
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2. 1 Study sites and experimental design 

 The study area is located in the districts of Coimbra and Aveiro and includes 

the woodlands between the lower Mondego and the lower Vouga basins (Figure 1). 

The areas chosen are highly fragmented and include four different woodland types: 

eucalyptus (Eucalyptus globulus) and pine (Pinus pinaster) plantations, acacia 

(Acacia dealbata) woods, and mixed autochthonous woodlands dominated by oaks 

(Quercus faginea). The climate is typically Mediterranean with Atlantic influences 

characterized by hot and dry summers and mild and humid winters. 

 

 

Figure 1. Location of the sampling areas in Central Portugal: yellow represent pine 

plantations (P1-P10); red-eucalyptus plantations (E1-E10); blue- mixed autochthonous woodlands (N1-

N10); purple -acacia woods (A1-A10). 

We selected 10 plots in each type of woodland making a total of 40 plots (A1-

A10; E1-E10; N1-N10; P1-P10) represented in Figure 1. Each plot had a size of 

approximately 100*100 m and the plots of the same type of woodland were at least 1 

km apart. 
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We evaluated the quantity and diversity of resources available in each type of 

woodlands over an entire year. We then considered two main analysis: one to evaluate 

the food resources available from the first trophic level, i.e. producers: namely leaves, 

flowers, fruits, and another considering the resources available to higher trophic 

levels, namely arthropods.  

2.2 Leave, flower and fruit sampling  

We selected three plots of each type of woodland to assess food resources of 

the first trophic level (leaves, flowers and fruits). These resources were quantified 

monthly between January and December 2014. In each of these plots, three transects 

were marked randomly each one with 10 x 2 meters. Along each transect, all trees and 

shrub were identified and also the resources produced by each plant species were 

quantified. Specifically, we quantified the number of young leaves (newly formed), 

open flowers and mature fruits, since only on these stages the resources are available 

for consumption.  

In some cases it was difficult to count all flowers, because they were far from 

our field of vision and often covered up by leaves. This happened particularly on 

Acacia dealbata, Pinus pinaster and Quercus faginea plots, in which case the 

inflorescences were counted and not individual flowers. Hereafter, these 

inflorescences will be referred as flowers, for consistency. Similarly, due to the high 

density of many shrubs and tree species, small branches were been quantified as a 

proxy of leave production, hereafter referred as leaves. In all observed species we 

counted fruits, except in Pinus pinaster where we recorded the cones. Although 

gymnosperms do not produce fruits, hereafter we will refer to fruits and cones, 

collectively as fruits. All resources were counted with the visual aid of binoculars. 

In this study we only counted the resources provided by the shrubs and tree 

species, because in these habitats the herbaceous layer was very small and therefore 

did not provide a significant amount of resources. Mixed autochthonous woodlands 

were dominated mainly by Quercus faginea (Figure 2) and several other native trees 

and bushes. Acacia woods were very dense and occupied almost exclusively by 

Acacia dealbata (Figure 3), with the exception of a few herbaceous species. 

Eucalyptus plantations dominated by exotic Eucalyptus globulus (Figure 4A) had a 

poor understory formed by some herbaceous species and some Ulex sp. and young 
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Pinus pinaster (Figure 4B). Pine plantations by the naturalized Pinus pinaster had an 

understory dominated by Pteridium sp. Although the underground had other species, 

in the marked transects of the pine and eucalyptus plantations there were no other 

species besides to the dominated species.  

 

Figure 2. Detail of a mixed autochthonous woodlands, dominated by Quercus faginea. 

 

Figure 3. Detail of an exotic wood, Acacia dealbata. 
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Figure 4. Detail of an exotic plantation, Eucalyptus globulus (A) and of a naturalized 

plantation, Pinus pinaster (B). 

 

2.3 Arthropods sampling 

Arthropods were sampled during three seasons: summer (2013), winter (2014) 

and spring (2014). No sampling was carried out during autumn due to the hunting 

pressure on several plots. The sampling techniques used in this study were pitfall 

traps (Figure 5). These traps consisted on plastic containers (diameter =6.5 cm, height 

= 4 cm) dug into the soil, with the container opening just below the ground surface. A 

plastic dish was positioned 30–50 mm above the pitfall trap to prevent flooding by 

rainwater. 

A B 
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Figure 5. Pitfall trap in eucalyptus plantations. 

 

Five pitfall traps were installed in each of the 40 plots. One pitfall in the center 

of the plot and the other four orientated according to the cardinal points (North, 

South, East and West). All pitfalls were separated by a distance of 5 to 25 m. Traps 

were filled with an ethylene glycol solution (10%) in order to preserve the specimens. 

In the end of each sampling week, traps were filled with ethanol (70%), identified, 

and taken to the laboratory until further analysis.  

It was not possible to sample for arthropods in the Winter and Spring in two 

plots (A5 and A6) due to the logging of these Acacia woodlands in the late summer 

 In the laboratory, all invertebrates were sorted to morphospecies within each 

order, measured and quantified. Body length was measured from the fronts to the tip 

of the abdomen using a binocular microscope. Antennae and wings extending beyond 

these points were not included in the total length measurement.  

Whenever possible, specimens from some orders were identified to the family 

or to the genus level. All specimens from the orders Malacostraca, Collembola, 

Chilopoda and some orders of Insecta were identified to the family level. The 

Formicidae (ants) were all sorted to genus level, as well as some Coleoptera. Larvae 
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were not included in the analysis, as these were not properly sampled with pitfall 

traps.  

Nomenclature and identification was based on identification keys (Borror and 

Delong 1988; Collingwood and Prince 1998; Quigley and Madge 1988) and some 

books: Chinery, Michael (2007) Insects of Britain and Western Europe. Domino 

Guides and Pereira et al. (2012) Insectos em Ordem. ISBN: 978-972-95047. 

 

2.4 Data analysis 

The number of leaves, flowers and fruits were averaged in order to compare 

the abundance of different resources over a year. The data were (LOG x+1) 

transformed to homogenise extreme values. A two-way ANOVA was used to evaluate 

the effect of habitat type, season and their interaction on the abundance of plant 

resources (leaves, flowers and fruits). In addition, we summed the total amount of 

resources for each plot and calculated the number of months with more than 5% of 

each type of resource. We used one-way ANOVA to evaluate the effect of habitat 

type on this measure for each resource type. When significant differences were found 

for any of these variables, we conducted a Tukey multiple comparisons of means to 

identify significant differences between groups. These analyses were performed in R 

(R Core Team 2015). 

To characterize arthropod diversity across habitats and seasons we used 

Species richness (S), the Shannon diversity index (H’) and the Evenness (J’). For the 

calculation of diversity indices the following formulas were used: 

               

 

   

 

Where pi is the proportion (n/N) of individuals of one particular morpho-type divided 

by the total number of individuals (N). 

   
  

     
 



Material and Methods 

 

18 
 

Where H’ is the number derived from the Shannon diversity index and H’max= ln (S), 

where S is the number of species. 

In addition to the diversity indices, we also estimated total arthropod biomass 

for each plot and Insect biomass. Apart from resource diversity and abundance 

(number of individuals/prey), biomass is a very important measure for studies of 

ecosystem processes, particularly to quantify the potential energy transferred between 

trophic levels (Wardhaugh et al. 2013; Sample et al. 1993). We used two formulas for 

estimating arthropod biomass from length one from Rogers and another from Hódar 

(Hódar 1996). 

                              

(a=intercept; b=slope and BL=body length (cm)) 

This equation incudes specific indices to accurately estimate biomass for certain 

taxonomic groups, such as: Araneae, Blattodea, Diplopoda, Coleoptera, Diptera, 

Collembola, Formicidae, Hymenoptera non Formicidae, Isopoda, Opiliones, 

Lepidoptera, Chilopoda, Pseudoscorpiones, Orthoptera, Thysanoptera, Solifugae and 

Thysanura.  

For the taxonomic groups not included in the equation above, we used a more general 

equation from Hódar (1996), namely for: Archaeognatha, Hemiptera, Isoptera, 

Plecoptera and Raphidioptera. 

                            
  

(L=length (cm)) 

Species richness, Shannon diversity index, Evenness and arthropod biomass were 

computed for each season and for each habitat and compared with a two-way 

ANOVA. When significant differences were found on any of these variables, we 

conducted a Tukey multiple comparisons of means to identify significant differences 

between groups. These analyses were performed in R (R Core team 2015).
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3.1 Abundance and diversity of leaves, flowers and fruits  

Table 1 shows the identity of the shrub and tree species found in each habitat 

type. Plant richness was higher in the native woods than in any other habitat type. In 

the acacia woods we mostly found Acacia dealbata, although Acacia longifolia was 

also present in plot A3. The eucalyptus and pine plantations are specifically managed 

monoculture plantations for wood production and no other trees or shrub were 

observed along these transects. Native woods had a higher mean of flowers and fruits 

over the studied year, while the eucalyptus plantations and acacia woods had a higher 

mean of leaves. Pine plantations had a lower mean of flowers, leaves and fruits, over 

a year, compared with the other habitat types.  

 

Flowers 

Flower production differed between habitat type (F3,96 =5.61, p < 0.001), 

season (F11,96 = 3.25, p < 0.0008), and there was also a significant interaction between 

these two variables (F33,96 = 2.93, p < 0.0001). Native and acacia woods produced 

more flowers than pine and eucalyptus plantations. There was a considerable 

significant difference between acacia and native woods and the other two wood types 

(Figure 6).  

 

 

 

 

 

 

 

Figure 6. Mean number of total flowers in each habitat ± SD. Bars with different letters are 

significantly different.  
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There were an increased number of flowers in native woods from January to 

March and from August to December. The maximum value was observed in March 

while the lower values correspond to the months of July and August. The native 

woods presented flowers during all months of the year except January. In eucalyptus 

plantations we found flowers in January, February, March and April, although a very 

small amount was found in the last month. In pine plantations, the flowers were found 

exclusively in March and in the acacia woods they were present only in January and 

February (Figure 7). 

 

Figure 7. Variation of flower production on each of the four habitat types along one year 

(mean ± SD, data log transformed).  

Post-doc comparisons identified differences mostly between native woods and 

the other habitats types over the spring and summer periods, and between acacia 

woods and eucalyptus plantations. 

The number of months with more than 5% of flowers did not differ between 

habitat type (F3,8 = 2.40, p = 0.143). However, it is noticeable that native woods 

provided flowers for more months when compared with the other habitats, 

particularly when compared with pine plantations (Figure 8). 
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Figure 8. Mean of months with more than 5% of flowers ± SD, produced at each habitat type. 

Bars with the same letters do not differ significantly between them  

 

Leaves 

Leaf production differed between habitat type (F3,96 = 69.02, p < 0.0001), 

season (F11,96 = 9.73, p < 0.0001) and there was also a significant interaction between 

these two variables (F33,96 = 6.03, p < 0.0001). Pos-hoc comparisons for the factor 

habitat type showed that acacia woods produced more young leaves when compared 

with the other habitat types (Figure 9). 

 

Figure 9. Mean of total young leaves in each habitat ± SD. Bars with the same letters do not 

differ significantly between them.  
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In relation to the season effect and the interaction habitat type * season the 

post-doc comparisons identified the following most important differences: a) for 

season the main differences were between the months of January-May, when more 

leaves were produced in all habitats types, and the remaining months, and c) for the 

interaction the main difference was for pine plantations in winter, when virtually no 

leaves were produced, and the other habitat types for the remaining months. Young 

leaves were more abundant in acacia woods than in any other habitat for all months of 

the year. Eucalyptus also produced leaves all year round. Between the months of 

August and December, there were not significant differences between the acacia 

woods and eucalyptus plantations. In native woods there was no leaf production only 

in December. The production of young leaves in pine plantations was concentrated 

between April and August (Figure 10).  

 

Figure 10. Variation in the mean number of young leaf production (mean ± SD, data log 

transformed) over one year per habitat type.  

The number of months with more than 5% of young leaves differed between 

habitat type (F3,8 = 25.03, p < 0.0001). Post-doc comparisons identified differences 

between pine plantations and the other habitats types (Figure 11). 
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Figure 11. Mean number of months (± SD) with more than 5% of young leaves produced at 

each habitat type. Bars with the same letters do not differ significantly between them. 

Fruits 

Fruit production differed mostly between habitat type (F3,96 = 9.84, p < 0.0001) 

and only marginally between seasons (F11,96 = 1.82, p = 0.06). There was not a 

significant interaction between these two variables (F33,96 = 1.17, p = 0.27). Pos-hoc 

tests showed that native and acacia woods produced more fruits than pine and 

eucalyptus plantations (Figure 12). 

 

Figure 12. Number of total fruits in each habitat (± SD). Bars with the same letters do not differ 

significantly between them. 
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Native woods had fruits in all months of the year. In the other three habitats, 

fruit production occurred only in very specific months/seasons. Acacia woods had 

fruits between April and July, eucalyptus plantations between July and August and 

pine plantations only in August (Figure 13). 

 

 

Figure 13. Variation in the mean number of fruits (mean ± SD, data log transformed) over 

one year per habitat type.  

 

The number of months with more than 5% of fruits differed between habitat 

type (F3,8 = 110.20, p < 0.0001). Post-doc comparisons identified differences between 

native woods and the other habitats types; as native woods provided fruits for more 

months (Figure 14). 
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Figure 14. Mean number of months (± SD) with more than 5% of fruits produced at each 

habitat type. Bars with the same letters do not differ significantly between them. 

 

3.2 Arthropod abundance, diversity and biomass  

 In summer, the total arthropod biomass was higher for the native woods, 

followed by pine plantations, acacia woods and eucalyptus plantations, although this 

difference was not statistically significant, mostly because the variability of the data 

was very high for the native habitat. In summer the biomass of arthropods was 

significantly higher than in winter and spring. In winter, acacia woods and pine 

plantations presented higher arthropod biomass. In spring, eucalyptus and pine 

plantations had the highest mean values, although with a large inter-site variation 

(Figure 15). 
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Figure 15. Mean Arthropods biomass for each habitat type and season. Error bars represent 

the standard deviation. 

 

Arthropod biomass differed among seasons (F2,104 = 4.62, p < 0.001), but not 

among habitat type (F3,104 = 1.33, p = 0.27). However, there was an interaction 

habitat*season (F6,104 = 2.51, p < 0.022). Post-doc comparisons identified differences 

between winter and summer, and between the native habitat in summer and the other 

habitats in winter.  

The abundance of arthropods, in summer, was higher for the pine plantations, 

followed by native woods, eucalyptus plantations and acacia woods. These 

differences were not statistically significant because of the high variability on the 

number of arthropods found in pine plantations and also in the native woods (figure 

16). In summer the abundance of arthropods was significantly higher than in winter 

and spring. In winter and spring eucalyptus plantations, showed a slight increase in 

the abundance of arthropods, followed by acacia woods. 
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Figure 16. Abundance of arthropods for each habitat type and season. Error bars represent the 

standard deviation. 

Arthropod abundance differed among seasons (F2,104 = 7.86 , p < 0.001), but 

not among habitat types (F3,104 = 0.91, p = 0.44), and the interaction habitat*season 

was not significant (F6,104 = 1.32, p = 0.25). Post-doc comparisons identified 

differences between winter-summer and summer-spring. 

Species richness differed among seasons (F2,104 = 78.35, p < 0.001), but not 

among habitat types (F3,104 = 0.98, p = 0.41), and the interaction habitat*season was 

not significant (F6,104 = 0.33, p = 0.92). Post-doc comparisons identified differences 

between the summer (with higher number of species) and winter and spring, with 

lower diversity (Figure 17). 

Figure 17. Species richness for each habitat type and season. Error bars represent the standard 

deviation. 
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Figure 18 presents the Shannon index for each habitat type and season. 

Shannon index for arthropods differed among seasons (F2,104 = 12.14, p < 0.001), but 

not among habitat types (F3,104 = 0.82, p = 0.48) and there was no interaction 

habitat*season (F6,104 = 0.40, p = 0.89). There was no variation between habitat types, 

but clearly, the summer presented the highest values of the Shannon index for all 

habitat types. Post-doc comparisons identified the following differences for season 

between winter and summer and summer and spring.  

 

Figure 18. Shannon index mean for each habitat type and season. Error bars represent the 

standard deviation. 

The Evenness for arthropods (Figure 19) did not differ among habitat types 

(F3,104 = 1.40, p = 0.25), season (F2,104 = 1.62, p = 0.20) and there was no interaction 

habitat*season (F6,104 = 0.68, p = 0.67). 
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Figure 19. Evenness mean of arthropods for each habitat type over seasons. Error bars 

represent the standard deviation. 

For the insect biomass, the results were similar with those of the overall 

arthropod biomass (Figure 20). 

Figure 20. Insect biomass for each habitat type and season. Error bars represent the standard 

deviation. 

Insect biomass differed among seasons (F2,104 = 3.09, p < 0.04), but not among 

habitat type (F3,104 = 0.95, p = 0.42). However, there was an interaction habitat*season 

(F6,104 = 2.56, p < 0.02). Post-doc comparisons identified differences between winter 

and summer and between native habitat in summer and acacia woods in spring. 
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Representative Taxa 

A total of 25.865 arthropod individuals were captured in the three seasons and 

identified into 328 different morphospecies, belonging to six classes: Arachnida, 

Chilopoda, Collembola, Diplopoda, Insecta and Malacostraca (Figure 21). In the 

summer, and winter the class with the highest percentage of biomass was Insecta in 

all habitats, generally followed by Arachnida. In spring, we found higher differences 

among habitats. In eucalyptus and pine plantations, the class with highest percentage 

of biomass corresponds to Insecta, followed by Arachnida in eucalyptus and 

Diplopoda in pine. Acacia and native woods presented a higher heterogeneity. In 

Acacia woods the largest percentage of biomass corresponded to Arachnida followed 

by Insecta (with fewer significant differences). In native woods the values were 

highest in Insecta followed by Arachnida and Diplopoda. 

 

 

 

 

Figure 21. Percentage of biomass of each Arthropod class per habitat type on each season.  

These classes include 28 distinct arthropod orders. In summer, the order with 

higher abundance was Hymenoptera for all habitat types, followed by Araneae for 

acacia woods, eucalyptus and pine plantations. Orthoptera was the second order with 

higher abundance but only in the native woods. In winter, Entomobryomorpha was 

Summer Winter Spring 

                       Arachnida               Chilopoda                  Collembola 

                      Diplopoda                Insecta                        Malacostraca 
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the order with higher abundance in all wood types. Araneae was the second order with 

higher abundance in pine and eucalyptus plantations. The second more abundant 

orders were Coleoptera and Isopoda in native and acacia woods respectively. In 

spring, the more abundant orders were Entomobryomorpha followed by Hymenoptera 

in all wood types studied. Thysanura only appears in the native woods in spring, 

Thysanoptera in the native woods in summer, Raphidioptera in the native woods in 

winter, Plecoptera in the acacia woods in summer, and Isoptera only in pine 

plantations in spring and winter. 

The figure 22 shows the relationship between arthropod biomass and the 

production of primary resources. The sum of all available resources was higher for 

native woodlands, followed by acacia woods and reached the lower values in the pine 

and eucalyptus plantations. We found that arthropod biomass was higher in native 

woods, followed by pine and eucalyptus plantations and finaly in acacia woods.  

 

 

 

Figure 22. Total arthropod biomass and number of primary resources (young leaves, ripe 

fruits and flowers) produced at each habitat type.  
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 This study shows that native woods provide a greater and more constant 

production of primary resources throughout the entire year than other forest habitats 

in central Portugal. In relation to the diversity of arthropods the differences among 

habitats were not so clear, however the biomass of arthropods was also higher on 

native woodlands than in the other habitats types in summer, but the differences were 

not significant for the other seasons. The lack of significant differences was clearly 

related with a very high variability in the arthropod abundance and biomass found on 

the three native plots. It is the first time that such resources are quantified and 

compared for these habitats types. This is of great importance given the fact that 

native forest have been replaced by other forest type habitats dominated by exotic 

species all over Europe (Barrocas et al. 1998; Zahn et al. 2010), and thus one needs to 

understand how important are these novel habitats for biodiversity.  

 We outline here first the main limitations of this study before a discussion of 

the results. In this study, only terrestrial arthropods were recorded, as these were 

monitored with buried pitfall traps. In order to provide a more holistic view of all 

resources (including for example flying phytophagous insects and pollinators), it 

would be necessary to use other traps adapted to flying insects, and beating trays. 

Also, this study was performed on a highly fragmented landscape dominated by a 

very rich mosaic of small habitats. Such landscape implies a strong influence of 

neighboring habitats on biodiversity (Teixido et al. 2010), and therefore it would be 

important, although extremely challenging, to consider such boundary effects on the 

patterns identified here. In fact such fragmentation may be responsible for the high 

data variability that we found in the arthropod abundance for the native habitat. The 

remaining forest of native habitats can be surrounded by a matrix of modified habitats 

that may contribute to the loss of some species or the increase of new species 

(Calviño-Cancela et al. 2012). Other important factor is that 2013 had a very dry 

summer and the plot N2 of native woods had a very high biomass (5542.1 mg) due to 

the apparent high humidity of that plot. In contrast the plot N5, which was less shaded 

and drier, had a very low biomass (256.5 mg). Furthermost, the detected variability 

also reflects the limited number of replicates (i.e. plots) of each habitat type, which 

were contingent on the number of habitats included in the study and on the quantity 

and quality of data collected.  
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4.1. Abundance and diversity of leaves, flowers and fruits among habitats 

As expected in this study we verified that native woodlands sustain a much 

greater diversity of plants than any other habitat, and also a much greater diversity of 

all primary resources available to herbivores. These results agree with previous 

studies where the diversity was generally higher in native forests and shrublands and 

lower in eucalyptus plantations (Calviño-Cancela et al. 2012). Proença et al. (2010) 

found a higher richness and diversity of forest plant species in native forest when 

compared with pine and eucalyptus plantations and Gómez-Aparicio et al. (2006) also 

found higher plant species diversity in natural forest than in pine plantations.  

Similarly, we show that native woodlands produced a greater abundance of flowers 

and fruits than all other habitat types, consistently along most months. One 

remarkable exception was the outstanding production of Acacia dealbata flowers on 

the acacia woods habitat during winter. Young leaves, however, where more common 

on Acacia and Eucalyptus stands throughout the year. More importantly, native 

woodlands provided a much more constant source of resources throughout the year, 

since in all other habitats there were several consecutive months where at least one 

primary resource was completely absent: for example, no fruits in the Acacia woods 

and Pine plantations between September and February, and no flowers on Acacia, 

Eucalyptus or Pine stands between May and November. Several tree and shrub 

species from native woodlands produce flowers and fruits at different times, 

depending on their life cycle, providing resources over all months of the year. The 

remaining habitats in our study, practically formed by a single tree species present 

only one and well defined temporal window of flowering and fruiting, offering no 

alternative resources outside such period.  

The total quantity of primary resources available to higher trophic levels was 

higher in the native woodlands, followed by acacia woods, eucalyptus and pine 

plantations. However the differences between eucalyptus and pine plantations were 

minor and they did not follow our expected results. Is important to emphasize that 

plantations had an understory predominantly of herbaceous plants that were not taken 

into account in our study, because we only counted resources provided by shrubs and 

tree species. Plant diversity and biomass changes with the age of plantations and type 

of management (Maclean and Wein 1977). In this study, pine and eucalyptus 

plantations were both managed in order to maximize the rapid growth of trees for the 
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production of wood. This included the plantation of trees of the same age, thus 

forming a single homogenous vegetation stratum and also the periodic cut of 

understory vegetation in order to prevent fire damage (Aubin et al. 2008 and Proença 

et al. 2010). The plantations with higher levels of management will have a higher 

negative influence in the soil communities (Barrocas et al. 1998).  

In addition, our study shows that acacia woods and eucalyptus plantations may 

provide a very high abundance of primary resources, but only during small periods, 

mostly up to 2-3 months maximum. This might be a strong limitation for the 

arthropod and vertebrate communities that live in those habitats, as they would need 

to complete their life cycle in very short periods where the availability of resources is 

highly limiting. In addition, the allelopathic compounds of Acacia dealbata can 

reduce the species richness and abundance of plant species (González-Muñoz et al. 

2012; Lorenzo et al. 2010), and this should influence the upper trophic levels. For 

example, Eucalyptus globulus plantations only produce flowers in winter, and, 

although birds feed on the nectar provided by those flowers (authors own data), they 

would have few food resources available in summer and spring (Tellería and Galarza 

1990). Monocultures of eucalyptus due to accumulation of phytotoxins in the soil can 

also be responsible for the loss of soil productivity (Martins et al. 2013) and a 

consequent decrease of plant species and arthropod richness. However, in relation to 

pine plantations, Carrascal and Tellería (1990) found that mature pine forest possess 

arthropods in the needles, shrubs and in the soil that may provide food resources for 

forest birds throughout the year.  

 

4.2. Abundance, diversity and biomass of arthropods among habitats 

Arthropods are very important for a wide range of ecosystem functions such as 

pollination, pest control and decomposition. They are also very important food 

sources for others animals (Norton et al. 2013). We hypothesised that native woods 

would have more primary resources, and that this would also translate into more 

resources for the upper trophic levels. We expected that native woods would contain 

the highest diversity of Arthropods, however our results were not so clear cut in this 

respect because we did not find differences across habitats neither on arthropod 

Species richness, nor on Abundance, nor on Shannon-Wiener diversity index, nor on 
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the Evenness. These differences were only record between seasons. However we 

record that the orders Thysanura, Thysanoptera, Raphidioptera were only found in 

native woods, while Plecoptera was only recorded in Acacia woodlands and Isoptera 

in pine plantations. These results may indicate that these orders are specific for each 

habitat type, however more detailed studies would be needed to confirm these 

patterns. 

On the other hand we found that arthropod biomass was higher in the summer 

and significantly lower in winter on all habitat types. Although there were no 

significant differences among habitats, the a significant interaction between 

habitat*season show that native woodlands possess a higher biomass of arthropods in 

the summer, while in pine and eucalyptus plantations the biomass was higher in 

spring. Norton et al. (2013) found that the sampling period with higher amount of 

arthropods occurred in summer for all micro habitat types of their study (bare ground, 

leaf litter, woodchips and grass), when these animals are more active (e.g. main 

reproductive and dispersive season for many taxa). These data show that the values of 

arthropod biomass are synchronized with the climate and the availability of food 

resources varies seasonally, depending on weather conditions. Some studies showed 

that temperature, photoperiod, humidity and food resources play a crucial role in the 

life of insects, which may affect the development, survival and reproduction 

(Gonçalves et al. 2008; Rodrigues 2004). The optimum temperature for development 

of insects is close to 25ºC, which usually corresponds to a more rapid development 

and increases the number of progeny (Rodrigues 2004). The months from June to 

August (2013) have a mean temperature of 22.02ºC in continental Portugal 

(www.ipma.pt), promoting the abundance and arthropods biomass in all habits of our 

study.  

 The predicted negative effects of eucalyptus plantations on arthropod 

communities were not confirmed in our study because there were no differences in the 

abundance and diversity of arthropods between native woods and eucalyptus 

plantations. Similarly, Sax (2002) compared the number of invertebrate species in 

autumn and winter in native woods and eucalyptus plantations in California and found 

that the mean numbers of species was almost identical in the two habitat types.  
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Nsabimana (2013b) showed that seasonality played a strong effect in the 

abundance and diversity of litter arthropods in some eucalyptus plantations at the 

arboretum of Ruhande in Rwanda, where the greater abundance of arthropods 

coincided with the wet season (Nsabimana 2013a; Nsabimana 2013b). Other studies 

realized by Nsabimana (2013a) indicated that eucalyptus species might have a litter 

insect diversity higher than that of native sites if high vegetation diversity is present in 

those areas.  

The abundance of litter arthropods is higher when environmental conditions 

are more humid (Nsabimana 2013a; Nsabimana 2013b). Humidity and temperature 

are related with the understory light, which is dependent on the structure of forests 

(Barbier et al. 2008). These abiotic conditions will contribute to determine de 

composition of the underground vegetation. In fact, the arrangement of leaves in the 

eucalyptus and pine plantations allows the entrance of more light comparing to oak 

forests (Calviño-Cancela et al. 2012). Thus, oak forests are more humid due to their 

rich and dense understory, which can contribute to a higher abundance of arthropods, 

particularly over summer, when acacia woods and eucalyptus plantations are very dry. 

In fact, our data shows that the arthropod biomass values were high in the native 

habitat during the summer. The fact that values did not differ from those of the other 

habitat types might be attributed to a very dry summer (rainfall value of 24.2 mm in 

2013 vs. normal rainfall of 35.5 mm; (www.ipma.pt). Norton et al. (2013) also found 

that drought conditions are known to reduce the abundance of soil arthropods. 

By contrast, despite the large production of leaves by exotic woods in winter, 

there was not a correlation with the abundance and diversity of arthropods biomass 

Barrocas et al. (1998) studied the impact of reforestation with Eucalyptus globulus on 

collembolan edaphic fauna of Serra de Monchique, Algarve. The forests of Quercus 

sp. had higher values of species richness, diversity, and higher numbers of unique 

species, but there were no differences in the abundance of individuals. Clearly, 

eucalyptus plantations compared to oak woods in Monchique had a very different 

fauna spectrum, and their results were not due to the lack of resources provided by de 

eucalyptus plantations but due to changes in the microhabitat (Barrocas et al. 1998). 

Presumably, as explained above the quality of the leaf litter may not be the most 

suitable for the arthropods (Martins et al. 2013), which should influence the longevity, 

rate of development and fecundation of insects (Rodrigues 2004). 



Discussion 

 

40 
 

 A great number of arthropods belonging to different taxa were recovered in all 

habitat types, although captures were numerically dominated by Insecta at all seasons, 

except during spring for the Acacia woods, where Arachnida were most abundant. 

Many specialist insects developed tight relationships with particular plants and some 

only feed on a few plant families (Litt et al 2014). For this reason we conducted a 

more detailed study in this taxonomic group. The observed pattern was similar to that 

of arthropods: i.e. there were no significant differences between habitats, but there 

was a significant interaction habitat*season. We can infer that the availability of 

resources in each habitat fluctuates seasonally, depending on weather conditions. 

Similarly, Wolda (1980) referred that patterns of abundance of insects was 

synchronized with the weather and food availability, which varies seasonally.   

Previous studies on the effects of exotic plants in invertebrates showed that the 

richness, composition and abundance of phytophagus insect’s communities are 

significantly affected in some cases (Litt et al 2014). Heleno et al. (2008) showed that 

species richness of plants and insects decreased with plant invasion and verified a 

significant decline in insect biomass along an invasion gradient. It was also found that 

specialist herbivores insects were replaced by more generalist species along such 

gradient, which also forage on exotic plants (Heleno et al. 2008). Murray et al. (2009) 

conducted comparative studies in insect and arachnida assemblages in southeastern of 

Australia and demonstrated that the seasonal template may interfere with richness 

species. These authors showed also that exotic plantations had lower species richness 

in several taxonomic orders of insects compared with native woods in autumn. In 

winter, there was low species richness for both habitat types. Arachnida assemblages, 

in winter, had lower species richness in exotic woods, but there were no significant 

differences for autumn (Murray et al. 2009). 

   

4.3. Conclusions 

The large difference on the production of primary resources between native 

and exotic forests was partially reflected in the production of arthropods to 

consumers. Thus, arthropod diversity was generally higher on native woodlands 

although differences were often not significant. These differences can be explained by 

the presence of more primary resources throughout the year, and particularly in 
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summer, where the climatic conditions are favorable for the reproduction of 

arthropods (Rodrigues 2004). 

We found that acacia and eucalyptus stands provide a large number of flowers 

and leaves but, that these are largely concentrated on very few winter months. 

However such strong increase in resources was not matched by an increase in the 

biomass and richness of arthropods, because environmental conditions are much less 

favorable to arthropods at this time of the year. This suggests that although stands 

with exotic plant species provide many resources at specific periods of the year, these 

should be little used by arthropods. The abundance and biomass of arthropods appears 

to be more directly related to seasonality and is mostly influenced by weather 

conditions (Gonçalves et al. 2008; Rodrigues 2004; Wolda 1980). 

In this study, we conclude that the native woods permit the establishment of a 

wider range of resources than plantations and exotic woods, especially a greater 

variety of primary resources that are the basis of terrestrial trophic webs. While exotic 

woods might provide occasional peaks on primary and secondary resources, native 

woods offer much more reliable and diverse resources that are available throughout 

the year. Therefore, the small native forest fragments in this region provide critical 

biodiversity reservoirs that are increasingly being threatened by the expansion of 

exotic forests. 
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