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Abstract 

Human-mediated threats are currently the major causes of the biodiversity crisis 

that the world is facing with land-use and climate changes acting as major drivers of 

this loss. Passerine birds are known to be sensitive to these changes. Global warming 

produces physiological and phenological modifications on a wide range of species. 

Changes in the life-cycles of species of insects or plants can cause mismatches with 

the life-cycles of birds which can have an impact on their abundance. Changes in 

landscape composition and structure may affect the required extent and heterogeneity 

of habitats, potentially reducing food, shelter or nesting sites availability for birds. 

Mosaics of agricultural areas mixed with shrubs and forest areas are usually 

associated with high bird diversity. In this way, landscape modifications that alter this 

complexity and heterogeneity of habitats, such as the intensification of agriculture, or 

its opposite, the abandonment of lands, have a general negative impact on avian 

diversity. Predictive models that forecast the potential effects of climate and land use 

changes are a widespread and useful tool to enrich knowledge on the most relevant 

drivers of diversity loss and, consequentially, to help in the development of better 

conservation policies.  

This study aims to answer which are the main drivers of current distribution and 

potential change in bird species richness in the Vez watershed – NW Portugal by 

modelling and forecasting the impacts that land-use and climate changes will inflict 

upon it. To this end, we used Generalized Additive Models to model the distribution of 

current bird richness, two climate change scenarios (RCP 2.6, which assumes a 

reduction in greenhouse gases emissions, and RCP 8.5, which assumes a continuous 

rise) and we predicted the landscape composition and configuration of the Vez 

watershed for the reference year of 2048 assuming a continuation of the landscape 

dynamic’s trends of the last 25 years. 

We predict that agricultural areas will suffer the most noticeable decrease in total 

area, with an expected loss of almost 35% of their current extent. Pine/coniferous 

forests are also expected to decrease. In the opposite side, it is expected a continuous 

process of urbanization in the region and the expansion of sparsely vegetated bare 

rock areas. Natural forests of oak are expected to have a slight increase. The biggest 

increase in percent terms is forecasted to fall upon eucalypt plantations (+47%). 

Adding to this, it is expected a loss in heterogeneity, increment in median patch size 

coupled with loss of complexity and a reduction of the density of edges.  
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Our results suggest that all these dynamics will have an overall negative role 

shaping future bird diversity on the watershed, being expected losses in total richness 

as well as in all studied functional groups (omnivorous, insectivorous, granivorous, 

shrublands and woodlands species), with the exception of open areas species, for, at 

least, one of the two climate scenarios. Open areas species are predicted to have no 

significant alteration and shrubland and granivorous species are expected to actually 

increase in the RCP 2.6 scenario. These results are overall expected: it is widely 

shown that land abandonment, coupled with a loss in heterogeneity, has negative 

impacts in richness, particularly of species associated with farmlands and open areas. 

A more homogenous landscape provides less diversity of opportunities for foraging and 

shelter. However, contrarily to expected, our results predict a decrease in woodland 

species, which are expected to increase with the vegetation succession that follows the 

abandonment of agricultural areas. The effects of wildfires, expansion of shrublands 

and bare rock/sparsely vegetated and urban areas are possible causes of this 

phenomenon but further studies are required.  

These results encourage the stimulation of policies promoting a reversal of land 

abandonment with a holistic and ecological framework that promotes a rich and diverse 

landscape mosaic as well as greater control of eucalypt plantations, in order to withhold 

this predicted loss in avian richness, which may translate as an overall loss in 

biodiversity. 

 

Keywords: Birds; Land-use change; Climate change; Species richness; Land abandonment; 

Modelling 
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Resumo 

As principais causas da atual crise de biodiversidade que o mundo atravessa 

provém de ação humana. Nomeadamente, alterações de ocupação do solo e 

mudanças climáticas são os dois maiores  catalizadores de perda de diversidade 

biológica. As aves passeriformes são conhecidas por serem especialmente sensíveis a 

estas mudanças. O aquecimento global provoca, quer a nível fisiológico quer 

fenológicamente, alterações num vasto número de espécies. Mudanças nos ciclos de 

vida de espécies de insectos e plantas podem ter um impacto negativo nos ciclos de 

vida de pássaros que deles necessitem. Modificações na composição e estrutura da 

paisagem afetam a necessária heterogeneidade dos habitats, potencialmente 

reduzindo fontes de comida, abrigo e locais para nidificação. Mosaicos de áreas 

agrícolas mescladas com zonas de matos e áreas florestais são, normalmente, 

associadas a elevada riqueza de pássaros. Desta forma, modificações na paisagem 

que alterem a composição e diversidade de habitats, tal como a intensificação da 

agricultura ou ,pelo lado oposto, o abandono de terras agrícolas, têm um impacte 

negativo na diversidade de aves. Modelos preditivos que estimem os potenciais efeitos 

de mudanças de clima e usos do solo são uma ferramenta vastamente utilizado para o 

enriquecimento do conhecimento relativamente a fatores e catalizadores de perda de 

diversidade. Consequentemente, são uma útil contribuição na  ajuda ao 

desenvolvimento de melhores políticas de conservação. 

Este estudo procura compreender quais são os principais fatores que influenciam 

alterações na riqueza específica da comunidade de passeriformes da bácia 

hidrográfica do Vez, uma região no Norte de Portugal, modelando a sua distribuição 

atual e prevendo potenciais consequências das mudanças climáticas e de futura 

composição e estrutura de paisagem. Para este fim, utilizámos modelos aditivos 

generalizados de forma a modelar a atual riqueza de pássaros na referida área, 

empregamos dois cenários de alteração climáticas (RCP 2.6, que assume uma 

redução nas emissões de gases de efeito de estufa e RCP 8.5, que pressupõe uma 

subida contínua) e fizemos previsões quanto à composição e estrutura de paisagem 

da bacia hidrográfica do rio Vez para o ano de referência de 2048, assumindo o 

pressuposto de continuação das tendências que se têm verificado nas dinâmicas de 

paisagem da bacia nos últimos 25 anos. Prevemos que as áreas de exploração 

agrícola sofrerão o mais notável decréscimo territorial, com uma perda expectável de 

quase 35% da sua actual extensão. É esperada, também, uma diminuição na área 

total de florestas de pinheiros/coníferas. Por outro lado, prevê-se um constante 
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processo de urbanização na região, assim como um aumento dás areas de rocha 

exposta, de vegetação esparsa.  É previsto que as floresta autóctones de carvalho 

sofram um ligeiro aumento. O maior aumento percentual recairá, no entanto, nas 

florestas de eucalipto (+47%). Complementarmente, é esperada perda geral de 

heterogeneidade na região,   um aumento do tamanho de manchas de paisagem  

acoplado de redução de complexidade e também uma reduçao na densidade de 

bordas. 

Os nossos resultados apontam para que todas estas dinâmicas venham a ter 

efeitos negativos na futura comunidade de aves da bacia em estudo. São esperadas 

perdas na riqueza específica total assim como dos vários grupos funcionais estudados 

(omnívoros, insetívoros, granívoros, espécies de áreas de matos e de áreas florestais), 

com exceção de espécies características de áreas abertas, para, pelo menos, um dos 

dois cenários. É previsto que não hajam alterações significativas para as espécies de 

areas abertas, assim como é esperado que haja um aumento na riqueza específica de 

espécies granívoras e de áreas de matos para o cenário RCP 2.6. Os resultados são, 

em geral, expectáveis: é reconhecido que o abandono de terras agrícolas, ligado a 

perdas de heterogeneidade, tem impactes negativos na riqueza específica, 

particularmente nas espécies associadas a áreas de cultivos. Uma paisagem mais 

homogénea é uma paisagem com menos oportunidades para procura de alimento ou 

refúgio. Porém, contrariamente ao que seria de esperar, os resultados obtidos 

demonstram uma diminuição das espécies de áreas florestais, quando seria 

presumível um aumento, devido às alterações na sucessão ecológica que se seguem 

ao abandono agrícola. Os efeitos dos fogos e a expansão de áreas de rocha exposta, 

de matos e urbanas são causas possíveis para este fenómeno, mas são necessários 

estudos adicionais.  

Estes resultados sugerem e promovem o estímulo a políticas de promoção da 

reversão do abandono de áreas agrícolas com uma abordagem holística e ecológica 

que permita a existência de um rico e diverso mosaico paisagístico assim como um 

maior controlo e gestão das plantações de eucaliptos, de modo a impedir a expectável 

perda de riqueza de avifauna, que poderá vir acoplada de uma a perda geral de 

biodiversidade. 

Palavras-chave: Aves; Alterações de uso do solo; Alterações climáticas; Riqueza 

específica; Abandono agrícola; Modelação 
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1. Introduction 

The Earth is confronting a biodiversity crisis. It is theorized that is facing a sixth 

mass extinction event, directly or indirectly due to human-mediated threats such as 

habitat conversion, global climatic changes, pollution, or the spread of alien species in 

new habitats (Barnosky et al., 2011; Wilcove et al., 1998). In fact, according to the 

Millennium Ecosystem Assessment (2005) 12% percent of birds, 23% of mammals, 

32% of amphibians, 52% of cycads and 25% of conifers are currently threatened with 

extinction. For instance, global climatic changes are thought to affect biodiversity on 

several levels, from organisms and populations to ecosystems and biomes due to 

changes in temperature, rates of rainfall, CO2 concentrations and the rise of occurrence 

of extreme events such as droughts, floods or wildfires. Physiological aspects such as 

fecundity or activity rhythms, phenological (e.g. flowering, hibernation or migration 

times), population and community dynamics and characteristics (e.g. biomass quantity, 

energy flux) or the integrity of ecosystems and biomes (by means of composition, 

function, productivity, resilience, for example) are all thought to be affected by these 

changes (Bellard et al., 2012; Parmesan, 2006). Land use/cover change is another 

major driver of biodiversity loss (Newbold et al., 2015). As the global human population 

increases, land has been extensively converted, forest area has been cleared and 

agricultural and urban areas have expanded to meet human needs. These activities 

have several effects contributing, for example, for global warming, habitat loss and 

fragmentation and soil degradation (Dale, 1997; Sala et al., 2000). A meta-analysis 

performed by Newbold et al. (2005) showed that changes in land use might have 

globally reduced average species richness and abundance by 13.6 and 10.7%, 

respectively, and are predicted to continue to do so. Another meta-analysis has shown 

that both species richness and functional diversity for birds and mammals have been 

dramatically reduced with land use intensification in several New World regions (Flynn 

et al., 2009).  

With a loss of diversity comes a loss of provision of ecosystem services and of 

ecosystem resilience (Cardinale et al., 2012). Directly or indirectly, different species 

through several processes alter and regulate the ecosystem they inhabit, ultimately 

producing benefits for humans by providing services such as the production of fiber 

and food by many plants, regulation services such as disease control (e.g. bats eating 

disease vectors), supporting services as soil formation or even cultural services like 
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aesthetic enjoyment – birdwatching and tourism have great economic and educational 

potential - spiritual enrichment or curiosity stimulation (Both and Visser, 2005; 

Sekercioglu, 2002). Although anthropocentric in its point of view, this concept 

emphasizes the need for conservation of biodiversity. Moreover, deep ecology ideas 

advocate for the inherent worth of every living being and of ecosystems, adding a 

different but complimentary look on the subject of conservationism (Sessions, 1987). 

In terms of tangible benefits, the ecological role of birds and the need for 

conservation was not always well understood. In the United States of America, 

economic ornithology appeared in the late 19th century as a response against the 

extensive killing of birds that were thought to be harmful to the agriculture; to use their 

feathers for garment; for food or hunting. Economic ornithology started a wave of 

studies on the actual agricultural benefits that birds provided, such as pest control, and, 

for example, allowed the establishment of the Committee on Bird Protection on 1884. 

However, economic ornithology focused too much on the agricultural arguments for 

conservation and faced a decline that coincided with the rise of industrial agriculture 

and the use of organochlorine pesticides seen as a quicker, more reliable and effective 

substitute for birds as pest control agents (Kronenberg, 2014). Nowadays, it is 

acknowledged the vast range of services provided by bird species and the importance 

of bird diversity in the ecosystem regulation. For example, their high mobility allows for 

long-range seed dispersal and plant pollination and scavengers reduce the number of 

carcasses with potential to be infested with pathogenic bacteria. Many birds function as 

well as ecosystem engineers. Some examples include woodpeckers creating tree 

cavities that may be used by other species including other birds, mammals, amphibians 

or arthropods for shelter and sapsuckers allowing feeding opportunities for other 

species in sap wells (Sekercioglu, 2006; Whelan et al., 2008). Moreover, and 

importantly, birds are good bioindicators due to being easy to monitor, high in the food 

chain and are very sensitive to changes in habitat structure and composition 

(Fernández-Juricic, 2004; Wu et al., 2011). Subsequently, they are useful in ecological 

monitoring and assessment of urban, suburban, rural and reserve areas (Wu et al., 

2011). Even with the appearance of the aforementioned ecosystem services concept in 

the late 20th century, conservation faces practical issues when competing against 

economic development. Difficulties in measurement of value, specially weighing 

quantifiable services versus non-quantifiable assets, such as the case of many cultural 

services, cost-effective artificial alternatives and high opportunity costs of ecosystem 
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protection, particularly in the face of potential profits, are key obstacles to conservation 

policies (Kronenberg, 2014).  

Farmland bird populations, particularly specialist species, have declined throughout 

Europe in the last quarter of the 20th century, more than other bird populations in other 

habitats (Gregory et al., 2005). Many studies have attributed this situation to the 

intensification of agriculture, strongly shaped by the new agricultural policies under the 

guise of the Common Agricultural Policy within the European Union (Guerrero et al., 

2012; Wretenberg et al., 2006). Increased mechanization, increased fertilizer and 

pesticide use, hedgerow loss, reduction of spring cultivation, land drainage, changes in 

crop use, simplification of crop rotations and loss of farm heterogeneity and habitat 

quality were identified as negatively affecting farmland bird populations (Donal et al., 

2001; Gregory et al., 2005; Robinson and Sutherland, 2002). In particular, a British 

study, focused on the drivers of farmland birds decline (Newton, 2004), showed seed-

eating birds to be negatively affected by herbicide use and the switch from spring to 

autumn sow of cereals, reducing their food supply. This study also showed a decline in 

the population of damp grassland waders mainly due to land drainage and increased 

disturbance and trampling by farm stock resulting in food availability loss and reduced 

reproductive success. In other hand, a Swedish study (Wretenberg et al., 2010) 

showed a positive relationship between species richness and both agricultural habitat 

heterogeneity at different scales and low intensity land use thus promoting species 

diversity. Habitat heterogeneity have also been shown to promote resource 

supplementation and general benefit to generalist species at the expense of habitat 

loss and fragmentation for specialists (Teillard et al., 2014). 

While high intensity land use happens in more economically productive areas, 

unproductive farm areas have been increasingly abandoned (Pinto Correia, 1993). In 

Portugal, the small agricultural fields for pasture or production of rye and potatoes have 

typically been replaced by shrublands and, to a smaller extent, by oak forest through 

secondary vegetation succession or by afforestation. Land abandonment may have 

been influenced by high migration rates out of rural areas, state policies appropriating 

common land for afforestation and lowly productive physical conditions (Beilin et al., 

2014). Shrubland and woodland species may benefit from these changes in landscape 

dynamics while farmland species may either decrease or not be significantly affected 

(Dyulgerova et al., 2015; Radović et al., 2013; Sirami et al., 2008). Agricultural land 

abandonment in the Mediterranean is also leading to an increase of wildfire events 

mainly due to i) fuel accumulation, ii) increased ignition sources and iii) increased risk 
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due to climate change (Lloret et al., 2002). The increase in wildfires also favours the 

homogenization of the characteristically already homogenized abandoned areas due to 

fire-prone shrublands persisting in their successional state (Mouillot et al., 2003). 

However, wildfires may also contribute to a dynamic landscape mosaic, creating a 

successional cycle, from low shrublands to tall shrublands to young forest. An Iberian 

study (Moreira et al., 2001) suggested that these changes may promote overall species 

richness as well as shrubland species richness, although at the expense of forest 

species. These fire-created-shrublands can provide habitat, for example, for specialist 

species like Sylvia undata and Carduelis cannabina, which would be otherwise 

unavailable. Ultimately, wildfire impacts depend on fire regimes, with large fires causing 

overall negative effects in diversity, while small-scale fires may be beneficial (Moreira 

et al., 2001; Moreira and Russo, 2007). Land use change models are useful to analyse 

and understand causes and consequences of land use change and to help supporting 

planning and policy. These models can weigh socio-economic and biophysical factors 

that shape the rate and patterns of change in land use and predict landscape 

configuration and composition for different scenarios (Verburg et al., 2004).  

Climate also has effect on bird diversity. The changes in average temperature due 

to global warming affect the phenology of several plants and the life cycles of different 

insects causing a mismatch between species depending on one another. These 

changes have effects on the food availability for breeding birds (Both and Visser, 2005; 

Sanz, 2002). As an example, for Parus major, an insectivorous bird, the main selection 

pressure is the synchronicity between the abundance of caterpillars and their offspring 

needs, which is affected by changes in temperature, causing a decrease in the number 

of fledglings as well as in their weight (Visser et al., 2006). Cuculus canorus is another 

species shown to be affected by this mismatch. Changes in temperature alter the 

migration timings of its hosts, contributing for a lack of synchronicity leading to a 

decline of cuckoo populations (Saino et al., 2009).  

To address the decline in biodiversity, there is a need to identify the main drivers of 

change in a specific location at different spatial levels and to create tools that will help 

the development of sustainable land management plans while maintaining a 

reasonable trade-off with time, effort and costs. Species distribution models (SDMs) 

have been widely used in ecological research. In the last 20 years, modelling tools 

were used for a plethora of objectives such as simulating the spatial distribution of 

terrestrial plants  (e.g. Guisan et al. (1998)), aquatic plants (e.g. Lehmann (1998)), 

insects (e.g. Luoto et al. (2002)), large terrestrial mammals (e.g. Martin et al. (2010)) or 
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birds (e.g. Jetz et al. (2007)). SDMs take ecological niche theory linking the fitness of 

individuals to their environment based on statistical relationships between current 

distribution records of occurrence or abundance and associated environmental 

variables such as climate, landscape composition or topography. For this end, tools 

such as remote sensing have been recently incorporated as means to obtain valuable 

data, for example, for vegetation structure and phenology with good cost-efficiency 

ratio (e.g. De Angelis et al. (2012); Lee et al. (2013)).  

These models can be used to predict changes in distribution across space and time 

and under different potential conditions, although assuming an unchanged response to 

the variables in question (Hirzel and Le Lay, 2008). Generalized Linear Models (GLMs) 

and Generalized Additive Models (GAMs) are two frequently used regression methods 

in ecology based on an assumed relationship between the mean of the response 

variable and the linear combination, or non-linear combination (in the case of GAM), of 

the explanatory variables. They are recognized as being more flexible and better suited 

to handle ecological data that usually have non-normal error structures as data may be 

assumed to be from several probability distribution families. GAMs, specifically, are a 

semi-parametric extension of GLMs, the difference being on the assumption made that 

the functions are additive and the components smooth. This allows to deal with highly 

non-linear and non-monotonic relationships between response and predictive variables 

by being data itself the source of determination of the nature of the relationship instead 

of an a priori assumption of a parametric model (Guisan et al., 2002).   
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1.1. Objectives 

In order to help land management and conservation efforts in the Vez and Sabor 

watersheds, the IND_CHANGE project (University of Porto, University of Aveiro, 

University of Trás-os-Montes, Polytechnic Institute of Bragança and Polytechnic 

Institute of Viana do Castelo) under which this study was conducted, aims to develop 

modelling tools and indicators to characterize the systems’ state and predict landscape 

and biodiversity changes.  

Focusing on the Vez watershed test site, this study aimed to: 

i) Identify the main drivers related to landscape and climate characteristics 

affecting the distribution of passerine bird species richness in the 

watershed; 

ii) Model and predict landscape changes for the year 2048 based on current 

land use/cover change trends in the 2000 – 2012 period; 

iii) Forecast changes in species richness and functional groups (related to 

feeding and habitat preference traits) spatial distribution based on 

projections for land use/cover and climate change in relation to the identified 

drivers; 

iv) Provide valuable assets for land management and conservation efforts by 

providing more knowledge on factors affecting current and future bird 

diversity and overall biodiversity. 
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2. Methods 

2.1.  Study-area description 

 

 

 

 

 

 

 

 

 

 

 

The Vez river watershed is located in the North-western Portugal, in the Minho-

Lima subregion, and belongs primarily to the Arcos de Valdevez municipality (94.2%) in 

the district of Viana do Castelo (Figure 1). It has an average annual temperature of 

14.9 ºC and its average annual precipitation is 1195 mm (URL: www.ipma.pt, Figure  i 

and ii, appendix). With an extent of 262.58 km2, this watershed is crossed by various 

zones of ecological importance. The Peneda-Gerês National Park comprises the 

largest one (12.9%) and it is part of the Portuguese National Network of Protected 

Areas as well as of the network of European protected sites Natura 2000 (42%, Figure 

iii, appendix) Besides Peneda-Gerês, there are also two other classified sites under 

Natura 2000 network, namely: Côrno-do-Bico and the Vez river, as it is a major affluent 

of the Lima river. Peneda-Gerês also constitutes the highest region of the watershed, 

reaching 1418m above sea level at its highest point (Figure iv, appendix) and it is 

comprised mostly of shrublands and open areas with low vegetation, which are also the 

Figure 1 – Location of the Vez watershed in relation to Europe and continental Portugal (left). Land use/cover map 
of the watershed for the year 2012 (right). 
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land use/cover types more prevalent in the whole watershed, followed by annual crops. 

The lowest region, alongside the Vez river, is situated in the western side of the 

watershed and it has a more pronounced heterogeneity of land use, with urban, 

agricultural and forest areas, mainly oak and pine but also eucalyptus. In the last 25 

years, the composition of the landscape didn’t suffer major changes, although it should 

be noted a decrease in agricultural areas and maritime pine stands as well as a slight 

increase in eucalypt and broadleaf forest areas ( 

Table 1 and Figure 8). These changes were accompanied by an accentuated 

decrease and aging in the population of the municipality. In 1950, Arcos de Valdevez 

had a resident population of 39.381 decreasing to 26.976 in 1991 and to 22.847 in 

2011. Since 1981 the population older than 65 years increased by 41.2%, causing this 

region to be one of the oldest of the district (National Institute of Statistics). Wildfires 

also constitute a major driver of change in the region. In the last 25 years, the amount 

of burnt areas has remained relatively stable. The exception being 1998, 2006 and 

2010, when there was a considerable increase almost reaching, in 2006, the 60 km2 

mark (Figure 2 and Figure v in the appendix). 

 

 

Figure 2 - Total amount of burnt area by year since 1990 until 2012 (with the exception of 1994) 
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Table 1 - Land use/cover in the Vez Watershed for 1990, 2000 and 2012 

 

Land use/cover 

 

Area in 1990 

(Km
2
) 

 

Area in 2000 

(Km
2
) 

 

Area in 

2012 (Km
2
) 

 

Difference of area 

2012-1990 (Km
2
) 

 

%change 

2012-1990 

Orchards       0.10 0.08 0.16 0.06 +35.84 

Annual crops 51.51 48.90 43.48 -8.03 -18.46 

Eucalypt 0.71 1.12 2.32 1.61 +69.45 

Other broadleaf 1.87 2.94 4.89 3.02 +61.70 

Water surfaces 0.64 0.64 0.64 0.00 0.00 

Shrublands/Heathlands 74.69 82.61 79.60 4.91 +6.17 

Bare rock         

Sparsely vegetated 
67.03 60.48 64.71 -2.32 -3.58 

Construction sites 0.32 0.15 0.24 -0.08 -33.29 

Olive groves 0.01 0.01 0.00 -0.01      -100.00 

Maritime Pine stands 26.24 25.55 23.95 -2.28 -9.54 

Oak forest 24.61 24.34 26.04 1.43 +5.50 

Other coniferous 1.51 1.41 1.16 -0.35 -30.56 

Transportation 

Other infrastructures 
0.44 0.53 0.88 0.44 +50.37 

Urban areas 12.22 12.87 13.42 1.21 +9.00 

Vineyards 0.89 1.15 1.29 0.39 +30.42 

 

2.2. Environmental Stratification and sampling design 

The sampling strategy employed for selecting locations for infield surveys was a 

two-stage sampling design composed by a first stage which used stratified random 

sampling with 1000×1000m units (defined as Primary Sample Units, PSU) and a 

second stage with systematic sampling using 200×200m units (Secondary Sample 

Units, SSU). Stratified random sampling ensures a fair representation of the landscape 

variability by dividing the watershed in sub-areas of homogenous characteristics. Also, 

its efficiency in comparison with a simple random sampling would be greater in a cost-
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sampling variance scenario (i.e. lower cost with the same variance) (Jongman et al., 

2006). The choice of variables for the development of the stratification (Table 2) was 

based in concepts related with the DPSIR (EEA) causal framework (e.g. diversity of 

land cover as a State (S) variable or wildfire regime as a pressure (P), as well as 

components linked with abiotic conditions (C) - such as climate, topography and soil 

conditions). A Principal Components Analysis (PCA) was employed in order to reduce 

the number of variables excluding highly correlated ones while maintaining the 

soundness of the analysis. In order to obtain the stratification, cluster analysis was 

used. Different algorithms were tested including: K-means, Partition Around Medoids 

(Davies et al.; Kaufman and Rousseeuw, 2008), Hard Competitive Learning (Ripley, 

1996) and Neural Gas (Martinetz et al., 1993)) and compared through the Average 

Silhouette Index (ASI) for evaluation of clustering validity and selection of an adequate 

number of clusters (Rousseeuw, 1987). The PAM algorithm was the one with best 

results, showing a higher ASI value and a lower number of clusters, 6, in this case. The 

division of the area in 6 strata is shown in Figure 3. 

. 

Table 2 - Variables used in the development of the stratification and its relation with DPSIR concepts 

Type (DPSIR) Variables description Dataset 

Conditions 

(C): Climate 

 

Temperature Annual Range (ºC); 

Precipitation of Driest Quarter (Cardinale et al.) 

 

WorldClim –

Bioclimatic 

variables(Hijmans 

et al. 2005) 

 

Conditions  

(C):Topography 

 

Slope (in %; mean value for the 1km
2
square) 

 

IGeoE série 

1:25.000 

 

Conditions  

(C): Soil types 

 

Percentage cover of antrosols; 

Percentage cover of leptosols; 

Percentage cover of leptosols; 

Percentage cover of regosols 

Carta de Solos 

de  

Entre Douro e 

Minho 

 

DPSIR / 

Pressures  

Average 1990 - 2012 burnt area percentage in each 1km
2
square 

 

Cartografia 

Nacional  

de áreas 

ardidas1990-

2012 /ICNF 

 



Predicting the effects of land

 

DPSIR / 

Responses(R) 

 

Percentage cover of Protection Level 0 (no protection status);

Percentage cover of Protection Level 1 (only one of these 

conservation status: Natura 2000 

areas in the National Network of Protected Areas 

Percentage cover of Protection Level 2 (a combination of 2 

conservation status: SAC/SPA, SAC/NNPA or SPA/NNPA);

Percentage cover of Protection Level 3 (the 

combination of all 3 conservation status: 

SAC/ 

SPA/NNPA) 

 

 

Figure 3 - Vez watershed stratification with 6 strata generated by PAM algorithm

Predicting the effects of land-use and climate change on bird species richness in the Vez 

Percentage cover of Protection Level 0 (no protection status); 

Percentage cover of Protection Level 1 (only one of these 

conservation status: Natura 2000 SAC’s or Natura 2000 SPA’s or 

areas in the National Network of Protected Areas - NNPA); 

Percentage cover of Protection Level 2 (a combination of 2 

conservation status: SAC/SPA, SAC/NNPA or SPA/NNPA); 

Percentage cover of Protection Level 3 (the  

of all 3 conservation status:  

 

Vez watershed stratification with 6 strata generated by PAM algorithm 
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Percentage cover of Protection Level 1 (only one of these 

SAC’s or Natura 2000 SPA’s or 

Percentage cover of Protection Level 2 (a combination of 2 

Cartografia da 

Rede  

Nacional de 

Áreas  

Protegidas e 

Rede 

Natura 2000 / 

ICNF 
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The study area was di

reference system, with 1000x1000m

selected through stratified random sampling, as it was a reasonable number of units to 

ensure a trade-off between area cove

(more PSUs wouldn’t add much more information per new unit). The two

sampling strategy allowed 

environmental gradients, by using a stratified 

allowed decreasing the cost of having to survey a 1000x1000m unit by assigning 

five 200x200m secondary sample units to each PSU

the centre, adding up to a total of 120 SSUs 

Figure 4 - Sample locations using the adopted TSS design for a sample size of n = 24

 

 

Predicting the effects of land-use and climate change on bird species richness in the Vez 

The study area was divided in a grid, following the WGS 1984

reference system, with 1000x1000m primary units. For the first stage, 24 PSUs were 

selected through stratified random sampling, as it was a reasonable number of units to 

off between area coverage, sampling costs and information redundancy 

(more PSUs wouldn’t add much more information per new unit). The two

 to have primary sample units dispersed across the different 

environmental gradients, by using a stratified approach, while the second stage, 

allowed decreasing the cost of having to survey a 1000x1000m unit by assigning 

200x200m secondary sample units to each PSU: four for each corner and one in 

the centre, adding up to a total of 120 SSUs selected for field surveying

Sample locations using the adopted TSS design for a sample size of n = 24
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84 – UTM 29N 

For the first stage, 24 PSUs were 

selected through stratified random sampling, as it was a reasonable number of units to 

rage, sampling costs and information redundancy 

(more PSUs wouldn’t add much more information per new unit). The two-stage 

to have primary sample units dispersed across the different 

approach, while the second stage, 

allowed decreasing the cost of having to survey a 1000x1000m unit by assigning 

: four for each corner and one in 

ld surveying (Figure 4). 

 

Sample locations using the adopted TSS design for a sample size of n = 24 
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2.3. Field protocol and in-field campaigns 

The in-field campaign was executed during a period of 12 days spread across more 

than a month, since the 7th of May of 2014 until the 12th of June of 2014. We conducted 

100m fixed-radius point-count surveys (Bibby et al., 2000) in 111 SSU plots (200×200 

m2) with observation points separated by at least 565m m to minimize the probability of 

sampling the same birds more than once. All point counts were visited once during the 

breeding season and surveys were conducted within the first 3h in the morning or 2h 

before sunset. At each SSU, the observer was positioned, when possible, near the 

centroid of the unit.  Each survey lasted 15 minutes and was accomplished either 

through direct visual observation with the aid of binoculars or by auditory identification 

of bird songs. No counts were performed under strong wind, rain or cold weather. It 

was recorded the species name, the hour of observation, temperature and precipitation 

as well as notes relevant to the survey. 

Due to access difficulties (areas without road access or with dense vegetation), five 

PSUs were not visited but were substituted for others in the same stratum. A total of 

nine SSUs were neither visited nor exchanged for another and were discarded due to 

strong access difficulties.  

2.4. Response variables 

From the observation table collected during field campaigns, several response 

variables were calculated and used for analysis and modelling. Species richness of 

passerine bird species is understood as being an overall important indicator and it is a 

widely used metric in environmental avian studies, particularly dealing with spatial 

dynamics (Koskimies, 1989; Natuhara and Imai, 1999; Rabaça and Godinho, 2008; 

Skórka et al., 2006; Wu et al., 2011). Only confirmed observations were used in these 

calculations. Passerine bird species were grouped into three foraging trait groups by 

general habitat preference: (i) open areas, ii) shrublands, and (iii) woodlands according 

to their different degree of dominant functional specialization on open habitats (such as 

farmlands, grasslands or urban rural areas), habitats dominated by shrubs (such as 

heathlands, shrublands or sparsely vegetated areas) or woodland areas. 

Three additional groups by trophic guild, expressing dominant dietary traits were 

used to group species into: i) omnivorous, ii) insectivorous, and iii) granivorous. 

Additionally, and based on these classifications, functional group richness was 

calculated. 
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A total of eight response variables were used to summarize the data collected 

during field campaigns at the SSU level (Table 3) regarding passerine bird 

communities and later used to develop predictive models. 

 

                                     Table 3 - Functional groups derived from field campaigns data 

Acronym Variable name 

spRich Total passerine bird species richness 

Feeding.G Granivorous bird species richness 

Feeding.I Insectivorous bird species richness 

Feeding.O Omnivorous bird species richness 

Foraging.O Open-area species richness 

Foraging.S Shrubland species richness 

Foraging.W Woodland species richness 

funcGroup Functional groups richness 

 

2.5. Predictive variables 

In order to determine which are the main drivers of bird diversity, in the Vez 

watershed, a set of predictive variables was chosen and divided into 5 categories 

known to be linked with bird diversity: i) Landscape Composition (quantifying the 

amount of certain land cover/use types in the landscape), ii) Landscape Configuration 

(detailing the spatial arrangement of landscape elements), iii) Disturbance (mainly 

related to wildfire regime), iv) Climate (expressing bioclimatic gradients in the 

watershed) and v) Topography (related to elevation and topographic 

complexity/heterogeneity (see Table i in appendix for more details). This classification 

was done in order to test different explanative hypotheses related to each category and 

to perform model ranking and selection under the chosen framework (a Multi-Model 

Inference framework) which is further explained in the Modeling framework section 

(2.6). All variables were calculated for each secondary unit of for the whole watershed. 
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Table 4 - Classification of predictive variables categories 

Category/Model 

hypothesis 

Description References 

M1 - Landscape 

Composition 

Type and extent of 

habitat (e.g. area 

occupied by permanent 

crops). 

Landscape structure and breeding bird distribution in a sub-

Mediterranean agro-ecosystem (Farina, 1997); 

Agricultural landscape composition as a driver of 

farmland bird diversity in Brittany (NW France) (Gil-Tena et al., 2015); 

Impact of landscape composition and configuration on forest specialist 

and generalist bird species in the fragmented Lacandona rainforest, 

Mexico (Carrara et al., 2015) 

 

M2 - Landscape 

Configuration 

Landscape 

heterogeneity/complexity 

metrics such as mean 

patch size and edge 

density. 

Landscape heterogeneity metrics as indicators of bird diversity: 

Determining the optimal spatial scales in different landscapes 

(Morelli et al., 2013); Predicting bird species richness using remote 

sensing in boreal agricultural-forest mosaics (Luoto et al., 2004); Effects 

of landscape matrix and habitat structure on a bird community in 

northern Finland: A multi-scale approach(Jokimaki and Huhta, 1996); 

Fragmentation Effects on Forest Birds: Relative Influence of Woodland 

Cover and Configuration on Landscape Occupancy (Villard et al., 1999) 

M3 -Disturbance Recurrence of wildfires 

and extent of affected 

areas.  

Bird response to fire severity and repeated burning in upland hardwood 

forest (Greenberg et al., 2012); Open-habitat birds in recently burned 

areas: the role of the fire extent and species’ habitat breadth (Pons and 

Bas, 2005); Bird communities following high-severity fire: Response to 

single and repeat fires in a mixed-evergreen forest, Oregon, USA  

(Fontaine et al., 2009) 

M4 - Climate Annual and seasonal 

temperature and 

precipitation metrics. 

Climate change and bird phenology: a long-term study in the Iberian 

Peninsula (Gordo and Sanz, 2006);  

The impact of Climate Change on Birds (Crick, 2004) 

M5 - Topography Elevation, slope and 

distance to different river 

types. 

Topography, energy and the global distribution of bird species richness 

(Davies et al., 2007); Spatial Variation in Bird Community Composition 

in Relation to Topographic Gradient and Forest Heterogeneity in a 

Central Amazonian Rainforest (Cintra and Naka, 2012); Reptiles an 

breeding birds on Mt. Hermon: Patterns of altitudinal distribution and 

species richness (Nathan and Werner, 1999) 
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Landscape composition and configuration data were obtained from three Land 

Use/Cover (LUC) maps (Carta de Ocupação do Solo–COS) vector polygon datasets, 

with a minimum mapping unit of 1ha and a total of 15 categories. The Vez watershed 

COS map for 1990 was produced by Instituto Geográfico Português (URL: 

http://ftp.igeo.pt/produtos/CEGIG/COS.htm) and the maps for 2000 and 2012 by Escola 

Superior Agrária do Instituto Politécnico de Viana do Castelo within the scope of the 

IND_CHANGE project. The initial 15 categories of this dataset were then reclassified 

into 9 broader categories (  Table 5) by merging LUC types with similar vegetation 

composition or land use/cover in order to decrease computational and parametrization 

complexity of subsequent modeling procedures while maintaining the 

representativeness of each class. The following classes were merged as 

urban/artificial: U (urban), S (transportation/other infra-structures) and JJ (construction 

sites); permanent crops: A (orchards), O (olive groves) and V (vineyards); pine/other 

coniferous forested areas: P (maritime pine stands) and R (other coniferous); and 

oak/other broadleaf: Q (Oak) and F (Other broadleaf). The percentage cover of each 

land use/cover category by SSU plot was calculated using ArcGIS 10.1 software 

(ESRI, Redlands, CA) for the three available years. 

 

  Table 5 - Categories of land use/cover before and after reclassification 

Old category New category LUC category description 

JJ URB_ART Urban/artificial 

S URB_ART Urban/artificial 

U URB_ART Urban/artificial 

C ANU_CRO Annual crops 

A PER_CRO Permanent crops 

O PER_CRO Permanent crops 

V PER_CRO Permanent crops 

E EUC_SPP Eucalypt 

P PIN_OCN Maritime-pine/Other coniferous 

R PIN_OCN Maritime-pine/Other coniferous 

Q OAK_OBL Oak/Other broadleaf 

F OAK_OBL Oak/Other broadleaf 

I SHR_HEA Shrublands/heathlands 

J BRK_SPV Bare rock/sparsely vegetated 

H WAT_SLI Water surfaces/lines 
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COS maps vector datasets were converted using ArcGis 10.1 to raster files with a 

spatial resolution of 20m2. These raster files were then used for calculating landscape 

configuration metrics (Table i, appendix) with the aid of Fragstats 4.2.1.601 software 

(Kevin Mcgarigal & Edward Ene), for 2000 and 2012. 

 

Bioclimatic data (Table i, appendix) were obtained from WorldClim – Global Climate 

Data for current conditions (1950-2000) downloaded in April 2014 with a spatial 

resolution of 1000m and resampled to 200m using bilinear transformation in order to 

match the spatial resolution of the SSU grid. Topographical variables (Table i, 

appendix) were calculated from a digital elevation model from IGeoE with spatial 

resolution of 20m. For each SSU was obtained the minimum, maximum, mean, range 

and standard deviation values for both slope and elevation. Percentage of burnt area 

and mean of percentage of burnt area (for all years, for 2008-2012 and for 2002-2012) 

by SSU plot were calculated, via ArcGIS 10.1 software (ESRI, Redlands, CA), as a 

Disturbance metric. Data for burnt areas were obtained from Instituto da Conservação 

da Natureza e das Florestas (ICNF) and it spanned from 1990 until 2012, although 

data for 1994 were missing. 

2.6. Modeling framework 

A multi-model inference (MMI) framework was the chosen method for the 

development, ranking and selection of the best predictive models for explaining bird 

distribution patterns and highlighting the most important drivers which were 

hypothesized to be inherently multivariate (i.e. not a single factor, such as topography, 

will have the whole explanatory capacity to predict the spatial distribution of species 

richness). This framework allows weighing and ranking different models based on their 

relative explanative power. Instead of having only one explanative model tested against 

a null hypothesis, different models (or hypotheses) are compared and ranked in 

relation to each other thus quantifying the model selection uncertainty and measuring 

the relative quality of the models (Burnham et al., 2011; Symonds and Moussalli, 

2011). To this end, five models based on the five predictive variables categories (2.5 

Predictive variables) were created, testing each corresponding hypothesis (e.g. Do 

landscape configuration metrics solely predict bird diversity spatial distribution?). A 

saturated model containing selected variables from all categories was also developed 

in order to test a multivariate explanation of distribution drivers. 
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We used Generalized Additive Models (GAMs) (Wood, 2006) implemented in mgcv 

R package to represent and model the expected non-linear relationships (e.g. Kosicki 

and Chylarecki (2012), Mag et al. (2011)) between passerine bird species richness and 

landscape configuration, composition, topography, climate and disturbance predictors 

using a Poisson distribution. GAMs are a semi-parametric blend of Generalized Linear 

Models (GLMs) and Additive models that allow fitting non-linear relationships without 

an a priori assumption of a parametric model which is limited in its available shape of 

response curves (Guisan et al., 2002; Hastie and Tibshirani, 1986). For each response 

variable, we created an intersect-only model, a model for each predictor category and a 

combined model of all categories. From the whole set of predictor variables within each 

category, Spearman correlation tests were performed in order to pre-select and reduce 

the initial number of variables by excluding highly correlated ones (Sp. Cor > 0.75) in 

order to make the models more parsimonious and less likely of having overfitting 

problems. For homogeneity purposes, we used variables from all five categories for all 

models. To test for multicollinearity between the variables in each model, the square-

root of the Variance Inflation Factors (VIF) was calculated. According to this test there 

were no strong multicollinearity problems detected (all values below 2). A Durbin-

Watson test was used via R car package to test for autocorrelation in the residuals and 

all the models showed no autocorrelation for their residuals (p-value < 0.05) at lag 1. 

In order to rank and compare the models, Akaike Information Criterion (AIC) was 

the chosen model selection method. Since the input data has a relatively small sample 

size (n/k < 40; n = sample size; k = number of fitted parameters in the most complex 

model) a modified version of AIC (AICc) was used. 

��� =  −2 �� (�) + 2� 

���� =  ��� +  
2�(� + 1)

� − � − 1)
 

L = maximum likelihood estimate for the model 

For model comparison based on the AICc, we used ΔAICc (AICc modavg and 

MuMIn R packages). ΔAICc is the difference between the AICc value of the best model 

and the value of each of the other models. A ΔAICc with a value lower than 2 was 

considered for models with highest support i.e., pertaining to the confidence set. 

Values between 2 to 10 were considered with moderate or acceptable support and 

greater than 10 were considered implausible. Adding to this, Akaike weights (wi) were 

also calculated with values ranging between 0 and 1; the sum of Akaike weights of all 
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models in the candidate set being 1. This measure can be considered equivalent to the 

probability that a given model is the best approximating model thus providing the 

previously mentioned quantification of model selection uncertainty (Burnham et al., 

2011; Symonds and Moussalli, 2011). 

The saturated model (combining all tested hypotheses) performed better for the 

majority of response variables modelled (considering both MMI metrics and goodness-

of-fit), with a few exceptions, but for homogeneity and clarity purposes, and, since R2 

and Spearman correlation values were still acceptable and showed a better fit than for 

other models, we decided to use the saturated model for obtaining spatial predictions 

for the whole study-area for all response variables. 

 

2.7. Future projections 

Using data for future environmental conditions, obtained from climate and land 

use/cover projections, and models calibrated with current conditions, we forecasted the 

future distribution of bird species richness for the whole watershed for the reference 

year of 2048. In the next sub-sections, a description regarding the datasets and 

methods used to obtain these projections datasets are presented. 

2.7.1.1 Climatic projections 

Climatic data for future conditions, downloaded also from WordClim, were derived 

from the IPCC Fifth Assessment Reports’s (IPCC-CMIP5) Representative 

Concentration Pathways (RCPs) change projections. This projections start from 2000 

as a base year and encompass projections until 2300. We used two of these RCPs, the 

ones with lowest and highest greenhouse gas concentrations: RCP 2.6 and 8.5, 

respectively. RCP 2.6 was developed by the IMAGE modeling team of the Netherlands 

Environmental Assessment Agency Results and assumes a peak of emissions in 2010-

2020 with a substantial reduction over time based on van Vuuren et al. (2007) 

scenario. RCP 8.5 was developed by the MESSAGE modeling team and the IIASA 

Integrated Assessment Framework at the International Institute for Applied Systems 

Analysis, Austria, and assumes a continuous rise in emissions throughout the future 

years based on the Riahi et al. (2007) A2r scenario. 

In order to minimize problems due to non-analogous climatic situations appearing 

in future projections that didn’t appear in the calibration scenario (Fitzpatrick and 
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Hargrove, 2009) mainly due to the small calibration area - which can result in invalid 

results for some units - the climatic variables in which the medians for the projection 

values were outside the 2.5%-97.5% interval (in comparison with current data) were 

removed and substituted with non-problematic ones. 

 

2.7.2.1. Land use/cover projections 

In order to obtain future projections of land use/cover patterns, we used Dinamica 

EGO 64 2.4.1 (URL: www.csr.ufmg.br/dinamica) software to analyse current LUC 

changes between 2000 and 2012 and to use those trends to forecast the future 

landscape composition and configuration for the reference year of 2048. 

Dinamica EGO utilizes weights of evidence (WoE) (Agterberg, 1992; Fan et al., 

2011) as means to produce transition probability maps that depict the most favourable 

areas for change (Soares-Filho et al., 2001) using both Markov chain matrices to 

determine the quantity of change and a cellular automata approach to reproduce 

spatial patterns. This Bayesian method measures the effect of a spatial predictive 

variable on a transition independently of a combined solution and is not constrained by 

parametric assumptions that spatial data often violate. Comparison studies (Yi et al., 

2012) shown Dinamica EGO to precisely predict the amount of land use change with 

outcomes being consistent with empirical results. 

Land cover modeling was based on the available COS 2000 and 2012 maps 

(converted into raster format) as input data with a minimum mapping unit of 1ha and 9 

land cover categories describing the dominant class of each patch. This raster was set 

to a  a spatial resolution of 20m selected after visual inspection of several conversions 

using different cell sizes (100m, 50m, 25m, 20m and 10m) and being seen as having a 

good trade-off between data size/complexity and ability to represent the spatial 

configuration of original land cover patches. For calibration purposes, we used the 

software to identify the changes in land cover between 2000 and 2012. For this 

purpose we calculated a matrix denoting the transition rates between those years and 

a change matrix denoting the amount of change. A total of 50 transitions were identified 

by the transition matrix. 
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For the estimation of the transition

related to physiography/topography, soil types, road networ

use/cover types or geographic features (rivers), disturbance (related to forest fires), 

nature protection/conservation and changes in demography and socio

used (Table ii). The transition parameters required by Dinamica EGO (Mean Patch 

Size (MPS), Patch Size Variance (PSV) and Isometry (ISM)) that control the design of 

the forecasted landscape configuration (e.g. a high patch size variance pr

more fragmented landscape) were estimated based on

Fragstats software.  

 

For the evaluation of 

projected and the actual map for 2012 (one time

cover spatial models require a neighbourhood context comparison since, even if a 

pixel-by-pixel match is not present, there still can exist spatial similarity in the vicinity

(Fewster and Buckland, 2001

hypothesis in which all transition probabilities were set to p=0.5.

2000 and 2012 maps, each 

Consequentially, after three iterations

2.8. Statistical analysis

In order to assess statistically significant differences between distributions, a 1

tailed Wilcoxon signed-rank test was performed using R 3.1.2 software between the 

current distribution and both future distributions. The results are sh

Table 23. To have a more descriptive presentation of the predicted trends, we also 

Figure 5 – DINAMICA EGO model schematics

Predicting the effects of land-use and climate change on bird species richness in the Vez 

of the transition probability maps, several predictive variables 

pography, soil types, road network, proximity/distance to land 

ver types or geographic features (rivers), disturbance (related to forest fires), 

nature protection/conservation and changes in demography and socio

The transition parameters required by Dinamica EGO (Mean Patch 

Size (MPS), Patch Size Variance (PSV) and Isometry (ISM)) that control the design of 

the forecasted landscape configuration (e.g. a high patch size variance pr

more fragmented landscape) were estimated based on the COS 2012 map and 

 the transition model, a fuzzy similarity index between the 

l map for 2012 (one time-step) was calculated. T

cover spatial models require a neighbourhood context comparison since, even if a 

pixel match is not present, there still can exist spatial similarity in the vicinity

Fewster and Buckland, 2001). The evaluation was made testing against a nu

hypothesis in which all transition probabilities were set to p=0.5. As the calibratio

2000 and 2012 maps, each model iteration represented a twelve year change

onsequentially, after three iterations, the 2048 projection map was produced.

ical analysis 

In order to assess statistically significant differences between distributions, a 1

rank test was performed using R 3.1.2 software between the 

current distribution and both future distributions. The results are shown in

To have a more descriptive presentation of the predicted trends, we also 

DINAMICA EGO model schematics 
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, several predictive variables 

k, proximity/distance to land 

ver types or geographic features (rivers), disturbance (related to forest fires), 

nature protection/conservation and changes in demography and socio-economy were 

The transition parameters required by Dinamica EGO (Mean Patch 

Size (MPS), Patch Size Variance (PSV) and Isometry (ISM)) that control the design of 

the forecasted landscape configuration (e.g. a high patch size variance produces a 

COS 2012 map and 

the transition model, a fuzzy similarity index between the 

was calculated. Typically, land 

cover spatial models require a neighbourhood context comparison since, even if a 

pixel match is not present, there still can exist spatial similarity in the vicinity 

. The evaluation was made testing against a null 

As the calibration used 

iteration represented a twelve year change. 

the 2048 projection map was produced. 

In order to assess statistically significant differences between distributions, a 1-

rank test was performed using R 3.1.2 software between the 

own in the synthesis 

To have a more descriptive presentation of the predicted trends, we also 
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analysed the differences in species richness between distributions and determined the 

percentage of area, for a given response variable, that is likely to have either an 

increase or a decrease. Only data higher than +1/-1 median absolute deviation was 

reckoned, in order to avoid minimal changes to be counted as an effective 

increase/decrease. 
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3. Results and 

3.1. Results 

3.1.1.  Field data analysis

During field survey, a total of 

passerine bird species as shown in

preferences, 36 observed species are 

omnivorous. In relation to habitat preferences, 29 

areas, 20 to woodlands/forests and 12 to

Figure 6 - Number of species observe

3.1.2. Land use/cover

The resulting land use/cover map for the year 2048, obtained through DINAMICA 

EGO software and following current LU

the following changes in the watershed:  the village of Arcos de Valdevez will continue 

to expand its urbanization process, increasing urban and artificial areas in nearby non

consolidated areas; shrublands a

favour of sparsely vegetated/open areas of bare rock, particularly in elevated areas in 

the east part of the Vez river watershed

southeast part of the waters

related with eucalypt plantations and natural oak forests and other broadleaf species 
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and Discussion 

Field data analysis  

a total of 2501 individuals were observed and 

passerine bird species as shown in Table  iii, in the appendix. Pertaining to foraging 

references, 36 observed species are insectivorous, 13 are granivorous

. In relation to habitat preferences, 29 are mostly associated with open

areas, 20 to woodlands/forests and 12 to shrublands (Figure 6).      

Number of species observed by functional group 

 

cover projections for 2048 

The resulting land use/cover map for the year 2048, obtained through DINAMICA 

EGO software and following current LUC dynamics for the 2000 – 2012 period, predicts 

the following changes in the watershed:  the village of Arcos de Valdevez will continue 

to expand its urbanization process, increasing urban and artificial areas in nearby non

consolidated areas; shrublands are predicted to face an overall decrease, mostly in 

favour of sparsely vegetated/open areas of bare rock, particularly in elevated areas in 

the east part of the Vez river watershed, although shrubland areas in the north and the 

theast part of the watershed were predicted to expand; production forested areas 

related with eucalypt plantations and natural oak forests and other broadleaf species 

Functional groups
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and divided in 61 

. Pertaining to foraging 

granivorous and 12 are 

are mostly associated with open-

 

The resulting land use/cover map for the year 2048, obtained through DINAMICA 

2012 period, predicts 

the following changes in the watershed:  the village of Arcos de Valdevez will continue 

to expand its urbanization process, increasing urban and artificial areas in nearby non-

re predicted to face an overall decrease, mostly in 

favour of sparsely vegetated/open areas of bare rock, particularly in elevated areas in 

, although shrubland areas in the north and the 

predicted to expand; production forested areas 

related with eucalypt plantations and natural oak forests and other broadleaf species 
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total area will likely increase in the watershed; in opposite, pine/coniferous forests 

recorded a decrease although in areas surrounding the river course might actually 

expand. Annual crops may face the largest decrease, as land abandonment may 

continue to happen, although permanent crops are predicted to have a slight increase, 

though their percentage of occupancy is much lower than annual crops (Table 6 and 

Figure 7 and Figure 8). Structurally, it is expected an increase of homogeneity of the 

landscape, with bigger patches, less shape complexity and less density of edges 

(Figure 9 and Figure 10). 

Table 6 - Predicted changes in land/use cover in the Vez watershed for 2048 

 

Land use/cover 

 

Area in 

1990 (Km
2
) 

 

Area in 

2000 (Km
2
) 

 

Area in 2012 

(Km
2
) 

 

Area in 2048 

(Km
2
) 

 

% Change (2012-2048) 

Urban Artificial 

areas (URB_ART) 
12.96 13.53 14.53 16.92 +14.13 

Annual crops 

(ANU_CRO) 
51.47 48.87 43.45 32.23 -34.81 

Permanent crops 

(PER_CRO) 
1.00 1.24 1.44 1.64 +11.94 

Eucalypt 

(EUC_SPP) 
0.71 1.12 2.32 4.36 +46.92 

Maritime pine 

Other coniferous 

(PIN_OCN) 

27.73 26.94 25.09 23.32 -7.62 

Oak 

Other broadleaf 

(OAK_OBL) 

26.46 27.26 30.92 35.08 +11.87 

Shrublands 

Heathlands 

(SHR_HEA) 

74.64 82.55 79.54 74.94 -6.14 

Bare rock 

Sparesly vegetated 

(BRK_SPV) 

66.97 60.44 64.66 73.60 +12.15 

Water surfaces 

Water lines 

(WAT_SLI) 

0.64 0.64 0.64 0.63 -0.48 
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Figure 7–  Land use/cover maps for the Vez watershed for 2000, 2012 and also predicted land use/cover map for the Vez watershed for the reference year of 2048. 
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Figure 8 - Change in area of LUC categories 1990 - 2012 and prediction for 2048 

 

 

 

 

Figure 9 - Boxplots of landscape structure metrics for 1990, 2000, 2012 and a prediction for 2048. From left to right: Median 
Patch Area, Log10 Median Proximity Index, Log10 Median Euclidean Nearest Neighbour. 
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With the exception of median patch area, these landscape configuration metrics all 

show an estimated decrease for the reference year 2048. An overall increase in patch 

areas and decrease in Euclidean nearest neighbour and proximity index translate in a 

less fragmented landscape, with largest and less isolated patches, which also means a 

more homogenous landscape. Adding to this, the landscape might also lose shape 

complexity, reducing the number of edges with patches having overall more simplified 

shapes (Figure 9 and Figure 10). 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 10 - Boxplots of landscape structure metrics for 1990, 2000, 2012 and a prediction for 2048. From left to right: 
Median shape index, standard deviation of Shape Index, Edge Density 



FCUP 
Predicting the effects of land-use and climate change on bird species richness in the Vez 

watershed, Portugal 

28 
 

 

3.1.3. Identification of main drivers of species richness, model 

selection and prediction of future distribution 

3.1.3.1. Total species richness 

Table 7 - GAM models for species richness ranked by corrected Akaike information criteria (AICc) and corrected Akaike 
differences (ΔAICc). R2 and Spearman correlation values are also shown. 

Model 
name 

K AICc ΔAICc AICc wi R
2
 Deviance 

explained 
Spearman 
correlation 

all 11.6 521.6 0.00 0.87 0.24 0.29 0.52 

ldcomp 6.8 525.5 3.87 0.13 0.16 0.19 0.42 

ldconf 3.3 532.0 10.37 0.01 0.08 0.10 0.28 

disturb 2.6 532.9 11.32 0.00 0.07 0.08 0.28 

clim 2.3 541.9 20.29 0.00 0.01 0.02 0.12 

intOnly 1.0 542.0 20.35 0.00 0.00 0.00 - 

topog 2.0 544.0 22.42 0.00 -0.01 0.00 0.00 

 

According to MMI results (Table 7) for total species richness, the saturated model 

(i.e. including all predictor variables) performed better than any of the competing 

models with an AICc difference greater than 2 for the second better performing model 

(landscape composition) and an Akaike weight of 0.87. Spearman correlation between 

observed and predicted values shows a value of 0.52 and R2 of 0.24. The remaining 

models showed weak performance, with ΔAICc values falling outside the acceptable 

range (ΔAICc > 10), low correlation values and low differences in relation to the 

intercept-only model. Landscape composition metrics are the strongest predictors of 

species richness distribution, followed by landscape configuration metrics and wildfires. 

In the saturated model, the most significant variable was maritime pine/other 

coniferous, followed by median of Euclidean nearest neighbour, Shannon’s diversity 

index and isothermality (Table 8). 
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Table 8 - Predictor variables included in the saturated model for 

total bird species richness. The degrees of freedom are shown as well as 
the χ2 test to evaluate predictor significance (NS – non-significant p>0.05, * 
p≤0.05, ** p≤0.01, *** p≤0.001, **** ≤0.0001). 

Predictive 
variable 

edf Ref.edf χ2 p-value 

CAT_2 1.72 1.917 2.264 NS 

CAT_4 1.70 1.903 1.776 NS 

CAT_5 1.89 1.986 9.546 ** 

CAT_6 1.00 1.000 0.565 NS 

CAT_7 1.00 1.000 1.788 NS 

ENN_MD 1.88 1.983 6.601 * 

SHAPE_MD 1.47 1.720 2.705 NS 

SHDI 1.00 1.000 4.644 * 

BIO03 1.47 1.720 6.966 * 

BIO13 1.00 1.000 2.515 NS 

DistRive_S
grt2 

1.00 1.000 0.311 NS 

MeaA_10yr 1.29 1.487 2.086 NS 
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Figure 12 - Boxplot of total passerine species richness 
distribution by year. ♢ = Median 

Figure 11 - Histogram of total species richness differences between current and future (RCP 2.6 and RCP 8.5) 
distributions with median centered on zero to show asymmetries in differences. The dashed red line marks +1/-1 
MAD around median values. 
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Figure 13–Mapped species richness current and future distributions and 2012 - 2048 differences 
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Bare rock or sparsely vegetated areas located in the highest region are clearly the 

areas with lowest richness in the whole watershed. Heterogeneous mosaics, 

composed of annual crops and natural forests, are the areas with highest species 

richness (Figure 13). Future species richness distribution is predicted to have an 

overall decrease (Figure 12 and Figure 11). This decrease is more accentuated in the 

RCP 8.5 scenario, where almost 40% of the area of the watershed is predicted to suffer 

a reduction in species richness versus increase in only 12%. The prediction for the 

RCP 2.6 scenario is decrease in species richness in 29% of the area against increase 

in 12%. Both differences were statistically significant. This predicted decrease is 

expected to have the most drastic effect in a region located in the southwest of the 

watershed. 

 

3.1.3.2. Functional groups richness 

Table 9 - GAM models for functional groups richness ranked by corrected Akaike information criteria (AICc) and 
corrected Akaike differences (ΔAICc). R2 and Spearman correlation values are also shown. 

Model 
name 

K AICc ΔAICc AICc wi R
2
 

Deviance 
explained 

Spearman 
correlation 

ldcomp 7.6 456.3 0.00 0.46 0.19 0.21 0.44 

disturb 2.0 456.7 0.40 0.38 0.08 0.09 0.29 

ldconf 3.4 459.2 2.90 0.11 0.07 0.09 0.27 

all 12.6 462.0 5.64 0.03 0.21 0.28 0.48 

intOnly 1.0 463.1 6.82 0.06 0.00 0.00 - 

topog 2.0 464.0 7.66 0.01 0.00 0.01 0.06 

clim 2.0 465.1 8.75 0.01 -0.01 0.00 0.08 

 

According to MMI results for functional groups species richness (Table 9), the 

landscape composition model performed better than any of the competing models in 

relation to Akaike weights and ΔAICc, however the saturated model was the one with 

the highest Spearman correlation and R2 values of 0.48 and 0.21, respectively. 

Landscape composition model also had good performance with slightly lower values of 

R2 and of Spearman correlation; although for homogeneity across models purposes the 

saturated model was the selected one. Disturbance and land configuration were the 

other models that have an acceptable support. The remaining models showed weak 

performance, having a worse fit than the intercept-only model. Landscape composition 

metrics, followed by disturbance and land configuration are the strongest predictors of 

functional species richness distribution (Table 10).  
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Table 10 - Predictor variables included in the saturated model for functional groups richness. The degrees of 
freedom are shown as well as the χ2test to evaluate predictor significance (NS – non-significant p>0.05, * 
p≤0.05, ** p≤0.01, *** p≤0.001, **** ≤0.0001). 

Predictive variable edf Ref.edf χ2 p-value 

CAT_2 1.000 1.000 1.034 NS 

CAT_3 1.154 1.284 2.823 NS 

CAT_5 1.851 1.975 4.715 NS 

CAT_7 1.000 1.000 0.459 NS 

CAT_8 1.438 1.681 0.452 NS 

PROX_MD 1.000 1.000 2.154 NS 

SHAPE_MD 1.190 1.341 1.810 NS 

BIO13 1.000 1.000 0.042 NS 

Slope_Min 1.000 1.000 0.358 NS 

MeaA_10yr 1.000 1.000 1.731 NS 
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Figure 14 - Boxplot of functional groups species richness 
distribution by year. ♢ = Median 

Figure 15 - Histogram of functional groups species richness differences between current and future (RCP 2.6 and RCP 
8.5) distributions with median centered on zero to show asymmetries in differences. The dashed red line marks +1/-1 
MAD around median values. 
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Figure 16 – Mapped functional groups richness current and future distributions and 2012 - 2048 differences 
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The area circumscribing the Vez river, with its mosaic of urban, forest and crop 

patches is noticeably the area with highest richness of functional groups. The outer 

limits of the watershed (northern, south-western and south-eastern) are the ones with 

lowest richness (Figure 16). 

The slight decrease predicted for the RCP 2.6 scenario (Figure 14 and Figure 

15) is not statistically significant (Table 23). However, the one predicted for RCP 8.5 is. 

Comparing with the expected alterations in total species richness, the ones forecasted 

for functional groups are softer, with only 22% of the total area of the watershed 

predicted to suffer decrease in richness, happening particularly alongside the Vez river. 

This result is the lower one for all the predicted decreases across the tested response 

variables for the RCP 8.5 scenario. 

 

3.1.3.3. Granivorous species richness 

 

Table 11 - GAM models for granivorous species richness ranked by corrected Akaike information criteria (AICc) and 
corrected Akaike differences (ΔAICc). R2 and Spearman correlation values are also shown. 

Model 
name 

K AICc Δ AICc AICc wi R
2
 

Deviance 
explained 

Spearman 
correlation 

all 15.60 319.5 0.00 0.70 0.39 0.42 0.68 

ldcomp 7.49 321.2 1.67 0.30 0.26 0.28 0.61 

ldconf 3.42 345.1 25.62 0.00 0.07 0.08 0.29 

topog 3.71 346.6 27.10 0.00 0.05 0.07 0.24 

disturb 2.84 347.2 27.66 0.00 0.05 0.06 0.24 

clim 3.00 350.2 30.69 0.00 0.03 0.04 0.16 

intOnly 1.00 352.6 33.09 0.00 0.00 0.00 - 

 

According to MMI results for granivorous species richness (Table 11) the saturated 

model performed better than any of the competing models in relation to Akaike weights 

and ΔAICc. The saturated model was also the one with the highest Spearman 

correlation and R2 values (0.68 and 0.39 respectively). Landscape composition model 

was the only other model showing a good fit, with a high value of Spearman correlation 

(0.61) and R2 (0.26). It also had a good value for ΔAICc. The remaining models had 

noticeably worse performances with Akaike weights of 0.00 and ΔAICc values higher 

than 20. In the saturated model, the most significant variable was urban/artificial areas, 

followed by shrublands/heathlands and area weighted mean of Euclidean nearest 

neighbour (Table 12). 
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Table 12 - Predictor variables included in the saturated model for 
granivorous species richness. The degrees of freedom are shown 
as well as the χ2test to evaluate predictor significance (NS – non-
significant p>0.05, * p≤0.05, ** p≤0.01, *** p≤0.001, **** ≤0.0001). 

Predictive variable edf Ref.edf χ2 p-value 

CAT_1 1.926 1.994 16.344 *** 

CAT_2 1.000 1.000 0.546 NS 

CAT_5 1.311 1.524 0.842 NS 

CAT_6 1.000 1.000 3.430 NS 

CAT_7 1.000 1.000 5.699 ** 

ENN_AM 1.625 1.858 10.952 ** 

SHAPE_MD 1.000 1.000 0.577 NS 

BIO03 1.000 1.000 0.471 NS 

BIO13 1.000 1.000 0.463 NS 

Slope_STD 1.000 1.000 1.650 NS 

DistRive_Sgrt2 1.000 1.000 0.213 NS 

MeaA_10yr 1.782 1.952 3.454 NS 
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Figure 17 - Boxplot of granivorous species richness distribution by year. ♢ = Median 

 

Figure 18 - Histogram of granivorous species richness differences between current and future (RCP 2.6 and RCP 
8.5) distributions with median centered on zero to show asymmetries in differences. The dashed red line marks +1/-1 
MAD around median values. 
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Figure 19 – Mapped granivorous species richness current and future distributions and 2012 - 2048 differences 



FCUP 
Predicting the effects of land-use and climate change on bird species richness in the Vez 

watershed, Portugal 

40 
 

 

 

The agricultural-urban mosaic that circumscribes the Vez river is the region of the 

watershed that show highest richness in granivorous species. The remaining area of 

the watershed has, comparatively, low richness (Figure 19). 

Both scenarios (RCP 2.6 and RCP 8.5) show statistically significant differences 

against the current distribution. For the RCP 2.6 scenario is predicted an increase in 

both in median of species richness as well as in percentage of area likely to suffer 

changes. The ratio between areas of decrease and increase is low, with a difference 

slightly higher than 1%. This ratio is higher in the 8.5 scenario. However, this scenario 

has the opposite tendency, as it is predicted a decrease in species richness (see 

Figure 17, Figure 18 and Table 23). The shrublands/bare rock areas, located east of 

the watershed, are the regions where the increase in this group is expected to be most 

noticeable 

3.1.3.4. Omnivorous species richness 

Table 13 - GAM models for omnivorous species richness ranked by corrected Akaike information criteria (AICc) 
and corrected Akaike differences (ΔAICc). R2 and Spearman correlation values are also shown. 

Mode 
name 

K AICc Δ AICc 
 

AICcwi 
 

R
2
 

Deviance 
explained 

Spearman 
correlation 

ldconf 3.0 316.1 0.00 0.77 0.13 0.12 0.36 

all 11.5 320.7 4.55 0.08 0.20 0.25 0.52 

ldcomp 6.4 320.8 4.69 0.07 0.13 0.14 0.40 

disturb 2.0 322.1 4.99 0.06 0.06 0.06 0.26 

clim 2.4 325.1 8.97 0.01 0.02 0.03 0.15 

intOnly 1.0 326.0 9.84 0.01 0.00 0.00 - 

topog 2.0 327.6 11.50 0.00 -0.00 0.00 0.06 

 

Land configuration model was the one with better performance in relation to Akaike 

weights values (0.77 against 0.08 scored by the second best model – the saturated 

one) (Table 13). However, the saturated model had higher values of Spearman 

correlation (0.52) and R2 (0.20) which, along homogeneity across models purposes, 

justified its selection as favoured model. Landscape composition model also showed 

good fit with a 0.40 value for Spearman correlation model and an acceptable ΔAICc. 

Worse but still acceptable, disturbance and climate models had reasonable 

performances. On the other hand, the topography model had worse performance than 

the null model. The most significant variable included in the saturated model was area-

weighted mean of radius of gyration (Table 14).  
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Table 14 - Predictor variables included in the saturated model for 
omnivorous richness. The degrees of freedom are shown as well as 
the χ2test to evaluate predictor significance (NS – non-significant 
p>0.05, * p≤0.05, ** p≤0.01, *** p≤0.001, **** ≤0.0001). 

Predictive variable edf Ref.edf χ2 p-value 

CAT_2 1.000 1.000 3.111 NS 

CAT_5 1.042 1.082 2.088 NS 

CAT_7 1.000 1.000 0.227 NS 

CAT_9 1.845 1.976 1.903 NS 

SHAPE_MD 1.000 1.000 2.493 NS 

GYRATE_AM 1.000 1.000 6.136 ** 

BIO16 1.636 1.867 1.377 NS 

Slope_Mean 1.000 1.000 0.038 NS 

MeaA_10yr 1.000 1.000 1.432 NS 
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Figure 21 - Boxplot of omnivorous species richness distribution by year. ♢= Median 

Figure 20 - Histogram of omnivorous species richness differences between current and future (RCP 2.6 
and RCP 8.5) distributions with median centered on zero to show asymmetries in differences. The dashed red 
line marks +1/-1 MAD around median values. 
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Figure 22 - Mapped omnivorous species richness current and future distributions and 2012 - 2048 differences 
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Currently, the distribution of omnivorous species is scattered throughout the west of 

the watershed, with the lowest richness areas being found to the east (Peneda-Gerês), 

in the shrubs/bare rock dominated region, and right along the Vez River (Figure 22) 

 The predicted tendency is a general decrease in both future scenarios with 

statistically significant differences against the current distribution (Figure 21, 21 and 

Table 23). The percentage of areas that are likely to suffer decrease is predicted to be 

3 times higher than the percentage of areas predicted to face an increase of species 

richness in both future scenarios.  

3.1.3.5. Insectivorous species richness 

 

Table 15 - GAM models for insectivorous species richness ranked by corrected Akaike information criteria (AICc) and 
corrected Akaike differences (ΔAICc). R2 and Spearman correlation values are also shown. 

Model 
name 

K AICc ΔAICc 
 

AICc wi 
 

R
2
 

Deviance 
explained 

Spearman 
correlation 

ldcomp 6.7 434.2 0.00 0.61 0.125 0.15 0.37 

ldconf 3.9 436.2 2.00 0.23 0.066 0.10 0.25 

all 13.5 437.6 3.33 0.12 0.182 0.25 0.46 

topog 2.0 440.3 6.09 0.03 0.039 0.04 0.18 

disturb 2.0 443.3 9.10 0.01 0.009 0.07 0.12 

intOnly 1.0 443.4 9.16 0.01 0.000 0.00 - 

clim 3.6 444.0 9.79 0.01 0.018 0.04 0.20 

 

According to the MMI results (Table 15), landscape composition and landscape 

configuration models were the ones with better performance with ΔAICc lower than 2 

and Akaike weights of 0.61 and 0.23, respectively. However, the saturated model 

showed better results for Spearman correlation and R2 and for homogeneity purposes it 

was the selected model. Topography performed reasonably with a ΔAICc still in the 

acceptable range but the disturbance and climate models didn’t differ much from the 

intercept-only model. Precipitation of the wettest month was the variable most 

significant variable included in the saturated model (Table 16). 
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Table 16 - Predictor variables included in the saturated model for 
insectivorous species richness. The degrees of freedom are shown as well 
as the χ2test to evaluate predictor significance (NS – non-significant 
p>0.05, * p≤0.05, ** p≤0.01, *** p≤0.001, **** ≤0.0001). 

Predictive 
variable 

edf Ref.edf χ2 p-value 

CAT_1 1.000 1.000 0.010 NS 

CAT_5 1.636 1.865 2.638 NS 

CAT_6 1.371 1.604 1.196 NS 

CAT_9 1.612 1.848 4.838 NS 

PARA_MD 1.833 1.972 5.256 NS 

GYRATE_CV 1.000 1.000 1.001 NS 

BIO03 1.000 1.000 2.790 NS 

BIO13 1.000 1.000 4.486 * 

Slope_STD 1.000 1.000 2.951 NS 
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Figure 24  - Histogram of insectivorous species richness differences between current 
and future (RCP 2.6 and RCP 8.5) distributions with median centered on zero to show 
asymmetries in differences. The dashed red line marks +1/-1 MAD around median values. 

Figure 23 - Boxplot of insectivorous species richness distribution by year. 

♢ = Median 
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Figure 25–Mapped insectivorous species richness current and future distributions and 2012 - 2048 differences 
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Insectivorous species have high richness values along the water lines of the 

watershed. Forest areas of oak and pine/coniferous, particularly if part of an 

agricultural-forest mosaic, which mostly occur in the western and northern limits of the 

watershed also host high values. In the other hand, the landscape mosaic that 

circumscribes the Vez river has the lowest values of richness (Figure 25). There were 

statistically significant differences between the current distribution and both future 

scenarios. For RCP 8.5, it is expected the most severe decrease in all predicted cases, 

with 53% of total area of the watershed being expected to suffer decrease in species 

richness of insectivores, with only 3% of area being predicted to face an increase. In 

the 2.6 scenario, the differences in percentage of area are lower than in RCP 8.5 

though are still one of the higher differences of all predicted scenarios (9% of increase 

against 28%) (Figure 23, 24 and Table 23). 

 

3.1.3.6. Open-areas species richness 

 

Table 17 - GAM models for open-areas species richness ranked by corrected Akaike information criteria (AICc) 
and corrected Akaike differences (ΔAICc). R2 and Spearman correlation values are also shown. 

Model 
name 

K AICc ΔAICc 
 

AICc wi 
 

R
2
 

Deviance 
explained 

Spearman 
correlation 

ldcomp 7.8 369.6 0.00 0.98 0.43 0.47 0.67 

all 17.1 377.6 8.03 0.02 0.54 0.50 0.78 

ldconf 5.7 415.9 46.30 0.00 0.19 0.15 0.22 

disturb 2.7 431.2 61.63 0.00 0.03 0.04 0.21 

topog 2.8 433.7 64.16 0.00 0.02 0.03 0.20 

clim 3.0 434.0 64.45 0.00 0.02 0.03 0.14 

intOnly 1.0 435.8 66.21 0.00 0.00 0.00 - 

 

  According to the MMI results (Table 17), landscape composition model was the 

model with best performance, with an Akaike weight of 0.98 overshadowing all other 

models and high Spearman correlation and R2 values (0.67 and 0.43, respectively). 

However, even with a low Akaike weight and a low but still acceptable ΔAICc, the 

saturated model had slightly higher values for these two statistics and for across 

models homogeneity purposes was the selected model. The saturated model was 

the best performing one of all the tested models in this study. The remaining models 

showed ΔAICc values far from the acceptable range and not too different from the 

intercept-only model. Urban/artificial areas was the most significant variable included 
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in the saturated model, followed by maritime pine/coniferous forests, bare 

rock/sparsely vegetated and coefficient of variation of related circumscribing circle 

(Table 18). 

 

Table 18 - Predictor variables included in the saturated 
model for open-areas species richness. The degrees of freedom 
are shown as well as the χ2test to evaluate predictor significance 
(NS – non-significant p>0.05, * p≤0.05, ** p≤0.01, *** p≤0.001, **** 
≤0.0001). 

Predictive variable edf Ref.edf χ2 p-value 

CAT_1 1.751 1.934 17.188 *** 

CAT_2 1.000 1.000 4.185 * 

CAT_4 1.000 1.000 3.227 NS 

CAT_5 1.913 1.991 8.891 ** 

CAT_8 1.222 1.393 7.967 ** 

SHAPE_MD 1.000 1.000 0.765 NS 

SHAPE_SD 1.000 1.000 3.208 NS 

CIRCLE_CV 1.802 1.956 6.643 * 

BIO03 1.000 1.000 0.200 NS 

BIO13 1.000 1.000 0.281 NS 

DistRivers_all 1.838 1.973 4.063 NS 

MeaA_10yr 1.568 1.812 1.345 NS 
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Figure 26 - Boxplot of open-areas species richness distribution by year.  
♢ = Median 

Figure 27 - Histogram of open-areas species richness differences between current and future (RCP 2.6 and RCP 
8.5) distributions with median centered on zero to show asymmetries in differences. The dashed red line marks +1/-1 
MAD around median values. 
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Figure 28–Mapped open areas species richness current and future distributions and 2012 - 2048 differences 
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The future projections for open-areas species had non-analogous conditions 

problems so the results were a posteriori clamped with a threshold set as the maximum 

richness predicted for current distribution. 

Open areas species have the highest richness values in the landscape mosaic 

circumscribing the Vez river. The remaining area of the watershed has generally low 

values of species richness. The predictions for both RCP 2.6 and RCP 8.5 scenarios 

show statistically non-significant differences (Figure 26, 27, 28 and Table 23). 

3.1.3.7. Woodlands species richness 

Table 19 - GAM models for woodlands species richness ranked by corrected Akaike information criteria (AICc) and 
corrected Akaike differences (ΔAICc). R2 and Spearman correlation values are also shown. 

Model 
name 

K AICc ΔAICc 
 

AICc wi 
 

R
2
 

Deviance 
explained 

Spearman 
correlation 

all 16.8 436.1 0.00 0.99 0.430 0.46 0.69 

ldcomp 7.6 445.3 9.14 0.01 0.324 0.32 0.56 

ldconf 5.2 464.2 28.06 0.00 0.167 0.21 0.45 

clim 4.8 473.8 37.68 0.00 0.131 0.16 0.41 

topog 2.0 490.6 54.46 0.00 0.059 0.06 0.26 

disturb 2.5 492.2 56.06 0.00 0.039 0.05 0.19 

intOnly 1.0 501.2 65.04 0.00 0.000 0.00 - 

 

According to MMI results (Table 19), the saturated model had the best performance 

with an Akaike weight of 0.99, Spearman correlation of 0.69 and an R2 value of 0.43. 

There were overall good values for Spearman correlation for all variables.  However, 

excepting the landscape composition model that had a still acceptable ΔAICc, all the 

other ones had values too high. The most significant variables included in the saturated 

model were Isothermality and shrublands followed by bare rock, urban areas, area 

weighted mean of fractal dimension index and median of shape index (Table 20). 
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Table 20 - Predictor variables included in the saturated model for 
woodlands species richness. The degrees of freedom are shown as well as the 
χ2test to evaluate predictor significance (NS – non-significant p>0.05, * p≤0.05, 
** p≤0.01, *** p≤0.001, **** ≤0.0001). 

Predictive variable edf Ref.edf χ2 p-value 

CAT_1 1.000 1.000 7.755 * 

CAT_5 1.000 1.000 0.007 NS 

CAT_6 1.299 1.503 1.810 NS 

CAT_7 1.895 1.988 13.153 *** 

CAT_8 1.51 1.751 9.754 ** 

SHAPE_MD 1.657 1.878 6.850 * 

PR 1.000 1.000 0.709 NS 

FRAC_AM 1.016 1.031 4.322 * 

BIO03 1.909 1.991 15.479 *** 

BIO13 1.000 1.000 1.397 NS 

DistRivers_all 1.000 1.000 0.266 NS 

MeaA_10yr 1.529 1.776 2.096 NS 
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Figure 29 - Boxplot of woodland species richness distribution by year. ♢ = Median 

Figure 30 - Histogram of woodland species richness differences between current and future (RCP 2.6 and RCP 
8.5) distributions with median centered on zero to show asymmetries in differences. The dashed red line marks +1/-
1 MAD around median values. 
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Figure 31–Mapped woodlands species richness current and future distributions and 2012 - 2048 differences 
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Woodland birds richness is higher in mosaics composed of oak/broadleaf forest 

and crops, particularly located in the western (Corno de Bico) and northern limits of the 

watershed. The regions with lowest richness are located to the east, in the open areas 

of bare rock and shrublands (Figure 31). Woodland species are predicted to suffer 

decrease in species richness in both future scenarios. RCP 8.5 shows more 

pronounced changes, with 23% of total area of the watershed predicted to suffer 

decrease in woodland species richness against 16% of area predicted to face 

increases. In the RCP 2.6 scenario, the 20% of total area is predicted to suffer 

decreases while 16% are expected to face increases. Both differences were 

statistically significant (Figure 29, 30 and Table 23). 

 

3.1.3.8. Shrublands species richness 

 

Table 21 - GAM models for shrublands species richness ranked by corrected Akaike information criteria (AICc) and 
corrected Akaike differences (ΔAICc). R2 and Spearman correlation values are also shown. 

Model name K AICc ΔAICc 
 

AICcwi 
 

R
2
 

Deviance 
explained 

Spearman 
correlation 

all 13.6 250.7 0.00 0.72 0.37 0.37 0.56 

ldcomp 6.6 253.0 2.39 0.22 0.20 0.24 0.46 

clim 3.9 255.8 5.09 0.06 0.21 0.19 0.36 

ldconf 3.7 262.9 12.28 0.00 0.13 0.14 0.39 

topog 2.0 275.0 24.37 0.00 0.03 0.04 0.16 

disturb 2.8 277.1 26.46 0.00 0.03 0.04 0.01 

intOnly 1.0 279.8 29.13 0.00 0.00 0.00 - 

 

According to the MMI results (Table 21), the saturated model had the best 

performance with an Akaike weight of 0.72 and Spearman correlation and R2 values of 

0.56 and 0.37, respectively. Landscape composition and climate models also had good 

performances with good values of Spearman correlation. However, the landscape 

configuration model had a ΔAICc value outside the acceptable range contrarily to the 

climate model. The most significant variables included in the saturated model were 

shrublands, bare rock and precipitation of the wettest month (Table 22). 
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Table 22 - Predictor variables included in the saturated model for response variable shrubland species richness. 
The degrees of freedom are shown as well as the χ2 test to evaluate predictor significance (NS – non-
significant p>0.05, * p≤0.05, ** p≤0.01, *** p≤0.001, **** ≤0.0001). 

Predictive variable 
edf Ref.edf 

Chi-
square 

p-value 

CAT_4 1.502 1.752 0.834 NS 

CAT_5 1.383 1.619 1.609 NS 

CAT_7 1.000 1.000 3.783 * 

CAT_8 1.000 1.000 5.404 * 

AREA_MD 1.000 1.000 0.784 NS 

PARA_CV 1.000 1.000 1.125 NS 

BIO03 1.000 1.000 0.456 NS 

BIO13 1.859 1.980 7.100 * 

DistRivers_S12 1.000 1.000 0.002 NS 

MeaA_10yr 1.842 1.975 5.719 NS 
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Figure 32 - Boxplot of shrubland species richness distribution 
by year.♢ = Median 

Figure 33 - Histogram of shrublands species richness differences between current and future (RCP 2.6 and 
RCP 8.5) distributions with median centered on zero to show asymmetries in differences. The dashed red line 
marks +1/-1 MAD around median values. 
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Figure 34 - Shrublands species richness current and future distributions and 2012 - 2048 differences 
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Shrublands/bare rock areas east of the watershed are the regions with highest 

shrublands species richness. It is predicted a statistically significant increase in species 

richness for the RCP 2.6 scenario with 30% of the total area of the watershed predicted 

to have increases in richness against only 7% of the area predicted to suffer 

decreases. This increase is predicted to also occur in the RCP 8.5 scenario, however 

with less prominent differences but still statistically significant (22% for increase against 

18% for decrease) (Figure 32, 33, 34 and Table 23). 

Table 23 - Synthesis table of 1-tailed Wilcoxon tests for responses of response variables with evaluation of the 
significance (NS – non-significant p>0.05, * p≤0.05, ** p≤0.01, *** p≤0.001, **** ≤0.0001). ↓↓ = Decrease 
(Scenario<Cur); ↑↑ = Increase (Scenario>Cur). Table also shows % of area suffering increase or decrease 
of richness. Only includes changes higher than +1/-1 MAD around median values. 

Response 
variable 

Median values projected 
% of the area suffering increase or 

decrease in species richness (current vs 
predictions) 

Current 
2048  

 RCP 2.6 
2048  

 RCP 8.5 
Increase  
RCP 2.6 

Decrease  
RCP 2.6 

Increase  
RCP 8.5 

Decrease  
RCP 8.5 

Total species 
richness 

5.612 5.018 (****) 4.666 (****) 12.37 29.12  9.23 39.48 

Granivorous 
bird species 
richness 

0.959 1.016 (**) 0.958 (**) 21.50 20.21  18.46 22.60 

Insectivorous 
bird species 
richness 

2.967 2.767 (****) 2.463 (****) 8.78 28.02  2.79 52.56 

Omnivorous 
bird species 
richness 

1.234 1.078 (****) 1.094 (****) 10.01 29.28  10.63 31.37 

Open-area 
bird species 
richness 

1.698 1.702 (ns) 1.741 (ns) 18.98 20.50  20.13 19.49 

Shrubland 
bird species 
richness 

0.621 0.665 (****) 0.607 (*) 29.84 6.99  21.83 17.48 

Woodland  
bird species 
richness 

2.692 2.364 (****) 2.174 (****) 16.40 19.59  12.76 23.13 

Functional 
groups 
richness 

4.309 4.292 (ns) 4.270 (**) 18.89 21.30  18.41 22.00 
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3.2. Discussion and Conclusion 

The results of this study suggest that at this scale, in the Vez watershed, landscape 

composition and configuration are strongly associated with bird species richness acting 

as the main predictors of species richness distribution change. For the majority of 

cases, besides the saturated model, landscape composition and configuration were the 

hypotheses with best fit for prediction. The only saturated models that didn’t show 

landscape variables as having greater statistical significance were insectivorous, 

omnivorous and functional groups richness. Overall, climate also has a strong role 

shaping bird richness, as well as wildfire recurrence. Wildfires were the second most 

explanative model for functional group richness and also had better fitting than 

landscape configuration for shrubland species. Climatic variables were also particularly 

significant in the saturated models for total species richness, insectivorous, woodlands 

and shrublands species richness. There were, in general, significant differences 

between both climate scenarios. Of all the hypotheses, topography was the one with 

overall less explanative power.  

As Arcos de Valdevez is facing aging demographics, agricultural land 

abandonment issues and large fires (in 2006, 20% of the watershed total area was 

affected) if the current trends of land use/cover dynamics observed in the last 25 years 

continue to happen, it is expected an overall decrease in species richness and 

functional diversity of passerine birds, possibly aggravated in the case of a continuous 

rise in greenhouse emissions (RCP 8.5 scenario). The type of landscape composition, 

the shape and extent of the patches and overall heterogeneity and distance between 

patches in a mosaic (configuration) are to be taken account of, regarding efforts in bird 

conservation. The watershed hosts two bird species (Emberiza citrinella and Saxicola 

rubetra) marked as Vulnerable in the Portuguese Red Book of Vertebrates (Cabral, 

2005) which highlights the need to understand the drivers of species richness pattern 

an change in order to lead to a better management. 

The sensitivity of passeriforme bird species to landscape composition and spatial 

configuration and related temporal dynamics has been acknowledged by several 

studies. Birds are sensitive to changes in the availability of foraging spaces as well as 

nesting and shelter sites brought by shifts in land use and consequent changes in 

heterogeneity (Andrén, 1994, Carrara et al., 2015b; Gil-Tena et al., 2015). For 

instance, the watershed regions with highest bird richness are also regions of 

heterogeneous mosaics of urban, forest and agriculture patches. This positive effect of 
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low impact fragmentation/heterogeneity is also acknowledged (Haslem and Bennett, 

2008). 

The current trends of landscape change in the Vez watershed allow the prediction 

of a continuous process of urbanization (mainly around the Arcos de Valdevez village), 

expansion of forest area (especially of oak/broadleaf and eucalyptus) and agricultural 

land abandonment. In percent terms, agricultural abandonment takes the major portion 

of these shift processes, with land used for crops potentially losing until 2048 almost 

35% (roughly 10 km2) of its current area.  There is a general consensus that land 

abandonment alters bird communities, with farmland species declining in favour of 

woodland species (Regos et al., 2014; Zakkak et al., 2015). However, our results 

suggest that open areas species won’t generally be affected by the predicted land 

changes and woodland species may actually decrease. Open areas species in this 

study relate to a spectrum of different habitats (urban open areas, farmlands, 

mountainous regions of low shrubs) with different specialization degrees. The different 

and opposing dynamics of urbanization/expansion of bare rock regions contrasting with 

farmland abandonment (Figure  x, appendix) may explain the predicted stability of open 

areas species richness but a more detailed study is required. Regarding the increase in 

woodland species richness, the effects of wildfires and consequent expansion of 

shrublands and bare rock/open areas, as well as the exchange of natural forests for 

production forests may explain this result (Figure  xii, appendix).  

Granivorous species are expected to increase in the RCP 2.6 scenario, although 

the contrary is expected to happen in the other scenario. A low-intensity level of 

urbanization may be beneficial to this functional group. However, they are negatively 

correlated with isothermality and this association may prove to be more relevant as the 

annual mean temperature rises due to the 8.5 scenario (Figure  ix, appendix). 

Omnivorous species, in turn, seem to be the functional group more negatively affected 

by the loss in agricultural area, possibly due to the loss of feeding opportunities brought 

by a rich mosaic of different land covers. Omnivores may also be negatively affected by 

the loss of coniferous forests and the overall simplification of the landscape mosaic 

(Figure  viii, appendix). In percent terms, it is the functional group with most area 

expected to suffer a decrease in species richness for the 2.6 scenario. Regarding the 

8.5 scenario, with 52% of the area of the watershed being expected to face a decrease, 

the most severe case is for insectivorous species. Insectivorous species are 

particularly related with water lines, as they are good harbours of insects but they also 

strive on pine and oak forests. In fact, there is a great overlap of insectivorous and 

woodland species. The general loss of pine/coniferous forest, coupled with a loss of 
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habitat complexity (Figure  xi, appendix), may drive insectivorous species to decrease. 

The change in climatic conditions may also be behind the predicted decrease in 

insectivorous. As insects change their life-cycles accordingly with the change in 

climatic conditions, the potential mismatch may aggravate the loss of insectivorous 

richness (Both and Visser, 2005; Visser et al., 2006).   

Besides granivores, shrubland species is the other functional group with an 

expected increase. This increase is only predicted to occur in the 2.6 scenario. This 

group is also associated with bare rock/sparsely vegetated regions. Wildfires may play 

a role in this dynamic by promoting shrub habitats and allowing the subsequent 

takeover of shrubs which would suggest an increase richness of this group (Moreira et 

al., 2001). Although shrublands are actually expected to decrease in area, models 

predict this land cover type (especially at high elevations) to be generally substituted by 

sparsely vegetated areas with larger proportions of bare rock/low shrubs largely 

promoted by the current fire regime. Shrubland birds seem to also thrive in these 

regions and, as such, this shift may prove to be either neutral or ultimately beneficial 

(Figure  xiii, appendix).  

Overall species richness is predicted to decrease. This goes against other studies 

on regions marked by land abandonment which note the  increase of species richness 

due to land abandonment, with a decrease in farmland birds and increase in forest and 

shrubland species that ultimately help the increase in overall richness (see the meta-

analysis conducted by Plieninger et al. (2014)) or by Sirami et al. (2008)). However, 

there are also studies in which this decrease occurred (e.g., Zakkak et al., 2015). Low 

intensity agricultural areas, particularly when part of a heterogeneous mosaic with 

forest and shrublands are richer in species (Kati and Sekercioglu, 2006). As well, with 

the expansion of forest areas (particularly oak/broadleaf and some expansion of 

eucalypt production forests) and loss of shrublands in favour of large extensions of 

bare rock/sparsely vegetated areas (Figure  vii, appendix), there is a loss of complexity 

that overall translates into a lower number of niche habitats and consequently lower 

feeding, foraging, nesting and shelter opportunities contributing to a decrease in 

diversity. Coupled with a decrease in total species richness, it is also predicted a 

general loss of functional groups richness which may be translated as a signal of 

potential imperilment of ecosystem services provision. 

In percent terms, eucalypt forest is the land use cover which is expected to see 

greater increase. Studies in Spain (de la Hera et al., 2013) and Portugal (Proença et 

al., 2010) showed that eucalypt plantations host the poorest bird diversity in relation to 
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other types of forest, specifically native forests such as oak and pine. Eucalypt forests 

also have, for example, lower numbers of caterpillars which translates in lower food 

availability for insectivorous forest species. This is another case for concern, alongside 

with farmland abandonment and wildfires. 

Study limitations and future prospects 

 Our field survey was conducted only in spring/summer. A more encompassing 

survey across seasons or even years would result in a more detailed description of the 

bird community. As vegetation composition is acknowledged as a powerful predictor of 

bird distribution, including it would possibly enhance the predictive models. Other 

wildfire metrics such as severity levels might also prove to be valuable. As well, our 

study focused on 6 functional groups based on foraging and feeding habits but it lacked 

information regarding ecotone species or the spectrum between generalist and 

specialist species. A more fine-grained analysis, studying individual species instead of 

functional group level could also increment knowledge in this matter.  

It would also be valuable to further study the possible causes for the decrease of 

woodlands species, testing with more precision the effects of wildfires and/or the 

expansion of production forests as well as the implications of a loss of functional 

diversity of the bird community in the general ecosystem and its services. 

Conservation implications 

This study indicates that with the continuation of the current landscape dynamic 

trends in the Vez watershed species richness will be negatively affected. Agricultural 

land abandonment (causing a simplification in the agro-forest mosaic), expansion of 

sparsely vegetated areas (mainly motivated by wildfires) and production forest areas, 

particularly of Eucalypt, may be especially responsible for this effect. In this way, it is 

proposed that strategies regarding afforestation should hold account of the creation of 

heterogeneous mosaics, allowing greater diversity of nest sites, shelter and feeding 

opportunities. As well, policies promoting agricultural practices with moderate or low 

land use intensity, always regarding the creation of heterogeneous mosaics may 

benefit biodiversity levels of the region. Emberiza citrinella, for example, one of the two 

bird species classified as vulnerable, would benefit from these changes (Cabral, 2005). 

Planned management regarding eucalypt plantation is another crucial aspect for 

conservation of not only bird diversity but overall diversity in the watershed. 
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5. Appendix 

 

Figure  i - Annual mean temperature map for the Vez watershed (ºC) 
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Figure ii - Annual precipitation range map for the Vez watershed (mm) 
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Figure iii - Protected zones intersecting the Vez watershed: National Network of Protected Areas and Natura 2000 Network 
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Figure iv - Elevation range map for the Vez watershed (m) 
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Figure v - Mean of percentage of burnt areas between 1990 and 2012 (Km2) by SSU 
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 Figure  vii - Response plots depicting the relationships between total passerine species richness and 6 important 
predictive variables. From top left to bottom right: Mean of burnt area for 2002-2012; annual crops; shrublands; pine/other 
coniferous; median of shape 

Figure  vi - Response plots depicting the relationships between functional groups species richness and 4 important 
predictive variables. From top left to bottom right: Annual crops; shrublands; median of shape index; mean of burnt 
areas for 2002- 2012 
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Figure  ix - Response plots depicting the relationships between granivorous species richness and 6 important predictive variables. 
From top left to bottom right: Isothermality; urban areas; annual crops; shrublands; median of shape index; standard deviation of slope 

Figure  viii - Response plots depicting the relationships between omnivorous species richness and 6 important predictive 
variables. From top left to bottom right: Precipitation of the wettest quarter; annual crops; pine/other coniferous; area-weighted 
mean radius of gyration; median of shape index; mean of burnt area for 2002-2012 
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Figure  xi - Response plots depicting the relationships between insectivorous species richness and 6 important predictive 
variables. From top left to bottom right: Precipitation of the wettest month; pine/other coniferous; oak/other broadleaf; coefficient of 
variation of radius of gyration; median of perimeter-area ratio; standard deviation of slope. 

Figure  x - Response plots depicting the relationships between open-areas species richness and 6 important predictive variables. 
From top left to bottom right: Urban areas; annual crops; pine/other coniferous; coefficient of variation of the related circumscribing circle; 
mean of burnt area for 2002-2012; standard deviation of shape index. 
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Figure  xii - Response plots depicting the relationships between woodland species 
richness and 8 important predictive variables. From top left to bottom right: Isothermality; urban 
areas; bare rock; area-weighted mean of fractal dimension index; oak/other broadleaf ; 
shrublands; mean of burnt year for 2002-2012; patch richness 
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Figure  xiii - Response plots depicting the relationships between shrublands species richness and 6 important predictive 
variables. From top left to bottom right: Isothermality; shrublands; bare rock; mean of burnt area for 2002-2012; coefficient of 
variation of perimeter-area ratio; median of patch area. 
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Table i - List of predictive variables used 

Category Variable Description 

Landscape 

composition 

CAT_1 Urban/artificial areas 

CAT_2 Annual crops 

CAT_3 Permanent crops 

CAT_4 Eucalypt 

CAT_5 Maritime-pine/other coniferous 

CAT_6 Oak/other broadleaf 

CAT_7 Shrublands/Heathlands 

CAT_8 Bare rock/sparsely vegetated 

CAT_9 Water surfaces/lines 

Landscape 

configuration 

TA Total area 

NP Number of patches 

PD Patch density 

LPI Largest patch index 

TE Total edge 

ED Edge density 

LSI Landscape shape index 

AREA_MN Mean of patch area distribution 

AREA_AM Area-weighted mean of patch area distribution 

AREA_MD Median of patch area distribution 

AREA_RA Range of patch area distribution 

AREA_SD Standard deviation of patch area distribution 

AREA_CV Coefficient of variation of patch area distribution 

GYRATE_MN Mean of radius of gyration distribution 

GYRATE_AM Area-weighted mean of radius of gyration distribution 

GYRATE_MD Median of radius of gyration distribution 

GYRATE_RA Range of radius of gyration distribution 

GYRATE_SD Standard deviation of radius of gyration distribution 

GYRATE_CV Coefficient of variation of radius of gyration distribution 

SHAPE_MN Mean of shape index 

SHAPE_AM Area-weighted mean of shape index 

SHAPE_MD Median of shape index 

SHAPE_RA Range of shape index 

SHAPE_SD Standard deviation of shape index 

SHAPE_CV Coefficient of variation of shape index 

FRAC_MN Mean of fractal dimension index 

FRAC_AM Area-weighted mean of fractal dimension index 

FRAC_MD Median of fractal dimension index 

FRAC_RA Range of fractal dimension index 

FRAC_SD Standard deviation of fractal dimension index 

FRAC_CV Coefficient of variation of fractal dimension index 

PARA_MN Mean of perimeter-area ratio distribution 
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PARA_AM Area-weighted mean of perimeter-area ratio distribution 

PARA_MD Median of perimeter-area ratio distribution 

PARA_RA Range of perimeter-area ratio distribution 

PARA_SD Standard deviation of perimeter-area ratio distribution 

PARA_CV Coefficient of variation of perimeter-area ratio distribution 

CIRCLE_MN Mean of related circumscribing circle 

CIRCLE_AM Area-weighted mean of related circumscribing circle 

CIRCLE_MD Median of related circumscribing circle 

CIRCLE_RA Range of related circumscribing circle 

CIRCLE_SD Standard deviation of related circumscribing circle 

CIRCLE_CV Coefficient of variation of related circumscribing circle 

CONTIG_MN Mean of contiguity index 

CONTIG_AM Area-weighted mean of contiguity index 

CONTIG_MD Median of contiguity index 

CONTIG_RA Range of contiguity index 

CONTIG_SD Standard deviation of contiguity index 

CONTIG_CV Coefficient of variation of contiguity index 

PAFRAC Perimeter-area fractal dimension 

TCA Total core area 

NDCA Number of disjunct core areas 

DCAD Disjunct core area density 

CORE_MN Mean of core area 

CORE_AM Area-weighted mean of core area 

CORE_MD Median of core area 

CORE_RA Range of core area 

CORE_SD Standard deviation of core area 

CORE_CV Coefficient of variation of core area 

DCORE_MN Mean of disjunct core area distribution  

DCORE_AM Area-weighted mean of disjunct core area distribution 

DCORE_MD Median of disjunct core area distribution 

DCORE_RA Range of disjunct core area distribution 

DCORE_SD Standard deviation of disjunct core area distribution 

DCORE_CV Coefficient of variation of disjunct core area distribution 

CAI_MN Mean of core area index distribution 

CAI_AM Area-weighted mean of core area index distribution 

CAI_MD Median of core area index distribution 

CAI_RA Range of core area index distribution 

CAI_SD Standard deviation of core area index distribution 

CAI_CV Coefficient of variation of core area index distribution 

PROX_MN Mean of proximity index 

PROX_AM Area-weighted mean of proximity index 

PROX_MD Median of proximity index 

PROX_RA Range of proximity index 
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PROX_SD Standard deviation of proximity index 

PROX_CV Coefficient of variation of proximity index 

ENN_MN Mean of Euclidean nearest neighbor distance 

ENN_AM Area-weighted mean of Euclidean nearest neighbor distance 

ENN_MD Median of Euclidean nearest neighbor distance 

ENN_RA Range of Euclidean nearest neighbor distance 

ENN_SD Standard deviation of Euclidean nearest neighbor distance 

ENN_CV Coefficient of variation of Euclidean nearest neighbor distance 

CONTAG Contagion 

PLADJ Percentage of like adjacencies 

IJI Interspersion and juxtaposition index 

CONNECT Connectance index 

COHESION Patch cohesion index 

DIVISION Landscape division index 

MESH Effective mesh size 

SPLIT Splitting index 

PR Patch richness 

PRD Patch richness density 

RPR Relative patch richness 

SHDI Shannon’s diversity index 

SIDI Simpson’s diversity index 

MSIDI Modified Simpson’s diversity index 

SHEI Shannon’s evenness index 

SIEI Simpson’s evenness index 

MSIEI Modified Simpson’s evenness index 

AI Aggregation index 

Climate BIO01 Annual Mean Temperature 

BIO02 Mean Diurnal Range (Mean of monthly (max temp -min temp)) 

BIO03 Isothermality (BIO2/BIO7) (* 100) 

BIO04 Temperature Seasonality (standard deviation *100) 

BIO05 Max Temperature of Warmest Month 

BIO06 Min Temperature of Coldest Month 

BIO07 Temperature Annual Range (BIO5-BIO6) 

BIO08 Mean Temperature of Wettest Quarter 

BIO09 Mean Temperature of Driest Quarter 

BIO10 Mean Temperature of Warmest Quarter 

BIO11 Mean Temperature of Coldest Quarter 

BIO12 Annual Precipitation 

BIO13 Precipitation of Wettest Month 

BIO14 Precipitation of Driest Month 

BIO15 Precipitation Seasonality (Coefficient of Variation) 

BIO16 Precipitation of Wettest Quarter 

BIO17 Precipitation of Driest Quarter 
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BIO18 Precipitation of Warmest Quarter 

BIO19 Precipitation of Coldest Quarter 

Topography Elev_Min Minimum elevation 

Elev_Max Maximum elevation 

Elev_Rang Range of elevation 

Elev_Mean Mean elevation 

Elev_STD Standard deviation of elevation 

Slope_Min Mininum slope 

Slope_Max Maximum slope 

Slope_Rang Range of slope 

Slope_Mean Mean slope 

Slope_STD Standard deviation of slope 

DistRivers_all Distance to all types of rivers 

DistRive_S12 Distance to rivers of Sg1 or Sg2 types 

DistRive_Sgrt2 Distance to rivers of types greater than Sg2 

Disturbance MeaA_5yr Mean of percentage of burnt area (2008 to 2012) 

MeaA_10yr Mean of percentage of burnt area (2002 to 2012) 

MeaA_allyr Mean of percentage burnt area (1990 to 2012) 

AA_1990 Percentage of burnt area (1990) 

AA_1991 Percentage of burnt area (1991) 

AA_1992 Percentage of burnt area (1992) 

AA_1993 Percentage of burnt area (1993) 

AA_1995 Percentage of burnt area (1995) 

AA_1996 Percentage of burnt area (1996) 

AA_1997 Percentage of burnt area (1997) 

AA_1998 Percentage of burnt area (1998) 

AA_1999 Percentage of burnt area (1999) 

AA_2000 Percentage of burnt area (2000) 

AA_2001 Percentage of burnt area (2001) 

AA_2002 Percentage of burnt area (2002) 

AA_2003 Percentage of burnt area (2003) 

AA_2004 Percentage of burnt area (2004) 

AA_2005 Percentage of burnt area (2005) 

AA_2006 Percentage of burnt area (2006) 

AA_2007 Percentage of burnt area (2007) 

AA_2008 Percentage of burnt area (2008) 

AA_2009 Percentage of burnt area (2009) 

AA_2010 Percentage of burnt area (2010) 

AA_2011 Percentage of burnt area (2011) 

AA_2012 Percentage of burnt area (2012) 
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Table ii - Variables used for development of weights of evidence 

Type Class Name and description Data source 

Categorical Soils Dominant soil types SROA 

Categorical Topography Landforms classification - 

Categorical Protection/ conservation Protection levels 

overlap (RNAP and 

Natura 2000 

ICNf 

Categorical Disturbance Fire frequency (number 

of fires 2000-2012 

ICNf 

Categorical Disturbance Time to last fire (years) ICNf 

Continuous Distance Distance to roads and 

tracks (m) 

OSM 

Continuous Distance Distance to 

rivers/watercourses (m) 

SRTM 

Continuous Distance Distance to LUC 

classes 1 to 9 (m) 

ESA/IPVC 

Continuous Physiography/topography Elevation a.s.l. (m) IGEOE 

Continuous Physiography/topography Slope (%) IGEOE 

Continuous Physiography/topography Topographic wetness 

index (TWI) 

- 

Continuous Physiography/topography Total annual solar 

radiation (W.h/m
2
) 

- 

Continuous Demography Variation in population 

density (2001-2011) 

INE/ Censos 2001, 

2011 

Continuous Demography Variation in elder 

dependency (2001-

2011) 

INE/ Censos 2001, 

2011 

Continuous Demography Variation in average 

population age (2001-

2011) 

INE/ Censos 2001, 

2011 

Continuous Demography Variation in the 

proportion of the 

population with the 3th 

cycle of basic school 

(2001-2011)  

INE/ Censos 2001, 

2011 

Continuous Demography Aging index variation 

(2001-2011) 

INE/ Censos 2001, 

2011 
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Continuous Socio-economy/ 

agricultural production 

Variation in the number 

of machines employed 

in agriculture (2001-

2011) 

INE/RGA 1999, 2009 

Continuous Socio-

economy/agricultural 

production 

Variation in the number 

of agricultural producers 

with 65 years or more 

(2001-2011) 

INE/ RGA 1999, 2009 

 

 

 

 

Table  iii - Observed bird species in field survey 

 

Species names 

 

Family 

 

Foraging 

 

Feeding 

Number of 

observations 

Aegithalos caudatus Aegithalidae Shrublands Insectivorous 15 

Alauda arvensis Alaudidae Open-Areas Granivorous 34 

Anthus sp. Motacillidae Open-Areas Insectivorous 9 

Anthus trivialis Motacillidae Open-Areas Insectivorous 16 

Carduelis cannabina Fringillidae Shrublands Granivorous 51 

Carduelis carduelis Fringillidae Open-Areas Granivorous 15 

Carduelis chloris Fringillidae Open-Areas Granivorous 84 

Carduelis sp. Fringillidae Open-Areas Granivorous 4 

Certhia brachydactyla Certhiidae Woodlands Insectivorous 3 

Cettia cetti Cettiidae Shrublands Insectivorous 26 

Corvus corax Corvidae Open-Areas Omnivorous 4 

Corvus corone Corvidae Open-Areas Omnivorous 31 

Corvus monedula Corvidae Open-Areas Omnivorous 4 

Corvus sp. Corvidae Open-Areas Omnivorous 24 

Delichon urbicum Hirundinidae Open-Areas Insectivorous 51 

Emberiza cia Emberizidae Open-Areas Granivorous 75 

Emberiza cirlus Emberizidae Shrublands Granivorous 15 

Emberiza citrinella Emberizidae Open-Areas Granivorous 7 

Emberiza sp. Emberizidae Open-Areas Granivorous 19 

Erithacus rubecula Muscicapidae Woodlands Insectivorous 114 

Fringilla coelebs Fringillidae Woodlands Omnivorous 191 

Garrulus glandarius Corvidae Woodlands Omnivorous 49 

Hippolais polyglotta Sylviidae Shrublands Insectivorous 17 

Hirundo rustica Hirundinidae Open-Areas Insectivorous 45 

Hirundo sp. Hirundinidae Open-Areas Insectivorous 8 

Luscinia megarhynchos Muscicapidae Shrublands Insectivorous 21 



FCUP 
Predicting the effects of land-use and climate change on bird species richness in the Vez 

watershed, Portugal 

90 
 

 

 

Monticola sp. Muscicapidae Open-Areas Insectivorous 4 

Motacilla alba Passeridae Open-Areas Insectivorous 29 

Motacilla cinerea Passeridae Open-Areas Insectivorous 6 

Oenanthe oenanthe Muscicapidae Open-Areas Insectivorous 7 

Oenanthe sp. Muscicapidae Open-Areas Insectivorous 8 

Oriolus oriolus Oriolidae Woodlands Insectivorous 4 

Parus ater Paridae Woodlands Insectivorous 110 

Parus caeruleus Paridae Woodlands Insectivorous 91 

Parus cristatus Paridae Woodlands Insectivorous 3 

Parus major Paridae Woodlands Insectivorous 172 

Parus sp. Paridae Woodlands Insectivorous 9 

Passer domesticus Passeridae Open-Areas Granivorous 119 

Passer montanus Passeridae Open-Areas Granivorous 29 

Phoenicurus ochruros Turdidae Open-Areas Insectivorous 51 

Phylloscopus sp. Phylloscopidae Woodlands Insectivorous 39 

Pica pica Corvidae Open-Areas Omnivorous 8 

Prunella modularis Prunellidae Shrublands Insectivorous 64 

Pyrrhula pyrrhula Fringillidae Woodlands Granivorous 4 

Regulus ignicapillus Regulidae Woodlands Insectivorous 8 

Saxicola rubetra Muscicapidae Open-Areas Insectivorous 6 

Saxicola torquata Muscicapidae Open-Areas Insectivorous 66 

Serinus serinus Fringillidae Open-Areas Granivorous 159 

Sitta europaea Sittidae Woodlands Insectivorous 12 

Sturnus unicolor Sturnidae Open-Areas Omnivorous 8 

Sylvia atricapilla Sylviidae Woodlands Insectivorous 85 

Sylvia cantillans Sylviidae Shrublands Insectivorous 5 

Sylvia communis Sylviidae Shrublands Insectivorous 7 

Sylvia melanocephala Sylviidae Shrublands Insectivorous 12 

Sylvia sp. Sylviidae Shrublands Insectivorous 23 

Sylvia undata Sylviidae Shrublands Insectivorous 72 

Troglodytes troglodytes Troglodytidae Woodlands Insectivorous 53 

Turdus merula Turdidae Woodlands Omnivorous 228 

Turdus philomelos Turdidae Woodlands Omnivorous 6 

Turdus sp. Turdidae Woodlands Omnivorous 24 

Turdus viscivorus Turdidae Woodlands Omnivorous 38 

 

 


