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palavras-chave 

 

Eucaliptus globulus, Plantações Florestais, Terraços, Alterações no solo, Pitfalls, 

Biodiversidade do solo 

 

resumo 

 

 

Para responder às necessidades da indústria da pasta e do papel, desde a 

segunda metade do século XX que se tem assistido à expansão da plantação de 

eucalipto em Portugal. Uma técnica comumente utilizada nas plantações florestais 

em zonas montanhosas no centro-norte do país é a armação de solos em terraços. 

Contudo, este tipo de preparação de solos altera drasticamente as suas 

propriedades. Sabendo que a biodiversidade terrestre é influenciada pelas 

condições do habitat, com esta dissertação pretende-se compreender os efeitos 

da construção de terraços na comunidade de macro artrópodes terrestres. Num 

primeiro estudo conduzido numa área florestal localizada em Talhadas (Sever do 

Vouga), compararam-se 3 locais – não terraçado (NT), recentemente terraçado 

(RT) e terraçado há 14 anos (OT). Os resultados mostraram que os terraços 

recentemente construídos apresentavam uma média de riqueza, abundância, 

diversidade (H’) e equitabilidade (J’) similares ao local não terraçado. No entanto, 

foi observada uma maior riqueza de escaravelhos e menor riqueza de aranhas. 

No que respeita aos terraços antigos, não foi observada qualquer alteração 

significativa na estrutura da comunidade. Num segundo estudo comparou-se a 

comunidade de macro artrópodes de solo antes e após a construção de terraços, 

efetuando amostragens sazonais ao longo de um ano. Os resultados revelaram 

que a construção de terraços não alterou a abundância ou riqueza geral de forma 

significativa, no entanto a abundância media de coleópteros aumentou e a H’ e J’ 

de himenópteros reduziu. Observando-se também um aumento na abundância de 

famílias mais oportunistas e generalistas, em escaravelhos e formigas. De um 

modo geral, o presente trabalho vem revelar que muito embora a construção de 

terraços altere radicalmente os solos, os seus efeitos ao nível da comunidade de 

artrópodes do solo não são expressivos, nomeadamente no longo-termo 
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abstract To meet the needs of the pulp and paper industry, since the second half of the 

twentieth century there has been an expansion of eucalyptus plantations in 

Portugal. A technique commonly used in forest plantations in mountainous areas 

in the north-central part of the country is soil terracing. However, this type of soil 

preparation drastically changes its properties. Knowing that terrestrial biodiversity 

is influenced by habitat conditions, this dissertation was intended to understand 

the effects of the construction of terraces on the community of terrestrial macro 

arthropods. In a first study carried out in a forest area located in Talhadas (Sever 

do Vouga), 3 sites were compared - non terraced (NT), recently terraced (RT) and 

terraced 14 years ago (OT). The results showed that the newly built terraces had 

an average richness, abundance, diversity (H') and evenness (J') similar to the 

non-terraced location. However, an increase in beetle’s richness and decrease of 

spider richness was observed. Regarding the old terraces, no significant change 

in the structure of the community was observed. In a second study, the soil macro 

arthropod community was compared before (BT) and after (AT) the construction 

of terraces, with seasonal samplings until completing one year. The results 

revealed that terracing did not alter the overall abundance or richness in a 

significant way, although the average abundance of coleoptera increased, and 

Hymenoptera H’ and J’ decreased. An increase in the abundance of more 

opportunistic and generalist families, of beetles and hymenopterans, was also 

observed. In general, the present work reveals that although the construction of 

terraces radically changes the soil, the effects on the community of ground 

dwelling arthropods are not remarkable, particularly in the long term. 
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Terracing 

Since ancient times, mankind has been altering landscapes. One of the most 

fascinating is cutting mountains steep slopes into several flat steps, to increase arable soil, 

facilitate access, reducing erosion and better water retention resulting all together in more 

productive crops. This anthropogenic movement of soil is commonly called terracing. Its 

implementation is widely spread throughout the world. From Asia, through South America, 

to the Mediterranean. In some cases, terraces are older than surrounding civilizations (e.g., 

Cinque Terre – Italy – the terraces, almost certainly made before the Roman Empire, were 

abandoned, and reconstructed again, around the year 1000, due to the founding of the five 

towns (Agnoletti et al., 2019).  

Besides increasing land available for cultivation, terraces also promote rainfall 

water retention and infiltration, decreasing runoff and soil losses, and increasing organic 

matter and nutrients due to accumulation. The most common terracing technique are 

Bench terraces, traditionally made with stone walls. Bench terraces are the oldest form of 

terracing and are formed by cutting several perpendicular steps in the slope. The soil is 

removed from the upper part of the step, and in turn, fill the lower part of the step that 

used to be reinforced with stones. That process eliminates vegetation and modifies the 

order of soil horizons (FAO, 1988; Rey, 2004; Petanidou et al., 2008; Tarolli et al., 2014; 

Arnáez et al., 2015; Wei et al., 2016, 2019; Tianjiao et al., 2017; Brunori et al., 2018; Certini 

& Scalenghe, 2018; Agnoletti et al., 2019). 

Terracing facilitates transportation and work on slopes. In the Mediterranean basin, 

most of these ancient bench terraces are being abandoned, as agricultural practices do not 

provide enough income, and younger generations are moving to the cities. The lack of 

terrace management, due to their abandonment promotes wall collapse, which increases 

soil loses, runoff, and risk of landslide. (Petanidou et al., 2008; Tarolli et al., 2014; Agnoletti 

et al., 2019).   

In modern agroecosystems, terracing is viewed as the best way to reduce runoff 

and soil loss in sloped areas, terracing uses goes behind crops and farming. It is a common 

practice for olive groves, and vineyards in Europe (Petanidou et al., 2008; Agnoletti et al., 

2019). The Douro Region, well known for the terraced vineyards in the valleys of the Douro 

River (Portugal), dates back to 1757, and is considered the oldest region with demarked 

controlled wine production. The terraces in this region are used as vineyards and orchards 

of olives, oranges, almonds and figs, in an area of roughly 250.000 ha (Andresen et al., 

2004). More recently, the mountains of central Portugal are being terraced for plantation 

of eucalypt trees (Martins et al., 2013). Terraces provide better accessibility to the 

plantation, faster logging and easier transportation (Figure 1.1). 
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Eucalyptus plantations  

Forests cover 1/3 of the planet’s land and provide an important habitat that sustains 

a high biodiversity. Besides, forest have a vital rule in ecological services, like Supporting, 

by nutrient cycling and soil formation, Regulating, by water purification and climate 

regulation, Provisioning, with food and woody materials, and also Cultural, as educational 

and aesthetic areas. (Brockerhoff et al., 2017). According to FAO (2020), forests are 

decreasing in area, and although the decreasing rate has been lowering in the last years, 

natural regeneration forests are declining, while planted areas are expanding. 

Currently, 7% of the forested area in the world is planted. Forest plantations are 

under intense management and normally occur in monocultures, or a mix with two species 

(FAO, 2020). Eucalyptus globulus is the most planted tree in the world. It is native from 

Tasmania, Australia, and large eucalypt plantations have been growing outside their native 

land (Queirós et al., 2020). Notwithstanding its worldwide spread, eucalypt plantations are 

known to host less diversity of flora and fauna and in less quantities (Zahn, 2009). 

Figure 1.1 – Example of terracing with bulldozer for eucalyptus plantations in central Portugal (before 

and after). Highresolution DEM provided by Luísa Pereira and Zulmira Pereira from ESTGA and 

Geolayer - Geoengenharia e Serviços, Lda. 
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In Portugal, Eucalypt plantations occupy 26% of the forested area, that in turn 

covers 36% of the country’s territory. Eucalypt is the second tree with more land 

occupation in Portugal, steadily increasing over the years (Figure 1.2) (ICNF, 2019). The 

eucalypt expansion started in the 50’s, due to pulp and paste industry that settled in central 

Portugal. Since it is a fast-growing tree, which can be harvested every 10-12 years with the 

ability to resprout when cut down or after a fire, many landowners saw a reliable source of 

income. In addition, the abandonment of farming lands, and the demand of the industry, 

lead to an increase in the eucalypt plantations. These facts turn the Portuguese forest into 

a valuable sector to the economy, forestry employs about 110 thousand people and 10% 

of the products generated are exported. Eucalypt plantations are heavily managed in large 

monoculture, which can affect the soil, and the organisms that live in it.  (DGRF (Direcção 

Geral dos Recursos Florestais), 2006; Alves et al., 2007; Lopes, 2013; Sarmento & Dores, 

2013; Reboredo & Pais, 2014; Catry et al., 2017; Deus et al., 2018, 2019; ICNF (Instituto da 

Conservação da Natureza e das Florestas), 2019; Queirós et al., 2020). 

 

 

Soil Arthropods 

The invertebrates that dwell in the soil are very diverse. Ranging in size, from 

microfauna (with less than 100 µm – including Nematodes, Protists, and Rotifers) to 

Eucalypt 

Holm oak 

Other broadleaf 

Pine 

Stone pine 

Oak 

Other resinous 

Chestnut 
Cork oak 

Figure 1.2 – Tree species occupation area of Portuguese forests (source: ICNF 2019). 
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mesofauna (less than 2 mm – mostly Collembola and Acari) and macrofauna (superior than 

2 mm) – which contains the organism capable of soil disruptions like worms, gastropods, 

arachnids and insects. (Stork & Eggleton, 1992).  

Soil fauna helps to create the substrate they live in, their secretions aggregate 

particles and their movements erode the bedrock, maintaining the soil structure. Nutrient 

cycling is also an important task of these organisms since many of them are organic matter 

decomposers. These organisms also create pores on the soil that benefit water infiltration 

and gas exchange (Orgiazzi et al. 2016). Due to their importance in the soil and its ecological 

functions, soil fauna is commonly used as bioindicator of soil changes.  

Because of their diversification, abundance and fast response to habitat change, 

ground dwelling arthropods are great bioindicators. In fact, since arthropods live in the soil, 

litter, and/or ground vegetation, they are sensitive to changes in the terrestrial 

compartment (Greenslade & Greenslade, 1984; Kremen et al., 1993; Timm & McGarigal, 

2013). Besides that, arthropod sampling can be easy and cost-effective, as is the case of 

pitfall traps, that are easy to make and install, and provide a good sample of the ground 

arthropods present in the studied area (Greenslade & Greenslade, 1984; Kremen et al., 

1993; Rainio & Niemelä, 2003; Timm & McGarigal, 2013). 

Information from arthropods can be taken from their abundance, richness, diversity 

indexes, functional ecology and habitat preferences. Since identification to species level is 

time consuming and requires a high level of expertise, most studies use Family taxa 

identification or ecological functions (Cardoso et al., 2011).  

In addition, many authors prefer to use only a certain group, with Formicidae, 

Araneae and Coleoptera being the preferred choices as they are common, wide spread and 

have been considered good indicators of disturbance (Andersen et al., 2002; Holland & 

Reynolds, 2003; Rainio & Niemelä, 2003; Thorbek & Bilde, 2004; Pétillon et al., 2006; 

Corcuera et al., 2010; Kwon et al., 2014; Lange et al., 2014; Dennis et al., 2015; Lawes et 

al., 2017; Ghannem et al., 2018). Thorbek & Bilde, (2004) looking into the effects of 

ploughing on Coleoptera and Spiders observed that they are affected by soil disturbance, 

being good indicators of crop management. Likewise, Holland & Reynolds, (2003) also 

observed a clear effect of ploughing on Coleoptera and Araneae Families. Lange et al. 

(2014) found that Carabidae and Staphylinidae beetles respond to diferent forest 

management, tree composition and age. Kwon et al. (2014) observed that diferent ant 

guilds have diferent reactions to an intense episode of branch falls in a forested area. 

Since terracing with bulldozers for Eucalyptus plantation not only destroys all 

vegetation and litter but also shifts drastically the soil, it might have impacts on the soil 

fauna. However, regarding the impacts of terracing on the arthropods community, most 

studies concern the agricultural systems and, as to our best knowledge, there are no studies 

assessing the immediate and long-term effect of terraces for eucalypt plantations on soil 

arthropods. 
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Objectives of the thesis 

The main objective of this thesis was to understand how the drastic changes on soil 

promoted by the terrace construction in Eucalyptus plantations affect the soil arthropods. 

For that purpose, two case studies were assessed: in the first case study, located in 

Talhadas (Sever do Vouga), the immediate and long-term effects of terrace construction 

were assessed by comparing the ground-dwelling community in a recently terraced plot 

with a 14-year terraced eucalypt plantation and a non-terraced slope. In the second case 

study, located in Boialvo (Anadia), the effects of terracing in the ground-dwelling 

community were also assessed, but this time, by comparing the effects before and after 

terracing over a year.  

Thesis Structure 

To address the defined objectives this thesis is composed by four chapters. The first 

chapter concerns the general introduction, where the details of this problematic were 

introduced. Then, chapters two and three correspond to the two studies carried out: 

Chapter 2 comprises the study performed in Talhadas, where the immediate effects of 

terracing in the ground-dwelling community were assessed; Chapter 3 regards the study 

carried out in Boialvo, where the ground-dwelling community was assessed before and 

after terracing throughout one year. 

a 
b c 

d 

e f 

g h 

Figure 1.3 – Examples of ground-dwelling arthropods. a - Dysderidae; b - Staphylinidae; c - 

Myrmicinae; d - Nitidulidae; e - Pseudoescorpionida; f - Elateridae; g – Corylophidae; h - Lyniphiidae 



12 

 

Finally, in Chapter 4, an overall discussion is presented, which contains a 

generalized overlook on the results from both case studies. The final list of references 

contains the bibliographic references cited in Chapters 1 and 4.  
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Chapter 2  

Recently, long-ago or non-terraced – does the ground-dwelling 

arthropods community differ between terraced and non-terraced 

eucalypt plantations? 

 

In partnership with the thesis of the PhD student Martinho A. S. Martins (“FORFUN - 

Integrated impact assessment of terrace construction on FORest soil FUNctions”; 

SFRH/BD/129859/2017) 
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Abstract  

Over the last fifty years Portugal’s eucalypt plantations have increased extensively. To 

enhance these areas of afforestation bench terracing is being used to shape the mountains 

slopes into new forested land. This mechanical arrangement of the forest soils implies the 

use of heavy machinery and lead to important inferences on the soil physical and chemical 

properties, however there are no studies about its effect on the ground dwelling 

community. Therefore, to abate this research gap, there is a need to access the effects of 

bench terracing on the ground dwelling arthropod community in eucalypt forest 
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plantations. This exploratory study aimed to access how terrace construction affect ground 

dwelling arthropod abundance and richness immediately after terracing and at long-term 

as well as how is their relationship with topsoil and vegetation characteristics. Pitfall traps 

were used to sample the ground dwelling arthropods and were distributed among tree 

treatments: Recently terraced (RT), 14-year-old terraces (OT) and a Non-terraced slope 

(NT). Results showed that terracing did not have an immediate impact on total abundance 

and richness of the overall ground dwelling arthropod community. However, the total 

abundance of Araneae Order was significantly reduced, while Coleoptera and 

Hymenoptera Order did not change. The richness among the Coleoptera and Araneae 

Orders were significantly affected immediately after the terrace’s construction, but in 

different ways. Terracing did increase the Coleoptera richness but reduce the Araneae 

richness. The observed decrease on total abundance of the Araneae Order was found 

strongly correlated with the decrease of topsoil litter and vegetation replaced by bare soil 

and stones. Revealing an important link between their habitat requirements/behaviour and 

the post-terracing environment. At long-term, there was also no impact of terracing on 

total abundance and richness of the overall ground dwelling arthropod community, and 

the abundance and richness of Araneae Order showed also non-significant differences, as 

well as the richness of the Coleoptera Order.  Although this exploratory study provides 

relevant insights on post-terracing effects, in particular, that ground dwelling arthropod 

community is able to recover in a long-term, even when subjected to drastic changes in 

soil, such as the terrace construction, more attention should be addressed to this form of 

high-impacts forest management operations.   

 

Keywords  

Agroforestry; Land management; Terracing; Land preparation; Ground-dwelling 

arthropods  

 

Introduction 

Portugal has a vast and important forest sector, significant to the country’s 

economy (Sarmento & Dores, 2013). This sector attains 10% of all the national exportations 

being nearly 5% represented by the pulp and paper industry (ICNF, 2016). Over the last 

century, the north-central region has significantly changed the land cover by replacing the 

natural oak forest with Pinus Pinaster and more recently with Eucalyptus globulus 

plantations (Hawtree et al., 2015). According to the latest forest inventory, in 2015, 

Portugal had a forested area of 36%. Whereas during the 1995-2015 period, the area 

occupied by Eucalyptus globulus increased from 22 to 26% of the total forest while the area 

occupied by Pinus Pinaster have declined from 30 to 22% (ICNF, 2019). Although nowadays 
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the eucalyptus plantations are the largest planted tree by area (800.000 ha), it was in the 

50’s that a massive plantation plan started (DGRF, 2006) with the objective of planting 

150.000 ha of Eucalyptus globulus to feed the pulp and paper industry (Reboredo & Pais, 

2014). Eucalyptus trees grow relatively fast (9 to 12 years), thus having great economic 

value, especially in the paper sector (Filipa & Lopes, 2013).  

The practice of terracing has been used worldwide for centuries, enabling 

cultivation in inaccessible steep slopes (Certini & Scalenghe, 2017). This practice markedly 

imprints an evidence of the anthropogenic influence in the landscape due to the substantial 

soil movement involved (Wei et al., 2016). Albeit, terraces are traditionally constructed to 

increase land availability, their benefits to prevent floods, conserve water and decrease 

erosion and topsoil runoff are also recognized (Liu et al., 2013; Wei et al., 2016). With the 

modernization of the forest sector, terraces started to become an option for new forest 

plantations. On one hand, terracing implies flattening sloped areas, facilitating harvesting 

operations using heavy machinery (FAO, 1988) and, on the other, the construction of 

terraces adds new land available for plantations, meeting the market needs. Currently, in 

Portugal, the practice of terracing slopes for new eucalypt plantations has become 

increasingly common (Martins et al., 2013). The technological development in the forest 

sector also carried a wide diversity of construction terrace techniques mostly using heavy 

bulldozers (Baryła & Pierzgalski, 2008), being the bench terraces without stone walls the 

most common in north-central of Portugal. 

These human induced modifications of the natural environment may interfere with 

the ground-dwelling arthropods community (Timm & McGarigal, 2013). Particularly since 

terracing implies a huge movement of soils, either by deep digging and/or dragging and/or 

compacting it. Arthropods have more than a million identified species, making them one of 

the most diverse groups of organisms (May 1988). They are an important part of the 

decomposition process, nutrient cycling and water movement (Abrantes, 2018). This group 

have been used as indicator of land use changes (Perner, 2003), due to their rapid 

population growth, the short time of generations and the sensitivity to minor changes in 

the microhabitat (Timm & McGarigal, 2013). Monitoring ground dwelling arthropods 

abundance and diversity provides valuable information on the ecosystem’s response to 

disturbances, by comparing non-disturbed areas with ones that had suffered a certain 

modification (Kremen et al., 1993; Timm & McGarigal, 2013), since soils with poor physical 

and chemical properties are associated with poor invertebrate communities (Stork & 

Eggleton, 1991). Among the ground dwelling arthropods, the Coleoptera are commonly 

used as bioindicators due to their sensitive to environmental changes, their wide range and 

easy sampling (Rainio & Niemelä, 2003; Ghannem et al., 2018). Likewise, spider community 

also have been found to vary with habitat changes, either both in terms of halophilic 

species or functional groups (Pétillon et al., 2006). Spiders are extremely sensitive to 

habitat changes and their generalist predator characteristic as well as their unique foraging 

strategy allow their effective monitoring as bioindicator (Hore & Uniyal, 2008; Oxbrough et 
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al., 2005). In the same line, Hymenoptera community also respond fast to local scale 

disturbances either on forest soils or vegetation (Maleque et al., 2009). Likewise, from 

detailed to less comprehensive ant sampling schemes, both tend to reveal good responses 

to land use changes (Andersen et al., 2002) and seem not to vary with sampling 

methodology and intensity making this order wide applicable as forest bioindicator to land 

use changes (Lawes et al., 2017).   

Many studies have been made in order to assemble data about the effects of 

terrace construction (Ramos et al., 2007; Arnáez et al., 2015; Tianjiao et al., 2017). Yet, 

these studies focus mostly on agriculture terraces, and/or on the chemical and physical 

properties of soil. Studies addressing the effects of terraces on ground-dwelling arthropods 

are scarce (Zlatnik, 1996; Weyland & Zaccagnini, 2008, Carlos et al., 2019) and to our best 

knowledge, there are no studies regarding the immediate effects of terraces construction 

for forest plantations.  

Therefore, to abate this research gap, the aim of this exploratory study was to 

access the effects of bench terrace construction on the ground dwelling arthropod 

community in eucalypt forest plantations. Thus, the main research questions of this study 

were the following: (1) Does terrace construction lead to less ground dwelling arthropod 

diversity or diminishes the overall number of ground dwelling arthropods?, by comparing 

recently constructed terraces with a non-terraced slope; (2) Does the construction of 

terraces lead to long-term effects on the ground dwelling arthropod community?, by 

comparing a 14-year-old terrace with a non-terraced slope; (3) Does top soil coverage and 

vegetation influence the ground dwelling community?  

 

Material and methods  

Study area and sites 

This study was conducted in Sever do Vouga municipality, in north-central Portugal 

(40°38'54.0"N 8°19'34.5"W). This area belongs to the drainage basin of the Vouga river, 

and roughly 50% of the soil occupation is forested (Rodrigues, 2009). The area has steep 

slopes (25-35°) with south aspect and was recently partially terraced (February 2018) as 

ground preparation for a new eucalypt plantation (Figure 2.1). The climate in the area is 

humid mesothermal with dry prolonged summers (Csb in Köppen classification system; 

DRAP-Centro, 1998). Annual rainfall mean is 1609 mm at 200 m a.s.l. (last 20 years; Keizer 

et al., 2015) and monthly temperatures mean for the same interval vary from 19.8 °C in 

August to 5.8 °C in January (Martins et al., 2020). In relation to geology, the soils are 

developed under a major physiographic unit called the Hespheric Massif, overlaying pre-

Ordovician schists and greywackes (Pereira and FitzPatrick, 1995). Within the study area 

three different sites were selected (Figure 2.1), all in the same slope, distancing around  
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200 m between each other and under eucalyptus plantations. The site called NT “Non-

Terraced” is a 14-year-old Eucalypt plantation with no mechanical disturbance in the soil. 

The site RT is a “Recently Terraced” area, where before had a mixed natural grow of Pinus 

pinaster and Eucalyptus globulus (remains of those trees were still lying on the ground and 

were partial buried during the terraces construction), and now was terraced and has a new 

eucalypt plantation (siblings aged one month). The site OT is 14 years “Old Terraced” with 

eucalyptus trees of that age.  

 

 

Figure 2.1 – Location of the study area and sites in north-central Portugal: NT = Non-Terraced 

eucalypt plantation; RT = Recently Terraced eucalypt plantation; OT = 14-year-Old Terraced 

eucalypt plantation. 

Field measurements   

Collection and identification of ground-dwelling arthropods  

Pitfall devices were used to capture the ground dwelling arthropod by cutting 1.5 L 

common water bottles to make a cylinder with approximately 10 cm height and a diameter 

of 8 cm. The devices were installed on April 19th, 2018 and stayed in the field for 8 days 

with a mixed solution (ratio 1:1) of ethanol 99% (for preserving the caught arthropods) and 

water (to minimize the alcohol evaporation) and a drop of soap (breaks the surface tension 

which keeps the animals under the solution), filling 1/3 of the trap. On each of the three 

sites 5 pitfall traps were placed in parallel lines, 20 m apart; the process was repeated on 3 
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lines (top, middle and bottom of the slope), counting a total of 15 pitfall traps for each site. 

The disposition of the pitfalls traps was projected in order to maximize the sampling area 

while keeping traps away from the limit of each treatment. After 8 days, the content of the 

pitfall traps was collected, and the specimens conserved with ethanol 70% and stored on a 

flask. Due to sampling method limitations, Collembola and Acari orders are not fully 

represented (Braas (1979); Wang (2001); Puga et al., 2017), and for that reason, these 

orders were excluded from the abundance statistics. Diptera and Lepidoptera, due to their 

high dispersion ability, as well as larvae, due to different life cycle habitats and high 

expertise required, were also excluded (Puga et al., 2017). At the laboratory, each sample 

was carefully sorted, separating litter and soil from the organisms. Then each specimen was 

identified to family level. This process was done by using a stereoscopic magnifier and the 

taxonomy identification by using standard taxonomic keys (Harde & Severa, 1984; Goulet 

& Huber, 1993; Roberts, 1995; Barrientos, 1998; Czechowski et al., 2002). 

 

Topsoil and vegetation characterization  

Soil sampling was carried out distancing not more than 5 cm from each pitfall, 

sieved at 2 mm mesh size and analysed in the laboratory for texture (Guitian and Carballas, 

1976), and organic matter (loss-on-ignition, Botelho da Costa, 2004; Prybil, 2010). Bulk 

density was determined by a steel ring of 250 cm3 (Porta et al., 2003). The soil coverage at 

ground level and vegetation were also inventoried in-situ at 1 m2 around each pitfall. The 

observations included the coverage of litter, stones (including rock outcrop) and bare soil 

expressed as (%.m-2) and the vegetation inventory identified up to species level and 

expressed in terms of total coverage (%.m-2) and maximum height (cm). 

Data analysis 

The obtained data from the content of the pitfalls were processed to calculate total 

abundance, total richness, richness per pitfall, at Order level, and Shannon-Wiener diversity 

index (H’) and Pielou’s evenness index (J’) (Jost, 2010), at family level with all Orders for the 

three treatments. The same statistical procedures were also used at Family level for the 

Orders Coleoptera, Hymenoptera and Araneae. All statistical tests that were carried out 

were non-parametric because the abundance and richness per pitfall were not normally 

distributed. Paired site comparison was focused on differences between NT vs. RT and NT 

vs. OT sites using the non-parametric Mann-Whitney U test. The Spearman rank correlation 

coefficient was used to explore the relationship between abundances/diversity and abiotic 

parameters such as: Bulk Density; Soil Moisture Content; Soil Organic Matter; coverage 

components (Bare soil, Stones, Litter and Vegetation). The α level was set to 0.05 in all 

analyses. 
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Results 

Topsoil characterization  

Soil moisture content was significantly higher in the NT treatment (11.5%) when 

compared with the RT (9.3%, p=0.026), while OT (9.8%) showed no statistical differences 

with the other two treatments (p=0.481). Immediately after terracing the organic matter 

content of the upper 5 cm of the topsoil decreases significantly (to 5.4%) compared to the 

NT site (9.0%; p=0.001) while the Old Terraces (6.7%) were not statistical different than any 

other site (p=0.385 with NT site and p=0.062 with RT site; Figure 2.2). The bulk density of 

the upper 5 cm of the topsoil was significantly greater at both RT site (1.03 g.cm-3; p=0.001) 

and Old terraced site (0.93 g.cm-3; p=0.001) than at the NT site (0.81 g.cm-3). However, the 

difference between Recently and Old terraced sites was not statistically different (p=0.085) 

(Figure 2.2). 
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Figure 2.2 – Average soil moisture content, soil organic matter and bulk density, per sampling season. 

(NT = Non-Terraced eucalypt plantation; RT = Recently Terraced eucalypt plantation; OT = 14-year-

Old Terraced eucalypt plantation). Error bars represent standard deviation. Different letters denote 

statistically significant differences (p<0.05). 

 

Topsoil litter and vegetation (Figure 2.3 and Table 2.1) were significantly reduced 

after terracing, from 64% and 27% in the NT site to 11% and 0% in the RT site (p=0.001). 

Concomitantly, stones and bare soil increased from circa 4% each in the NT site up to 32% 

and 56% in the RT site, respectively (p=0.001). However, at a long-term level, when 

comparing Non-Terraced versus Old-Terraced sites these coverage categories were found 

similar, with no statistical differences (p=0.943). Immediately after terracing, vegetation 

richness and maximum height are evidently valueless, but terracing impact at long-term 

level is still present, as vegetation richness after 14 years is significantly different from the 

Non-Terraced site (2.5 vs. 3.8; p=0.005), nevertheless the vegetation maximum height were 

on average, significantly higher at the Old Terraced site (40 vs. 90 cm; p=0.001). 
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Figure 2.3 – Average topsoil cover and vegetation occupation in percentage (NT = Non-Terraced 

eucalypt plantation; RT = Recently Terraced eucalypt plantation; OT = 14-year-Old Terraced 

eucalypt.  

 

 

 

Table 2.1 – Average vegetation richness, at species level, and average maximum vegetation height 

and standard deviation per sampling season. (NT = Non-Terraced eucalypt plantation; RT = Recently 

Terraced eucalypt plantation; OT = 14-year-Old Terraced eucalypt plantation.) 

  NT   RT   OT 

Vegetation richness 3.80 +/- 0.61   0 +/- 0   2.533 +/- 0.48 

Max. Height (cm) 39.33 +/- 13.35 0 +/- 0  91.667 +/- 13.8 

        

Ground-dwelling arthropods community 

Overall, 1163 ground-dwelling invertebrates were identified (Table 2.2). These 

specimens belong to 13 different Orders and 59 different families. Despite that, 96% of the 

specimens pertain to the three main orders: Coleoptera, Araneae and Hymenoptera. 
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Table 2.2 – Total abundance of all the Orders recorded in the three studied eucalypt plantations. 

Study sites NT RT OT 

Total Abundance 623 520 520 

Coleoptera   79 104 63 

Araneae   131 41 107 

Hymenoptera   384 353 332 

Hemiptera   7 5 4 

Pseudoscorpionida   4 3 4 

Tysanoptera   7 8 4 

Tysanura   9 0 2 

Chilopoda   0 1 1 

Opiliones   1 1 0 

Isopoda   1 2 1 

Dermaptera   0 1 0 

Isoptera   0 0 2 

Ortoptera   0 1 0 

 

 

Total richness (Figure 2.4) showed no-significant differences between RT and NT 

(average of 4.3 in both sites; p=0.948). Regarding the Diversity (H’) and Evenness (J’) 

indexes, also no-significant differences were found between RT and NT (p=0.090 and 

p=0.398). 
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Figure 2.4 – Average abundance and richness at Order level, and Shannon-Wiener Diversity index 

(H’) and Pielou's Evenness index (J’) at Family level in each sampling site. (NT = Non-Terraced 

eucalypt plantation; RT = Recently Terraced eucalypt plantation; OT = 14-year-Old Terraced 

eucalypt plantation.) Different letters denote statistically significant differences (p<0.05), lowercase 

letter used for NT x RT and capital letters for NT x OT. 

 

Total abundance per pitfall revealed similar values of 41 vs. 34 specimens in NT and 

RT respectively (Figure 2.4; p=0.787). Yet, analysing the Orders individually, the Araneae 

show a significant reduction in total abundance from 131 specimens in NT to 41 specimens 

in RT (Table 2.3; p<0.001) while Coleoptera and Hymenoptera orders seems not statistically 

affected by the construction of terraces as the number of specimens was similar between 

RT and NT sites (79 vs. 104 (p=0.079) and 384 vs. 353 (p=0.547) specimens respectively). 

Among the 18 different families belonging to the Araneae community (Table 2.3), just 8 

have enough specimens to perform statistical tests. Liocranidae Family was exclusively 

found in the NT site, but with just 3 specimens. Lycosidae, Thomisidae and Mysmenidae 

families were exclusively found in the RT site, but with just 1 specimen each, while any 

family was exclusively found in the OT site. The Araneae richness was higher in the NT site 

when compared to the RT site (14 vs. 11 families, respectively), where the average number 

per pitfall trap was statistically different (4.8 vs. 1.7; p<0.001). The abundance of 

Gnaphosidae, Zodaridae and Pisauridae Families showed significant differences 

immediately after the terrace construction with their presence completely removed from 

the RT site (p<0.001, p=0.001 and p=0.001). Albeit the Agelenidae and Oonopidae Families 

showed lower specimens compared to the NT (less than 60% and 70%, respectively), no 

significant differences were found (p=0.082 and p=0.165). Dysderidae, Synaphridae and 

Linyphiidae Families record similar values (p=0.773, p=0.545 and p=0.417 respectively).  
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Table 2.3 – Total abundance of all families of Coleoptera and Araneae and Hymenoptera orders in 

the three studied eucalypt plantations (NT = Non-Terraced eucalypt plantation; RT = Recently 

Terraced eucalypt plantation; OT = 14-year-Old Terraced eucalypt plantation.) 

Study sites NT RT OT 

Coleoptera       

  Colydiidae 24 31 0 

  Staphylinidae 23 17 38 

  Nitidulidae 13 7 10 

  Curculionidae  1 16 3 

  Pselaphidae 7 2 2 

  Lathridiidae 5 7 2 

  Ptiliidae 0 0 2 

  Clambidae 0 6 0 

  Anthicidae 0 2 0 

  Coccinellidae 0 1 0 

  Chrysomelidae 0 3 0 

  Elateridae 2 6 0 

  Bostrychidae 0 1 0 

  Carabidae 0 1 0 

  Histeridae 0 1 0 

  Cucujidae 1 0 2 

  Scydmaenidae 0 0 1 

  NI  3 3 3 

Araneae       

  Gnaphosidae 34 0 20 

  Zodariidae 29 0 16 

  Agelenidae 14 6 20 

  Dysderiidae 8 6 8 

  Synaphridae  6 5 9 

  Pisauridae 12 0 7 

  Linyphiidae  5 3 10 
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  Oonopidae 11 3 3 

  Salticidae 3 1 2 

  Liocranidae 3 0 0 

  Pimoidae 1 0 4 

  Ctenizidae  1 0 1 

  Zoridae 0 1 1 

  Philodronidae 1 1 0 

  Lycosidae 0 1 0 

  Thomisidae 0 1 0 

  Dictynidae  1 0 1 

  Mysmenidae 0 1 0 

  NI 2 12 5 

Hymenoptera       

  Formicinae 301 268 248 

  Myrmicinae 76 81 77 

  Diapridae 6 4 7 

  Mutillinae 4 2 1 

  NI 1 0 0 

 

 

A total of 17 Families were identified within the Coleoptera community (Table 2.3). 

Out of this, seven Families were exclusively found in the RT site and two Families exclusively 

found in the OT site, while no Families were exclusively found in the NT site. The RT site 

record higher richness of Coleoptera when compared to the NT site (total of 14 vs. 8 

Families), being the average number per pitfall trap statistically different (3.8 vs. 2.4 

respectively; p<0.001). Among the 4 higher abundant Families of Coleoptera (with enough 

specimens to perform statistical tests), immediately after terracing the Colydiidae and 

Curculionidae Families increased statistically their number in the RT site (p=0.005 and 

p<0.001, respectively) while Staphylinidae and Nitidulidae show non-significant differences 

(p=0.273 and p=0.299).  

Formicinae sub-family was the most abundant among the four different Families 

found in the Hymenoptera Order (Table 2.3), counting more than 75% of all the specimens 

regardless the site. The Myrmicinae Family were present in all sites in a weight of 20% and 

the Diapridae and Mutillinae Families shown a residual presence. Nevertheless, not any of 
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these four families record significant differences on their abundance immediately after the 

construction of terraces (p>0.05 for all families). Chilopoda, Dermaptera and Ortoptera had 

no specimens found in the NT site, nevertheless these orders have relatively low 

representativeness; in opposition, Tysanura order were exclusively found in the NT site, 

but not statistically different (p=0.118).  

Regarding the long-term effects of terracing on the total Order richness, no-

significant differences (4.3 vs. 3.9 Orders per pitfall trap; p=0.238) were found between the 

old terraces (OT) and the non-terraced (NT) sites and moreover, time since terracing 

revealed similar values of total abundance between OT and NT (34 specimens per pitfall; 

p=0.171). Likewise, concerning the Diversity (H’) and Evenness (J’) index no-significant 

differences (p=0.989 and p=0.475) were found. However, unlike the immediate effects, 

Araneae Order showed non-significant differences on richness (3.8 average Families per 

pitfall trap in OT; p=0.170) and on abundance (131 in NT vs. 107 specimens per pitfall trap 

in OT; p=0.252). The total number of Araneae specimens were lower for the bulk of the 

Families (Table 2.3), but all were not statistically different from the NT site, having the 

Zodariidae Family the weakest significance (p=0.148).  

Terracing with time did not change the abundance of Coleoptera and Hymenoptera 

Orders (79 vs. 63 and 384 vs. 332 for NT and OT sites respectively; p=0.464 and p=0.141). 

Yet, at long-term, richness of Coleoptera approaches the values recoded in the NT, with 

non-significant differences (8 Families recorded and an average of 1.9 per pitfall trap; 

p=0.119). For the 4 most abundant Families three distinct patterns were observed: 

Staphylinidae and Nitidulidae showed a similar trend, with a low number of individuals 

recorded in RT compared to NT and then a similar or even a high number of individuals in 

OT compared to NT; in the case of Colydiidae a slightly higher number was observed in RT 

and no individuals were recorded in OT; Curculionidae showed low abundances in NT and 

OT contrasting with the abundance observed in RT. Albeit the differences observed among 

treatments they were non-significant (p>0.05). The four Hymenoptera Families show no 

significant differences on their abundance at long term (p>0.05 for all Families). Chilopoda 

and Isoptera Orders were only found in the OT site, in opposition, Opiliones Order was 

exclusively found in the RT site. Tysanura were present in both sites but had four times less 

specimens in the OT site (9 vs. 2 respectively). Nevertheless, the low number of specimens 

is not enough to inflict any significant assumption.  

 

Interaction with Soil and vegetation patterns 

In general, soil bulk density, organic matter and moisture content were not related 

with differences in total abundance and total richness, neither at Order level nor at 

individual Family level (Table 2.4). The ground cover percentages of bare soil, stones, litter 

and vegetation were also not correlated with the total abundance and total richness at 
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Order level; however, these trends change when the differences are analysed at Family 

level. The increase in bare soil and stones were significantly related with the increase in 

total abundance of the Coleoptera Order (rho=0.34, p=0.023 and rho=0.32, p=0.035). On 

reverse the removal of vegetation were also related with the increase in total abundance 

of the Coleoptera Order (rho= -0.43, p=0.003). This trend is directly influenced by 

Colydiidae and Curculionidae, as all ground cover categories turn to be even better related 

with these two Families (all p-value<0.05) and not significant for the Staphylinidae and/or 

Nitidulidae Families (all p-value>0.05). With respect to the Araneae Order, the increase in 

bare soil and stones had an opposite effect when compared to the Coleoptera Order. 

Actually, the increase of these cover categories was strongly co-related with the reduction 

of spiders (rho= -0.47 and rho= -0.57; both with p<0.001), while evidently litter and 

vegetation were positively related with the total abundance of Araneae Order (rho= -0.57 

and rho= -0.56; both with p<0.001). This trend is directly influenced by Gnaphosidae, 

Pisauridae and Zodariidae as all ground cover categories turn to be even better related with 

these Families (all p-value<0.001) while all the other Araneae Families were not significant 

(all p-value>0.05). The richness and the height of vegetation also played an important role 

as revealed by the significantly relations with both Coleoptera and Araneae Families. Whilst 

all these topsoil and vegetation characteristics were all poorly correlated with 

Hymenoptera. 

 

 

Table 2.4 – Spearman’s rank correlation coefficients (rho), p-values, between changes in topsoil 

characteristics (% of litter and bare soil and rock) and vegetation patterns (% and richness and 

maximum height (m) of understory vegetation) with Richness and Abundance (All orders. Coleoptera. 

Araneae and Hymenoptera families; n=45).   

     Richness   Abundance 

      All orders   All orders   Coleoptera   Araneae   Hymenoptera 

      rho p-value   rho p-value   rho p-value   rho p-value   rho p-value 

So
il 

 Moisture content -0.11 0.478   0.16 0.291   -0.05 0.766   0.25 0.098   0.15 0.337 

Organic matter  0.14 0.375   -0.03 0.848   -0.19 0.210   0.27 0.074   0.1 0.506 

Bulk density -0.02 0.894   -0.05 0.755   -0.05 0.783   -0.26 0.081   0.08 0.623 

G
ro

u
n

d
 c

o
ve

ra
ge

  Litter % -0.06 0.713   -0.09 0.571   -0.18 0.224   0.57 <0.001   -0.24 0.108 

Bare Soil % 0.01 0.948   0.21 0.167   0.34 0.023   -0.47 0.001   0.27 0.072 

Stone % -0.13 0.395   -0.11 0.453   0.32 0.035   -0.57 <0.001   0.01 0.969 

Vegetation % -0.04 0.785   -0.05 0.764   -0.43 0.003   0.56 <0.001   -0.11 0.457 

Veg. richness -0.09 0.565   -0.03 0.846   -0.29 0.058   0.59 <0.001   -0.13 0.385 

Veg. max. height -0.07 0.625   0.14 0.345   -0.33 0.029   0.46 0.002   -0.26 0.091 
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Discussion 

The present study showed that terracing did not have an immediate impact neither 

on total abundance nor on total richness. Moreover, although some Orders were 

exclusively found on the NT site and others on RT site, they were characterized by a low 

record of specimens (i.e. Orthoptera, Dermaptera, Opiliones, Chilopoda and Isoptera). 

Perhaps terracing act as a reset in the diversity and evenness of the system, with both being 

slightly diminished immediately after the soil mobilization (not significantly). Nevertheless, 

at long-term there were no major effects recorded on abundance and richness nor at 

diversity and evenness. The bulk of literature point that intensive land management 

disturbances affect considerably the ground dwelling arthropods (Gaigher & Samway, 

2010; Pérez-Bote & Romero, 2012; Seibold et al., 2019). Pérez-Bote & Romero (2012) 

report that intense land management led to a general decline in arthropod abundance and 

richness in vineyards and olive groves. Gaigher & Samway, 2010 also state that 

management activities inside vineyards negatively affect arthropod abundance and 

diversity. In fact, there is a decline all over Europe in grasslands and forests as reported by 

Seibold et al. (2019), whereas intensive land management represent a key factor in most 

of the cases. 

Yet, fewer studies have been conducted in forestry compared to agriculture 

(Stamps & Linit 1998) and the effect of land management practices are not consistent. 

Allegro and Sciaky (2003), Fuller et al. (2008) and Villa-Castillo and Wagner (2002) found no 

evidences of land management in carabid species richness. Lange et al. (2014) claims that 

negative effects of forest management on ground-dwelling arthropods have not generally 

been identified while Zahn et al. (2010) and Stamps & Linit (1998) report that intensive land 

management and mono-specific tree layer might lead to negative effects on ground-

dwelling arthropods abundance and richness in forests. Seibold et al. (2019) points out the 

changes in tree species composition or forest structure as the main factor affecting 

arthropods.   

Studies targeting the impact of terracing for new eucalyptus plantations on ground 

dwelling arthropod communities are non-existent, making direct comparisons difficult. 

Zahn et al. (2010) compared different habitats in the south of Portugal and realized that 

eucalyptus plantation had the lowest abundance of ground dwelling arthropods, because 

of the low diversity and density of shrubs and herbs, mainly due to both the effect of 

eucalyptus plantations on soil impoverishment (water and nutrients) and the heavy 

mechanical treatments during plantation and rotations. Puga et al. (2017) pointed that in 

Portugal the intensive land management of eucalypt plantations characterized by mono-

specific tree layer typically managed through a coppice system with rotation cycles every 

10 years, can impoverish overall biodiversity over time. Our results are in accordance with 

the former authors, as our average values of abundance and richness per pitfall were rather 

low in all sites.  With respect to terraces, Carlos et al. (2019) found that arthropods richness 

https://www.sciencedirect.com/science/article/pii/S0378112714003740#b0010
https://www.sciencedirect.com/science/article/pii/S0378112714003740#b0105
https://www.sciencedirect.com/science/article/pii/S0378112714003740#b0310
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in terraced vineyards were not significant different from those found on non-crop habitats 

suggesting that the management practices did not impose an effect of arthropod diversity.  

In our study, Hymenoptera Order was the most abundant order counting 62%, 68% 

and 64% of all specimens in the NT, RT and OT sites respectively. Followed by Araneae 

Order with 21%, 8% and 21% of all specimens in the NT, RT and OT sites respectively and 

Coleoptera Order with 13%, 20% and 12% of all specimens in the NT, RT and OT sites 

respectively. The Araneae Order was strongly affected by the terrace construction, showing 

low abundance and richness. Pearce & Venier (2005) observed that Araneae are strongly 

affected by anthropogenic activities and suggested soil disturbances as a key driver. 

Actually, this Order is known to be especially sensitive to vegetation structure changes 

(Uetz, 1991). Hence, as terracing not only reshape deeply the forest floor but also remove 

completely all vegetation and litter, the spiders’ ability to perceive prey location or 

determining the physical features of web structures may have been impaired (Oxbrough et 

al., 2005). In our study, reduction of topsoil litter from 64% in the NT site to 11% and the 

complete removal of vegetation from 27% to 0% in the RT site might have been the main 

mechanism reducing the abundance and richness of the Araneae Order. In fact, in our 

results the reduction of litter and vegetation was found both strongly correlated with the 

decrease on total abundance of the Araneae. Gaigher & Samways (2010) found positive 

correlations between abundance and richness of arthropods (including Araneae) and 

vegetation cover, and link land management to negatively affect the arthropods 

abundance and richness. Variations in litter depth and complexity have been reported to 

affect Araneae richness and species composition (Uetz, 1979). Mashavakure et al. (2019) 

also link the retention of litter on the soil surface to an increase in abundance and richness 

of Araneae while the disturbance of soils with traditional tillage had a high negative impact 

on the taxon weights. Benhadi-Marin et al. (2013) found that tilling the soil results in a 

slight increase in abundance in the tree canopy, however in our case the eucalypt siblings 

were only planted some weeks after the terrace construction leaving the Araneae without 

the option to prosecute shelter. The Families Gnaphosidae, Zodariidae and Pisauridae had 

their presence completely removed from the RT site however, at long term their numbers 

were back to non-significant differences. Zodariidae was reported to be sensitive to habitat 

disturbances (Torres et al., 2016), which helps to explain our results. Gnaphosidae prefer 

open and arid environment and tend to hide under stones (Chatzaki, 2008), components 

that the new terrace habitat should provide, yet they are also pointed to shelter under litter 

(Uetz, 1979; Chatzaki, 2008). Likewise, Corcuera et al., (2015) found Pisauridae linked with 

leaf litter. Therefore, the reduction of this ground component in our study might be a key 

factor on the survival of these two families, explaining their absence immediately after 

terracing.  

With respect to the Coleoptera Order, in our study their abundance seemed not 

affected, but their richness was significantly promoted by the construction of terraces. 

Mono-specific tree systems are known to hold low abundance and richness of Coleoptera 
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(Stamps & Linit, 1998), which is consistent with our findings in the Non-terraced site. On 

the other hand, it is known that intensive forest management practices have a minimal 

effect on Coleoptera (Lange et al., 2014), or even no significant effects. Birkhofer et al. 

(2015), Lange et al. (2014) and Villa-Castillo & Wagner (2002) also found Coleoptera 

richness lower in unmanaged stands, which is in line with our study findings. In fact, 

Curculionidae and Colydiidae Families significantly increased their abundance immediately 

after terracing. Some species from Curculionidae Family are a well-known plague among 

eucalypt plantations (Clarke et al., 1998) and possibly the abundance increased on the new 

terraces because those species feed typically on new shoots and leaves of eucalypts (Loch, 

2006). In the case of Colydiidae, the species Family are not commonly associated with 

eucalypts, however they are predators linked to decaying wood and frequently found 

under rotting bark (Alexander, 2002). This fact can explain the increase in abundance of 

this Family in the NT site since former remains of Pinus pinaster were incorporated and 

buried during the terracing operations and some of this material is still rotting on the riser 

area of the bench terrace. 

The abundance and richness of Hymenoptera were not affected by the construction 

of terraces in our study. This finding does not corroborate the majority of studies that 

indicate Hymenoptera as very sensitive to soil disturbances (Kwon et al., 2014). Studies on 

agricultural soils have been pointing that ant communities decrease with repeated soil 

disturbance (Siqueira et al., 2014). Sharley et al. (2008) report that tillage operations have 

negative effects on ant communities. These frequent disturbances lead to low density of 

ants due to high rates of mortality and colony abandonment (Crist, 2004).  Nevertheless, in 

forest soils these differences are more complex and not always present. Apolinário et al., 

(2019) found that ant diversity under eucalypt plantations with native understory 

vegetation were not different than natural forests. Lee et al., (2020) found similar richness 

in ant communities between mono-specific plantations and mixed agroforest systems, yet, 

found marked differences when compare to native forests. In our study all sites are under 

mono-specific plantations, suggesting that this might be a factor that influences the 

richness and abundance of ant communities, thus masking the impact of soil disturbance 

on this taxon. Another mechanism might be that the Hymenoptera Families present in our 

study are tolerant to disturbed soils under eucalypt forests (Kwon et al., 2014). 

 

Conclusions  

The main findings of this study concerning the effects of bench terrace construction 

on the ground dwelling arthropod community in eucalypt forest plantations were the 

following: 

1) Terracing did not have an immediate impact on total abundance and richness. 

However, the total abundance of Araneae order seemed strongly reduced while 
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Coleoptera and Hymenoptera order did not change. Diversity (H’) and evenness (J’) 

indexes were not changed by the construction of terraces. 

2) At long-term (14-years terrace), there was also no impact of terracing on total 

abundance and richness. By the same, the diversity (H’) and evenness (J’) indexes 

were still not affected by the construction of terraces. In the case of Araneae 

abundance, it was observed a recover in the old terraces compared to the recent 

ones. 

3) The richness among the Coleoptera and Araneae Orders were markedly affected 

immediately after the terrace construction, but in different ways. Terracing did 

increase the Coleoptera richness but reduced the Araneae richness with both 

effects disappearing at long-term. 

4) Three families of Araneae were significantly affected in their abundance by the 

construction of terraces, but at long-term this negative effect disappear.  

5) The decrease of topsoil litter and vegetation replaced by bare soil and stones were 

found strongly correlated with the increase on total abundance of Coleoptera and 

the decrease on total abundance of the Araneae. 
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Chapter 3  

The response of the ground-dwelling arthropod community of 

eucalypt plantations to bench terrace construction. 
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The response of the ground-dwelling arthropod community of 

eucalypt plantations to bench terrace construction. 

 

Abstract 

As eucalypt plantations grow in area and economic value, the mountainous terrains of 

Portugal are being terraced for easier logging and transport of the raw material for pulp 

and paper industry. The terrace process, done with heavy machinery, is a sudden change 

in the soil structure and vegetation, that most provably also impacts the soil fauna. 

Considering the importance of the ground arthropods in the nutrient cycling and their 

contribution to soil health, we pretend to understand if terracing has a negative effect in 

the arthropod’s community. To do so, 15 pitfalls were set in the field before terracing 

occurred, in Spring, and another 15 were placed after terracing, in each season, until the 

next Spring. Abundance and richness at Order level; and abundance, richness, Shannon-

Wiener diversity and Pielou’s evenness indexes, at Family level of Coleoptera, Araneae and 

Hymenoptera, were used to detect differences between pre- and post-terracing. After 

terracing, abundance and richness was not statistically different at Order level, however, 

in terms of community composition, more opportunist and generalist species were present 

in the plantation after terracing. Staphylinidae abundance increased after terracing, while 

Nitidulidae abundance decreased. The abundance and richness of spiders was similar 

before and after terracing, however there were changes in the predominant families. Ants 

composition stayed statistically similar, with a decrease in Formicinae in the last Spring. 

Terracing had an impact on some families, although more studies should be done to 

understand if these changes were due to terracing. 
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Introduction 

Portuguese forests cover 36% of the country’s area, and 26% of that is occupied 

with Eucalyptus globulus plantations (ICNF, 2019), which is the most planted tree around 

the world (Potts et al., 2004; Catry et al., 2015; Deus et al., 2019). In Portugal the plantation 

of large Eucalypt stands started to gain strength in the 50’s due to the establishment of 

pulp industry factories (Alves et al., 2007; Lopes, 2013; Reboredo & Pais, 2014). Since the 

eucalypt is the main raw material used in the pulp and paper industry, the plantations are 

vast, and usually maintained in a coppice system, rotating every 10-12 years (Soares et al., 

2007). To facilitate the harvest and transport of eucalypt trees in mountainous areas, 

terracing is becoming common in the forested hills of Portugal (Martins et al., 2013). 

It consists in cutting the steep slopes into horizontal steps, creating a surface more 

accessible for plantation. (Petanidou et al., 2008; Arnáez et al., 2015). Used from ancient 

times, agriculture terraces with vertical stone walls were used to reduce runoff, retain 

water, decrease erosion and improve soil fertility and slope stability; when constructed 

properly and with regular management (Petanidou et al., 2008; Arnáez et al., 2015; Tianjiao 

et al., 2017; Agnoletti et al., 2019; Wei et al., 2019). However, concerning the terraces used 

for forest plantation they are more prone to erosion and landslides until the canopies grow 

and the roots establish in the soil (Agnoletti et al. 2019).   Martins et al. (2013) also observed 

increased soil erosion in Portuguese eucalypt terraces.  

The soil fauna has an important role for nutrient cycling, pollination, and other 

ecological processes, and is commonly used as a bioindicator of soil quality for being 

sensitive to habitat changes (Stork & Eggleton, 1992; Andersen et al., 2002; Rainio & 

Niemelä, 2003), e.g. by tracking the abundance and diversity of ground-dwelling 

arthropods, and comparing different states of habitat disturbance (Kremen et al., 1993; 

Thorbek & Bilde, 2004; Timm & McGarigal, 2013) The replacement of native forests by 

eucalypt planted forest in combination with the soil restructuring due to terracing can 

affect soil biodiversity. (Kremen et al., 1993; Zahn, 2009; Quartau & Mathias, 2010; Deus 

et al., 2018). 

Due to arthropods response to changes in the habitat they are excellent organisms 

to monitor the impacts of soil alterations, such as terracing.  Arthropods are diverse, with 

different taxa and functional groups, that have different responses to disturbance. Within 

the arthropods’ community, there are some groups that stand out for their characteristics, 

namely beetles, spiders and ants. Coleoptera is commonly used for ecological assessments, 

because beetles are abundant, react fast at disturbance, have a wide distribution, and 

many different ecological functions ( Lange et al., 2014; Ghannem et al., 2018). Araneae is 
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also a diverse group, with different feeding and hunting habits and is found almost 

everywhere, therefore, spiders are easy to find and identify (Feest & Cardoso, 2012).Both 

spiders and beetles respond to changes in land management, being linked to vegetation, 

litter and other ground structures (Uetz, 1979; Rainio & Niemelä, 2003; Pearce & Venier, 

2006; Corcuera et al., 2010).  Ants have been used as bioindicators of land management 

due to their high abundance, easy sampling and rapid response to disturbance (Andersen 

et al., 2002; Antunes et al., 2009; Lawes et al., 2017).  

The main objective of this study was to understand how terrace construction affects 

the ground dwelling arthropods, by comparing their community before and after terracing. 

Our questions were i) Are the total abundance and richness of ground dwelling arthropods 

impaired by the terrace construction? ii) Does the community structure change after the 

terrace construction? iii) How the major groups (spiders, coleopterans, and ants) respond 

to soil terracing?  

 

Material and methods  

Study area and site 

This study was conducted in the southwest hills of the Caramulo Mountain range, 

near the village of Boialvo, in north-central Portugal (40°29'56.08"N 8°20'41.26"W). The 

area is mostly forested and belongs to the 10-ha drainage basin of the Cértima river. The 

principal soil occupation is eucalypt plantations (Eucalyptus globulus) but few pines (Pinus 

pinaster) stands and native oaks (Quercus robur and Quercus suber) are still present. 

Ground vegetation was scarce, with a few shrubs of Pterospartum tridentatum, Ulex 

europaeus, Erica cinerea, Erica umbellata, and Calluna ladaniferus, as usually found among 

eucalypt plantations.  

The landscape is characterized by accentuated valleys and steep slopes (25/35°), 

and the bedrock is pre-Ordovician schist and greywackes (Pereira & FitzPatrick, 1995). Soil 

profiles performed in the area classified the soil as humic Cambisols (Ferreira et al., 2010). 

The climate is humid mesothermal with dry prolonged summers. Annual rainfall varies from 

1400 to 1600 mm and monthly temperature means vary from 20 °C (August) to 10 °C 

(January) (Ferreira et al., 2010; Boulet et al., 2015).  

The area was chosen because a 13-year-old plantation of eucalyptus was logged, 

from January to March 2019, and afterwards the terrain was bench terraced with a 

bulldozer between May and June 2019 for the establishment of a new eucalypt plantation. 

Inside the catchment, a slope facing south-east was selected as the study site with 50m 

wide and 100m long. 
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Field measurements   

Collection and identification of Ground Dwelling Arthropods 

Ground Dwelling Arthropods were collected using pitfall traps made from 1.5L 

water bottles. The bottles were cut making a 10cm height trap, with roughly 8cm in 

diameter (Puga et al., 2017). In total, five sampling surveys were conducted. One before 

terrace construction, in April 2019, which will be our reference (BT.Sp), and 4 after 

terracing, one per season (AT.Su – in July 2019; AT.Au – in December 2019; AT.Wi – in 

February 2020;  AT.Sp – in May 2020) (Figure 3.1). 

In every sampling, 15 traps were displayed in 5 bottom-up lines of 3 pitfall each, 

separated for approximately 15 m (Figure 3.1). A solution of 70% ethanol was used on the 

traps and a drop of detergent was added to break surface tension. 

The pitfall contents were recovered after one week in the field and stored in 

individual flasks with ethanol for posterior sorting and identification in the laboratory. To 

recover the individuals a standardized net of +/-1 mm of pore size was used. Since pitfall 

traps are a cost-effective method for sampling large ground dwelling organisms, meso-

faunal organisms, such as Collembola and Acari were excluded from the data, as well as 

Diptera and Lepidoptera due to their wide movement. Identification was realized under a 

stereoscopic magnifier (an optical microscope was used for the smaller details) at Order 

and Family level (Coleoptera, Aranea and Hymenoptera) using taxonomic keys such as 

Harde & Severa, 1984; Goulet & Huber, 1993; Roberts, 1995; Barrientos, 1998; Czechowski 

et al., 2002. During samplings, a large number of Scolytidae beetles was caught. Because 

of their ecology as bark infesting beetles, gathering in groups due to the pheromones they 

release (Paine & Lieutier, 2016), they were considered outliers and therefore, taken off 

data analysis. 
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Vegetation and soil characterization  

Topsoil cover was accessed at one square meter around each pitfall by photos taken 

over the traps. Topsoil cover was assessed in terms of percentage (% m-2) of litter, rocks, 

bare soil, and vegetation. 

On the months of arthropods collection, one soil sample on each of the 5 selected 

lines were taken at a depth of 0 and 2.5 cm for physico-chemical analysis. All samples were 

sieved at the laboratory with a mesh with 2 mm pore size and analysed for texture by the 

pippete method (Guitian and Carballas, 1976), for soil moisture following the gravimetric 

method (Botelho da Costa, 2004) for bulk density (Porta et al., 2003) and for organic matter 

content by loss-on-ignition method (Botelho da Costa, 2004). 

Data analysis 

The abundance and richness of the arthropods were tested at Order level. 

Abundance, richness and Shannon-Weiner diversity (H’) and Pielou’s Evenness (J’) Indexes 

were calculated at Family level in the Orders Coleoptera, Araneae and Hymenoptera. 

Since the normality test failed, even after data transformation, the non-parametric 

Mann-Whitney U test was used to check for differences among sampling surveys. 

Spearman Correlation was used to test possible correlations between soil and cover 

parameter and arthropods abundance, richness, diversity, and evenness. Statistical tests 

were done in PAST 4.02, with α level set at 0.05 in all analyses.  

 Figure 3.1 - Sampling design of arthropods collection in the field. 
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Results 

Soil characterization and soil cover  

Soil moisture content (SMC) oscillated with the seasons (Figure 3.2), with the lowest 

value recorded in Summer (3.06%) and higher values in Autumn (19.5%) and Winter 

(21.7%). When comparing the Spring before terracing (BTsp) with the Spring after terracing 

(AT.Sp) a significant difference was found (p<0.001), with the AT.Sp having lower moisture 

(4.62%) than the BT.Sp (13). 

The soil organic matter had higher values before terracing (18%), as seen on Figure 

3.2, with a significant different between BT and AT Springs (p<0.001). The values decrease 

in Summer (8.38%) and again in Spring (10.5%), after terracing, while Autumn and Winter 

(12.8 and 13% respectably) reported an increase in organic matter percentage (Figure 3.2). 

Bulk density of the topsoil increased significantly after terracing (p<0.001) passing 

from 0.92 g.cm-3 before terracing to 1.16 g.cm-3 in the samplings after terracing (Figure 3.2). 
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Ground cover results are given in percentage of occupation in a square meter 

around each pitfall (Figure 3.3). All cover parameters were statistically different between 

the BT and AT Springs. After terracing, all vegetation disappeared, with small patches 

appearing in Winter (p<0.001). Stones became the largest portion of the cover after 

terracing, going from less than 1% in the first Spring, to 60% on the last (p<0.001). Litter 

cover was also significantly reduced after terracing (p<0.001), with only a few branches 

from the previous plantation left a top. Terracing also opened space for bare soil, with 

values around 4% in BT.Sp and 22.8% in AT.Sp (p<0.001). 

a 

a 

a

b

b 

b
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bbb 

b 

c 

c c 
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 Figure 3.2 – Average soil moisture content, soil organic matter and bulk density, per sampling 

season. (BT.Sp – Spring before terracing, AT.Su – Summer after terracing; AT.Au – Autumn after 

terracing; AT.Wi – Winter after terracing; AT.Sp – Spring after terracing). Error bars represent 

standard deviation. Different letters denote statistically significant differences (p<0.05). 
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Figure 3.3 – Average topsoil cover and vegetation occupation in percentage per sampling season 

(BT.Sp – Spring before terracing, AT.Su – Summer after terracing; AT.Au – Autumn after terracing; 

AT.Wi – Winter after terracing; AT.Sp – Spring after terracing).  

 

Ground-dwelling arthropods community  

A total of 1757 arthropods were identified, with more than 97% of them belonging to 

Coleoptera (569), Araneae (212), Hymenoptera (874) or Hemiptera (57) Orders. During the 

5 sampling periods, a total of 14 Orders were identified. All samplings registered the 

presence of 8 orders, except for the Autumn sampling, with 7 (Table 3.1). A noticeable 

decrease in abundance was reported in the Winter, with numbers rising again in the Spring. 

The most abundant sampling was the one during Summer, especially due to the high 

number of ants registered on almost every pitfall. The summer sampling had both the most 

abundance and richness average per pitfall trap (48.8 and 4.33, respectively).  

Between the Springs BT and AT, no statistical difference was found for total 

abundance (p=0.418) nor richness (p=0.604) at Order level (Figure 3.4). Hemiptera and 

Hymenoptera abundance was higher during the Summer sampling, and Hemiptera showing 

statistical differences between BT and AT Springs (p=0.039). Coleoptera was predominant 

during Autumn and they were more abundance after terracing than before. The number of 

spiders was higher during both Springs. Pseudoescorpionida were not captured in Summer 

and were more abundant before terrace construction. For the remaining orders, given its 

low abundance, it was not possible to make comparisons between sampling periods.  
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Table 3.1 - Total abundance of arthropod Orders caught per sampling season (BT.Sp – Spring before 

terracing, AT.Su – Summer after terracing; AT.Au – Autumn after terracing; AT.Wi – Winter after 

terracing; AT.Sp – Spring after terracing). 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

A total of 569 beetles were caught on the 75 traps, distributed among 22 Families 

(Table 3.2). The most abundant samplings were AT.Au and AT.Sp, in total numbers and 

average per pitfall. The abundance was significantly different between the BT and AT 

Springs (p=0.003), with the AT.Sp having more than twice the beetles comparing to before 

Sampling period   BT.Sp AT.Su AT.Au AT.Wi AT.Sp 

Total abundance   269 732 245 130 381 

Coleoptera   64 114 159 78 154 

Aranaea   65 24 30 21 72 

Hymenoptera   123 545 49 20 137 

Hemiptera   2 42 2 1 10 

Pseudoescorpionida   11   2 6 1 

Blattodea     4     1 

Chilopoda       1     

Diplopoda         1   

Isopoda       2 1 5 

Isoptera   2         

Opilione   1 1       

Plecoptera     1       

Thysanoptera   1     2 1 

Tysanura     1       

Figure 3.4 – Average abundance and richness at Order level in each sampling site. (BT.Sp – Spring 

before terracing, AT.Su – Summer after terracing; AT.Au – Autumn after terracing; AT.Wi – Winter 

after terracing; AT.Sp – Spring after terracing). Error bars represent standard deviation. Different 

letters denote statistically significant differences (p<0.05). 
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(Figure 3.5). Staphylinidae was the most abundant in all samplings, except in BT.Sp and 

AT.Su. Staphylinidae abundance showed a significant difference between the BT and AT 

Springs (p<0.001) as abundance increased in AT.Sp. The Nitidulidae family had a significant 

decrease in abundance (p=0.003) in the second Spring. Corylophidae, Clambidae, and 

Lathridiidae were the most reoccurring families during Summer. Winter sampling recorded 

more beetles than the first Spring.  

 

Table 3.2 – Total abundance of Coleoptera Families caught per sampling season (BT.Sp – Spring 

before terracing, AT.Su – Summer after terracing; AT.Au – Autumn after terracing; AT.Wi – Winter 

after terracing; AT.Sp – Spring after terracing). 

Sampling period   BT.Sp AT.Su AT.Au AT.Wi AT.Sp 

Coleoptera   64 114 159 78 154 

Staphylinidae   14 12 65 50 112 

Nitidulidae  28  56 15 5 

Corylophidae   1 33 11 3 4 

Clambidae   33 5   
Lathridiidae   6 20 4  2 

Corculionidae  9 3  4  
Anthicidae    1   4 

Bostrychidae       3 

Cantharidae  2 1    
Carabidae   1   1 1 

Cerambidae     1   
Cleridae      1   

Criptophagidae      1 

Elateridae       3 

Eucnemidae       5 

Throscidae    3 10   
Leiodidae   1     

Mycetophagidae       1 

Ptiliidae   1  2   
Scarabaeidae       2 

Silvanidae       6 

Tenebrionidae    3    
NI   1 5 4 5 5 
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Araneae 

Hymenoptera 

Figure 3.5 – Average abundance, richness, Shannon-Wiener Diversity index (H’) and Pielou's 

Evenness index (J’) of the Orders Coleoptera, Aranaea and Hymenoptera per sampling season (BT.Sp 

– Spring before terracing, AT.Su – Summer after terracing; AT.Au – Autumn after terracing; AT.Wi 

– Winter after terracing; AT.Sp – Spring after terracing). Error bars represent standard deviation. 

Different letters denote statistically significant differences (p<0.05). 
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In terms of Family richness (Figure 3.5) the AT.Sp had both more families recorded 

(13) and more average richness per pitfall trap (4.07), but no significant differences were 

found between Springs regarding richness (p=0.117). Winter had the lowest number of 

richness, with a total of 6 families and an average of 2 families per pitfall trap. The values 

for H’ and J’ obtained in the Coleoptera order are found in Figure 3.5. Diversity values were 

higher in Autumn and Summer and lower in Winter. Evenness decreases over time, passing 

from 0.94 in the Spring before, to 0.72 after terraces. No differences were found on H’ 

values between BT and AT Springs (p=0.339), and neither on J’ (p=0.155).  

The Spiders caught in the 5 sampling seasons make a total of 212 individuals divided 

through 17 families (Figure 3.5 and Table 3.3). The AT.Sp was the most abundant sampling. 

The BT and AT Springs were not significantly different in terms of abundance (p=0.614). 

Linyphiidae was the most common family, with 32 individuals caught, although no 

specimen of this family was found during Summer. Linyphiidae abundance was not 

significantly different between BT and AT Springs (p=0.057).  Dysderidae was the second 

most abundant family with specimens in all samplings, and also not significantly different 

(p=0.500).   

Richness was higher before terracing with 2.47 families per pitfall and a total of 12 

different families present, although when both Springs were compared, no significant 

differences were found (p=0.243). Shannon-Wiener diversity, and Pielou’s evenness 

indexes showed no significant differences between before and after terracing (Figure 3.5). 
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Table 3.3 – Total abundance of Araneae Families caught per sampling season (BT.Sp – Spring before 

terracing, AT.Su – Summer after terracing; AT.Au – Autumn after terracing; AT.Wi – Winter after 

terracing; AT.Sp – Spring after terracing). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

From the Hymenoptera Order, ants and small wasps were collected (Table 3.4). 

Wasps were classified to superfamily level and ants were divided by subfamilies of 

Formicidae – from which more than 90% of all individuals belong. Summer was the most 

abundant sampling with more than 60% of the all the Hymenoptera collected. Myrmicinae 

was the more abundant subfamily. Formicinae showed a significant decrease in abundance, 

from BT to AT Spring (p<0.001). Summer had the higher average of Families per pitfall (2.4), 

although Winter had a bigger total (7). Average richness was higher on the AT Spring, but 

it was not significantly different from BT Spring (p=0.101). The Shannon- Wiener Diversity 

index (H’) was higher in Summer, with no significant difference. Regarding Springs a higher 

value of H’ was found before terracing, with a significant difference between BT and AT 

springs (p=0.049). Evenness had a decreasing pattern along the 5 sampling surveys, with 

values near 0.9 before terracing, and around 0.3 in the Spring after terracing (Figure 3.5). 

 

 

Sampling period    BT.Sp AT.Su AT.Au AT.Wi AT.Sp 

Araneae    65 24 30 21 72 

Linyphiidae   14  9 3 6 

Dysderidae   5 7 3 2 7 

Gnaphosidae   4 8  1 2 

Synaphridae   9 1 1 4  
Agelinidae   1  5 4 1 

Salticidae   1 1   8 

Anyphaenidae    1 2   
Coronnidae   3    2 

Cybaenidae    1    
Hahnidae   2     

Liocrinidae   1  3  1 

Lycosidae   3   1  
Mysmenidae   2  1   

Oonopidae   1  2 1 3 

Philodromidae       1 

Theridiidae    1   2 

Zodariidae    1   4 

NI   19 3 4 5 35 
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Table 3.4 – Total abundance of Hymenoptera Families caught per sampling season (BT.Sp – Spring 

before terracing, AT.Su – Summer after terracing; AT.Au – Autumn after terracing; AT.Wi – Winter 

after terracing; AT.Sp – Spring after terracing). 

Sampling period   BT.Sp AT.Su AT.Au AT.Wi AT.Sp 
Hymenoptera  123 545 49 20 137 

Formicidae subfamilies:  Myrmicinae  75 346 7 3 116 
Formicinae  46 192 7 8 10 

Ceraphronoidea  1 2 29 3 1 

Chalcidoidea   3 1 1 5 

Ichneumonoidea   2  1  
Platygastroidea     2  

Proctotrupoidea    3 1  
Vespoidea  1     

NI    2 1 5 
 

 

Interaction with Soil and Vegetation patterns 

Meaningful correlations with the arthropods, soil and vegetation parameters are 

found on Table 3.5. In the first sampling, BT.Sp, the total abundance of Araneae was 

positively correlated with vegetation (p<0.001) and negatively correlated with litter 

(p<0.001). Moreover, the total abundance of Coleoptera was negatively correlated with 

bare soil (p=0.025), and Staphylinidae Family correlated positively to bulk density 

(p=0.003).  

In the AT.Su sampling, total abundance correlated positively with bare soil 

(p=0.013), abundance of Hymenoptera correlated positively with bare soil (p=0.007) and 

negatively with stones (p=0.043) and bulk density (p=0.040). Myrmicinae correlated 

positively with bare soil (p=0.002). 

In Autumn, abundance of Hymenoptera correlated positively with bare soil 

(p=0.003).  

Winter showed a negative correlation on Coleoptera and Staphylinidae with soil 

organic matter (p=0.022 and p=0.008, respectively). Aranea abundance (p=0.049) 

correlated negatively with soil moisture content.  

In the last sampling, AT.Sp, total abundance was found positively correlated with 

vegetation (p=0.033). Coleoptera abundance correlated positively with both vegetation 

(p=0.013) and litter (p=0.021) and negatively with stones (p=0.008). Staphylinidae 

correlated positively with litter (p=0.023) and negatively with stones (p=0.002). 
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Table 3.5 – Significative Spearman Correlations between soil parameters and abundance of 

Arthropods in each sampling season (BT.Sp – Spring before terracing, AT.Su – Summer after 

terracing; AT.Au – Autumn after terracing; AT.Wi – Winter after terracing; AT.Sp – Spring after 

terracing). 

      Spearman correlation p-value 

BT.Sp Vegetation vs Total Araneae 0, 80 <0.001  
 Bare soil vs Total Coleoptera -0,58 0,025 
 Litter  vs Total Araneae -0,79 <0.001 

  BD vs Staphylinidae 0,71 0,003 

AT.Su 

Bare soil vs 

Total Abundance 0,62 0,013 
 Total Hymenoptera 0,67 0,007 
 Myrmicinae 0,74 0,002 
 Stones vs Total Hymenoptera -0,53 0,043 

  BD vs Total Hymenoptera -0,53 0,040 

AT.Au Bare soil vs Total Hymenoptera 0,72 0,003 

AT.Wi 
SOM vs 

Total Coleoptera -0,59 0,021 
 Staphylinidae -0,66 0,008 

  SMC vs Total Araneae -0,52 0,049 

AT.Sp 
Vegetation  vs 

Total abundance 0,55 0,033 
 Total Coleoptera 0,62 0,013 
 

Litter vs 
Total Coleoptera 0,59 0,021 

 Staphylinidae 0,58 0,023 
 

Stones vs 
Total Coleoptera -0,66 0,008 

 Staphylinidae -0,74 0,002 

 

 

 

 

 

Discussion 

Overall, one year after terracing, arthropods abundance and richness were 

statistically similar, suggesting that the impact of the soil movement did not have a 

significant effect on the community of arthropods established in eucalypt plantations. 

Contrasting with our results, most literature shows that intense land management can 

negatively affect arthropod biodiversity (Brévault et al., 2007; Ng et al., 2018; Boinot et al., 

2019; Gonçalves et al., 2020), especially when vegetation and litter are removed. However, 

most of these studies are focused on agriculture. In this regards, Brévault et al. (2007) 

reported that soil movements such as tillage and terraces construction in vineyards have 
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been linked to low abundance and richness of soil organisms. Likewise, some other authors 

reported high abundance and richness of arthropods on low maintenance vineyard soils 

(Gaigher & Samways, 2010; Gonçalves et al., 2020). In opposite, other authors report 

different impacts as some opportunistic Families were more resilient and were not effect 

after soil management (Sharley et al., 2008; Carlos et al., 2019). 

Concerning the few studies on forests, Quartau & Mathias (2010) observed that 

repeated ploughing can impoverish the soil, leading to poor vegetation growth. Pérez-Bote 

& Romero (2012) and Lange et al. (2014) mentioned that frequently disturbed areas do not 

evolve beyond the first successional stages, thus favouring more generalist and 

opportunistic species and therefore reducing biodiversity.  

Aside from land management, the monoculture of eucalyptus also limits the 

abundance of arthropods, as Zahn (2009) found by comparing different portuguese 

habitats. Since our study area, and its surroundings, have been occupied over time by 

eucalyptus plantations, the abundance and richness may be already conditioned before 

terracing.  

Regarding the ground dwelling community structure in the present study, we found 

that 97% of the arthropods belonging to Coleoptera (32.4%), Araneae (12.1%), 

Hymenoptera (50%) or Hemiptera (3.5%) Orders. Moreover, the structure of those main 

groups changed, they all increased in abundance after terracing, but it was significant only 

for Coleoptera.  

In what concerns the beetle abundance, they increased significantly after terracing, 

especially due to Staphylinidae abundance. Staphylinidae and Carabidae families are 

commonly used as bioindicators of soil management  (Holland & Reynolds, 2003; Lange et 

al., 2014; Ghannem et al., 2018). In agriculture soils, Holland & Reynolds (2003) reported a 

negative effect of ploughing in abundance and richness of rove beetles (Staphylinidae), 

while Thorbek & Bilde, (2004) report that rove beetles are resilient to ploughing, 

mechanical weed control, and soil loosening, having similar values of abundance between 

the control and treated plots. Sharley et al. (2008) also found that Staphylinidae was 

consistently more abundant in the tillage plots. Our results showed that Staphylinidae keep 

their abundance right after the terracing and then increased the abundance, reaching a 

maximum in Spring. In the case of Nitidulidae, the second most dominant family in our 

study, a drastic effect was seen right after the terracing, with no record of specimens. 

Nitidulidae are usually found on flowers and vegetation, or even in litter (Williams et al., 

2008; Avgin et al., 2015), and since terracing eliminated vegetation and litter, it could 

explain why no Nitidulidae were caught.  

Spider abundance and richness decreased immediately after terracing, in the 

Summer sampling (AT.Su), and remained low until Spring (AT.Sp), when the values 

approach the ones before terracing. Spiders are commonly used as bioindicators because 

of their reported sensitivity to vegetation, litter and temperature changes (Uetz, 1979; 

Corcuera et al., 2010). Sharley et al. (2008) also found similar abundance of spiders in tillage 
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and non-tillage vineyard plots. In contrast, Thorbek & Bilde (2004), found that spiders 

decreased in number due to direct mortality and indirect impacts of ploughing and soil 

loosening in farming plots. Linyphiidae, was the most abundant family in BT.Sp, and 

although it decreased in AT.Sp, it was not significant. According to Cardoso et al. (2007), 

this family is more abundant in Mediterranean ecosystems during Winter. Hence, the low 

number caught in AT.Au and AT.Wi could be a consequence of the terracing, which 

decreased structures for web construction by eliminating all vegetation (Holland & 

Reynolds, 2003; Sharley et al., 2008). In fact, before terraces, Araneae abundance was 

positively correlated with vegetation, when web-weaver spiders were more abundant than 

ground hunters, that tendency was inverted in the next Spring, after terracing, with ground 

hunters increasing their numbers, and web-weavers decreasing. 

Moreover,  according to Cardoso et al. (2007), the optimal months to catch greater 

richness of spiders is during  May and June, which can explain the low richness caught from 

Summer to Winter. The low abundance and richness on Autumn and Winter are reflected 

on the also low values of H’ and J’ during those seasons.  

Concerning the Hymenoptera, the family Formicidae deserves special attention due 

to its expressive abundances recorded immediately after the terracing (AT.Su). The sub-

family Myrmicinae in particular, showed a positive and significative correlation with bare 

soil during Summer. Then, the abundance of Hymenoptera reduced during Autumn and 

Winter, and returned to values before terracing in Spring (AT.Sp). Our results are not in line 

with the studies that refer to the use of ants as bioindicators of soil disturbance, due to 

their sensitiveness (Andersen et al., 2002; Kwon et al., 2014; Lawes et al., 2017). For 

instance, in vineyard soils, tillage have been reported to decrease Formicidae abundance 

(Sharley et al., 2008).  

In Portuguese eucalyptus plantations ants are well established (Zina et al., 2015), 

even with the fast rotation cycle of this tree (10-12 years) typically using heavy machinery, 

which can indicate some resilience to disturbance. Moreover, ants are pioneers in the 

colonization of disturbed areas, and are known to endure in harsh environment (Antunes 

et al., 2009). Still looking into Formicidae Family, it was also observed a distinct pattern 

between the two subfamilies: Myrmicinae increased in abundance from one Spring to the 

other, while Formicinae decreased significantly. According to Kwon et al. (2014), 

disturbance can have different impacts on different ants species, with the most 

opportunistic having more changes to thrive. In the same line, Andersen (2019) pointed 

openness, destruction of canopies and vegetation, as an indirect driver of change in ant 

communities, which benefits opportunistic species such as Myrmicinae.  

Conclusion 

With this study on the impact of terracing on ground dwelling arthropods we found 

the following considering the Spring after terrace contruction:  



57 

 

1. The overall abundance and richness at Order level was not altered, suggesting that 

terracing had no impact on the arthropods, even with the depletion of vegetation 

and litter. 

2. Accounting for the Coleoptera Order, a significant increase in abundance was 

observed, mainly due to the abundance of Staphylinidae, that grew after terracing.  

3. Araneae showed no significative differences in terms of abundance, richness, 

diversity nor evenness. Besides that, the Order displayed different Families before 

and after terracing, as less web weaver and more ground hunting spiders were 

collected after terraces.  

4. As for Hymenoptera Order, also no significative changes were found in abundance 

or richness, but Diversity and Evenness decreased, as Formicinae sub-family 

decreased significantly from the pre- to the post-terrace Spring. 

5. The Families that increased in abundance after terracing are considered 

opportunistic, and therefore the first to colonize after disturbance.  
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This work comprised two case studies: in Talhadas site, a comparison between 3 

plots was conducted, including a non-terraced plantation with 14y.o., a terraced plantation 

with the same age, and a recently terraced site; in Boialvo the first sample was done before 

terracing, and the other four after, one per season. Both studies generate new knowledge, 

allowing a better understanding of how arthropods respond to terracing, either in the short 

or long-term. 

In both case studies significant differences were found in all soil parameters 

between terraced and non-terraced plots. Soil characteristics suffered common alterations 

in the two studies. Bulk density increased after terracing and showed a long-lasting affect, 

as Old terraced plot was still statistically different from Non-terraced in Talhadas site. 

Organic matter also decreased after terracing in both sites, and in Old Terraces the values 

were similar to Non-Terraced, which can indicate that organic matter decrease after 

terracing is a temporary effect. In Talhadas site, soil moisture was significantly lower in the 

Recently terraced plot and similar between the older plantations, while in Boialvo values 

for soil moisture oscillated with the seasons (lower during Summer, and higher in Winter), 

nonetheless, all values regarding the after terraces sampling were statistically different 

from before. In terms of soil cover, vegetation and litter disappeared (or decreased 

drastically) after terracing, while bare soil and stone coverage increased. In the Boialvo site, 

one year after terracing, only a few small patches of vegetation were present, and others 

were beginning to sprout (<5%). 

Albeit the effects of terracing on soil parameters and cover in both studies, no 

remarkable effects were observed in the total abundance and richness of the arthropod’s 

community. However, when the analysis was carried out at the Family level (with emphasis 

on Coleptera, Araneae and Hymenoptera), noticeable effects of terracing were observed, 

both in Families abundance richness, diversity and composition. 

In Talhadas site, Araneae abundance and richness decreased immediately after 

terracing, while in the Old Terraces no differences were found compared with the Non-

terraced site. In Boialvo, there were also no differences in abundance or spider richness. 

Although, Araneae community suffered some changes with a clear adaptation to the new 

scenario, as more ground spiders were collected after terracing, showing that one year 

after, in Boialvo, Spiders were able to recuperate and have similar values to before.  

For Coleopterans, the effect of terracing was different in the two case studies. In 

Talhadas site, although beetle richness increased immediately after terracing, in the Old 

Terraces the values were similar to the values observed in the Non-terraced plot. In Boialvo, 

the abundance of coleopterans increased after terracing, while the other parameters were 

found similar to before terracing. Hence, in general, beetles were not negatively impacted 

by terracing.  

Hymenoptera, showed no differences in any study, in terms of abundance or 

richness. Although, in Boialvo the diversity and evenness indexes decreased in the Spring 

after terracing.   
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As the two sites showed different responses to soil disturbance, other factors such 

as temperature, precipitation, and even geographical distribution, can influence 

arthropod’s community in a certain region. While the responses also vary according to the 

pre-disturbance community, as separated sites, even with the same habitat structure, the 

same disturbance can have a distinct impact on the communities. Rainio & Niemelä (2003) 

stated that the impact of soil interventions depends on the period that it occurs in, with 

higher effect on arthropods if disturbance happens during breeding season. Since terracing 

occurred in different seasons (Winter in Talhadas, and end of Spring in Boialvo), this could 

explain the distinct response of spiders and beetles in the two studies. 

As an exploratory and pioneer study on the impacts of forest terraces in arthropods 

community, further studies should be conducted to better understand the impacts of 

terracing in soil fauna. Understanding this seminatural habitats, with marked disturbances 

and human influence, and the organisms inhabiting them, is of high importance so that the 

management they undergo can be adapted in order to preserve soil biodiversity and 

ultimately soil health. 
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