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Abstract:
There has been great concern within the scientific community about biodiversity loss and the extinction crisis worldwide. In order to set priority targets for biodiversity conservation in any region of the world, it is necessary to have good, long term, scientific, biological data. Without detailed information on local floras and faunas, it is impossible to prepare detailed management plans for biodiversity conservation within the area. The conservation importance of an area, which can be determined by assessing its biodiversity, by considering its species richness and abundance of key species (indicator groups). Therefore, during this thesis we attempted to clarify processes that influence the invertebrate fauna of Cyprus in different ecosystems. We also sought to investigate the population dynamics, abundance, species richness and the diversity of different invertebrate groups. We not only described the local invertebrate fauna, but also analysed impacts of different management regimes on them. In addition to this, we used different group of invertebrates as indicators in order to identify the biologically valuable habitats for biodiversity conservation in Cyprus.

Firstly, field surveys were carried out over a two year period for the determination of thrips fauna (Thysanoptera) in the northern part of Cyprus. During the surveys 2029 specimens were collected. We recorded 43 thrips species belonging to 23 genera. Five genera and 14 species were new records for the island of Cyprus. Also we studied the population of the thrips pests and resulting damage to fruits on different nectarine varieties in north Cyprus during 2004 and 2005. We found 21 different thrips species, most of them encountered during the petal-fall period of nectarine trees. The “Maravilla” variety (early nectarine variety) had the highest rate of non-marketable fruit during 2004-2005. 

Secondly, we determined the impacts of different management regimes on invertebrate fauna and diversity in Cypriot olive groves. We selected high and low altitude olive groves with no management, tillage only, or tillage – pesticide – fertilizer application. During this study, 12,387 arthropods were recorded and identified from 18 different orders or higher taxa. Our results showed that pesticide application on olive tree canopies significantly reduces the abundance and diversity of arthropods. We also determined the impacts of management regimes on woodlouse fauna. We found significant reductions in woodlouse abundance with tillage combined with pesticide and fertilizer application.

Thirdly, we used butterflies as an indicator group to identify the importance of forest and garrigue habitats for biodiversity conservation in Cyprus. Transect counts were used to assess the abundance and diversity of butterflies in old and young forests. We observed a significant effect of forest type on the abundance of butterflies. The number of butterflies and the number of endemic species was also higher in old forests than young forests. Also we used butterflies to evaluate the conservation value of grassland and shrubland mosaics within garrigue ecosystems in Cyprus. Habitat type showed a highly significant effect on butterfly abundance, this was particularly the case with endemics. Greater abundance was observed during early and the late season in grassland habitats. 

The results underline the potential conservation significance of agricultural ecosystems and should serve to promote ecologically sustainable agricultural production systems in Cyprus. Also as a result of this thesis, identification and protection of grassland-shrubland mosaics in garrigue ecosystems and old mature forests along Kyrenia Range Mountains should be considered priorities in future conservation programmes.
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Aims and objectives:
The aims and objectives of my research were to provide information about invertebrate species, their habitats, and their ecology within different ecosystem types. The primary aims were to identify anthropogenic stresses that have negative effects on invertebrate abundance and diversity, and to provide information so that informed decisions regarding important conservation measures can be made to promote the integrity of invertebrate communities. 

First, we attempted to improve upon the knowledge regarding the thrips fauna of Cyprus in different ecosystems. Thrips are key invertebrates as they can be important pests on stone fruits within the Mediterranean region. We also sought to investigate the population fluctuations of thrips pests on different nectarine varieties in agroecosystems. Second, we determined the impacts of different management regimes on invertebrate fauna abundance and diversity in Cypriot olive groves.  Third, we used butterflies as an indicator group to identify the importance of forest and garrigue habitats for biodiversity conservation in Cyprus.

Results and Contributions to the field of study: 
This thesis is divided into six separate chapters, with each chapter being the result of independent research. Three of these chapters have been published; two are currently under review for publication.  The remaining one chapter is written, with the aim of submitting it for publication to a peer reviewed scientific journal. 

In Chapter 1, I present the results of the field surveys over a two year period (2003-2004) for the description of the thrips fauna in the northern part of the island. In this chapter I provide details of thrips species found during the surveys, their abundance, the sex determination results of each species, the location where each specimen was found, its host plant and the general global distribution of each species. These results involved the identification and description of 2029 specimens from 281 samples. The results provide a surprising number of thrips species with 14 new records for the island, which included five completely new genera for the island of Cyprus. 

In Chapter 2, I collected and identified 433 thrips specimens found on nectarine trees in north Cyprus. In this chapter we provide the first detailed account of the major thrips pests of nectarine fruits with their ecology. Also we present for the first time a detailed analysis of thrips damage on different nectarine varieties. 

In Chapter 3, I collected and identified a total of 12,387 arthropods from twelve olive groves in Cyprus. This research was carried out between November 2005 and June 2006. In this chapter, we determined the impacts of different management regimes on invertebrate fauna and diversity, in Cypriot olive groves. I analysed differences in invertebrate fauna in high and low altitude olive groves with no management, tillage only, or tillage, pesticide and fertilizer application. We compared the abundance of the arthropods in different olive groves, the abundance of each taxa and the number of arthropods collected by using different methods. The results indicate that management regime had no impact on the number or the diversity of invertebrates in understorey vegetation. In addition, our results confirm that the spraying of pesticides significantly reduces the number and diversity of invertebrates, however surprisingly my results show that soil tillage has little effect on edaphic fauna.

In Chapter 4, I collected and identified a total of 1751 woodlice specimens from twelve olive groves in Cyprus. This research was carried out between November 2005 and June 2006. In this chapter, we determined the impacts of different management regimes on woodlice fauna in Cypriot olive groves. The abundance of woodlice was compared in twelve olive groves under four different management regimes by the placing of pitfall traps. We analysed the changes in the woodlouse fauna in Cypriot olive groves with no management, tillage only, or tillage with pesticide and fertilizer application. This research was the first scientific study to determine the abundance of woodlice and the effect of management regimes on soil biota in Cypriot olive groves. The results indicate that management regime had significant effect on the abundance of woodlice. The low altitude uncultivated olive groves had a higher number of individuals than the other three management regimes.

In Chapter 5, we used butterflies as an indicator group to identify the importance of forest habitats for biodiversity conservation in the island of Cyprus. I recorded 1602 butterfly specimes and identified 23 species during this research by using six Pollard walk transects along Kyrenia range mountains in Cyprus. We observed highly significant effects of forest type on the abundance and species richness of butterflies.

In Chapter 6, we used butterflies as indicators to evaluate the conservation value of habitat mosaics within a garrigue ecosystem in Cyprus. I selected ten different plots and surveyed the butterflies weekly for five months to assess the abundance, species richness and diversity in two different habitat types; grassland and shrubland patches. I recorded a total of 810 butterflies, totalling 16 species during this research. We compared their diversity, species richness, and seasonal dynamics of abundance between grassland and shrubland patches. Also we examined the behaviour of endemic butterflies. Habitat type showed a highly significant effect on butterfly abundance, particularly when considering endemic species. 

Introduction:
There has been considerable debate within the scientific community about biodiversity conservation, as currently there exists scientific and public concern on extinction crisis globally (Pimm and Raven, 2000; Brooks et al., 2002; Benayas and Montana, 2003; Gaston, 2005). There are numerous mechanisms of biodiversity loss and extinctions throughout the world, including: habitat loss or fragmentation, deforestation, agricultural practices, pollution, over exploitation, introduction of alien and invasive species, and climate change (Cincotta et al., 2000; Sala et al., 2000; Hodgson et al., 2005; Lewis, 2006). Biologists have identified 25 areas, called biodiversity hotspots, which are especially rich in endemic species and are particularly threatened by human activities (Mittermeier et al., 1998; Myers et al., 2000). Almost half of the world’s vascular plant species and one-third of terrestrial vertebrates are endemic to the 25 “hotspots” of biodiversity, each of which has at least 1500 endemic plant species (Brooks et al., 2002). Unfortunately, anthropogenic activities are rapidly destroying habitats that are most species-rich (Pimm and Raven, 2000). As a result of habitat loss, it is expected that many of the hotspot endemics have either become extinct or are threatened with extinction in the near future (Brooks et al., 2002). 

The Mediterranean region is recognised as one of the global “hotspots”, comprising some of the world’s most unique biogeographical areas and harbouring high levels of biological diversity (Myers, 1990). Furthermore, the Caribbean and the Mediterranean Basin contain some of the most threatened plant species (about 2000 plants) of the world’s hotspots (Brooks et al. 2002).  Biodiversity hotspots identify areas that are “biologically spectacular” by virtue of their species richness, diversity and endemism (Jepson and Canney, 2001). The Mediterranean Basin comprises beautiful mountain landscapes covered by scrub and woodlands, unique wetland areas, dune ecosystems and various agroecosystems (Blondel and Aronson, 2004). The mountainous landscapes, coastal hills and other ecosystems are home to approximately 25,000 species of flowering plants of which 1,300 are endemic (IUCN, 2003). Mediterranean forests are highly diverse ecosystems with at least 40 tree species (Blondel and Aronson, 2004). Also, it is known that scrub communities in the Mediterranean Basin are relatively species-rich compared with European temperate shrublands (Ojeda et al., 1995). In addition to this, there are thousands of caves, shafts, holes and crevices in the hills and mountains. The caves are made of compact limestone that harbours unusual micro-habitats and rare species (Blondel and Aronson, 2004).

The Mediterranean region’s landscape has been shaped by human activity over thousands of years (Santos and Cabral, 2003). One of the unique agroecosystems in the Mediterranean Basin is olive groves. The cultivation of olive groves in the Mediterranean dates back to ancient times, and they are home to numerous species of flowering plants, Mediterranean type shrubs (such as Cistus spp.), many arthropods, birds, mammals (such as shrew or bats) and reptiles (such as lizards and snakes) (Biaggini et al., 2007, Loumou and Giourga, 2003).

Invertebrate fauna account for the greatest diversity in eukaryotic organisms. Consisting of over 1 million described species worldwide, with a great number yet to be discovered or described. To date the conservation status of less than 5% of arthropods has been assessed. Therefore, conservation priorities have yet to fully consider highly diverse invertebrate taxa (Brooks et al., 2006).  In invertebrates, as in plants, the Mediterranean Basin is the richest in Europe in terms of species diversity: 75% of the total European insect fauna is found within the basin. It has been provisionally estimated that 150 000 insect species exist within the region, of which only 70% have been currently described and named. However, the number of insect species will increase rapidly as scores of new species are being described annually (Balletto and Casale, 1991). Levels of endemism are also high for most insect groups.  In some isolated mountains and larger islands, endemics may account for 15-20% of the insect fauna (Blondel and Aronson, 2004). The role of invertebrates in the food chain is very important either directly, as food for reptiles, birds, mammals or indirectly, as agents in the recycling of soil nutrients. It is known that social insects (ants, bees, wasps and termites) are “ecological engineers”. They alter the physical environment and affect the availability of resources to other organisms. For example: bees are pollinators, ants are seed-dispersers and termites are wood consumers (Chapman and Bourke, 2001). Other known insect group “ecological engineers” are dung beetles (Coleoptera: Scarabaeinae). They are key providers of several ecological services such as waste removal and secondary seed dispersal (Nichols et al. 2007).  In addition to this, many ecologists use invertebrates as indicator taxa for monitoring ecosystem health (Hilty and Merelender, 2000; Grill et al. 2005; Stefanescu et al. 2005). 

Unfortunately, anthropogenic disturbances are causing degradation of diverse ecosystems throughout the Mediterranean region.  The most important causes of threat for Mediterranean species are habitat loss, degradation, pollution, overexploitation, natural disaster and human disturbance (IUCN, 2008). Tourism is having massive impacts, particularly on coastal ecosystems, and is considered to be one of the most significant pressures on biodiversity within the Basin (Nadin, 2008 and Cakan et al., 2005). For example in 2005, 246 million people, 31% of all international tourists, visited the Mediterranean region, particularly its coastal areas (IUCN, 2003). On the other hand, another threat on biodiversity in the Mediterranean is fire damage to mountainous areas and Mediterranean forests (Preiss et al., 1997; Vallecillo et al., 2008)

The conservation of biodiversity has thus become a priority within the Mediterranean region and globally (Brooks et al., 2006; Nadin, 2008; Ojeda et al., 1995; Vallecillo et al., 2008) as many scientific studies have shown that there is an increasing rate of biodiversity loss worldwide especially within the global hotspots (Bininda-Emonds et al., 2000; Cincotta et al., 2000; Myers et al., 2000; Pimm and Raven, 2000). 

Decisions that are related to the conservation of biodiversity need input not only by both conservation biologists and ecologists, but also local stakeholders (Benayas and Montana, 2003) and it is necessary to set priority targets (Myers, et al. 2000). The key major challenges on conservation of biodiversity can be defined as: assessment, surveillance and monitoring of species and habitats, and also the detection of environmental changes (O`Connell and Yallop, 2002). Conservation biologists have developed alternative methods in order to monitor environmental changes in certain areas. One of these methods is the use of indicator taxa, which are species or higher taxonomic groups whose parameters, such as density, presence or absence, or infant survivorship, are used as proxy measures of ecosystem quality. The goal of monitoring ecosystem health is to recognise changes brought about by anthropogenic activities (Hilty and Merelender, 2000).

Cyprus is one of the “biodiversity islands” inside the one of the World`s hotspot areas (Myers et al., 2000 and Nadin, 2008).  Medail and Quezel (1999) performed a global survey of plant richness and endemism in order to assess better plant conservation priorities in Mediterranean Basin. They defined 10 more hotspots within the Basin. One of the hotspots they identified included South Anatolia and Cyprus. Cyprus is located in the north-eastern part of the Mediterranean region and its geographical location makes its fauna and flora both very interesting and diverse. The northern part of the island has been politically isolated for many years and, as a result, development has been relatively slow. The advantages of this situation are that the northern part of Cyprus has a high level of biodiversity, contains landscape resources of international significance, and has remained relatively unspoilt. In general, the north part of the island offers a range of varied terrestrial habitats, such as pine forests (both lowland and mountain), juniper scrubs, garrigue, phrygana, limestone pavements and dune vegetations. The higher elevations of the Kyrenia mountain range support many endemic plants. Some of these endemics are red listed by the IUCN, such as Delphinium caseyi and Brassica hillarionis (Tsintides et al., 2007). Also the endemic orchid Ophrys kotschyi is commonly distributed along the Kyrenia Range Mountains and valleys especially in grassy places under Pines or Cypress (Viney, 1994). These important endemic plants (Delphinium caseyi, Brassica hillarionis and Ophrys kotschyi ) which are occurring along the Kyrenia Range mountains are also listed under EU Habitats Directive (Annex II) (EC, 2004). Hand (2006) stated that four newly described plant species had recently been discovered in Cyprus and eleven were new records for the island.

Cyprus is not only diverse in plants; it is also diverse in animal species. There are two endemic bird species that occur in Cyprus: Cyprus warbler (Sylvia melanothorax) and Cyprus pied wheatear (Oenanthe cypriaca). Cyprus warbler breeds on mountain sites in Kyrenia range, especially in bushes such as Rhamnus oleoides and Calycotome villosa (Bannerman and Bannerman, 1958; Flint and Stewart, 1992). IUCN Red listed Bonelli`s eagle Hieraaetus fasciatus is also a resident breeder in Cyprus and has been seen several times along Five Finger Mountains in the last 2 years (pers obs, Flint and Stewart, 1992). There are two endangered marine turtle species (Chelonia mydas and Caretta caretta) which are common breeders on the sandy beaches of Cyprus (Broderick and Godley, 1996). 
In addition to this, the northern part of the island harbours various Mediterranean agricultural landscapes, such as olive groves, carob tree orchards, citrus orchards and a patchwork of vegetable groves (Kersting et al., 2002; Tsintides et al.,2002).  However since 2003, the environmental situation in the northern part of Cyprus has become worrying, as a result of the recent possibilities of a political solution to the Cyprus problem. The main negative effect on different ecosystems are large-scale building developments, quarrying activities along the Kyrenia range mountains, lack of a coherent and comprehensive regional development policy and also a lack of scientific knowledge regarding the existing biodiversity.  Although, recently seven new Special Protected Areas have been declared by the local government in northern part of the island (Figure 1), the  abundance, biodiversity of the plants, birds or the invertebrates are poorly known in the different ecosystems, both locally or even within the Special Protected Areas (Seffer et al., 2008; Ozden et al. 2008). These sites are designated as a potential Natura 2000 sites, and currently an EU funded project is preparing the management plans for six sites, namely: Akdeniz, Alagadi, Tatlısu, South Karpaz Beaches, Karpaz SPAs (Figure 1) (USAID, 2006).
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Figure 1. Map showing the potential Natura 2000 sites in northern part of the island.

 In order to set priority targets for biodiversity conservation in the northern part of the island, it is necessary to have a good, long term biological data. Although there have been several faunistic surveys completed in northern part of the island on different organisms (birds, mammals, reptiles and invertebrates), the only long term scientific research made to date has been on marine turtles (Fuller, 2008). There is a paucity of information regarding the ecology of insect fauna in Cyprus. Those that do exist are predominantly faunistic surveys or species catalogues (Georghiou, 1977; Lopau and Adena, 2002; Makris, et al. 2008; Franzen and Gigli, 2003; Doğanlar and Arap, 2005; Özden et al. 2006; Austin et al. 2008). There is very little information on butterflies, their habitat preferences and their ecology (John  and Parker, 2002; Makris, 2003). 

The aim of this PhD thesis was to identify the invertebrate biodiversity in different habitats and also to investigate the ecology of different taxonomic groups. In this thesis, faunistic surveys were carried out on Thysanoptera fauna from many different habitat types in northern part of the island. In addition to this, Thysanoptera (Thrips) populations and their relation with nectarine trees were observed in the Guzelyurt, Gaziveren and Gazimağusa regions.  Also, during this thesis the invertebrate biodiversity in different olive groves was assessed within the Kyrenia range. Butterfly abundance, ecology and diversity were studied in the Kyrenia Range Mountains and Kayalar region. Both of these research areas are designated as potential Natura 2000 sites (USAID, 2006).
Hopefully, this thesis will provide important information on invertebrate biodiversity and their relation with different ecosystems to aid a long-term conservation planning strategy and for management policies at habitat or ecosystem level.
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Abstract

An exploration of the Thysanoptera fauna of North Cyprus in 2003 - 2004, recorded a list of 43 thrips species belonging to 23 genera. Five geni and 14 species were new records for the island of Cyprus: Dendrothrips phylliraea (Bagnall), Dendrothrips saltatrix Uzel, Haplothrips flavitibia Williams, Haplothrips minutus (Uzel), Haplothrips setiger Priesner, Limothrips angulicornis Jablonowski, Mycterothrips albidicornis (Knechtel), Mycterothrips tschirkunae (Jachontov), Neoheegeria verbasci (Osborn), Neohydatothrips gracilicornis (Williams), Odontothrips confusus Priesner, Oxythrips ajugae Uzel, Scirtothrips inermis Priesner, and Scolothrips longicornis Priesner. The number of thrips species known from the island of Cyprus has increased from hitherto 67 to 81. 

1. Introduction

Cyprus is the largest island in the East Mediterranean and this situation at the junction of Europe, Asia, and Africa makes its fauna and flora an interesting blend of familiar European and less known Asian and African species. Prolonged isolation from the mainland resulted in a number of endemic species on the island (Parker 1983).

The most comprehensive studies on the Thysanoptera fauna of the island of Cyprus were carried out by Priesner (1935, 1939, 1940), who identified the material collected over several years by Mr. G. A. Mavromostakisi. A few other thrips species have been described from the island of Cyprus (Bagnall 1915, Hood 1938, Crawford 1948). In two more recent publications, Georghiou (1977) listed 23 species in his survey on the thrips fauna of South Cyprus, and Iordanou & Charalambous (1991) determined with Frankliniella occidentalis (Pergande) and Orphanides (1998) with Pezothrips kellyanus (Bagnall) two new records for the island. The number of known Thysanoptera is with 67 species rather low compared to the, e.g., 81 species known from Sicily and the 79 species recorded from Greek islands of the Northern Sporades (zur Strassen 1986, 2004)

Since the studies of Priesner (1935, 1939, 1940) no survey on Thysanoptera in North Cyprus has been carried out and the thrips fauna of this part of the island is little known. Therefore, surveys have been conducted to enlighten the thrips fauna of North Cyprus also with respect to potential harmful species. 
2. Material and Methods

The survey on thrips species was conducted in the entire region of North Cyprus covering 3.298 km2 during 2003 and 2004 (Fig. 1). The vegetation of the western part of the exploration area (Lefke and Güzelyurt) is characterized by dense to sparse forest, irrigated orchards, mainly citrus and olives, and vegetables. The area around Girne is covered with dense to sparse forests along the mountain range (up to 900 m altitude) and sparse forests and brushes with typical Mediterranean agriculture along the coast, including citrus, olives, almonds, and carob. The central and eastern coastal region (Lefkoşa, Geçitkale, and Gazimağusa) represents a cultivated plain with large areas of rainfed cereal production, drought tolerant fruit trees, such as olives, almonds, and carob, and smaller areas with irrigated potato and vegetable fields in addition to a few fruit orchards along the coast. The east part of the exploration area (Dipkarpaz) is covered by large dense to sparse forests of characteristic maquis vegetation with Juniperus phoenica as indicator plant, and a low-input kind of typical Mediterranean agriculture with cereals, tobacco, olives, almonds, and carob.
Much emphasizes was placed collecting thrips on flowering plants. Little attempts have been made to collect thrips from cereals and grasses, forest trees (e.g., Pinus sp. Juniperus sp., Quercus sp.), or plants on beaches. 
[image: image1.emf]
Fig.1
Exploration area of North Cyprus with its major geographical regions

Thrips specimens were captured by shaking and beating herbaceous plants, brushes, and branches of trees, shaking leaf litter beneath the trees, and picking flowers of trees and herbaceous plants. A few samples were recovered from emergence ground-traps. The exploration yielded 2.029 specimens from 281 samples. Thrips specimens were stored in vials with AGA (60% alcohol 10 parts, glycerol 1 part, acetic acid 1 part) and examined with a microscope after slide preparations with Hoyer’s mountant. 
Sampled herbaceous plants and brushes were identified using Viney (1994) as reference. Voucher specimens of all thrips species were added to the insect collection at the Faculty of Agricultural Sciences and Technologies, European University of Lefke. 
3. Results

Aeolothripidae

Six species representing three geni of the family Aeolothripidae, suborder Terebrantia could be determined in North Cyprus. All species have been previously reported from the island of Cyprus. 

Aeolothrips collaris Priesner 1919.

Material examined: 1 ♀, Aydınköy, on flowers of Chrysanthemum coronarium, 30.03.2004; 1 ♂ 1 ♀, Yeşilyurt, on flowers of Chrysanthemum coronarium, 30.03.2004; 2 ♀, Gaziveren, on flowers Chrysanthemum coronarium, 30.03.2004; 1 ♀, Güzelyurt, on branches of Prunus persicae, 31.03.2004; 1 ♀, Kumyalı, on flowers of Chrysanthemum coronarium, 07.04.2004; 2 ♀, Gaziveren on branches of Prunus persicae, 28.04.2004; 2 ♀, Gaziveren, on branches of Prunus persicae, 10.05.2004.

Distribution: Indo-Mediterranean species, widely distributed in the Mediterranean area

Aeolothrips cursor Priesner 1939.

Material examined: 2 ♀, Gaziveren, collected with sweeping net from a group of weeds (Malva silvestris, Sinapis arvensis, Urtica urens) in a citrus orchard, 17.02.2003.

Distribution: East Mediterranean species, reported from Albania, Crimea, Cyprus, Greece, Sardinia, south France, and Turkey.

Aeolothrips ericae Bagnall 1920.

Material examined: 2 ♀, İncesu, on flowers of Mandragora officinarum, 21.02.2003.

Distribution: West Palaearctic species, in the East Mediterranean recorded from Cyprus, Greece, Turkey, and Israel; introduced to America 

Aeolothrips gloriosus Bagnall 1914.

Material examined: 1 ♀, Alsancak, on flowers of Crataegus azarolus, 09.03.2003; 1 ♀ 1 ♂, Çatalköy, on flowers of Prunus dulcis, 10.03.2003; 1 ♀, Bağlıköy, on flowers of Prunus dulcis, 31.03.2003; 1 ♀, Güzelyurt, on branches of Prunus persicae, 03.03.2004; 1 ♀, Esentepe, on branches and leaves of Prunus armeniaca, 18.04.2004.

Distribution: Mediterranean area, Corsica, Cyprus, Greece, Israel, Portugal, Morocco, southern France, Sardinia, and Turkey; also Britain. 

Melanthrips fuscus (Sulzer 1776).

Material examined: 1 ♀, İncesu, on flowers of Mandragora officinarum, 21.02.2003; 4 ♂ 6 ♀, Ozanköy on flowers of Sinapis alba, 21.02.2003; 7 ♂ 14 ♀, Tepebaşı on flowers of Sinapis arvensis, 22.02.2004; 3 ♂ 49 ♀, Ağırdağ, on flowers of Sinapis arvensis; 22.02.2003; 1 ♀, 25.02.2003, 2 ♀ 10.03.2003, Çatalköy, on flowers of Prunus dulcis; 9 ♂ 3 ♀, Güzelyurt, on flowers of Brassica oleraceae var. italica, 27.02.2003; 4 ♂ 35 ♀, Güzelyurt, on flowers of Sinapis arvensis, 27.02.2003; 3 ♀, 23.01.2004, 1 ♂ 1 ♀, 09.02.2004, 1 ♀, 17.02.2004, 2 ♀, 08.03.2004, 1 ♀, 31.03.2004, Güzelyurt, on flowers and branches of Prunus persicae; 5 ♂ 10 ♀, 10.02.2004, 3 ♂ 1 ♀, 24.02.2004, Güzelyurt, on flowers of Sinapis arvensis; 1 ♀;Yeşilyurt, on flowers of Sinapis arvensis, 24.03.2004; 1 ♀, Altınova, on flowers of Achillea santolina, 25.03.2004; 1 ♂, Gaziveren, on flowers of Citrus sinensis, 04.04.2003; 1 ♂, Doğancı, on flowers of Pisum sativum, 02.12.2003.

Distribution: West Palaearctic species from Ural to the Iberian Peninsula, and from Iran and North Africa to the Canary Islands and Madeira.

Melanthrips pallidior Priesner 1939.

Material examined: 18 ♂ 22 ♀, İncesu, on flowers of Mandragora officinarum, 21.02.2003; 1 ♀, Güzelyurt, on group of weeds collected by sweeping net, 17.02.2003; 1 ♂, Güzelyurt, on flowers of Fragaria x ananasa, 27.02.2003; 7 ♂ 4 ♀, Gaziveren, on flowers of Sinapis arvensis, 04.03.2003; 3 ♂Alsancak, on flowers of Mandragora officinarum, 07.02.2004; 1 ♂, Gaziveren, on branches of Prunus dulcis, 30.03.2004.

Distribution: Turano-European species; Austria Albania, Cyprus, Palestine, and Turkey; common species and widely distributed

Thripidae

This family of Terebrantia yielded 18 geni with 28 species. Four geni (Dendrothrips Uzel 1895, Neohydatothrips John 1929, Scirtothrips Shull 1909, and Scolothrips Hinds 1902) and nine species were new records for the island of Cyprus.

Asphodelothrips croceicollis (Karny 1914).

Material examined: 1 ♂, Esentepe, on flowers of Asphodelus aestivus, 02.04.2003.

Distribution: Europe, North Africa and the Near East; in East Mediterranean recorded from Cyprus, Egypt, Israel, Lebanon, Turkey, and Syria. 

Chirothrips manicatus Haliday 1836.

Material examined: 1 ♀, Güzelyurt, on flowers of Prunus persicae, 08.03.2004; 1 ♀, Güzelyurt, on branches of Prunus persicae, 17.03.2004.

Distribution: Semi-cosmopolitan species on cereals and grasses. 
Collembolothrips mediterraneus Priesner 1935.

Material examined: 1 ♀, Esentepe, obtained from emergence ground-traps next to an apricot orchard, 20.02.2004.

Distribution: East Mediterranean species, recorded from Cyprus, Iran, and Turkey
Dendrothrips phyllireae (Bagnall 1927).

Material examined: 1 ♀, Büyükkonuk, on branches of Vitis vinifera, 27.05.2004.

New record for the island of Cyprus.

Distribution: Turano-Mediterranean species, also reported from Iran and Israel.

Dendrothrips saltatrix Uzel 1895.

Material examined: 1 ♀, Esentepe, obtained from emergence ground-traps next to an apricot orchard, 20.02.2004.

New record for the island of Cyprus.

Distribution: Euro-Siberian species extending south to Portugal, Greece, Spain, and Turkey. 

Eremiothrips antilope (Priesner 1923).

Material examined: 1 ♀, Akova, on flowers of Noae mucronata, 21.11.2003.

Distribution: East Palaearctic, Near East, Oriental region; recorded from Cyprus, Egypt, Morocco, India, Israel, and Sudan. 

Frankliniella occidentalis (Pergande 1895).

Material examined: 21 ♂ 288 ♀, present almost all year around, but rare or absent during the hottest summer months in July and August. Collected at almost all locations on branches and flowers of Achillea santolina, Citrus sinensis, Chrysanthemum coronarium, Cucurbita maxima, Dianthus sp., Eriobotrya japonica, Gladiolus italica, Lantana camara, Lycopersicum esculent, Orobanche crenata, Pisum sativum, Prunus persicae, Ranunculus paludosus, Sinapis arvensis, Solanum melongena, Vicia fabae. Most frequently encountered between March and May; samples in December were collected from various herbaceous plants and those in January from greenhouse-grown vegetables and flowers. 

Distribution: Cosmopolitan; indigenous to Western North America

Isoneurothrips australis Bagnall 1915.

Material examined: 1 ♂ 3 ♀, on flowers of Prunus dulcis, Yeşilyurt, 28.02.2003; 1 ♀, Karaoğlanoğlu, on flowers of Eriobotrya japonica, 16.12.2003; 1 ♀, Güzelyurt, on flowers of Prunus persicae, 09.02.2004; 1 ♀, Gaziveren, on flowers of Prunus persicae, 18.02.2004; 1 ♀, Güzelyurt, on flowers of Sinapis arvensis, 24.02.2004; 1 ♀, Güzelyurt, on flowers of Prunus salicina, 10.03.2004; 1 ♀, Gaziveren, on branches of Prunus persicae, 10.03.2004; 1 ♂, Güzelyurt, on branches of Prunus persicae, 17.03.2004; 1 ♀, Yeşilyurt, on branches of Prunus persicae, 24.03.2004; 1 ♀, Gaziveren, on branches of Prunus persicae, 21.04.2004.

Distribution: Subtropical and tropical species, reported from Turkey, Cyprus, Egypt, Israel, Spain, Portugal, Morocco, Azores, Madeira, and Canary Islands. 
Limothrips angulicornis Jablonowski 1894.

Material examined: 1 ♀, Güzelyurt, on branches of Prunus persicae, 30.04.2004.
New record for the island of Cyprus.

Distribution: West Palaearctic species; in the East Mediterranean recorded from Greece, Egypt, and Turkey.

Limothrips cerealium Haliday 1836.

Material examined: 6 ♀, 30.04.2004, 1 ♀, 05.05.2004, 4 ♀, 10.05.2004, 1 ♀, 21.05.2004, all Güzelyurt, on branches of Prunus persicae. 

Distribution: Cosmopolitan on cereals and grasses.

Mycterothrips albidicornis (Knechtel 1923).

Material examined: 1 ♀, Büyükkonuk, on branches of Vitis vinifera, 27.05.2004.

New record for the island of Cyprus.

Distribution: East Europe, Near East, in the East Mediterranean recorded from Greece. 

Mycterothrips tschirkunae (Jachontov 1961).

Material examined: 1 ♀, Güzelyurt, on branches of Prunus persicae, 21.05.2004.

New record for the island of Cyprus.

Distribution: Crimea, Iran, Tajikistan, Uzbekistan, Turkey

Neohydatothrips gracilicornis (Williams 1916).

Material examined: 1 ♀, Gaziveren, on branches of Prunus persicae, 21.04.2004.

New record for the island of Cyprus.

Distribution: Palaearctic species extending from Japan to Morocco.

Odontothrips confusus Priesner 1926.

Material examined: 2 ♀, Gaziveren, on branches of Prunus persicae, 21.04.2004.

New record for the island of Cyprus.

Distribution: Euro-Siberian; in the East Mediterranean recorded from Greece, Egypt, and Turkey.

Oxythrips ajuge Uzel 1895.

Material examined: 1 ♀, Gazimağusa, on flowers of Malus domestica, 11.03.2004; 1 ♀, Güzelyurt, on branches of Prunus persicae, 13.03.2004; 1 ♀, Gaziveren, on branches of Prunus persicae, 28.04.2004.

New record for the island of Cyprus.

Distribution: West Palaearctic species present from Tadjikistan to Portugal and Madeira; introduced to North America. 

Pezothrips kellyanus (Bagnall 1916).

Material examined: 8 ♀, Ozanköy, flowers of Prunus dulcis, 21.02.2003; 1 ♀, Doğanköy, flowers of Prunus dulcis, 03.03.2003; 1 ♀, Gaziveren, on flowers of Citrus limon (Meyer lemon), 04.03.2003; 1 ♀, Alsancak, on flowers of Crataegus azarolus, 09.03.2003; 3 ♀, Lapta, on flowers of Calycotome villosa, 09.03.2003; 3 ♀, Çatalköy, on flowers of Prunus dulcis, 10.03.2003; 1 ♀, Doğancı, on flowers of Pyrus communis, 13.03.2003; 2 ♂ 8 ♀, Gaziveren; on flowers of Citrus limon (Meyer lemon), 11.04.2003; 1 ♀, Gaziveren; on flowers of Citrus sinensis, 28.04.2004.

Distribution: Australia, New Zealand, South Europe, Cyprus, Greece, Israel, Italy, Spain, and Turkey.

Scirtothrips inermis Priesner 1933.

Material examined: 1 ♀, Gaziveren, on flowers of Prunus persicae, 15.06.2002.

New record for the island of Cyprus.

Distribution: In origin Mediterranean. Today also subtropic, present in the Near East and in Australia. 

Scolothrips longicornis Priesner 1926.

Material examined: 1 ♀, Güzelyurt, on leaves of Fragaria x ananasa, 19.04.2004.

New record for the island of Cyprus.

Distribution: West Palaearctic, also North America; in the East Mediterranean known from Greece, Egypt, and Turkey.

Taeniothrips inconsequens (Uzel 1895).

Material examined: 1 ♀, 14.02.2004, 3 ♀, 20.02.2004, Çatalköy, on flowers of Prunus dulcis,; 1 ♂ 5 ♀, Dikmen, on flowers of Prunus dulcis, 20.02.2004.

Distribution: Palaearctic; in the Mediterranean area recorded from Cyprus, Italy, Portugal, Morocco, Sardinia, south France, Yugoslavia, and Turkey. Introduced into North and South America.

Tenothrips discolor (Karny 1907).

Material examined: 1 ♀, Güzelyurt, on branches of Prunus persicae, 03.03.2004.

Distribution: Turano-Mediterranean, but also North Africa and Canary Islands stretching north to Moldavia and Ukraine

Tenothrips frici (Uzel 1895).

Material examined: 5 ♀, on flowers of Lantana camara, Dikmen, 13.11.2003; 1 ♀, Gaziveren, on flowers of Dianthus sp. from greenhouse, 05.03.2004.

Distribution: Semi-cosmopolitan; in the East Mediterranean reported from Cyprus, Greece, Israel, Syria, and Turkey, 

Thrips angusticeps Uzel 1895.

Material examined: 15 ♂ 113 ♀, collected between January and April and during October, at many locations on branches and flowers of Acacia cyanophylla, Achillea santonlina, Chrysanthemum coronarium, Crepis fraasii, Fragaria x ananasa, Malus domestica, Mandragora officinarum, Papaver rhoeas, Pisum sativum, Prunus armeniaca, Prunus persicae, Urtica urens. Most commonly encountered between February and April.

Distribution: West Palaearctic species reaching out to the Canary Islands

Thrips atratus Haliday 1836.

Material examined: 1 ♀, İncesu, on flowers of Prunus dulcis, 21.02.2003.

Distribution: East Palaearctic, Near East and Nearctic region 

Thrips major Uzel 1895.

Material examined: 1 ♂ 248 ♀, collected between December and May at many locations on branches and flowers of Brassica oleracea var. italica, Calycotome villosa, Chrysanthemum coronarium, Citrus sinensis, Crataegus azarolus, Crepis fraasii, Eribotrya janopica, Prunus armeniaca, Prunus salicina, Prunus dulcis, Prunus persicae, Pyrus communis. Most often determined between February and April.

Distribution: Palaearctic, reported from Cyprus and Turkey.

Thrips mareoticus (Priesner 1932).

Material examined: 1 ♀, Alsancak, on flowers of Chrysanthemum coronarium, 31.03.2004; 1 ♂ 3 ♀, Ozanköy on flowers of Chrysanthemum coronarium; 31.03.2004, 2 ♀, Dipkarpaz, on flowers of Chrysanthemum coronarium, 03.04.2004; 1 ♀ Kumyalı on flowers of Chrysanthemum coronarium, 07.04.2004; 2 ♀, Demirhan, on flowers of Chrysanthemum coronarium, 08.04.2004; 14 ♀, Gazimağusa, on flowers of Chrysanthemum coronarium, 08.04.2004; 7 ♀, Lefkoşa, on flowers of Chrysanthemum coronarium, 13.04.2004; 2 ♀, Gaziveren, on flowers of Citrus sinensis, 21.04.2004; 1 ♀, Güzelyurt, on branches of Prunus persicae, 30.04.2004.

Distribution: Mediterranean species

Thrips meridionalis (Priesner 1926). 

Material examined: 1 ♀, İncesu, on flowers of Prunus dulcis, 21.02.2003; 2 ♀, Ozanköy, on flowers of Sinapis alba, 21.02.2003; 1 ♀, Yedidalga, on flowers of Prunus dulcis, 24.02.2003; 1 ♀, Bağlıköy, on flowers of Prunus dulcis, 31.03.2003; 1 ♀;Yeşilırmak, on flowers of Eriobtrya japonica, 12.12.2003; 1 ♀, Yedidalga, on flowers of Prunus dulcis, 24.02.2004; 1 ♀, Gaziveren, on flowers of Chrysanthemum coronarium, 30.03.2004; 1 ♀, Gaziveren, on flowers of Citrus sinensis, 28.04.2004.

Distribution: West Palaearctic, in the East Mediterranean recorded from Cyprus and Turkey

Thrips minutissimus Linnaeus 1758.

Material examined: 1 ♀, İncesu, on flowers of Prunus dulcis, 21.02.2003; 1 ♀, Gaziveren, on branches of Prunus persicae, 13.03.2004; 1 ♀, Esentepe, on flowers of Prunus armeniaca, 22.03.2004; 1 ♂, Güzelyurt, on branches of Prunus persicae, 24.03.2004; 1 ♀, Güzelyurt, on branches of Prunus persicae, 07.04.2004; 1 ♀, Gaziveren, on branches of Prunus persicae, 21.04.2004.

Distribution: Euro-Asian species
Thrips tabaci Lindeman 1888.

Material examined: 1 ♂ 315 ♀, present almost all year around but very rare or absent during the hot summer months between July and September, yielded from flowers and branches of Acacia cyanophylla, Asphodelus aestivus, Calycotome villosa, Chrysathemum coronarium, Citrus sinensis, Dianthus sp., Eriobotrya japonica, Ferula communis, Genista sphacelata, Gladiolus italica, Labiatae sp., Malva slyvestris, Mandragora officinarum, Prunus armeniaca, Prunus dulcis, Prunus persicae, Sinapis arvensis, Urtica urens, Vitis vinifera. Most frequently encountered between March and May. 

Distribution: Cosmopolitan.
Phlaeothripidae

This only family of Tubilifera was represented with 3 geni and 9 species in the samples. One genus (Neoheegeria Schmutz 1909) and four species were recorded for the first time on the island of Cyprus. 

Haplothrips andresi Priesner 1931.

Material examined: 1 ♀, Doğanköy, on flowers of Prunus dulcis, 03.03.2003; 1 ♀, Alsancak, on flowers of Crataegus azarolus, 09.03.2003; 1 ♀, Lapta, on flowers of Calycotome villosa, 09.03.2003; 1 ♀, Doğancı, on flowers of Pyrus communis, 13.03.2003; 2 ♀, Bağlıköy, on flowers of Prunus dulcis, 31.03.2003; 1 ♀, Esentepe, on flowers of Genista sphacelata, 20.02.2004; 1 ♀, Lapta, on flowers of Prunus dulcis, 03.03.2004; 2 ♀, 18.04.2004, 3 ♀, 23.05.2004, Esentepe, on branches of Prunus armeniaca; 1 ♂, Büyükkonuk, on branches of Vitis vinifera, 27.05.2004; 2 ♀, Esentepe, on branches of Prunus armeniaca, 30.05.2004.

Distribution: Indo-Mediterranean, widely distributed in the Mediterranean area

Haplothrips bolacophilus Priesner 1939.

Material examined: 1 ♂ 14 ♀, Lapta, on flowers of Teucrium microfoides, 25.05.2003; 2 ♂ 3 ♀, Alevkaya on flowers of Teucrium microfoides, 07.07.2003; 15 ♂ 3 ♀, Yaylatepe, on flowers of Urginea maritima, 09.09.2003; 1 ♀, Güzelyurt, on flowers of Hibiscus rosa-sinensis, 27.10.2003; 1 ♀, Gaziveren, on branches of Prunus persicae, 24.03.2004; 1 ♀, Altınova, on branches of Prunus salicina, 25.03.2004; 1 ♀, Gazimağusa, on flowers of Silene rubella, 25.03.2004; 1 ♀, Esentepe, on branches of Prunus armeniaca, 08.04.2004; 1 ♀, Gaziveren, on branches of Prunus persicae, 21.04.2004; 1 ♀, Gaziveren, from emergence ground-traps placed in an orchard of Prunus persicae, 28.04.2004; 8 ♀, Gazimağusa, on branches of Prunus persicae, 29.04.2004; 1 ♂ 3 ♀, Güzelyurt on branches of Prunus persicae, 30.04.2004; 1 ♀, Esentepe, on branches of Prunus armeniaca, 02.05.2004.

Distribution: East Mediterranean, Greece, Cyprus, and Turkey
Haplothrips distinguendus (Uzel 1895).

Material examined: 1 ♀, Altınova, on branches of Prunus salicina, 25.03.2004; 1 ♂ 3 ♀, Esentepe, on flowers of Gladiolus italicus, 01.04.2004; 2 ♂, Tatlısu, on flowers of Asphodelus aestivus, 01.04.2004; 1 ♂, Dipkarpaz, on flowers of Chrysanthemum coronarium, 03.04.2004; 1 ♂ 3 ♀, Esentepe, on branches of Prunus armeniaca, 08.04.2004; 1 ♀, Gazimağusa; on flowers of Chrysanthemum coronarium, 08.04.2004; 1 ♀, 18.04.2004, 1 ♀ 02.05.2004, Esentepe, on branches of Prunus armeniaca.

Distribution: Euro-Mediterranean, reported form Cyprus, Greece, Palestine, Siberia, and Turkey.

Haplothrips flavicinctus (Karny 1910).

Material examined: 1 ♀, Güzelyurt on branches of Prunus persicae, 13.03.2004. 

Distribution: Central Europe, Mediterranean, Cyprus, Egypt, former Yugoslavia, and Turkey

Haplothrips flavitibia Williams 1916.

Material examined: 1 ♀, Çatalköy, on flowers of Prunus dulcis, 25.02.2003; 1 ♀, Gaziveren on branches of Prunus persicae, 28.04.2004.

New record for the island of Cyprus.

Distribution: Near East, but also recorded from Britain, Germany, and Spain.

Haplothrips minutus (Uzel 1895).

Material examined: 1 ♀, İncesu, on flowers of Prunus dulcis, 21.02.3003.

New record for the island of Cyprus.

Distribution: Europe, Austria, Denmark, Hungary, and Crimea. 

Haplothrips setiger Priesner 1921.

Material examined: 1 ♀, Gaziveren, on flowers of Chrysanthemum coronarium, 30.03.2004; 1 ♂ 1 ♀, Yeşilyurt, on flowers of Chrysanthemum coronarium, 30.03.2004; 1 ♂ 2 ♀, Aydınköy, on flowers of Chrysanthemum coronarium, 30.03.2004; 1 ♀, Lefke, on flowers of Chrysanthemum coronarium, 06.04.2004.
New record for the island of Cyprus.

Distribution: West Palaearctic, Mediterranean area: Greece, Spain, Morocco, and Turkey. 

Liothrips austriacus (Karny 1909).

Material examined: 3 ♀, Alevkaya, on leaves of Pistacia terebinthus, 05.05.2003.

Distribution: South Europe and Minor Asia

Neoheegeria verbasci (Osborn 1896).

Material examined: 10 ♂ 14 ♀, Esentepe, on leaves of Verbascum sinuatum, 10.12.2003.

New record for the island of Cyprus.

Distribution: Euro-Asian species, introduced to North America.
4. Conclusion

Thrips tabaci (316 specimens), Frankliniella occidentalis (309 specimens), and Thrips major (249 specimens) were the most common thrips species that found all year around in all samples. F. occidentalis, introduced into Cyprus in 1990, has become a widespread and frequent species. The extent of spread might have had a dramatic impact on the natural species composition or might have even resulted in displacement of indigenous species (Marullo 2002).

The highest number of thrips species associated with herbaceous plants has been encountered on Chrysanthemum coronarium (Asteraceae) with nine species and Sinapis spp. (Brassicaceae) with six species. This is not surprising, since most of the North Cyprus is virtually covered by Sinapis arvensis from January until March. Between March and May, the crown daisy, C. coronarium, takes over, creating an attractive carpet of yellow flowers for thrips. At the same time, 30 thrips species have been collected on stone fruits (Rosaceae), including Prunus armenica, P. dulcis, P. persicae, and P. salicina growing in cultivated and abundant orchards and as semi-wild plants in the entire area, with the exception of the higher mountain ranges. 

Many thrips species (37 species and nine geni) recorded from the island of Cyprus from previous surveys have not been collected in this study. This strongly indicates the necessity of extending further explorations of the thrips fauna of North Cyprus to other habitats such as mountain forests and beach vegetation. Such surveys could not only uncover more indigenous species, but also rare species accidentally relocated by wind from the Turkey, the Near East, and the eastern part of North Africa. 
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Summary

The occurrence and population fluctuation of thrips (Thysan-
optera) and the resulting damage to fruit were studied on
different nectarine varieties at three locations in North Cyprus
during 2004 and 2005. Direct sampling on nectarine trees
revealed 21 thrips species with most of them encountered
during petal fall and fruit growth. Only few thrips specimens
were caught on blue sticky cards in nectarine orchards and
adjacent segetal flora during January and February. The flight
activity of thrips peaked with up to 334 thrips/card/week
between end of April and beginning of May in nectarine
orchards and adjacent segetal flora at all locations. Only
Frankliniella occidentalis (Pergande) was recovered from all
nectarine orchards, but direct sample results remained low
during the entire season with a weekly maximum number of
four F. occidentalis on 50 branches in 2004 and twelve individ-
uals in 2005. In both years, the first F. occidentalis occurred on
all nectarine varieties during pink flower stage and full bloom.
The variety “Maravilla®, flowering earliest beginning of
February, had the highest rate of non-marketable fruit in 2004
with 27.5% and 37.9% in 2005. The latest flowering variety
“Armking” showed also the lowest rate of non-marketable
fruit in both years ranging between 1.2% and 10.3%. Damage
to fruit appeared to depend more on the flowering time of
nectarines than on the abundance of F. occidentalis.

Key words: fruit damage, nectarine, North Cyprus, population
fluctuation, thrips

Zusammenfassung

Das Auftreten und der Populationsverlauf von Thripsen {Thy-
sanoptera) sowie deren Schaden an den Friichten wurde an
unterschiedlichen Sorten auf drei Standorten in Nord-Zypern
in den Jahren 2004 und 2005 untersucht. Direkte Probennah-
men an den Nektarinenbdumen erbrachten 21 Thrips-Arten,
wobei die meisten wihrend des Abfalls der Bliitenblatter und
des Fruchtwachstums auftraten. Nur wenige Thrips-Arten
konnten an Blautafeln in den Nektarinenanlagen und der an-
grenzenden Wildflora zwischen Januar und Februar gesam-
melt werden. Der Héhepunkt in der Flugaktivitdt der Thripse
konnte mit einem Peak von 334 Thripsen/Tafel/Woche Ende
April und Anfang Mai in den Nektarinenanlagen und der
angrenzenden Wildflora auf allen Standorten verzeichnet
werden, Nur Frankliniella occidentalis (Pergande) wurde in
allen Nekrarinenanlagen gefunden, jedoch war ihre Dichte in
den direkten Probennahmen mit einem wochentlichen Maxi-
mum von fiinf F. occidentalis pro 50 Zweigen in 2004 und
zwolf Individuen in 2005 sehr niedrig. In beiden Jahren
konnte das erste Auftreten von F. occidentalis in allen Nektari-
nensorten zum Zeitpunkt des Bliitensffnens und der vollen
Bliite beobachtet werden. Die friihe Sorte “Maravilla”, welche
bereits Anfang Februar bliihte, zeigte die hochste Rate an

nicht vermarktbaren Friichten mit 27,5% in 2004 und 37,9%
in 2005. Bei der spét blithenden Sorte “Armking” konnte der
geringste Anteil an nicht vermarktbaren Friichten mit Raten
zwischen 1,2 und 10,3% ermittelt werden. Der Schaden an den
Friichten schien mehr vom Bliihzeitpunkt der Nektarinensor-
ten als von der Abundanz von F. occidentalis abhidngig zu sein.

Stichworter: Fruchtschaden, Nektarine, Nord-Zypem, Popu-
lationsverlauf, Thrips

1 Introduction

Major fruit trees grown in North Cyprus are citrus and stone
fruit. Production of peach, nectarine, plum, and apricot has
recently grown from being a minor specialty crop to having
regular commodity status. With the decreasing importance of
citrus, the significance and value of stone fruit is increasing
year by year, contributing much to the income of farmers and
the agricultural industry in North Cyprus.

Thrips (Thysanoptera) are key pests of stone fruit in the
Mediterranean basin, North America, and New Zealand
{Kourmabas et al. 1982; YONCE et al. 1990a; Lacasa et al. 1991;
GRASSELLY et al. 1993; FELLAND et al. 1995; GuariNe and Tocct
1995; Garcanl 1996; TeuroN and PENmAN 1996; Rouzer and
BrenaUX 1997). Depending on infestation levels of thrips,
damage caused by feeding consists of light to moderate
scarring, russeting and deformation if infestation occurred
during flowering period and early fruit development. A
smooth, superficial, pale surface blemish referred to as silver-
ing of fruit develops if infestation occurred during fruit
growth. Fruit damage attributed to thrips feeding may
account for more than 50% of the overall decrease in fruit
market value observed in stone fruit and in particular in nec-
tarines worldwide (GrasseLLy et al. 1993; MANDRIN et al. 1998;
PeARsALL 2000). Several thrips species are known to cause
damage to fruit of peaches and nectarines, with the western
flower thrips, Frankliniella occidentalis (Pergande), being
considered most significant (Yonce et al. 1990b). Other thrips
damaging stone fruit are Frankliniella intonsa (Trybom) and
Thrips meridionalis (Priesner) in Greece (KOURMADES et al.,
1982), T. meridionalis and Thrips major Uzel in Italy (Cravep!
et al. 1983), and Teeniothrips inconsequens (Uzel) in Pennsyl-
vania (YONCE et al. 1990b). In New Zealand, Thrips obscuratus
(Crawford) is a serious pest of nectarines feeding both in
flowers and on developing fruit (TEULON and PENMAN 1991).

Similar damages of nectarine fruit as reported from other
areas in the world have been recently observed in North
Cyprus. It is however not yet known which thrips species are
responsible for the observed serious damages. Furthermore,
appropriate integrated pest management strategies for thrips
can not be developed because information on its population
fluctuations is lacking for North Cyprus. The temporal
patterns of abundance of thrips, as well as details of their
overwintering and emergence have not yet been identified.

).Plant Dis.Protect. 3/2006




[image: image4.png]Sengonca et al.: Occurrence of thrips (Thysanoptera) infestation on nectarines and its importance to fruit damage 129

Therefore, the main objectives of this study were to obtain
essential information on thrips species on nectarines, their
population fluctuations on different varieties and at different
locations and damage they cause to fruit.

2 Materials and methods

Studies were conducted in four nectarine orchards at three
different locations during the vegetation period 2004 and two
nectarine orchards in 2005. Two of the orchards were located
in Glizelyurt region (G1, G5), and one orchard was selected in
each of Gaziveren (GA) and Gazimagusa (M). Orchards have
received various herbicide, insecticide, and fungicide applica-
tions according to local practices throughout the growing
season. The fungicide applications were directed against
peach leaf curl disease and applied before bud swell. A heavy
infestation of trees with the green peach aphid required sever-
al insecticide applications at all locations in 2004. The variet-
ies and ages of the nectarine trees in each of the orchards, and
applied pesticides used in this study are shown in Table 1. The
spray programme in the two study orchards in Giizelyurt (G1,
G5) in 2005 consisted of a single copper oxide application
before bud swell and two applications of malathion against
green peach aphid mid of March and beginning of April.

To determine the dispersals and flight activities of thrips
species, blue sticky cards (10 cm x 15 cm) were placed in the
canopies (about 1 m in height) of ten randomly selected trees be-
tween January and June 2004. In the orchards in Giizelyurt, 20
blue sticky cards were used, while in each of the other sampled
orchards 10 blue sticky cards were placed. In addition, the activ-
ity of thrips was monitored with five blue sticky cards placed on
posts (1 m height) within the segetal flora adjacent to each select-
ed orchard. Sticky cards were placed in the first week of January
while buds were still dormant untl the beginning of June when
all fruit had been harvested and changed in weekly intervals.

Population fluctuations of thrips species were established
by beating five branches, equally distributed around the
canopy of 10 randomly selected nectarine trees per orchard in

weekly intervals between January and June 2004 at all three
locarions and again during the same period in two nectarine
orchards in Giizelyurt in 2005. Thrips dropped from branches
were collected in a white picnic dish about 26 cm x 36 ¢m in
dimension. Collected thrips were immediately stored in vials
with AGA (60% alcohol 10 parts, glycerol 1 part, acetic acid 1
part) and examined with a phase contrast microscope after
slide preparations with Hoyer’s mountant.

The damage to nectarines caused by thrips was assessed by
collecring the fruit of five randomly selected trees at harvest-
ing time and rating for injury using a numerical scale from
zero to five, Scale zero was rated as being no damage, 1 as
slight scarring, 2 as deformation and light scarring, 3 as
moderate scarring, 4 as deformation and moderate scarring,
and 5 as severe scarring and severe deformation,

3 Results
3.1 Occurrence of thrips species

Samplings from nectarines in North Cyprus revealed 21 thrips
species. The most frequently captured species were Thrips
tabaci Lindeman (296 specimens), F. occidentalis (50 speci-
mens), T. major (17 specimens), and Haplothrips bolacophilus
Priesner (16 specimens) (Table 2). Only three thrips species,
namely F. occidentalis, T. tabaci and Haplothrips bolacophilus
Priesner were recovered from all selected orchards. Just three
thrips species were determined on nectarines in Gazimagusa
(M) during the entire sampling period. Considerably higher
numbers of thrips species were collected in the western parts
of North Cyprus with 12 species in Gaziveren (GA) and 18
species in Glizelyurt (G).

3.2 Population fluctuations of thrips

No thrips were encountered on nectarines during the dormant
bud period and during bud swelling (Table 3). F. occidentalis,

Table 1: Nectarine varieties, age of trees, and spray program of four experimental orchards at three different locations in North

Cyprus
Location Orchard name Nectarine variety Age of orchard in 2004 Spray program
Glizelyurt Gl Maravilla 2-3years 10t January: Copper oxide
18t january:  Praquat
30t March: Malathion
027 April: Glyphosate
12 April: Pirimicarb
20™ April: Malathion
28t April: Malathion
G5 Armking 2-3years 10t januvary:  Copper oxide
Flamequest 18 January:  Paraguat
Marsiana 0204 April: Glyphosate
Sunraycer 12th April: Pirimicarb
201 April: Malathion
28t April: Malathion
Gaziveren GA Sunsnow 3 years 6t January: Copper oxide
30t March: Glyphosate
16th April: Malathion
21t April: Malathion
Gazimagusa M Armking 4 years 10% January: Paraquat
14 january:  Copper oxide
18t April: Methomyl
27t April: Malathion
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Table 2: Occurrence of different thrips species on nectarines as determined by shaking method at three different locations in

North Cyprus in 2004

Thrips species

Total number of specimens

Sampling location?

G GA M
Aeclothrips coflaris Priesner 5 + + -
Aeolothrips gloriosus Bagnall 2 + - -
Chirothrips manicatus Haliday 2 + - -
Frankiiniella occidentalis {Pergande) 50 + +
Haplothrips bolacophilus Priesner 16 + +
Haplothrips flavicinctus (Karny) 1 + - -
Haplothrips flavitibia Williams 1 - -
Isoneurothrips australis Bagnall 5 + + -
Limothrips angulicornis Jablonowski 1 + - -
Limothrips cerealium Haliday 12 + - -
Melanthrips fuscus {Sulzer) 4 + - -
Mycterothrips tschirkunae (Jachontov) 1 + - -
Neohydatothrips gracilicomis (Williams) 1 - + -
Odontothrips confusus Priesner 2 - + -
Oxythrips ajugae Uzel 2 + * -
Tenothrips discolor (Karny) 1 + - -
Thrips angusticeps Uzel 8 + -
Thrips major Uzel 17 + -
Thrips mareoticus (Priesner) 1 + - -
Thrips minutissimus Linnaeus S + + -
Thrips tabaci Lindeman + + +

296

1 G: Guizelyurt; GA: Gaziveren; M: Gazimagusa {see also Table 1). “

Table 3: Occurrence of different thrips species on nectarines as determined by shaking

stages of trees in North Cyprus in 2004

method during different phenology

Thrips species

Stone fruit phenology

8S PF

Pef F H

Aeolothrips collaris Priesner
Aeolothrips gloriosus Bagnall
Chirothrips manicatus Haliday
Frankliniella occidentalis (Pergande)
Haplothrips bolacophiius Priesner
Haplothrips flavicinctus (Karny)
Haplothrips flavitibia Willilams
Iseneurothrips australis Bagnall
Limathrips angulicornis Jablonowski
Limothrips cerealium Haliday
Melanthrips fuscus (Sulzer)
Mycterothrips tschirkunae (Jachontov)
Neohydatothrips gracificornis (Williams)
Odontothrips confusus Priesner
Oxythrips ajugae Uzel

Tenothrips discolor (Karny)

Thrips angusticeps Uzel

Thrips major Uzel

Thrips mareoticus (Priesner)

Thrips minutissimus Linnaeus
Thrips tabacj Lindeman

1 D: dormant buds; BS: Bud swell; PF: Pink flower; FB: Full bloom; PeF: Petal fall; F: Fruit growth; H: Harvest.
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Isoneurothrips australis (Bagnall), and T. tabaci were the first
thrips species recovered from nectarines at the start of the
pink flower period. The number of thrips species on nectarines
increased as flowers and fruit developed. Seven species were
collected during full bloom, 11 species during petal fall, and
15 species during fruit growth. At the time of harvest, just two
species were still active in the nectarine orchards. F. occidenta-
lis and T tabaci were the only species present from early pink
flower until harvest.

Blue sticky card samplings yielded high numbers of thrips
in nectarine orchards and in the adjacent segetal flora, with
the vast majority being T. tabaci. In Giizelyurt, Gaziveren, and
Gazimagusa, the first thrips were recovered at the end of
January and beginning of February (Fig. 1). The mean num-
ber of thrips captured was very low at all three locations with
less than one thrips per blue sticky card during late winter, but
increased considerably from March onwards. The flight activ-
ity of thrips peaked between at the end of April and beginning
of May at all three locations, reaching an average of up to 197
thrips/card/week in Giizelyurr (Fig. 1).

On blue sticky cards placed in segetal flora adjacent to the
study orchards, the first thrips were encountered mid to end
of January, thus slightly earlier than on trees (Fig. 2). At this
time, the population of thrips was low (less than one
thrips/card/week) but started to significantly increase in the
last week of March. The thrips population peaked at the end
of April in Gaziveren (334 thrips/card/week), while the flight
activity was highest at the beginning of May in Gazimagusa
(184 thrips/card/week) and end of May in Giizelyurt (221
thrips/card/week).

Direct sampling from nectarine trees reveated 21 thrips spe-
cies (Tables 2, 3), but only F. occidentalis was also frequently
encountered and is known to cause damage to fruit. There-
fore, only the results of the population fluctuations of this
species are presented here,

Numbers of F. occidentalis directly collected from branches
of nectarines were low during the entire season of 2004 at all
locations, only once reaching four individuals on 50 branches
in mid May in Gazimagusa (Fig. 3). In the early nectarine
orchard in Glizelyurt 1, the first thrips were collected at full
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segetal flora adjacent to nectarine orchards in North Cyprus
during January and June 2004.
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bloom during the last week of February and with the start of
the petal fall in mid March in Gaziveren. In the later flowering
varieties, the first adult thrips occurred during pink flower in
the 2nd week of March (Giizelyurt 5) and in the last week of
March in Gazimagusa,

In the two nectarine orchards studied in Giizelyurt in 2005,
the first F. occidentalis occurred in low numbers during full
bloom in the early flowering nectarine orchard (Giizelyurt 1)
in the first week of February (Fig. 4). This number increased
to five individuals on 50 branches during petal fall in mid of
March. The highest number of thrips was observed with 12
F. occidentalis on 50 branches during mid of May after which
the population declined. In the later flowering orchard
(Giizelyurt 5), the first western flower thrips were determined
at the beginning of the full bloom in the first week of March.
In this orchard the population peaked with ten adult F. occi-
dentalis on 50 branches during fruit growth in May.

3.3 Damage assessment

Russeting of fruit, attributable to feeding of thrips was clearly
visible when the fruit were only about 1 cm in size, which
occurred around 10t April for the early flowering varieties.
Damages of mature nectarine fruit consisted of various degrees
of scarring and deformation, while silvering was observed only
on a small number of fruit on mid to late season nectarine
varieties (harvesting period from July to September).

The early nectarine variety “Maravilla” starting to full
bloom in the first week of February 2004 had with 27.5% the
highest rate of non-marketable fruit in Giizelyurt 1 (damage
scale 3 - 5) (Table 4). For those varieties that flower at a later
time, the rate of non-marketable fruit was 14.4% for
“Sunsnow” and 13.8% for “Sunraycer”, both varieties started
to enter full bloom at the end of February. Lower rates of

severe damaged fruit (10.2%) were observed on the late
flowering (end of March) nectarine variety “Armking” in
Gazimagusa. The very same variety also showed with 10.3%
the lowest number of damaged fruit in Giizelyurt 5. In 2005,
the rate of non-marketable fruit of the early nectarine variety
“Maravilla” was with 37.9% considerable higher than in the
previous year but the rate was much lower for the later
flowering varieties Sunraycer (2.5%) and Armking with 1.2%
(data not shown).

4 Discussion

Studies in North Cyprus determined 21 thrips species on
nectarine with T. tabaci and F. occidentalis being the most
common ones (Table 2). The majority of all thrips species
were phytophagous with only Aeolothrips spp. and Haplo-
thrips spp. considered as predacious, although cannibalism in
thrips may occur (Kirk 1995; Saseuis and vaN Run, 1997;
PrarsALL and MYERs 2000). Out of all Thripidae encountered,
only T major and F. occidentalis are known to cause fruit
damage in stone fruit, the latter species being widespread in
nectarines. According to the present study, F. occidentalis is
believed to be the main cause of damage to fruit observed in
nectarines in North Cyprus.

The western flower thrips is a most serious pest of stone
fruit in particular nectarine and peach in North America
(Yonce et al. 1990a; FeLLAND et al. 1995; PrarsalL 2000;
Pearsall and Mvers 2000, 2001), France (GRrASSELLY et al,
1993), Iraly (Guarmo and Toccr 1995; GARGANI 1996), and
Spain (Lacasa et al. 1991). F. intosa, T. meridionalis, and
T inconsequens causing damage to fruit of nectarine and
peach in Greece (KOURMADES et al. 1982, Italy (Cravep! et al.
1983), and Pennsylvania (Yonce et al. 1990b) were not deter-
mined on nectarines in this study, although T. meridionalis
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Table 4: Percentage of damaged nectarine fruit of different varieties at four different locations in North Cyprus in 2004
Damaged nectarine fruit with regard to location and variety (%)
Damage Scale Glzelyurt 1 Glizelyurt 5 Gaziveren Gazimagusa
Maravilla Sunraycer Armking Sunsnow Armking

(0) No damage 27.8 315 17.0 27.1 0.0

(1) slight scarring 29.4 32.3 64.7 39.0 84.7

(2) Slight deformation and light scarring 15.3 16.4 8.0 195 5.1

(3) Moderate scarring 15.9 11.8 8.7 136 9.2

(4) Deformation and moderate scarring 9.0 2.0 16 0.8 1.0

(5) Severe scarring and deformation 26 0.0 0.0 0.0 0.0
Non-marketable fruit 275 13.8 103 14.4 10.2
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Fig.4:  Population fluctuation of adult Franklinielia occiden-
talis in two nectarine orchards in Giizelyurt during January and
June 2005 (D: Dormant period; BS: Bud swell; PF: Pink flower;
FB: Full bloom; PeF: Petal Fall; F: Fruit growth).

and T. inconsequens have been reported to be present in North
Cyprus (KersTING et al. 2005). T. major, affecting nectarines in
Ttaly (Craven! et al. 1983) was found during this study, but
only in low numbers during full bloom and not at all locations.

Blue sticky cards, used to determine the flight activity of
thrips in nectarine orchards and adjacent segetal yielded high
number of specimens. There were no significant differences
among the activity patterns of thrips in nectarine orchards and
in adjacent segetal flora. The flight activity peaked between
end of April and beginning of May at all locations. Less than
one thrips/card/week was captured during the months of
January and February (Figs. 1, 2). Blue sticky cards were
found not to be an efficient sampling method for thrips, as a
reliable identification of species was not possible. In particular

).Plant Dis Protect. 3/2006

during winter and early spring thrips on the cards were
heavily damaged by rain and wind. During late spring and
early summer, blue sticky cards were covered by dust and
sand, destroying most of the specimens.

No adults of F. occidentalis were determined on dormant
nectarine buds by direct sampling. The western flower thrips
was first recovered between end of bud swell and the begin-
ning of pink flowering (Table 3}, The presence of F. occidenta-
lis depended more on the phenological stage of the flower bud
than on time of the year. Adults were found during early
flowering at all three locations sampled, whether this pheno-
logical stage occurred in late February as in Giizelyurt 1 or in
late March as in Gazimagusa (Figs. 3, 4). They continue to stay
on nectarine branches during full pink and bloom. The
present results are supported by other authors, who stated the
preference of F. occidentalis for flowers of nectarines in North
America (YONCE et al. 1990a; PearsaLL and Myers 2000). TERRY
and DEGRANDI-HOFFMANN (1988) and TerRy (1991) similarly
found that western flower thrips prefer open apple blossom to
unopened buds or blossoms without petals. Significantly
more F, occidentalis adults were also present in strawberries in
open flowers than in senescent flowers or at petal fall, where-
as larvae were found equally among the three types of flowers
(GonzaiEs-ZaMora and GARCIA-Mart 2003). Adult flower thrips
prefer pollen as food source (TricHILo and LEGH 1988) and
consequently they may be more abundant in flowers that have
recently opened.

Various insecticides applied towards the green peach aphid
appeared not to have noticeably affected the abundance or
population fluctuation of F. occidentalis on nectarines at any of
the three locations. On the other hand, the low number of
western flower thrips present and the lack of an untreated
control may have covered any impact. However, already
McLaren and Fraser (2001) reported little effect of pesticide
applications in spring on the abundance of larvae and adults
of the New Zealand flower thrips in nectarines, being not
different from the untreated control.

Nectarine fruit exhibited varying levels of damage from no
blemishing to severe fruit scarring. Fruit injury in form of
silvering was very rare on mid to late seasons nectarines and
appeared not to be a serious problem in North Cyprus.
PeArsaLL (2000) stated that surface scarring and fruit defor-
mation is caused by feeding of larvae rather than by oviposi-
tion activity or feeding by adults. The tiny scars that larvae
caused on the developing nectarine ovary develop into large
areas of scarred and russetted tissue as the nectarines grew in
size. Silvering of fruit, caused by thrips feeding during fruit
growth was rare and only observed on a few fruit of mid-late
and late nectarine varieties. Types of damage caused by thrips
vary among locations. In France, northern Spain, Italy,
Greece, Pennsylvania and the southeastern United States most
damage is apparent as a silvering of fruit (Kourmapas et al.
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1982; CRAVEDI et al. 1983; CraveD! and MOLINARI 1984; YONCE
et al. 1990a; Lacasa et al. 1991; GRASSELLY et al. 1993; FELLAND
et al, 1995). In California and New Zealand, damage is caused
both by larval feeding on immature fruit at fruit petal fall,
which results in severe russetting of the fruit surface, as well
as by silvering injury (BourNIER 1970; LARUE et al. 1972; TEU-
Lon and PENMAN 1991), whereas in British Columbia damage is
caused almost entirely by larval feeding (PEARsALL 2000).

Even though the abundance of F. occidentalis in nectarine
orchards in North Cyprus appeared to be low, up to 37.9% of
fruit showed moderate to severe damage. Already PearsaLL
(2000} mentioned that counts of adult western flower thrips
were not useful in predicting damage levels to nectarines. The
author concluded that damage thresholds for adults of
F. occidentalis are very low and a zero tolerance level exists for
larvae because even a single larva may result in serious
damage. Also STEINER (1990) found little correlation between
western flower thrips density on plants and damage to green-
house cucumber fruit.

The local marker in North Cyprus accepts fruit with light
deformation and scarring (damage scale 0 - 2) without
assuming any reduction in quality. Moderate or severe
deformed fruit with moderate to severe scarring (damage
scale 3 - 5) are not accepted by the market and can therefore
not be sold. Thus, depending on nectarine variety, income
losses faced by producers ranged between 10% and 27%. The
early variety “Maravilla” was the most affected, being at the
same time the economically most valuable variety. Late
flowering nectarine varieties {e.g., ¢.v. Armking) had signifi-
cant lower damage rates, which may be the result of warmer
temperatures at that time. PEARSALL (2000) suggested that at
higher temperature, husk fall occurs more rapidly, at which
time larvae are no longer protected in buds and also fall to the
ground. Larvae residence time in buds will therefore be
shorter which may reduce damage.
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Abstract
In recent years, new agro-environment programmes have increased in number worldwide, with the aim of conserving biodiversity in agricultural ecosystems while maintaining sustainable crop production. In this paper, we determined the impacts of different management regimes on invertebrate fauna and diversity, in Cypriot olive groves. We analysed changes in invertebrate fauna and the diversity of invertebrates in high and low altitude olive groves with no management, tillage only, or tillage, pesticide and fertilizer application. Invertebrates were sampled from the canopy, soil under the canopy, and from  the understorey vegetation. A total of 12,387 athropods were recorded and identified from 18 different orders or higher taxa. We observed significant effects of  management regime on the abundance of arthropods in olive tree canopies. For example, the number of arthropods were significantly higher in low altitude, uncultivated olive groves compared to the other three management regimes. We also observed that the Simpson’s index of diversity for invertebrate orders was significantly higher in low altitude, uncultivated and tilled olive groves than the other two management regimes. Management had no impact on the number or diversity of invertebrates in understorey vegetation, while soil invertebrate abundance was lowest in high altitude olive groves but was not influenced by management in low altitude groves. Our results support the hypothesis that pesticide spraying reduces the abundance and diversity of invertebrates in olive groves, but also show that tillage has little impact on understorey invertebrates.

Introduction


The olive is one of the principal crops of the Mediterranean region (Ruano et al. 2004). The cultivation of the olive tree Olea europea L. (Oleaceae) and its ecological, economic, dietary and social importance is a unifying feature of Mediterranean Basin agriculture. Ninety eight percent of the world’s olive cultivation occurs in this region (Bartles 1997). The cultivation of olive trees in Cyprus has been well established since the late Bronze Age (Banilas et al. 2003). Approximately 500,000 trees occur throughout the northern range of Cyprus (Tozlu 2007) and their cultivation constitutes a traditionally important activity in Cyprus. Olive trees are grown all over the island in compact groves, irrigated or non irrigated, and scattered on uncultivated, rain fed land. Our study region included twelve olive groves in the Kyrenia mountain range. Average yearly production of olives from this region is about 1000 tonnes (Agriculture Ministry Report 2006). Cypriot olive agroecosystems are managed production systems which use mechanical tillage in conjunction with inputs of fertilizer, and applications of pesticides to consistently sustain their rates of output. However, agricultural activities such as tillage, extensive usage of pesticides and fertilizers can have significant impacts on native flora and fauna (McLaughlin and Mineau 1995). 


Global losses in biodiversity have resulted from changes in farming practices, habitat loss or fragmentation, and landscape homogenisation. There is a growing concern about biodiversity loss, due to the negative effects of intensive modern agricultural practices. This has been one of the main reasons for the introduction of agri-environmental programmes throughout Europe since the mid – 1980s (Benton et al. 2003 and Aviron et al. 2007).

Olive groves are agroecosystems that support a wide range of diverse and functionally important groups of invertebrates (Santos et al. 2007). Invertebrates have important ecological roles in agroecosystems, acting as detritivores, predators, parasitoids and pollinators (Paoletti et al. 2007). The biodiversity within and between these groups is important, because functional biodiversity performs key ecological services and can bring sustainability to agroecosystems (Altieri 1999). Arthropod communities are commonly used as indicators to evaluate the different types of olive grove management regimes (Ruano et al. 2004). Monitoring invertebrate combinations can suggest better management approaches to increase abundance and diversity (Paoletti 1999, Andre et al. 2001, Doran 2002). There is limited knowledge regarding what is happening to invertebrate communities worldwide as a result of anthropogenic disturbances. A major constraint on understanding invertebrate communities is a lack of experts to work at biodiversity hotspots around the globe (Derraik et al. 2002). On the other hand, human activities are causing a major decline in biodiversity, particularly through habitat destruction (Pimm and Raven 2000). 

To date, in Cyprus no attempt has been made to determine the biodiversity of invertebrates under different olive grove management regimes. The aim of this present study was to determine the impacts of the different management regimes on invertebrate diversity. Consequently, we analyzed the changes in invertebrate fauna found in different sampling strata (canopy,  the soil under tree canopy, understorey vegetation) within four different management regimes (natural, tillage usage, integrated management, and high altitude natural) of olive groves in North Cyprus. Canopy refers to the extent of outer layer of the trees’ leaves (Rost et al. 2006). Understorey vegetation refers to the vegetative plants covering the soil under the tree canopy. In the Mediterranean environment, there is competition between understorey vegetation (herbaceous plants) and trees for water and nutrients (Gakis et al. 2004). 
Material and Methods
Study area


This study was conducted between November 2005 and June 2006 on Cypriot olive groves in the Kyrenia region (Figure 1). The area surrounding Kyrenia is covered with forests of varying density across the mountain range (up to 900 m altitude) together with shrubs and typical Mediterranean agriculture along the coast, including olives, citrus, almonds and carob trees. During this study we chose a total of 12 olive groves under four different management regimes, with three replications for each management regime (Table 1). None of the selected olive groves received artificial irrigation. 
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Figure 1. Map showing research area in the northern part of Cyprus 

The first management regime was low altitude (20 to 40 m) uncultivated olive groves. These had not been cultivated for more than 25 years, and were surrounded with natural phrygana habitat. Phrygana, in Greece and Turkey, consists of formations dominated by dwarf shrubs typically 20-70 cm tall. Common species in Cyprus include Calycotome villosa, Genista sp. and Sarcopoterium spinosum (Blondel and Aronson 2004). Sarcopoterium spinosum phryganas have been proposed to be included in EU conservation policies under council directive 92/43/EEC Annex I (Council of Europe 1992).


The second management regime was low altitude (20 to 40 m) tilled olive groves. These olive groves were managed traditionally by ploughing deeply twice a year. Cypriot farmers prefer to use mechanical tillage in order to reduce understorey vegetation (weeds). Usually the farmers plough in autumn, after the first rains and then again in early spring.


The third management regime was low altitude (20 to 40 m) heavily cultivated olive groves; these olive groves were ploughed deeply twice a year and according to the farmer information, received one annual treatment of insecticide and fertilizer. They were sprayed in October once with dimethoate to control the olive fruit fly (Bactrocera oleae (Gmelin)). Olive fruit fly is a major pest of olives in Cyprus (Orphanides 1985).


The fourth management regime was high altitude (255 to 290 m) uncultivated olive groves; these groves were on mountain fieldsites in maquis habitat. Maquis is a shrubland biome of Mediterranean countries, typically consisting of densely-growing evergreen shrubs such as sage, juniper and myrtle (Blondel and Aronson 2004). During this research, three different orchid species (Ophrys lutea, Orchis anatolica, Orchis italica) and an endemic plant species (Sedum lampuse) were recorded in these high altitude olive groves which are protected under local government law (Environment Law 1997 and Viney 1994).

Table 1. Selected olive groves with latitude/longitude coordinates (decimal degrees) and their management types 

	Garden Code
	Altitude
	Management
	Latitude
	Longitude

	Old.garden
	Low
	Uncultivated
	35.347689
	33.151116

	New.house
	Low
	Uncultivated
	35.347938
	33.149811

	Berson
	Low
	Uncultivated
	35.347611
	33.152754

	Our.garden
	Low
	Tilled
	35.348198
	33.150389

	Dolmacı.1
	Low
	Tilled
	35.349756
	33.141968

	Dolmacı.2
	Low
	Tilled
	35.348862
	33.141754

	Feriha
	Low
	Heavily.Cultivated
	35.347298
	33.186220

	Nagehan
	Low
	Heavily.Cultivated
	35.349105
	33.150275

	Graveyard
	Low
	Heavily.Cultivated
	35.347243
	33.143999

	Beton.ust
	High
	Uncultivated
	35.329228
	33.172934

	Beton.alt
	High
	Uncultivated
	35.330052
	33.172582

	Rock
	High
	Uncultivated
	35.326702
	33.179669


Sampling methods
 
In each olive grove, trees were sampled from the canopy by beating branches, the vegetation under the tree canopy was sampled by sweep net, and the soil arthropods were sampled by placing pitfall traps. Every month from November 2005 to June 2006, ten trees were chosen haphazardly in each olive grove and sampled by beating, five times per tree. Sweep netting involved ten sweeps under each of the selected tree canopies. Monthly from January 2006 to June 2006, five pitfall traps were placed haphazardly into each olive grove. The pitfall traps consisted of a 200 ml plastic beaker with a 7 cm opening, these were buried with their tops level with the surrounding soil surface and filled half way with antifreeze solution. Each trap was covered with a clay roofing tile which allowed invertebrate access to the trap. All captured individuals were preserved in 70% alcohol solution. Arthropods were separated from vegetal and inorganic remains, these were then identified to the taxonomic level of order and other taxa by using Leica MS5 microscope. As inventories at species level would require numerous taxonomists for specimen identification, which would significantly increase the time and budget of this research, the specimens were recorded at a lower taxonomic level.  
Data analysis

We analysed relationships between invertebrate abundance, Simpson’s index of diversity for the invertebrate taxa, and management regimes, using mixed effects models that included random slopes through time (measured in months between November and June) and random intercepts of this relationship for each management regime. This mixed-model approach accounted for repeated measures of each olive grove through time, allowing us to test the effects of management regime after dealing with non-independence in our data (Crawley, 2007). We applied this test for each sampling method during the analysis. To test for the significance of each management regime in each mixed effects model, we removed management regime from maximum likelihood versions of the mixed effects models (according to Crawley 2007) and performed likelihood ratio tests.


Model checking involved the plotting of standardised residuals to check for homogeneity of variance and normality (Crawley 2007). Initial model checks suggested a square-root transformation of abundance data, which successfully normalised the residuals. Where model simplification demonstrated significant differences between management regimes, graphical analysis was used to suggest which regimes differed from others. Regimes with similar response variable means were grouped together: this post-hoc grouping was checked for non-significance, and differences between grouped means were then checked for significance (Crawley 2007). A non-significant effect of grouping confirmed that regimes within groups are not different from each other. Significant differences between groups confirmed that the grouping described which sets of management regimes differed from each other. 

Results

Arthropod abundance

We collected 12,387 arthropods during this research (Table 2 and Table 3). A total of 18 arthropod orders or higher taxa were identified. The highest number of individuals (4,080) was collected from the order Coleoptera (beetles) from all sampling methods: beetles represented 33 % of all collected individuals (Table 3). 

Table 2. Summary statistics for different types of sampling methods used in the inventory of arthropods in the three strata of olive groves between November 2005 - June 2006.

	Sampling methods
	Strata
	Samples
	No. of Orders
	No. of specimens

	Pitfall trap
	Soil
	72
	16
	8541

	Sweep net
	Herbal weeds
	96
	12
	2118

	Beating 
	Canopy
	96
	12
	1728

	
	
	
	
	

	 
	 
	 
	 
	12387


Table 3. Number of individuals for different arthropod taxa collected in twelve olive groves using different  types of sampling methods between November 2005 and June 2006.
	Class or Order names
	Beating method
	Sweep net 

method
	Pitfall 

method
	Total number of individuals 

	Coleoptera
	866
	345
	2869
	4080

	Dermaptera
	118
	4
	24
	146

	Diptera
	167
	484
	445
	1096

	Hemiptera
	97
	132
	8
	237

	Homoptera
	311
	686
	15
	1012

	Hymenoptera
	110
	93
	1449
	1652

	Lepidoptera
	24
	54
	48
	126

	Neuroptera
	4
	2
	0
	6

	Orthoptera
	7
	32
	456
	495

	Siphonaptera
	0
	1
	1
	2

	Thysanoptera
	24
	219
	0
	243

	Thysanura
	0
	66
	40
	106

	Gastropoda
	0
	0
	260
	260

	Isopoda
	0
	0
	1751
	1751

	Chilopoda
	0
	0
	235
	235

	Diplopoda
	0
	0
	438
	438

	Arachnida
	0
	0
	499
	499

	Oligochaeta
	0
	0
	3
	3

	Total 
	1728
	2118
	8541
	12387


The highest numbers of individuals captured using the sweep net method occurred during March (Fig. 2). This result was to be expected as it is the flowering season for many native plants in Cyprus. The beating and pitfall methods produced the highest numbers during December and May respectively (Figs. 3 & 4).
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Figure 2. Total number of individuals collected using sweep netting of understorey vegetation in twelve olive groves, between November 2005 and June 2006.
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Figure 3.  Total number of individuals collected using beating of olive tree canopies in twelve olive groves, between November 2005 and June 2006.
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Figure 4. Total number of individuals collected using pitfall trap sampling of soil under olive trees, in twelve olive groves, between November 2005 and June 2006.


We collected a total of 1728 arthropods using the beating method. The order Coleoptera (beetles) was again the most abundant arthropod group with 866 individuals, which amounted to 50 % of the total arthropods sampled using this method. The second most abundant group was the order Homoptera with 311 individuals (18 %) (Table 3). 


During November 2005 to June 2006, a total of 2118 arthropods were collected using the sweep net method. The order Homoptera was the most abundant arthropod group with 686 individuals (32 %), and the second most abundant group was the order Diptera with 484 individuals (23%, Table 3).


A total of 8541 arthropods were collected from pitfall traps. The order Coleoptera was once again the most abundant group, totalling 2869 individuals (34%). The second most abundant group from pitfall traps was order Isopoda with 1751 individuals (21%, Table 3).
Comparison among management regimes

Beating method results

There were significant differences in the number of total individuals (square-root transformed) between the four different management regimes (χ32 = 8.8705, P=0.03). Graphical analysis (Fig. 5) suggested that low altitude uncultivated olive groves contained more individuals than the other three management regimes which recorded similar numbers of individuals to each other. 
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Figure 5. Mean number of total individuals (square-root transformed), +/- 1 standard error, in four different olive grove management regimes, trapped using beating of olive tree canopies. (HU: high altitude uncultivated olive groves, LT: low altitude tilled olive groves, LP: low altitude heavily cultivated olive groves, LU: low altitude uncultivated olive groves).

We confirmed this using model simplification with grouping of factor levels (χ22=2.281, P=0.31). We then confirmed significant difference between the means of the two groups (χ12 = 6.589, P=0.01). 

There were also significant differences in Simpson’s Index of Diversity for the arthropod orders during this study (χ32 = 12.194, P=0.006). Graphical analysis (Fig. 6) suggested that low elevation tilled and uncultivated olive groves contained more individuals than the high elevation uncultivated olive groves, and that high elevation uncultivated olive groves contained more individuals than low altitude heavily cultivated olive groves. We confirmed this using model simplification with grouping of factor levels (χ12 = 0.4941, P=0.4821). Then we confirmed significant difference between the means of these groups (χ22 = 11.700, P=0.002). 
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Figure 6. Simpson’s Index of Diversity, +/- 1 standard error, for arthropod orders in four different olive grove management regimes using beating of the tree canopies. (HU: high altitude uncultivated olive groves, LT: low altitude tilled olive groves, LP: low altitude heavily cultivated olive groves, LU: low altitude uncultivated olive groves).

Sweep net results 
There were no significant differences in total individuals among four different management regimes (χ32 = 3.7408, P=0.290). Also there were no significant differences in Simpson’s Index of Diversity for arthropod orders from sweep net method (χ32 = 4.1483, P=0.2459). 

Pitfall trapping results

There were significant differences in total number of individuals among four different management regimes (χ32 = 9.2629, P=0.02). Graphical analysis (Fig. 7) suggested that high altitude uncultivated olive groves contained fewer individuals than the other three low altitude management regimes. We confirmed this using model simplification with grouping of factor levels (χ22 = 1.9752, P=0.3725). Then we confirmed that there was a significant difference between the means of the two groups (χ12 = 7.287, P=0.006). When we analyzed the Simpson’s Index of Diversity for the orders, we found no significant difference between four different management regimes (χ32 = 3.666, P=0.299). 
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Figure 7. Mean number of total individuals (square root transformed), +/- 1 standard error, in four different olive grove management regimes using pitfall trapping of soil under olive trees. (HU: high altitude uncultivated olive groves, LT: low altitude tilled olive groves, LP: low altitude heavily cultivated olive groves, LU: low altitude uncultivated olive groves).
Discussion

Agriculture has been linked to major lossess in biodiversity throughout the world. This is due to the high degree of physical manipulation, inputs of pesticides and fertilizers, which is inherent in modern agriculture (McLaughlin and Mineau 1995). 
In this study of Cypriot olive groves, the most abundant invertebrate orders were Coleoptera, Isopoda and Hymenoptera. These groups have been reported in the literature as typically abundant groups in olive groves (Pettacchi and Minnocci 1994, Ruano et al. 2001, Santos et al. 2007). The role of Order Coleoptera in the food chain is very important. It is known that coccinellids (Order: Coleoptera) play an important role in the biological control of olive pests like olive moth (Prays oleae) and black scale (Saissetia oleae) (Orphanides 1985, Orphanides 1988, Iperti 1999 and Santos et al. 2007). Also, dung beetles (Coleoptera: Scarabaeinae) are key providers of several ecological services such as waste removal and secondary seed dispersal (Nichols et al. 2007). Ants and wasps (Order: Hymenoptera) are social insects and are also an “ecological engineers” in agro-ecosystems. They are also predatory arthropod community in olive groves (Chapman and Bourke 2001, Morris et al. 1999). Isopods (woodlice) forage on decaying organic material, and they play a key role in the functioning of ecosystems by acting as nutrient recylers. Because they are sensitive to tillage, changes in litter input, application of pesticides and other contaminations, comparing their abundance on sites under different management regimes, allow us to estimate how changes in land management can affect ecosystem functioning (Paoletti and Hassall 1999). 

Our data support the hypothesis that the number of arthropods declines at higher altitudes (Wettstein and Schmid 1999). However, this reduced number of arthropods may be due to a seasonal effect rather than altitudinal effect. For example if the research was continued into the hottest months (July and August), we may have seen higher number of arthropod abundance.

Also Simpson’s Index of Diversity of arthropod orders was significantly higher in low elevation uncultivated and traditionally cultivated olive groves than heavily cultivated olive groves. So, our results show that foliar spraying of olive trees reduces the density and diversity of invertebrates in olive tree canopies. It is known that the abundance of some insect taxa, may be up to six times higher in the canopy of organically farmed olive trees when compared to chemically treated trees (Ruano et al. 2004). There is also a substantial amount of research that suggests agrichemical application have detrimental affects on biodiversity (Chamberlain et al. 1999, Beecher et al. 2002).
However, our results showed that the different management regimes had no significant effect on arthropod abundance or diversity found on plants beneath the olive trees, according to sweep-net catches.  We note that an increase in statistical power, achieved by studying more replicate olive groves in each management regime, would help to clarify whether these non-significant results were real (i.e. management does not influence understorey invertebrates) or simply ‘absence of evidence’.

During this study, we found that there was a significant difference in abundance of edaphic (soil-dwelling) organisms in differently managed olive groves. It is known that edaphic organisms have important ecological roles such as decomposition of organic matter, mineralization of nutrients and also as agents of biological control of olive pests, whose life cycle requires some time beneath the soil (Morris and Campos 1999, Santos et al. 2007). The olive fruit fly (Bactrocera oleae) pupates on the olive grove floor where it is preyed upon by many different groups of predators; such as ants, ground beetles and spiders (Goncalves and Torres 2007).  It is well known that physical disturbance of the soil by tillage, which usually disturbs at least 15-25 cm of the soil surface, plays an important role in determining soil biotic activity and species diversity in agroecosystems (Altieri 1999). The fact that tillage had little impact on soil- or weed-dwelling invertebrates could be exploited in two ways. First, if tillage is an expensive management, our results suggest that invertebrate diversity can be maintained without its use, therefore perhaps the traditional tillage practice is unnecessary. Alternatively, if tillage is essential to control weeds or to destroy overwintering lifestages of olive pests especially the olive fruit fly (the majority of larvae pupate in the top 3cm of the soil in the Mediterranean region (Dimou et al. 2003), the best timing for tillage would be November/December, when the fruit fly is in pupal stage and when early rains cause weed growth.
To summarise, the results indicate that application of foliar pesticide on olive tree canopies significantly reduces the abundance and diversity of arthropods. Therefore pesticide usage is detrimental to arthropod abundance. On the other hand, tillage use in cultivated olive groves, had no effect on the abundance and diversity of arthropods on the vegetation beneath trees, nor on the abundance of edaphic invertebrates. In order to conserve biodiversity in olive grove agroecosystems in Cyprus, farmers should consider the use of selective pesticides against olive fruit fly and instead of using tillage for weed control, it may be better to use a legume cover crops to maintain the soil organic matter and to improve the soil structure (Blevins et al. 1990).

In conclusion, this study shows that olive grove management regimes influence the patterns of abundance and the diversity of the arthropods. The high degree of physical manipulation and the inputs of pesticides and fertilizers, contribute to loss of biodiversity.  In particular, if the aim is to increase farmland biodiversity and recreate a more “natural” habitat in olive groves, the use of pesticides and tillage is not recommended. To enhance wild flora and fauna in Cypriot olive groves, future agri-environmental schemes should consider the impact of common agricultural practices, such as tillage, drainage, grazing, pesticide and fertilizer use. 

The Mediterranean Basin is known as one of the  world “biodiversity hotspots” where exceptional biodiversity occurs. Also, a large proportion of Europe`s biodiversity is found on agricultural land compared with other areas (Myers 1990 and Krebs et al. 1999 ). Therefore, it is vitally important to conserve biodiversity found in agricultural ecosystems throughout the Mediterranean region, and to strengthen local alliances among farmers, agronomists, foresters, and conservation biologists to promote ecologically sustainable production systems in Cyprus.
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Abstract

Woodlice are known to play important roles in soil profile development and nutrient cycling in agroecosystems. Our objective was to understand the impact of different management regimes on woodlouse fauna in Cypriot olive groves. To examine the importance of management practices on abundance of these soil arthropods, twelve different olive groves were surveyed between January and June 2006. The olive groves were located along the Kyrenia mountain range towards the west of the island at two different elevations. 

The abundance of woodlice was compared in twelve olive groves under four different management regimes by placing pitfall traps. We analysed the changes in the woodlouse fauna in high and low altitude olive groves with no management, tillage only, or tillage with pesticide and fertilizer application. A total of 1751 woodlice were collected during this research. We observed significant effects of management regime on the abundance of woodlice. The low altitude uncultivated olive groves retained a higher number of individuals than the other three management regimes. Our results suggest that tillage alone did not impact severely on woodlouse abundance, but that tillage combined with pesticide and fertilizer application could lead to significant losses in woodlouse abundance in olive grove agroecosystems, with implications for the sustainability of soil quality and biodiversity.

Introduction


Agroecosystems such as olive groves can support diverse and functionally important different groups of invertebrates (Santos et al., 2007). It is known that agricultural intensification has resulted in a widespread decline in farmland biodiversity, across many different taxa, and these changes in agricultural practices have resulted in detrimental affects on farmland habitats (Benton et al., 2003 and Jongman, 2002). Invertebrates have important ecological roles within agroecosystems, acting as detritivores, predators, parasitoids and pollinators. They are ecosystem engineers which directly or indirectly modulate the availability of resources to other species, by causing physical changes in biotic or abiotic materials. For example: termites, earthworms and ants are considered as a soil ecosystem engineers, they have significant effects on the soil organic matter and soil physical processes (Jones et al. 1994, Lavelle 2002).

Many invertebrate groups have previously been used as indicators for a range of environmental attributes since the beginning of the 20th century (Brown 1997; Ruano et al. 2004, Paoletti et al. 2007). The abundance and diversity of soil fauna are influenced by a wide range of agricultural and other land practices. These management practices include variations in tillage levels, treatment of pasture and crop residues, crop rotation, irrigation, pesticide and fertilizer applications (Baker, 1998 and Rodriguez et al., 2006). 


Cyprus is an island with an area of 9, 251 square kilometers and it is divisible into three geomorphological zones, the Troodos mountains, the Kyrenia Mountain range and the Mesaoria plain, which separates the two upland areas (Tsintides et al., 2002). The cultivated area is estimated at approximately 1,340 square kilometers (Hadjiparaskevas, 2005). The cultivation of olive trees in Cyprus has been well established since late Bronze Age (Banilas et al., 2003). Olive trees are grown all over the island in compact groves, irrigated or non irrigated, and scattered on uncultivated rain fed land. Our study region included twelve olive groves in the Kyrenia mountain range. In the Kyrenia region (north coast of Cyprus) the olive tree (Oleae europea L.) has a great social importance and the soil fauna of these olive groves are an important component of this agroecosystem. Cypriot agroecosystems are managed production systems which use mechanical tillage in conjunction with inputs of fertilizer, and applications of pesticides to consistently sustain their rates of output. However, it is also known that agricultural activities such as tillage, extensive usage of pesticides and fertilizers can have significant impacts on native flora and fauna (McLaughlin and Mineau, 1995).


Edaphic (soil-dwelling) organisms have important ecological functions such as decomposition of organic matter, mineralization of nutrients and also as agents of biological control of the olive pests that spend a period of their life cycle in the soil (Herrick, 2000). A commonly used sampling method to study edaphic fauna is pitfall trapping, a technique which is simple to implement, economic, and which works continuously through the day and night, enabling the passive collection of many samples (Santos et al., 2007).


The woodlice, or pill bugs, are terrestrial isopods and members of the suborder Oniscoidea. There are approximately 5000 species distributed worldwide. They are small to medium sized organisms (1.2 – 30 mm). They are easily identified and form a dominant component of the soil arthropod macro-decomposer community in many temperate habitats. They feed on dead organic material and are important regulators of ecosystem functions, which include the decomposition and recycling of nutrients. They are also predators of some animals and occasionally consume insect larvae, especially fruit fly larvae or pupae. They are sensitive to tillage, changes in litter input, application of pesticides and other contaminations (Paoletti and Hassall, 1999). The highest densities of woodlice are found in calcareous grasslands (Sutton, 1980) and it is known that about 36 % of the total area of Cyprus is categorised as having slightly to highly calcareous soils (Hadjiparaskevas, 2005).

To date, in Cyprus no research has been made to determine the abundance of woodlice, and also very little is known about the effect of management regimes on soil biota. The main objectives of this study presented here, were to obtain essential information of woodlice abundance in Cypriot olive groves and the impacts of different management regimes on their fauna. Our hypotheses were that: (i) management regime has a major effect on woodlouse abundance (ii) the abundance of woodlice changes at different altitudes. Consequently, we analysed the changes in woodlice fauna found within four different management regimes (natural, tillage usage, pesticide usage, and high altitude natural).

Material and methods

Study area


This study was conducted between January and June 2006 under four different management regimes of Cypriot olive groves in the Kyrenia region. The area surrounding Kyrenia is covered with forests of varying density across the mountain range together with shrubs and typical Mediterranean agriculture along the coast, including olives, citrus, almonds and carob trees. During this research we chose a total of 12 olive groves under four different management regimes, with three replications for each management regime. None of these olive groves received artificial irrigation.


The first management regime was low altitude (20 to 40 m) uncultivated olive groves. These had not been cultivated for more than 25 years, and were surrounded with natural phrygana habitat. Phrygana, in Greece and Turkey, consists of formations dominated by dwarf shrubs typically 20-70 cm tall. Common species in Cyprus include Calycotome villosa, Genista sp. and Sarcopoterium spinosum (Blondel and Aronson, 2004). These olive groves had not received any tillage for many years. 


The second management regime was low altitude (20 to 40 m) tilled olive groves. These olive groves were managed traditionally by ploughing (up to 25 cm in depth) twice a year. Cypriot farmers prefer to use mechanical tillage in order to reduce understorey vegetation (weeds). Usually the farmers plough in autumn, after the first rains and then again in early spring.


The third management regime was low altitude (20 to 40 m) heavily cultivated olive groves; these olive groves were ploughed twice a year and according to the farmers’ information, received one annual treatment of insecticide and fertilizer. They were sprayed in October once with dimethoate to control the olive fruit fly (Bactrocera oleae (Gmelin) (Diptera: Tephritidae)) Olive fruit fly is a major pest of olives in Cyprus (Orphanides, 1985).
The fourth management regime was high altitude (255 to 290 m) uncultivated olive groves; these groves were on mountain field sites in maquis habitat. Maquis is a shrubland biome of Mediterranean countries, typically consisting of densely-growing evergreen shrubs such as sage, juniper and myrtle (Blondel and Aronson, 2004).

Sampling methods

Woodlice were sampled by placing pitfall traps monthly from January 2006 to June 2006. Five pitfall traps were placed randomly into each olive grove. They consisted of a 200 ml plastic beaker with a 7 cm opening. They were buried with their tops level with the surrounding soil surface and filled half way with 70% ethylene glycol to kill and preserve and catch. Traps were covered with a clay roofing tile that allowed invertebrate access to the trap. All captured individuals were preserved in 70 % alcohol solution. The woodlice were separated from other arthropods and vegetal remains.

Data analysis

We analysed relationships between woodlouse abundance and management regimes, using generalised linear models in “R” software. We averaged woodlouse abundance in each olive grove over the six months of surveys (January-June), in order to remove any non-independence caused by repeated measures in our data. Although this derivation of mean response can often conceal important differences between treatments, our results were clear enough to justify this procedure. To test for the significance of management regime we simplified the models (according to Crawley 2007) and performed likelihood ratio tests. We used histograms of real data, and standard residual checks in order to look for evidence of non-normality (Crawley, 2007). Initial model checks suggested that the variance in mean woodlouse abundance increased with the mean abundance, which recommended the use of a Gamma error structure (Crawley 2007). This error structure successfully normalised the standardised residuals.

Results and discussion


In this study of Cypriot olive groves, we collected a total of 1751 woodlice. The highest number of individuals were collected from the low altitude uncultivated olive groves (713) (Table 1.).

Table 1. Number of individuals of woodlice in twelve different olive groves under four different management regimes between January 2006 to June 2006.
	Garden Code
	Altitude
	Management 
	Latitude
	Longitude
	Woodlice abundance

	Old garden
	Low
	Uncultivated
	35.347689
	33.151116
	105

	New house
	Low
	Uncultivated
	35.347938
	33.149811
	252

	Berson
	Low
	Uncultivated
	35.347611
	33.152754
	356

	Our garden 
	Low
	Tilled
	35.348198
	33.150389
	284

	Dolmacı 1
	Low
	Tilled
	35.349756
	33.141968
	111

	Dolmacı 2
	Low
	Tilled
	35.348862
	33.141754
	227

	Feriha
	Low
	Pesticide used
	35.347298
	33.186220
	111

	Nagehan
	Low
	Pesticide used
	35.349105
	33.150275
	167

	Graveyard
	Low
	Pesticide used
	35.347243
	33.143999
	18

	Beton ust
	High
	Uncultivated
	35.329228
	33.172934
	49

	Beton alt
	High
	Uncultivated
	35.330052
	33.172582
	14

	Rock
	High
	Uncultivated
	35.326702
	33.179669
	57

	Total
	 
	
	
	
	1751


 According to the results during January- June 2006, the highest number of individuals from low altitude uncultivated olive groves were captured during April (Fig. 1). The lowest number of individuals was collected from high altitude uncultivated olive groves (120). When considering only low altitude olive groves, the management regime using pesticide had the least number of individuals (Fig 1). These results were expected, since pesticide usage is known to have detrimental effects on arthropod abundance (Krooss and Schaefer, 1998). On the other hand, it is also well known that the number of arthropods declines at higher altitudes (Wettstein and Schmid, 1999; Wilson et al., 2007). 
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Figure 1. Total number of individuals trapped using pitfalls in twelve olive groves, between January 2006 and June 2006 under four different management regimes (LU: low altitude uncultivated olive groves, LT: low altitude tilled olive groves, LP: low altitude pesticide used olive groves, HU: high altitude uncultivated olive groves).

We analysed relationships between woodlouse abundance and management regimes, using a generalised linear model with Gamma error structure. There were significant differences in mean number of individuals between four different management regimes (F3,8 = 4.9379, P=0.03). Graphical analysis (Fig 2.) suggested that high altitude uncultivated olive groves and low altitude heavily cultivated olive groves contained fewer individuals than the other two management regimes which recorded similar mean number of individuals to each other. We confirmed this using model simplification with grouping of factor levels (F2,8 = 1.7668, P=0.2315). We then confirmed a significant difference between the means of the two groups (F1,10 = 8.3466, P=0.01). 
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Figure 2. Mean number of total individuals in four different olive grove management regimes ((LU: low altitude uncultivated olive groves, LT: low altitude tilled olive groves, LP: low altitude pesticide used olive groves, HU: high altitude uncultivated olive groves).

Considering only the low elevation olive groves, our results confirm the prediction (Paoletti and Cantarino, 2002; Ruano et al. 2004) that chemical treatment impacts negatively on woodlouse abundance. The magnitude of this effect is such that chemical applications reduce woodlouse abundance to levels similar to those observed in high altitude, unmanaged olive groves. More surprisingly, we found that woodlouse abundance was not negatively impacted by tillage of soil in the olive groves. This is contrary to results from studies in other agroecosystems (Marasas et al. 2001; Rodriguez et al., 2006; Wilson et al., 1999), and shows that low intensity tillage can be used to manage understorey vegetation in Mediterranean olive groves, at little cost to woodlouse fauna. 
Conclusion


Agricultural activities affect the woodlouse fauna in different ways. Abundance of these arthropods probably benefit from reduced use of pesticides, which have toxic side effects on non-target arthropods. We predicted that food supply for woodlice might be better on the unploughed olive groves, where potential prey taxa were more abundant, however we show that the levels of tillage used in Cypriot olive groves is not detrimental to woodlouse abundance. High altitude, uncultivated olive groves suffer lower abundance of woodlice than low altitude, perhaps due to climatic differences or correlated impacts such as soil type or understorey vegetation. Effectively, heavy cultivation of low altitude groves reduces the abundance of woodlice to levels comparable to these derelict, high altitude groves. 
In conclusion, intensified agriculture has repeatedly been identified as one of the largest contributors to the loss of the biodiversity worldwide (Benton et al. 2003). This is partly because of the high degree of physical manipulation and inputs of pesticides and fertilizers. Agricultural practices, such as intercropping, rotation, reduced pesticide use or biological control of pests, and using cover crops instead of tillage application, may successfully benefit agriculture and the quality of habitat for the wildlife. Organic farming has been suggested to enhance species richness as a result of the use of organic fertilizers, the absence of chemical pesticides and a different, often more diverse, crop rotation (Weibull and Östman, 2003).


This research should help to guide management practices of olive groves in Meditteranean agroecosystems, and adds to the growing body of evidence showing that chemical management regimes can damage invertebrate community structure and function. One of the positive outcomes from this research for olive grove agriculture is that traditional tillage, deemed useful by farmers for the management of understorey weeds, can be maintained at no loss to the abundance of these important detritivores/predators. Further research is now required to clarify whether choosing management practices that maintain invertebrate community structure can simultaneously benefit sustainable production of crops. This will be required not just for woodlice in Cypriot olive groves but also for other taxonomic groups in other agroecosystems.
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Abstract

We used butterflies as an indicator group to identify the importance of forest habitats for biodiversity conservation in the island of Cyprus. To understand the relative importance of local vegetation characteristics of butterflies in the Pentadaktylos Mountains transect counts were used to assess the abundance and butterfly diversity in two different forest types. A total of 1602 butterflies and 23 species were recorded during this research. We observed highly significant effects of forest type on abundance and species richness of butterflies. For example, number of butterflies was significantly higher in old forest than young pine forest. Also, the abundance of endemic butterflies was highest in old forest habitats. Therefore, the survival of the majority of endemic butterflies in Cyprus may depend on conservation of old forests and their understorey plants.

Introduction


The Mediterranean Basin is recognized as one of the 18 world “hotspots” where exceptional concentrations of biodiversity occur (Myers 1990). The Mediterranean flora is one of the richest in the Old World, for example it includes more than 25,000 species of flowering plants. Also its invertebrate fauna is the richest in Europe in terms of species richness; 75% of the total European insect fauna are found within the Basin (Blondel and Aronson 2004). Mediterranean scrub-communities have recently been proposed to be included in EU and IUCN conservation policies (Grill et al. 2005).


 Cyprus is the third largest island in the Mediterranean Basin. It lies in the north – eastern corner of the Mediterranean sea, at the crossroads of Europe, Asia and Africa. Its covers an area of 9,251 square kilometers and is divisible into three geomorphological zones, the Troodos mountains, the Pentadaktylos Range and the Mesaoria plain, which separates the two upland areas. Its climate is typically Mediterranean with hot, dry summers and mild winters, with rainfall  occuring predominantly between November and April. The Pentadaktylos Range is an enlongated mountain range extending from Kormakitis (Sadrazamköy) in the west to Karpaz region in the east. It consist of a series of mountain peaks, the highest being 1024 m above sea level (Tsintides et al. 2002). Pinus brutia is the dominant tree species of the island, occuring almost everywhere except the Mesaoria plain. The understorey vegetation of the Pinus brutia forest consists of various bushes, such as Arbutus andrachne, Genista sphacelata, Cistus creticus, Cistus salviifolius and Salvia fruticosa (Makris 2003). The pine processionary caterpillar (Thaumetopoea pityocampa), is a major pest of Pinus brutia in Cyprus. It is a tent-making caterpillar that feeds gregariously and defoliates various species of Pinus (FAO 2007).


As is true of  most Mediterranean countries, there is increasing human pressure on the natural resources of Cyprus, hence we require a reliable accounting of the biodiversity of Cyprus’ natural resources. The Pentadaktylos range has become a popular tourist destination which has led to increased exploitation of natural areas. Commercial development is threatening the natural diversity of the area, which is covered by typical Mediterranean shrubland. Although insects are rarely used as indicators for biodiversity, butterflies are the exception (van Swaay 2003). In many regions of the world, Lepidoptera are widely accepted as important ecological indicators of ecosystem health (Beccaloni and Gaston 1995, Oostermeijer and van Swaay 1998). Butterflies have a clear taxonomy, and a clearly defined life history (Wood and Gillman 1998); with many butterfly species relying on a specific host plant species for oviposition or feeding (Oostermeijer and van Swaay 1998). A review on the status of European (including Turkey and the Azores) butterflies showed that there were 576 butterfly species, 189 of them being endemic (van Swaay, 2003).To date in Cyprus, 52 species and subspecies of butterflies have been recorded. This includes three endemic species and two endemic subspecies (Olivier 1993, Makris 2003, John et al. 2006). Cyprus has a relatively small number of butterfly species when compared with those found in neighbouring countries: Egypt (58), Greece (232), Israel (129), Lebanon (139) and Turkey (349). 

This study examines the diversity of the island’s butterfly fauna in relation to geographical influences, and evaluates how butterfly diversity and abundance varies among two different forest types in Pentadaktylos Range:  old (> age 30) Pinus brutia forests and young P. brutia plantations (generally < age 20). In this paper we confirm that Cypriot species richness conforms to biogeographical patterns on Meditteranean islands, and that butterfly abundance and diversity are lower in the young pine plantations when compared with more mature forests. Our results serve to highlight the importance of Pinus brutia forests and its understorey to butterfly diversity. This should provide information to guide felling and replanting strategies that simultaneously satisfy forestry and conservation requirements.
Material and Methods

Study area


The study sites are situated across the Pentadaktylos Range mountains in Cyprus (Figure 1). Vegetation in this area is dominated by Pinus brutia with Mediterranean shrubland. The common plant species are: Juniperus phoenicea, Pistacia lentiscus, Calycotome villosa, Cistus creticus, Cistus salvifolius, Cupressus sempervirens, Thymus capitatus and Salvia fruticosa (Viney 1994). The elevations of study sites range from 140 – 840 meters (Table 1).

Table 1. Survey details and butterfly diversity for six different transects on Pentadaktylos mountains

	
	
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 

	
	
	
	
	
	
	

	Forest Site
	Age
	Elevation (m)
	Transect Length (m)
	Simpson's Index of Diversity
	Richness
	N

	1
	Old
	500
	1010
	0.67
	13
	342

	2
	Old
	840
	1200
	0.59
	12
	641

	3
	Old
	200
	1400
	0.81
	17
	366

	4
	Young
	140
	1000
	0.57
	8
	84

	5
	Young
	210
	1000
	0.82
	8
	13

	6
	Young
	130
	1240
	0.84
	17
	156

	
	
	
	
	
	
	


Field Methods

The census procedure used for this study was ‘transect recording’ or the Pollard Walk as described by Pollard (1977). The Pollard walk is a widely used method of estimating the relative abundance and diversity of butterflies. Transects of a known length were walked by a recorder capable of identifying local species of butterflies. The recorder walked at a uniform pace and recorded all butterflies, by species and number seen along that transect. A general description of the flora for each transect was recorded.  Stops were made along each transect when it was necessary to collect and identify the butterfly species.


Six Pollard Walk transects were established across the Pentadaktylos Range in the northern part of Cyprus. Transects were between 1000-1200 meters in length and followed trails or, in the case of pine plantations, terraces (Table 1). Transects were stratified into two classes as follows: (1) Old natural forests of Pinus brutia, Cupressus sempervirens and other local species.  These forests were generally over 30 years old with almost completely (> 90%). closed canopies. (2) Young forest plantations of predominantly young Pinus brutia. Maximum tree height was approximately 2 m.


A monthly census was carried out for each of the six transects between May and September. Only a single transect was surveyed on any one day, between the hours of 10:00 and 14:00. The required weather condition for each census period was specified as sunny with a minimum temperature of 17 o C.  The following six transects were selected in this study: (1) Agios Amvrosios (Esentepe) (old natural forest), (2) Halevga (Alevkaya) (old natural forest), (3) Panagra (Panagra) (old natural forest), (4) Knodhara (Gonendere) (young plantation), (5) Dhiorios (Tepebasi) (young plantation), (6) Akanthou (Tatlisu) (young plantation) (Fig. 1). 
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Figure 1: Map showing the six transects across the Pentadaktylos Mountains of northern Cyprus. 1. Agios Amvrosios (Esentepe), 2. Halevga (Alevkaya), 3. Panagra (Panagra), 4. Knodhara (Gonendere), 5. Dhiorios (Tepebasi), (6) Akanthou (Tatlisu).

Butterflies resting on plants and those in flight were counted and identified. When it was not possible to identify butterflies in flight, a specimen was captured using a sweep net and identified in the field using Makris (2003) and Tolman (2001). 

Data Recording


During the study, occurrence of butterflies on each transect was recorded to species level. To avoid counting the same individual more than once, observation and tracking of individual butterflies was required. Care was taken to avoid redundant tally of butterflies that kept moving down the track in the same direction as the walk. The presence of the most common herbaceous plants was recorded during the period of the survey (May-September). The temperature (oC), was recorded in a shady spot at the beginning of each transect. Also the elevation of each transect was recorded.

Data Analysis

The butterfly data from the surveys in Pentadaktylos range in 2003 were analyzed for abundance (the number of individuals) of all recorded butterfly species and all endemic species (including endemic subspecies) by using linear modeling and model simplification in “R” software. The equitability of distribution of individuals between species was calculated using Simpson’s Index of Diversity. Diversity indices provide important information about rarity and commonness of species within a community. Species richness, of all butterflies, and of endemics only, were also calculated. 


We analyzed relationships between butterfly abundance, diversity, species richness and endemism; forest type and transect length, using mixed effects models that included random slopes through time (measured in months between May and September), and random intercepts of this relationship for each forest. To test significance of forest type in each mixed effects model, we removed forest age from maximum likelihood versions of the mixed effects models (according to Crawley 2002) and performed likelihood ratio tests. Similar tests were used to test for, and account for, any effect of transect length on response variables. Checks of standard model confirmed the normality of residuals within these models. Analyses of species richness used Poisson error structures: these analyses were never overdispersed. Analyses of butterfly abundance (number of individuals) and number of endemic butterflies used a square-root transformation to normalize the residuals and improve homoscedasticity.

Results

Butterfly abundance during the surveys


During the field surveys, a total of 1602 individual butterflies from 23 species were recorded across the six different transects in the Pentadaktylos Range during the Pollard walks (Table 2). A total of 1349 butterflies (84.2%) were recorded from mature natural forests and 253 (15.7%) from the young forest plantations. During the Pollard walks 20 different butterfly species were recorded from young plantations and 19 from the mature natural forests. Artogeia rapae and two of Cyprus’ endemic species, (Hipparchia cypriensis and Maniola cypricola) were found on all six transects. The Cyprus endemic Satyrid, Maniola cypricola, was the most abundant species observed.  Nearly half (48.4%) of the butterflies encountered were of this species through this research (Table 2). 

Table 2. Species abundance of butterflies and their status in Cyprus

	Species
	Common Name
	Status in Cyprus
	Total

	Papilio machaon
	Swallowtail
	Common
	6

	Pieris brassicae
	Large White
	Very Common
	44

	Artogeia rapae
	Small White
	Very Common
	35

	Euchloe ausonia
	Eastern Dappled White
	Very Common
	10

	Anthocharis cardamines
	Orange Tip
	Common
	10

	Colias crocea
	Clouded Yellow
	Very Common
	19

	Gonepteryx cleopatra
	Cleopatra
	Common
	25

	Cigaritis acamas
	Levantine Leopard
	Rare
	2

	Lycaena phlaeas
	Small Copper
	Very Common
	28

	Lampides boeticus
	Long-tailed Blue
	Very Common
	18

	Glaucopsyche paphos
	Paphos Blue
	Very Common
	49

	Aricia agestis
	Brown Argus
	Rare
	1

	Polyommatus icarus
	Common Blue
	Very Common
	5

	Vanessa cardui
	Painted Lady
	Common
	14

	Vanessa atalanta
	Red Admiral
	Common
	3

	Charaxes jasius
	Two-tailed Pasha
	Rare
	1

	Hipparchia syriaca
	Eastern Rock Grayling
	Common
	204

	Hipparchia cypriensis
	Cyprus Grayling
	Very Common
	122

	Chazara briseis
	The Hermit
	Very Common
	185

	Maniola cypricola
	Cyprus Meadow Brown
	Very Common
	775

	Hyponephele lupina
	Oriental Meadow Brown
	Common
	34

	Lasiommata megera
	Wall Brown
	Common
	6

	Thymelicus acteon
	Lulworth Skipper
	Common
	6

	Number of butterflies
	
	
	1602

	Total number of species
	
	
	23


Monthly data for the spring-summer of 2003 indicate that the greatest butterfly abundance occurred during May (Fig 2).  This is an expected pattern for a Mediterranean climate because the peak period of flowering  occurs in May, providing nectar for the butterflies. 
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Figure 2: Number of butterflies observed in sampled transects, Pentadaktylos mountain range, Cyprus, 2003 (Error bars signify ± 1 s.e). 

Analysis results for abundance and diversity of butterflies 

Simpson’s Index of Diversity


We analyzed the relationship between Simpson’s Index of Diversity (1-D), including all endemic and non-endemic species, and forest age together with transect length, using linear mixed effects models to account for multiple observations for each forest in different months. The mixed effects model included random slopes through time in each forest. This random effects structure could not be simplified (significance test of random slopes, χ12 = 9.733, P=0.001). The index of diversity for all butterfly species increased with increasing transect length (χ12 = 4.3826, P=0.03621), but having accounted for this relationship there was no significant difference in Simpson’s Index of Diversity between the old and young forests (χ12 = 1.121, P= 0.2897) (Fig 3).
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Figure 3: Simpson’s Diversity Index by months in old and young forests (Error bars signify ± 1 s.e)

Simpson’s Index of Diversity (Endemics Only)

We analyzed the relationship between Simpson’s Index of Diversity (1-D), for endemic species only, and forest age together with transect length. Although model simplification suggested no need to consider random slopes through time for each forest (χ12 = 2.289, P=0.130), we retained this model structure for direct comparison to other models. The index of diversity for endemic butterfly species increased with increasing transect length (χ12 = 7.6062, P=0.0058) however, again, there was no difference between old and young forests (χ12 = 0.7247, P= 0.3946) (Fig 4).

[image: image21.emf]May June

July

August

September

0.0

0.2

0.4

0.6

0.8

1.0

Old

Young

Month

 Diversity Index  Endemics


Figure 4: Simpson’s Diversity Index of endemic butterflies in old and young forests by months (Error bars signify ± 1 s.e)

Number of butterflies (Abundance)

We used a mixed effects model that included random slopes through time in each forest for the number of butterflies. This random effects structure could not be simplified (significance test of random slopes, χ12 = 9.933, P=0.002). The number of butterflies was significantly higher in old forests than young plantations (χ12 = 14.047, P<0.001) but was not influenced by distance (χ12 = 0.077, P=0.781) (Fig 2).

Number of endemics (Abundance)

In each forest for the number of endemic butterflies, we used a mixed effects model that included random slopes through time. This random effects structure could not be simplified (significance test of random slopes, χ12 = 4.962, P=0.026). Number of endemics was higher in old forests than in young forests (χ12 = 10.214, P=0.001) ( Fig 5.). Differences in transect length did not influence the number of endemics observed (χ12 = 1.015, P=0.314). 
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Figure 5: Number of endemics by months in old and young forests (Error bars signify ± 1 s.e)

Species Richness

To compare species richness between forest ages, we used a Poisson error structure that included random slopes through time in each forest for the species richness analysis. This random effects structure could not be simplified (significance test of random slopes through time, χ12 = 4.583, P=0.032). The species richness was significantly higher in old forests than young forests (χ12 = 4.207, P=0.04) but was not influenced by transect length (χ12 = 0.877, P=0.349) (Fig 6). 
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Figure 6: Species richness in old and young forests (Error bars signify ± 1 s.e)

Altitudinal Effects
Recognising that forest age may be linked to forest altitude, we tested the influence of altitude on all measures of butterfly abundance and diversity. Altitude was added to our mixed model multiple regressions and tested for significance. Altitude never explained a significant amount of variation in butterfly response variables (Abundance, χ12= 2.0112, P= 0.1561; Simpson’s Diversity Index, χ12= 0. 7592, P= 0.3836; Species richness, χ12= 0.8236, P= 0.3641).
Discussion

Cyprus is an important biodiversity hotspot in the Mediterranean and it should be considered as a valuable candidate for conservation support regarding endemic butterflies (Myers 1990). In addition to this, Cyprus fits the predicted pattern of species richness according to island biogeography. It is logical therefore to take immediate steps to conserve the natural landscape of the Pentadaktylos mountain range, so as to avoid extinctions through habitat damage, loss or fragmentation. Mature forests have highest butterfly abundance and species richness, but young forests appear to retain diversity of all species and endemic species, hence forest plantations could be considered suitable replacements for lost or damaged mature forests over time. 

 The total number of butterflies and the total number of endemic butterflies were significantly higher in old mature forests than young plantations. Also the species richness was significantly higher, on average, in old mature forests. The reason for these differences is likely to be the complexity of the understorey plant community in old forests, which provides diverse food sources and shade. Understorey plants in mature old forests on the Pentadaktylos Range are therefore critical, especially for endemic butterflies. In Mediterranean countries, mountain grasslands and scrublands are the richest habitats for butterflies (Grill et al. 2002). During the summer period many butterflies prefer cool shady locations where they feed or rest on understorey plants such as Cistus creticus (Makris 2003). 

The distribution of forest ages in the Kyrenia Range may be linked to the altitude, with older forests on the higher mountain slopes. This could have caused serious effect in our results, with forest age reflecting altitudinal differences in butterfly phenology, distribution and abundance (Rahbek, 1995; Wettstein and Schmid, 1999). While this may be true of certain butterfly species, for example Hipparchia cypriensis prefers old mature forests during summer because of the increased level of shade afforded and cooler temperatures (John and Parker, 2002),but during this research we found no significant relationship between species richness, butterfly abundance or diversity, and altitude. Hence our significant results clearly show effects of forest age independent of altitudinal clines.

In this study, Maniola cypricola was the most abundant butterfly species encountered and it has been recorded mostly resting or taking nectar from Cistus plants. It is known that Maniola cypricola and the other endemic species Glaucopsyche paphos is under SPEC (Species of European Conservation Concern) 4a category according to the Red Data Book of European Butterflies (van Swaay and Warren 1999). They are not considered threatened at present, nevertheless they are of conservation concern, since their distribution is restricted to Europe (more precisely Cyprus). Also Thymelicus acteon is under SPEC 2 category. This category covers species whose global distribution is concentrated in Europe, and is considered threatened in Europe. This species is considered common in Cyprus but deserves special consideration due to its Red Data Book classification. Conservation efforts should ensure the presence of Poacea  as larval foodplants for this butterfly and the Satyridae (Makris 2003, van Swaay and Warren 1999).

On the other hand, the results indicate that the Simpson’s Index of Diversity of the butterflies was not significantly different in old and young forests. Several ecological mechanisms can explain this similarity in diversity, not least the fact that young forests are relatively ‘disturbed’ habitats where diversity is predicted to be high (according to the Intermediate Disturbance Hypothesis; Shea et al. 2004). The young plantations studied harboured most of the understorey plant species that were present in the old forests. This allowed most butterfly species to obtain nectar, but the lack of shade in young plantations may prevent butterfly densities from being as high as in old forests. We feel that surveys of more forests will clarify any impact of forest type on indices of diversity. 

Major threats to Mediterranean Basin forests include fragmentation, road construction, tourism, forest fires and overgrazing (Lopez and Correas 2003). Pentadaktylos Mountain forest has similar threats: fire, deforestation, outbreaks of pine processionary caterpillar, landscape changes or replanting with Acacia sp. or other exotic tree species.

In conclusion, the methods and analysis presented in this paper provide a useful tool for the incorporation of information on butterfly numbers and species diversity in environmental policies for conservation in the Mediterranean Region, and may help to achieve a more efficient management and conservation of forest sites for butterfly species. While young plantations appear to have similar butterfly diversity to mature forests, the higher number of butterflies in mature forests emphasizes the need to replace these forests plantations when felled, and to retain a mosaic of forest ages in Cyprus.
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Abstract
In this study, we used butterfly assemblages to evaluate the conservation value of habitat mosaics within garrigue ecosystems in Cyprus. To understand the importance of the local plant communities for Cypriot butterflies, ten plots were surveyed weekly for five months to assess the abundance, species richness and diversity of butterflies in two different habitat types; grassland and shrubland patches. A total of 810 butterflies of 16 species were recorded during this research.  Habitat type showed a highly significant effect on butterfly abundance, particularly when considering endemics. Indices of butterfly diversity, calculated across the whole season, were comparable between grassland and shrubland habitats. However, the species richness of all butterflies was consistently higher in grassland habitats throughout the whole season. The peak abundance of all butterfly species occurred during mid-season (end of April, beginning of May), with similar numbers experienced in both habitat types. However, a greater abundance was observed during early and late season in grassland habitats. The abundance of endemic species peaked earlier in the season in shrubland, but was higher in grassland in late season. This difference in seasonal timing of endemic abundance was dominated by the seasonal dynamics of Maniola cypricola. 
Introduction

On the crossroads of Europe, Africa and Asia, the Mediterranean region has experienced human presence for millennia, and harbours high levels of biodiversity. It has been recognized as one of the 18 world biodiversity “hotspots”, holding the world’s second highest percentage of endemic species (Blondel and Aronson, 2004; Medail and Quezel, 1999; Myers, 1990). The area is surrounded by mountain landscapes, covered by scrub and woodlands, and is home to approximately 25,000 species of flowering plants, of which 1,300 are endemic (IUCN, 2003). Conservation strategies within the Mediterranean Basin play a crucial role, due to the fact that the Mediterranean region is the world’s leading tourist destination (IUCN, 2003). Mass tourism and its resultant commercial developments have led to seriously degraded landscapes and a dramatic loss of natural habitats (Myers, et al. 2000; IUCN, 2003). Here we use a case study of butterfly abundance and behaviour in two threatened Mediterranean habitats in the northern part of Cyprus, in order to clarify their importance for endemic species. Butterflies are major study subjects of ecologists and conservationists, because they are charismatic, and relatively easy to identify and sample (Ulrich and Buszko, 2003). Many scientists use butterflies as important ecological indicators for biodiversity measures in different ecosystems (Beccaloni and Gaston, 1995; Dover et al. 2000; Grill et al., 2005; Lewis et al. 1998; Özden et al., 2008). Despite this international research effort on butterflies, there is still a paucity of scientific publications on the ecology and behaviour of endemic butterfly species in Cyprus.
Island faunas and floras have always been of great concern for conservationists (Dennis et al. 2008; Dapporto and Dennis, 2008) as they often possess high levels of diversity and endemism. Cyprus is the third largest island in the Mediterranean Sea, situated at the north-eastern end of the Eastern Mediterranean Basin. Its climate is typically Mediterranean, with hot, dry summers and mild, rainy winters. It covers an area of 9251 km2 and is divisible into four geomorphologic zones; the Kyrenia range, the Troodos mountains, the Mesoria plain (positioned between the Kyrenia range and Troodos mountains), and the Mamonia complex in south west Cyprus (Phillips and Bracewell, 2001; Tsintides et al., 2002; USAID, 2006). Cypriot fauna includes 11 species of land mammals, 27 species of amphibians and reptiles, 370 species of birds, and a great variety of invertebrates (USAID, 2006). Typical of many islands, Cyprus has a large number of endemic plant species (Tsintides et al., 2002). To date in Cyprus, 52 species of butterflies have been recorded. This includes three endemic species and two endemic subspecies (Olivier, 1993; Makris, 2003; John et al. 2006). It is known that two of the endemic species Maniola cypricola and Glaucopsyche paphos are of European Conservation Concern (van Swaay and Warren, 1999).

The vegetation in Cyprus is very rich and diverse, covered with woody plants, pine forests, sclerophyllus evergreens, high and low maquis, phrygana and, of most relevance to this research, garrigue (USAID, 2006 and Tsintides et al., 2002). Garrigue is evergreen sclerophyllous or lauriphyllous shrub vegetation, with an open canopy structure and some bare ground, usually with many winter annuals and vernal geophytes. Eastern garrigues are shrub-like formations including Pistacia lentiscus, Myrtus communis, Calicotome villosa and Sarcopterium spinosum (EUNIS, 2004). On the northern coast of Cyprus, garrigue ecosystems vary from shrub-dominated habitat patches to grassland-dominated patches. The importance of this patchy mosaic of habitat types within the garrigue, to indicator species of biodiversity, has gained very little research attention. 
It is widely understood that grasslands and shrublands are among the most biologically rich ecosystems in Europe, in particular those of the Mediterranean Basin (Stefanescu et al. 2005, Zamora et al. 2007). Grassland can be defined as grass dominated areas where few or no trees grow, and can include some shrubs. While the garrigue is traditionally considered a scrub-dominated habitat, it is known that the abundance of some of the Mediterranean butterfly species is strongly associated with patches of grassland (for example Colias crocea and Polyommatus icaricus) (Stefanescu et al. 2005). Other research indicates that Lycaenids are known to fly preferably in rather open habitats, such as flowery and grassy meadows (Grill et al. 2005). These grassland habitats are sensitive and affected by development pressures and changes in mountain grassland management regimes (Grill et al. 2002). Grassland habitats in Cyprus provide important host plant communities for larvae of two of the endemic butterfly species (Maniola cypricola and Hipparchia cypriensis) (Makris, 2003; John and Parker, 2002). 

In this paper, we investigate the ecology of Cypriot butterflies in two different habitat types within the garrigue ecosystem: grassland and shrubland. We compare the diversity, species richness, and seasonal dynamics of abundance of butterflies, between grassland and shrubland patches. Also, we examine the behaviour of endemic butterflies and their preferred plant species, ie. on which plants do they prefer to rest or feed? Our results provide not only valuable knowledge about the important habitats for Cypriot butterflies, but additionally highlight the need for their conservation in the face of large scale coastal developments within the region.

Material and Methods

Study area

This study was carried out in the north-west region of Cyprus; at the western end of the Kyrenia range (close to Kayalar village), where typical Mediterranean ecosystems still maintain agricultural activities (sheep and goat grazing) (Fig. 1). 
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Figure 1. Map showing the research area in the northern part of Cyprus. 
The area has recently been designated as a potential Natura 2000 site, as it has a very high ecological value, is covered by garrigue and maquis ecosystems, and is currently declared as a Special Protected Area by the local government. The vegetation in the area is mainly dominated by Pinus brutia, Juniperus phoenica, Olea europaea, Cerotonia siliqua, Pistacia lentiscus, Thymus capitatus, Sarcopterium spinosum, Achillea cretica, Cistus spp., Valeriana  italica and Genista sphacelata. During the spring there are many wild flowers in the area including Anemone coronaria, several orchid species (including the endemic orchid Ophrys kotschyi), Cyclamen graecum, Trifolium spp., Vicia peregrina. Plant species were identified using Viney (1994).

Field Methods

During this study ten different plots were established in the area, with each plot surveyed weekly between March and July, 2007. In each plot we marked a central point, and observed the butterflies within 10 m radius from this centre for a total of 15 minutes, between the hours of 10:00 – 14:00. We identified the main plant species occurring in each plot and categorised plots as grassland or shrubland (Table 1.) Grassland habitats consisted of >60% grass cover and <40% shrub cover. Shrubland habitats consisted of >60% shrub cover and <40% grass cover. Each habitat type had five replicates. The altitude of study plots ranged from 40 to 120 m. 
Table 1. Selected plots with latitute / longitute coordinations,  their habitat type and common plant species information. Numbers represent approximate proportion of cover of each plant community.
	Plot 

No
	Latitude
	Longitude


	Habitat


	Shrubs

(T, C, S, G,P)
	Grasses

Poa

 spp.

	1
	35. 353011
	33.067720
	Shrubland
	0.60
	0.40

	2
	35. 359309
	33.041716
	Grassland
	0.40
	0.60

	3
	35.363596
	33.022985
	Grassland
	0.40
	0.60

	4
	35.364071
	33.022879
	Grassland
	0.40
	0.60

	5
	35.371271
	32.981190
	Grassland
	0.40
	0.60

	6
	35.375411
	32.975847
	Shrubland
	0.75
	0.25

	7
	35.353345
	33.066431
	Shrubland
	0.70
	0.30

	8
	35.353172
	33.063219
	Grassland
	0.20
	0.80

	9
	35.353579
	33.060901
	Shrubland
	0.90
	0.10

	10
	35.353506
	33.059603
	Shrubland
	0.90
	0.10


T: Thymus capitatus, C: Cistus spp., S : Sarcopterium spinosum, G : Genista sphaceleata, P : Pistacia spp.
Data Recording

During the observation period, the total number of butterfly species in each plot was recorded. The activity (flying, resting or nectaring) of each endemic butterfly species was also noted. When it was not possible to identify them in flight, a specimen was captured using a sweep net and identified in the field using Makris (2003) and Tolman (2001). In addition to this, the plant species on which endemic butterflies were found were recorded in order to determine those preferred for resting or nectaring. Wind speed (Beaufort scale) and the weather conditions were also recorded on each survey day.
Data Analysis

We analyzed the relationships between butterfly abundance, species richness and habitat type using generalised linear mixed modelling and model simplification using R 2.5.1 software. The butterfly data from surveys in the Kayalar region during 2007, were analyzed for abundance of all recorded butterfly species and all endemic species (Maniola cypricola, Hipparchia cypriensis and Glaucopsyche paphos). We analyzed relationships of the butterfly abundance and species richness with habitat type, week, wind speed and weather conditions. Repeated visits to the same plots throughout the season resulted in repeated measures of butterfly abundance and species richness. We accounted for this by including plot as a random effect in our models. Recognising that butterfly abundance and richness increased and then decreased as the season progressed, we fitted week, as both a linear and a quadratic fixed effect. We modelled counts of butterfly individuals or species using a Poisson error structure, which was never overdispersed. To test the significance of habitat type we removed the interactions between habitat and the quadratic effect of week number, and between habitat and the linear effect of week number, from maximum likelihood versions of the mixed effects models (according to Crawley 2007), and compared models with and without these interactions using log likelihood ratio tests. Similar model simplification tests were also used to assess the significance of wind speed and weather conditions on each response variable. 
Finally, we used Simpson’s Diversity Index (1-D), applied to the whole-season counts of each butterfly species in each plot, to quantify the butterfly diversity found in each different habitat type using generalised linear modelling with a Normal error structure.
Results

Butterfly abundance during the surveys in different habitat types

During the surveys, a total of 810 individual butterflies from 16 species were recorded across the ten different plots in the Kayalar village region of Cyprus. A total of 502 individuals (61.9 %) and 14 different species were recorded from grassland habitats and 308 (38.1 %) individuals and 15 different species were recorded from shrubland habitats. During this study Pieris brassicae (186), Maniola cypricola (174) and Artogeia rapae (138) were the three most abundant species observed (for a complete list see Table 2). 
Table 2. Butterfly species and abundance
	Species Name
	Grassland
	Shrubland

	Anthocharis cardamines
	46
	19

	Artogeia rapae 
	78
	60

	Pieris brassicae
	115
	71

	Colias crocea
	59
	39

	Zerynthia cerisyi
	10
	5

	Euchloea ausonia
	0
	1

	Gonepteryx cleopatra
	12
	19

	Vanessa cardui
	3
	6

	*Glaucopsyche paphos
	4
	4

	* Maniola cypricola
	107
	67

	Pontia edusa
	11
	6

	Chazara briseis
	10
	6

	*Hipparchia cypriensis
	39
	2

	Thymelicus acteon
	7
	2

	Papilio machaon
	0
	1

	Lasiomatta maera
	1
	0

	Total Abundance
	502
	308

	Total Species
	14
	15


*: Endemic species

Weekly data for the spring-summer of 2007 from both habitat types indicate that the highest butterfly abundance occurred between Week 9 and Week 11 which related to the end of April – beginning of May (Fig 2.) This was expected, as the main flowering period occurs during that time of the year in Cyprus.
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Figure 2. The abundance of butterflies observed in two different habitats (• shows the number of individuals seen in each plot in grassland habitats, ○ shows the number of individuals seen in each plot in shrubland habitats. The fitted relationship between number of individuals and week is signified by dashes for grassland and solid line for shrubland).

Abundance of all butterflies

We found a very significant effect of the habitat type on butterfly abundance with the interaction between habitat and the quadratic and linear effect of the week. In general, there were more individuals present in grassland than shrublands and this statistical interaction demonstrates a longer butterfly season in grassland habitats (Fig. 2 and Table 3). The number of individuals was not influenced by wind speed. There was however a very significant effect regarding the presence of sun on the abundance of butterflies, with more individuals recorded on sunny days as opposed to cloudy days (Table 3.).

Abundance of all endemic butterflies

Habitat type had a very significant effect on the number of endemic butterflies, due to an interaction between habitat and both quadratic and linear effect of the week (Table 3). As with total butterfly abundance, endemics were generally more abundant in grassland habitats, with a more prolonged season in the grasslands (Fig. 3). Also, endemic butterfly abundance was influenced by wind speed (Table 3), with fewer endemics observed on windier days. We tested the weather condition (sunny, partly cloudy or cloudy) effect on butterfly abundance and found that more endemic butterflies were seen on sunny days (Table 3).
Table 3. Significance tests of fixed effects of date, habitat type and weather conditions on the species richness and abundance of butterflies. Chi-square values are the results of likelihood ratio tests during simplification of maximum likelihood versions of generalised linear mixed models (see statistical methods for details).
	                Response
Fixed effect

	Richness
	Abundance
	Endemics
	Maniola abundance
	Hipparchia abundance

	Habitat:Week2

	χ1=9.5848, p=0.001962
	χ1=51.453, p=7.333e-13
	χ1=33.771, p=6.199e-09
	χ1=7.0891, p=0.007756
	χ1=4.1309, p=0.04211

	Habitat:Week

	χ1=8.8559, p=0.002921
	χ1=50.457, p=1.218e-12
	χ1=27.639, p=1.462e-07
	χ1=6.1619, p=0.01305
	χ1=0.0211, p=0.8845

	Sun

	χ2=61.344, p=4.778e-14
	χ2=256.24, p<2.2e-16
	χ2=19.040, p=7.338e-05
	χ2=19.569, p=5.632e-05
	χ2=3.0728, p=0.2152

	Wind

	χ1=0.2779 p=0.5981
	χ1=3.2583, p=0.007106
	χ1=10.99, p=0.000916
	χ1=16.896, p=3.948e-05
	χ1=0.9168, p=0.3383
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Figure 3. The abundance of endemic butterflies observed in two different habitat types (• shows the number of endemics seen in each plot in grassland habitats, ○ shows the number of endemics seen in each plot in shrubland habitats. The fitted relationship between number of endemics and week is signified by dashes for grassland and solid line for shrubland).
Species richness of the butterflies

There was a significant effect of the habitat type on the species richness, due to interactions between habitat type and the quadratic effect of week, and also between habitat and the linear effect of week (Table 3).  The number of butterfly species observed was higher in grasslands than in shrublands. Also, the species richness was higher in grasslands at the beginning and end of the season, compared to shrublands (Fig. 4.). There was no detectable effect of wind on species richness, although, species richness was higher on sunny days in both habitats (Table 3.) 
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Figure 4. Species richness in grassland and shrubland habitats (• shows the number of butterfly species seen in each plot in grassland habitats, ○ shows the number of species seen in each plot in shrubland habitats. The fitted relationship between species richness and week is signified by dashes for grassland and solid line for shrubland).
Abundance of Maniola cypricola

We used the same analysis framework for Maniola cypricola as we used in our previous analysis. There was a very significant effect of the habitat type on the abundance of endemic Maniola species (Fig. 5 and Table 3.). We also found a very significant effect of wind speed and the effect of the sun on the number of Maniola cypricola (Table 3.). We observed fewer M. cypricola on windy days, but more on sunny days.
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Figure 5. The abundance of Maniola cypricola observed during this research in two different habitat types (• shows the number of M. cypricola seen in each plot in grassland habitats, ○ shows the number of M. cypricola seen in each plot in shrubland habitats. The fitted relationship between number of M. cypricola and week is signified by dashes for grassland and solid line for shrubland).
Abundance of Hipparchia cypriensis

The same model framework was used to analyse the abundance of Hipparchia cypriensis in different habitat types. There was a significant effect of the habitat type on the abundance of Hipparchia cypriensis due to the interaction between habitat type and the quadratic effect of week. However in this case the interaction between habitat type and the linear effect of week was not significant (Fig. 6. and Table 4.). We tested the wind effect and the sun effect using the same model and found no significant effect of wind or sun on the abundance of Hipparchia cypriensis.   
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Figure 6. The abundance of Hipparchia cypriensis observed in two different habitat types (• shows the number of H. cypriensis seen in each plot in grassland habitats, ○ shows the number of H. cypriensis seen in each plot in shrubland habitats. The fitted relationship between number of H. cypriensis and week is signified by dashes for grassland and solid line for shrubland).
Table 4. Resting behaviour of the endemics
	Plant Species/
	Maniola
	Hipparchia

	resting site
	Grassland
	Shrubland
	Grassland
	Shrubland

	Cistus spp
	2
	
	
	

	Poa spp
	20
	3
	
	

	Olea europea
	1
	
	36
	

	Pistacia lentiscus
	19
	1
	1
	

	Teucrium micropoidoides
	
	1
	
	

	Thymus capitatus
	
	1
	
	

	Rock
	 
	 
	 
	1


Simpson`s Index of Diversity

We analysed Simpson’s Index of Diversity in grassland and shrubland habitats using a General Linear Model (GLM). The Simpson`s Index of Diversity was not significantly different in the two different habitat types (F1,8= 0.0515, p=0.8261).
Behaviour of endemic butterflies 

During the surveys, 107 M. cypricola were recorded in grassland habitat plots and 67 in shrubland. This result was expected as its larval host plants are meadow grasses (Poaceae Family, Makris 2003). In this research, M. cypricola specimens were recorded nectaring on Eryngium creticum, Cistus spp. and Teucrium micropoidoides flowers. It is known that Teucrium micropoidoides is an aromatic plant and endemic to Cyprus (Viney, 1994). Also, M. cypricola was observed mainly resting on Pistacia lentiscus, Thymus capitatus and various grass spp. (Table 4). The other Cypriot Satyrid species, Hipparchia cypriensis was also recorded in higher numbers in grassland habitats (39) than shrubland habitats (2): its larval host plants are also meadow grasses (Makris, 2003, John and Parker, 2002; Table 4). During these observations H. cypriensis was only found resting on olive tree trunks. The other endemic species of Cyprus, Glaucopsyche paphos (Lycaenidae), was recorded in same numbers from both habitat types and was only recorded in flight.
Discussion 
Here we studied the seasonal dynamics of butterfly abundance and species richness in grassland and shrubland habitat patches within the garrigue ecosystem of the north-western part of Cyprus. We found that the diversity of butterflies was similar between these two habitats when measured across the whole season. However, grassland habitats harboured consistently more species than shrubland. Furthermore, the abundance of butterflies was higher in grassland than in shrubland during early and late phases of the main butterfly flight season. Probably, during early season surveys, the adults are actively searching food sources or mates, so therefore they are more conspicuous. In late hot season, those individuals may be resting in the shade of shrubs in shrubland habitats and therefore are much less conspicuous. As we were sedentary during the surveys there was no disturbance of resting individuals. So, it may be more accurate to use a Pollard Walk method (Pollard, 1977) as whilst walking, resting butterflies are more likely to be disturbed and become more visible. Probably the best solution would be the combination of both methods, where the observer is stationary for a period of time to monitor butterfly behaviour and then walk a transect to record the abundance of butterflies.

These findings that the species richness of butterflies were significantly higher in grassland habitats compared to shrubland habitats was not surprising, as all Satyridae family butterflies in Cyprus rely on Poaceae family grasses as a food plant (Makris, 2003). In addition to this, there was a longer butterfly season in grassland habitats when compared with shrubland habitats.

The abundance of endemic butterflies was also significantly higher in grassland habitat, with a longer season than in shrubland. Particularly M. cypricola, was higher in grassland than in shrubland during the late phase of the season. The larval host plants of Cypriot endemics (Maniola cypricola and Hipparchia cypriensis) consists of different plant species from Poaceae family. Adults of both these endemic species prefer to feed on Rockrose (Cistus creticus) flowers (Makris, 2003; John and Parker, 2002). The larval host plants of the other endemic butterfly species of Cyprus (Glaucopsyche paphos) are Genista sphaceleta and Calycotome villosa bushes (Makris, 2003). During this research Maniola cypricola and Hipparchia cypriensis were both recorded in higher numbers in grassland habitats when compared with shrublands.  The peak numbers of M. cypricola was similar in both habitat types; this is possibly due to the emergence of adults at the end of April, which coincides with the flowering of Cistus ssp. Also, most of the M. cypricola butterflies in grassland habitats were recorded while they were resting on the shrub Pistacia lentiscus. It appears that the endemic butterflies of Cyprus prefer to use heterogeneous grassland and shrubland habitats, which has also been shown in Sardinian endemics (Grill et al. 2005). If we look at non-endemic species in Cyprus, many of the Lycaenidae, Pieridae and Satyridae species prefer shrubland habitats especially when resting and nectaring (Özden et al., 2008; Makris, 2003).

In the Mediterranean region, some butterfly species are negatively affected by changes in mountain grassland management (Grill et al. 2002). The major threats to these grassland habitats are agricultural intensification, overgrazing, fire and building development (Grill et al. 2002; Stefenascu et al. 2004). Currently, the major threat to garrigue habitats is the uncontrolled building development which is occurring along the northern coast of Cyprus. 

Our results suggest not only that the garrigue ecosystem is an important habitat for endemic butterfly species, but also that it is very important to conserve a mosaic of shrubland and grassland habitats for all Cypriot butterfly species. Grassland patches have a very high ecological value, as they consist of many larval host plants for the Cypriot butterflies and also they may be important for them for other functions, such as adult feeding (nectaring) resources and/or mating locations.
In conclusion, the results presented in this paper provide valuable information on Cypriot butterflies and their close relationship with the grassland-shrubland mosaics in garrigue ecosystems. This information should be used by local authorities when implementing management plans of the EU Habitats Directive within this north-western Special Protected Area. It is well known that host plants are important for butterfly conservation. However, it is equally important to know their preferred nectaring, roosting resting, mating plant species or appropriate physical structures (such as rocks, bare grounds) (Shreeve et al. 2004; Tudor, et al. 2004) . In future, further research is needed in order to discover which plant species and location are the preferred sources of nectar in this type of ecosystem. 
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Discussion:
Global biodiversity is changing at an unprecedented rate through several anthropogenic disturbances (Sala et al., 2000). There are many causes of biodiversity changes and biodiversity losses throughout the world: habitat loss or fragmentation, deforestation, agricultural practices, pollution, over exploitation and climate change (Cincotta et al., 2000; Sala et al., 2000; Hodgson et al., 2005). Several scientists identified a ranking of importance of the causes of biodiversity change, a ranking of the biomes with respect to expected changes for the year 2100. Their decisions showed that, for terrestrial ecosystems the largest impacts on biodiversity will be caused by changes in land use followed by the climate change. Also, scientists state Mediterranean climate and grassland ecosystems probably will experience the greatest biodiversity loss because of their sensitivity to different disturbances on biodiversity (Sala et al., 2000). In addition to this, Myers (1990) has shown that the Mediterranean region is one of the global “hotspots”, comprising some of the world`s most important biogeographically areas and harbouring high levels of biological diversity. Rare but important extinction events have occurred for most groups of Mediterranean plants and animals in recent times. For example the crocodile (Crocodilus niloticus) disappeared from Israel and Southern Morocco at the beginging of 1990s (Blondel and Aronson, 2004). Other scientific research carried out by Brooks et al. (2002) showed that the Mediterranean Basin contain part of the most threatened plant species of the world`s hotspots. On the other hand, unfortunately it is known that anthropogenic disturbances are causing degradation of diverse ecosystems throughout the Mediterranean region.  The most important causes of threat for Mediterranean species are habitat loss, degradation, pollution, fire, overgrazing, overexploitation, natural disaster and other human disturbance such as mass tourism (Preiss et al,. 1997;  Cakan et al., 2005; Nadin, 2008; IUCN, 2008). 

During my research, the invertebrate biodiversity in different ecosystems of northern part of Cyprus has been studied together with the relation of the negative effects on their abundance and the ecology within their special habitats. Firstly, taxonomic studies carried out and presented on the thrips fauna of north part of the island within the agricultural and non-agricultural (rural and natural) sites. Thrips tabaci, Frankliniella occidentalis and the Thrips major were the most common thrips species during the study period.  This result was essential information for the crop production in Cyprus, as the Thrips tabaci is a very serious pest on many cultivated crops such as many Alliaceae plants like onion and garlic; and Brassicaeae plants like radish, cabbage and cauliflower. Thrips tabaci can causes direct damage to the plants by feeding; in addition to this it can cause indirect damage by trasmitting serious plant pathogens (Lewis, 1998 and Maniania et al., 2003). It is also known that Frankliniella occidentalis and the Thrips major were very important pests on stone fruits within the Mediterranean region (Yonce et al., 1990; Cravedi et al., 1983). During the exploration of the Thysanoptera fauna 43 thrips species recorded and 14 of them were new records for the island. The highest number of thrips species associated with herbaceous plants has been encountered on wild flower of Chrysanthemum coronarium with nine species. At the same time 30 thrips species have been collected on stone fruits in cultivated orchards and non-cultivated orchards, with the exception of higher mountain ranges. This result shown that there remains high thrips biodiversity in agricultural sites. If further studies on the thrips fauna from mountainous forests or beach vegetation are carried out, it is thought that this could possibly unearth many species some of which may be endemic to the island.

The abundance of thrips species, their population fluctuations, and their damage assessment on different nactarine varieties were studied in three different locations from four different nectarine orchards during 2004 and 2005. The two of the orchards were located in Guzelyurt region, one orchard was selected from Gaziveren village and one from Gazimagusa district. During this research, 433 specimens collected with 21 thrips species, and most frequently captured species were T. tabaci, F. occidentalis and T. major as it was same in the previous research (in Chapter 1). Only three different thrips species were determined in Gazimagusa, as the location of the nectarine orchard was very close to the commercial buildings but considerably higher numbers of thrips species were collected in the western parts of north Cyprus with 12 species in Gaziveren and 18 species in Guzelyurt. The nectarine orchards in Gaziveren and Guzelyurt were surrounded by many other agricultural lands and the area is known as the main agricultural region for north part of the island for many years (Agriculture Ministry Report, 2006). The results indicate that agricultural areas in Guzelyurt and Gaziveren, even faced with several agricultural practices (such as pesticide treatments, tillage and fertilizer applications) still has a high biodiversity value and this result should be taken into a consideration by the local authorities for future organic farming projects for the conservation of the invertebrate biodiversity in Cyprus. This research paper, also required essential information on the ecology of Frankliniella occidentalis which is the major pest of stone fruits, it is necessary to use this information for the nectarine production in Cyprus and especially for the effective spraying programmes (good timing of pesticide application) against thrips pests in order to have marketable fruits and to be able to protect the environment. Another important finding from this research was that, the nectarine variety “Maravilla” had the highest rate of non- marketable fruit which received the most damage from the thrips pests.  This information showed that the local farmers should not use early varieties in their orchards in order to minimise damage from thrips pests. 

I also determined the impacts of different management regimes on invertebrate fauna and diversity, in Cypriot olive groves. I analysed differences the in invertebrate fauna in high and low altitude olive groves with no management, tillage only, or tillage, pesticide and fertilizer application. In this study of Cypriot olive groves, the most abundant invertebrate orders were Coleoptera, Isopoda, Hymenoptera. This ranking of abundant groups were expected as they are reported typically abundant groups in olive groves by other researchers as well (Pettacchi and Minnocci 1994, Ruano et al,. 2001; Santos et al., 2007). The results show that foliar spraying of olive trees reduces the density and diversity of invertebrates in olive tree canopies. It is known that the abundance of some insect taxa, can be up to six times higher in the canopy of organically farmed olive trees when compared to chemically treated trees (Ruano et al., 2004). However, our results showed that the different management regimes had no significant effect on arthropod abundance or diversity found on plants beneath the olive trees, according to sweep-net catches.  I note that an increase in statistical power, achieved by studying more replicate olive groves in each management regime, would help to clarify whether these non-significant results were real. In conclusion, this study shows that olive grove management regimes influence the patterns of abundance and the diversity of the arthropods. 

The abundance of woodlice was compared in twelve olive groves under four different management regimes by placing pitfall traps. I analysed the changes in the woodlouse fauna in high and low altitude olive groves with no management, tillage only, or tillage with pesticide and fertilizer application. There were significant differences in mean number of individuals between four different management regimes. The low altitude uncultivated olive groves retained a higher number of individuals than the other three management regimes. When considering low altitude olive groves, the management regime using pesticide had the least number of individuals. More surprisingly, I found that woodlouse abundance was not negatively impacted by tillage of soil in the olive groves. This is contrary to results from studies in other agroecosystems (Marasas et al. 2001; Rodriguez et al., 2006; Wilson et al., 1999), and shows that low intensity tillage can be used to manage understorey vegetation in Cypriot olive groves. One of the positive outcomes from this research for olive grove agriculture is that traditional tillage, deemed useful by farmers for the management of understorey weeds, can be maintained at no loss to the abundance of these important detritivores/predators. 
In addition to the research on invertebrate biodiversity in agricultural ecosystems, I studied broad- and narrow-scale biodiversity in more natural ecosystems. I used butterflies as an indicator group to identify the importance of forest habitats for biodiversity conservation in Cyprus. I found that the total number of butterflies and the total number of endemic butterflies were significantly higher in old mature forests than young plantations. Also the species richness was significantly higher or avarage in old mature forests. The reason for these differences is likely to be the rich understorey plant community in mature old forests along the Pentadaktylos range mountains which provides diverse food sources to the butterflies and shady locations for them during hot summers. Therefore, it is essential to protect the mature old forests along to Pentadaktylos range mountains, especially for the endemics. In conclusion, the methods and analysis presented this paper provide a useful tool for the information on butterfly numbers and species diversity in environmental policies for conservation in the Mediterranean region and in Cyprus.  While this research was being carried out, Pentadaktylos mountain range declared as potential Natura 2000 site and currently several biologists (including the author of this thesis) are preparing the management plans for the area. Hopefully, the results in this research paper will be incorporated into any future management plans and also in future, further monitoring should be carried out continuously for a number of consecutive years in order to establish the true seasonal abundance and ecology of insect diversity in old and young forest along the Kyrenia range mountains.

Lastly, I studied the seasonal dynamics of butterfly abundance and species richness in grassland and shrubland habitat patches within the garrigue ecosystem of the north-western part of Cyprus. The results indicate that grassland habitats harboured consistently more species than shrubland. Furthermore, the abundance of butterflies was higher in grassland than in shrubland during early and late phases of the main butterfly flight season. These findings that the species richness of butterflies were significantly higher in grassland habitats compared to shrubland habitats was not surprising, as all Satyridae family butterflies in Cyprus rely on Poaceae family grasses as a food plant (Makris, 2003). The abundance of endemic butterflies was also significantly higher in grassland habitat, with a longer season than in shrubland. Particularly M. cypricola, was higher in grassland than in shrubland during the late phase of the season. The results indicate that most of the M. cypricola butterflies in grassland habitats were recorded while they were resting on the shrub Pistacia lentiscus. It appears that the endemic butterflies of Cyprus prefer to use heterogeneous grassland and shrubland habitats, which has also been shown in Sardinian endemics (Grill et al. 2005). Our results suggest not only that the garrigue ecosystem is an important habitat for endemic butterfly species, but also that it is very important to conserve a mosaic of shrubland and grassland habitats for all Cypriot butterfly species. Also, it is important to carry out more detailed research on the endemic butterflies larval host plant species, nectaring resources and resting location determinations for future conservation measures as it is known that flowering plants are very important nectar sources for many butterflies (Tudor et al. 2004). In conclusion, the results presented in this chapter provide valuable information on Cypriot butterflies and their close relationship with the grassland-shrubland mosaics in garrigue ecosystems. This information should be used by local authorities when implementing management plans of the EU Habitats Directive within this north-western Special Protected Area as a potential Natura 2000 site. 

In general conclusion of this thesis, it is vitally important to conserve biodiversity found in agricultural ecosystems and to strengthen local alliances among farmers, agronomists, foresters, and conservation biologists to promote ecologically sustainable production systems in Cyprus. During this thesis I found that the mosaics of shrubland and grassland habitats in garrigue ecosystems and Pentadaktylos range mountains have a very high ecological value for the Cypriot butterflies. Therefore for future develepment of local environmental policies these findings should be considered as a essential information and further detailed biodiversity research should be carried out in the near future. The development of future biodiversity assessment projects for flora and fauna is vital. Also it is very important to state that, the involvement of young local scientists into a conservation projects is necessary for the long term success of biodiversity conservation programmes. My own research priority is to use my position as a lecturer in a Cypriot university, aided by my PhD qualification and research exprience, to both continue to attract research funding for biodiversity conservation in the region, and to train the next generation of conservation biologists in the Mediterranean. As the northern part of the island still has the opportunity to protect its unique biologically diverse habitats, detailed management plans should be prepared for all Special Protected Areas.
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