10II.1. Introduction

The biotic factors altering the survival and the reproductive success of trees are key drivers of the ecological and dynamic processes that aff ect vulnerable and narrow forest habitats. The feeding activity of diverse forest insect species may limit growth, reproductive success and survival of trees with both direct and indirect consequences on tree species demography and forest sustainability. The aim of this work in LIFE-KEDROS was to clarify how two critical phytophagous insect groups, namely seed feeders and bark beetles, can constitute a threat to the Cedrus brevifolia habitat in the Pafos forest. Insect seed feeders have a direct infl uence on the reproductive success of their host trees and subsequently on their regeneration and colonization potentials in natural stands. They can have both demographic and genetic impacts on tree populations by directly eradicating individuals (i.e. embryos within seeds) [START_REF] Crawley | Seed predators and plant population dynamics[END_REF][START_REF] Boivin | The ecology of predispersal insect herbivory on tree reproductive structures in natural forest ecosystems[END_REF]. Bark beetles are generally considered as secondary pests that target stressed and weakened trees facing climate, soil, water or pathogen stresses, but some species (primary pests) or some outbreaking populations of secondary pests species can attack and kill healthy trees [START_REF] Raff | Natural History and Ecology of Bark Beetles[END_REF]. Most of bark beetles reproduce and spend most of their life cycle in the subcortical region of their host trees, feeding on the phloem, which results in the death of the tree or some tree parts such as branches. One objective here was to determine the seasonal and interannual dynamics of both seed feeders and bark beetles using specifi c fi eld and laboratory monitoring methods. This was done in order to establish the basic requirements for implementing appropriate tools for both preventive and eff ective habitat protection against undesirable insect pest outbreaks in the C. brevifolia narrow and vulnerable habitat.

10II.2. Seed predation by insects on Cedrus brevifolia in Cyprus.

Seeds directly infl uence both population dynamics and genetics of trees as they are key to the local increase of a population, to the replacement of individuals that die in a population, and to the colonization of new areas. Forest insects that specifi cally feed on tree seeds, namely seed insects, constitute worldwide a major threat for high quality seed supply for ornamental, reforestation, aff orestation and conservation purposes when infesting established seed orchards, ex situ plantations and both seed selected and natural stands [START_REF] Boivin | The ecology of predispersal insect herbivory on tree reproductive structures in natural forest ecosystems[END_REF]).

In the Mediterranean Basin, cedar (Cedrus spp.) seeds are targeted by highly specialized seed wasps (Megastigmus spp., Hymenoptera: Torymidae) that lay their eggs within the ovules in (knikolaou@fd.moa.gov.cy, mmenelaou@fd.moa.gov.cy, machristodoulou@fd.moa.gov.cy) young growing cones, then larvae consume both the embryo and the reserve organs during the 2 or 3 followings months. This prevents any possibility of germination of the attacked seeds when released at the end of the cones' maturation period (usually at fall). For instance, an important pest species, Megastigmus schimitscheki Novitzki, has become a particularly successful invader of southern French Atlas cedar (C. atlantica) stands since the mid-1990's, where it generates up to 90% seed loss to seed suppliers in selected stands (Fig. 10II.1). Megastigmus schimitscheki is native to Turkey, Lebanon and Syria where it feeds on C. libani, and to Cyprus, where it feeds on C. brevifolia (Auger-Rozenberg and Boivin 2016). The ecology and the ecological impacts of the invasive populations of M. schimitscheki have been intensively studied in France in the last decade [START_REF] Suez | Temporal population genetics of time travelling insects: a long term study in a seed-specialized wasp[END_REF][START_REF] Boivin | Host-parasite interactions from the inside: plant reproductive ontogeny drives specialization in parasitic insects[END_REF][START_REF] Gidoin | Linking niche theory to ecological impacts of successful invaders: Insights from resource fl uctuation-specialist herbivore interactions[END_REF], but how this pest behave and interferes with cedars in its native areas remains a black box. Seed damages of M. schimitscheki, or other potential seed pest species, to C. brevifolia in Cyprus has been poorly studied and documented, and there was a crucial need in LIFE-KEDROS to estimate whether this seed wasp is likely to threaten the natural regeneration potential of C. brevifolia stands.

The project LIFE-KEDROS raised the opportunity to assess the quantitative impact of M. schimitscheki on C. brevifolia seeds across the Pafos forest. It aimed at providing a detailed and widerange knowledge of the pre-dispersal seed predation risk across the whole habitat. For this purpose, the quality of seeds has been estimated in seed lots collected in the Pafos forest in fall 2016. Seeds were analysed from cones collected randomly on trees before cone disarticulation, so these estimations of seed quality refl ected the potential for natural regeneration seed output. This potential corresponds to the proportion of viable seeds in seed samples.

10II.2.1. Methods

In the Pafos forest, the cedar cone sampling area consisted in four zones (A, B, C and D) within which three cone sampling plots were defi ned. This resulted in a total of 12 cone-sampling plots (e.g. plots A1-A3…D1-D3), with fi ve cones being collected randomly in each plot. Cedar cones contain both small-and normal-sized seeds. Small-sized seeds consist only in a seed envelope and a wing, and they result from early seed abortion that is mainly due to pollination failure. Normal-sized seeds refl ect both pollination and early seed development successes, and they include viable (with full embryo and reserve tissues), empty (naturally aborted) and wasp-infested winged seeds. After cone collection and manual disarticulation, normal-sized seeds were separated from small-sized ones by the Forest (Cyprus Department Forests) Department of Cyprus and sent to INRAE (Thomas Boivin, France) for the estimations of the relative proportions of viable, empty and seed wasp-infested seeds using numerical X-ray radiography (Faxitron-MX20, 20 kV, 0.3 mA, 1045" with an EZ20 digital scanner). Numerical X-ray radiography is a useful non-destructive technique that allows the unambiguous assessment of seed contain (Fig. 10II.1). Viable seeds are identifi ed by visualizing the cedar embryo and the reserve storage organs that will feed it during development. Empty seeds do not contain any embryo nor seed storage organs, they result from ovule fertilization failure by pollen or early embryo abortion during embryogenesis. Seed wasp-infested seeds contain one unique mature diapausing larva of M. schimitscheki that consumed both the embryo and the reserve storage organs during its development.

10II.2.2 Seed predation rates and fi eld trapping of seed wasps

A total number of 4694 seeds (average number of normal-sized seeds per cone: 78.2 + 10.3) from the 12 plots were X-rayed (Fig. 10II.2). Percentages of viable seeds displayed no signifi cant variation between sampling areas A-D (P=0.432). These percentages were found relatively high (range: 71.6-91%), which may be explained by statistically similar low percentages of both empty and infested seeds between areas (P=0.887 and P=0.456, respectively). Seed predation however showed inter- individual variation within sampling plots. It corroborates previous work on C. atlantica in France and it suggests that trees might not contribute equally to the seed rain and subsequent regeneration dynamics [START_REF] Doublet | Spatial and temporal patterns of a pulsed resource dynamically drive the distribution of specialist herbivores[END_REF]). However, pluri-annual estimates of seed predation rates are still needed in the Pafos forest to test such hypothesis on C. brevifolia in Cyprus. Surveys of yellow sticky insect traps installed in each zone throughout 2019 indicated that the presence of M. schimitscheki was limited to May-June, which corroborated its previoulsy known oviposition phenology with regard to the early development of cedar cones. Their abundance was low in all these traps (a total number of <100 individuals), which suggests that either populations were at a low level or that these traps were not effi cient to successfully mass-trap this species during its short fl ight period. However, these traps are usually used for qualitative presence/ absence information rather than for population density estimates. No parasitoid wasps of M. schimitscheki (e.g. possibly Hymenopteras of the Eupelmus or Mesoplobus genera) were captured in these traps nor emerged from infested seeds kept under natural conditions for subsequent insect emergence. Such diffi culty to sample M. schimitscheki parasitoids in the fi eld supports either the low abundance of natural predators of the seed wasp in the Pafos forest, or the non-attractivity of sticky traps for such species and parasitism of wasp larvae during the seed post-dispersal phase (i.e. when seeds lay on the ground).

10II.2.3. Conclusions on the outcomes of LIFE-KEDROS on C. brevifolia seed predation

The low overall predation rate of M. schimitscheki on C. brevifolia seeds indicated that this insect species may currently not constitute a major threat for tree seed outputs during the pre-dispersal phase as they seem to occur at rather low abundance in the Pafos forest. Interestingly, this was in clear contrast with the situation observed in French cedar stands where seed damages can reach 50-90%. During the project, cedar cones were collected in a year of high cone production (2016), which was followed by consecutive years of null or low cone production and which prevented repeated estimations of seed predation rates. It is commonly observed that seed predation rate vary inter-annually as a function of cone production, with low seed predation rates during years of high cone production (mast years) and high seed predation rates during years of low cone production (non-mast years). The latter results from larger abundance of emerging seed predators that has been favoured by large seed amounts during previous mast years and the occurrence of a seed resource at lower abundance as a non-mast year. One consequence of such resource limitation during non-mast years is an overall lower number of infested seeds in the population, which leads to lower abundance of emerging seed predators and lower seed infestation rates during subsequent mast years. This refers to as the predator satiation hypothesis that predicts alternating periods of seed predator satiation and starvation due to overabundance and shortage of seeds during mast and non-mast years, respectively [START_REF] Janzen | Seed predation by animals[END_REF]. Little is documented about seed production cycles of C. brevifolia in Cyprus, but both high fragmentation levels in tree populations and adverse environmental conditions (e.g. drought periods) are thought to generate longer intervals between mast years, which apparently occur every four to seven years in C. brevifolia (Cyprus Forestry Department 2005). Such several consecutive years of starvation for M. schimitscheki larvae between each masting period might contribute to maintaining their populations at low levels, despite a fraction of larval cohorts displays temporal dispersal abilities (i.e. prolonged diapause) as an evolutionary response to temporal unpredictability of the seed resource [START_REF] Suez | Temporal population genetics of time travelling insects: a long term study in a seed-specialized wasp[END_REF]). Moreover, it is likely that the seed wasp possesses natural enemies in its native area that regulate its population growth, although we were not able here to sample and identify any parasitoid candidate in the Pafos forest. The diffi culty to sample such natural enemies in the study sites may refl ect their low overall abundance, which might be linked to the actual low abundance of their prey. As masting trees such as C. brevifolia basically rely on seed production during mast years for natural regeneration, it is thus unlikely that seed wasp such as M. schimitscheki impede this process in the Pafos forest. Thus, further eff orts to understand or predict natural regeneration issues in this narrow forest habitat should probably address factors aff ecting cone/ seed production cycles, as well the post-dispersal limiting factors of regeneration, e.g. seed and seedling survival or seed predation on the ground by birds, insects and mammals. The project LIFE-KEDROS has important outcomes for seed cedar conservation in Cyprus and beyond the island boundaries (e.g. France, Northern Africa) where natural forests and plantations of closely related Cedrus species occur in Mediterranean landscapes. In Cyprus, despite seed predation rates are low in the natural stands of C. brevifolia, M. schimitscheki remains a potential risk for seed outputs in ex situ plantations aiming at producing seeds for further plantations. In such plantations, trees may be more synchronized for fructifi cation than in natural stands including diff erent age classes and micro-environmental factors aff ecting seed production. This may be a favourable factor for the growth of seed wasp populations due to less variable resource availability, which would result in lower seed productivity of ex situ plantations such as that observed in seed orchards of other conifers in Europe and the USA [START_REF] Boivin | Native fruit, cone and seed insects in the Mediterranean Basin[END_REF]. One important recommendation is to collect before cone disarticulation every cone of every tree in the plantations every year, and then destroy all cones or seeds that will not be used for conservation purposes. This is expected to prevent wasps to build up local populations in the plantations. The project LIFE-KEDROS also stimulated further research and collaboration opportunities on the natural enemies of M. schimitscheki in its native area, which became a critical issue for the management of its invasive populations in France. This seed wasp indeed leads to important seed loss in southern French stands of C. atlantica selected for seed provisioning for reforestation and ornamental programs. In France, this appears as a potential constraint in the current perspectives of establishing seed orchards for this tree species, which is considered as a response of French Mediterranean forest to climate change. 10II.3. Bark beetles (Coleoptera: Curculionidae) in the Pafos forest Biotic aggravating factors of forest tree health include numerous phytophagous insect species, such as bark beetles, which commonly feed on the cambial tissues of dead, recently damaged or even heavily-defended healthy trees [START_REF] Paine | Interactions among scolytid bark beetles, their associated fungi, and live host conifers[END_REF]. A majority of bark beetle species are secondary pests that target stressed and weakened trees facing pathogenic, climate and water stresses [START_REF] Raff | Natural History and Ecology of Bark Beetles[END_REF]. Most of them reproduce and spend most of their life cycle in the subcortical region of their host trees, feeding on the phloem, which results in the death of the tree or some of its parts (e.g. branches). Bark beetles populations display transitions between endemic states in which they reside in stands at very low densities and are expected to kill only a few weakened trees, and epidemic states in which they reach very high densities over large areas causing high tree mortality at both the stand and landscape scales [START_REF] Kausrud | Population dynamics in changing environments: the case of an eruptive forest pest species[END_REF]). Consequently, the potential for bark beetles outbreaks represents a serious threat for natural C. brevifolia stands, which are restricted to only one area in Europe. In LIFE-KEDROS, there was a crucial need to identify the main bark beetle species occurring in both pure and mixed (with P. brutia) stands of C. brevifolia as bark beetle communities remain poorly documented in Cyprus. The fi eld monitoring of bark beetle populations in the Pafos forest has been carried out from spring to fall across the same four study zones (A-D) as for seed wasps during three consecutive years. This aimed at defi ning the seasonal activity of the main bark beetle species in this narrow habitat.

10II.3.1. Methods Two Multi Wit bark beetle slit traps (Witasek, Austria) have been baited with both ethanol and the aggregation pheromone lure Erosowit® (Witasek, Austria) (Fig. 10II.3). Traps have been set in each of the four study sites (A-D) implemented in the Pafos forest. Such baited-traps are globally known to enhance bark beetle detection probability (no repellent eff ect, attraction of many individuals) and are extensively used in programs of early-warning surveillance, monitoring and control of bark beetles, wood borers, and their natural enemies. Insect phenology and abundance have been analysed using sequential and cumulated insect counts in each baited traps between May and October 2017, 2018 and 2019. Traps have been collected every two weeks and all trapped insect specimens have been identifi ed and counted (Fig. 10II.3). O. erosus can apparently use all Pinus species (P. halepensis, P. radiata, P. pinea, P. pinaster, P. brutia, P. canariensis, P. sylvestris, and P. nigra), but it has also been found to attack C. libani and C. atlantica [START_REF] Lieutier | Bark beetles of Mediterranean conifers[END_REF]. Host colonization generally occurs from March to October, essentially on weakened trees, which the adults attack on main branches and trunk by an irregular multiramous system consisting of 3-5 irregular egg galleries, longitudinal, and with no clear pattern. Larvae have three instars, which galleries strongly aff ect sapwood, and young adults feed on phloem to reach sexual maturation before emergence. Voltinism may expand from 1 to 7 generations per year, depending on the geographical area and climatic conditions. For instance, Mediterranean populations infesting P. halepensis may reach four generations per year [START_REF] Lieutier | Bark beetles of Mediterranean conifers[END_REF].

Orthotomicus erosus is considered as a secondary species, common in recently felled trees and non-debarked logs or in trees attacked and killed by more aggressive bark beetle species. Living trees aff ected by some kind of stress (fi re and drought) may also be attacked, causing their death during epidemic phases from massive attacks. Adults are the vector of blue stain fungi such as Ophiostoma and Leptographium [START_REF] Kirisits | Fungal associates of European bark beetles with special emphasis on the ophiostomatoid fungi[END_REF], and of the phoretic fungus Fusarium culmorum [START_REF] Romón | Ophiostoma species (Ascomycetes: Ophiostomatales) associated with bark beetles (Coleoptera: Scolytinae) colonizing Pinus radiata in Northern Spain[END_REF].

Hylurgus ligniperda Fabricius (size: 5-5.5 mm): Native populations of this bark beetle are widely distributed in Central, Eastern and Southern Europe, Crimea and Caucasus, and Northern Africa, and it has been introduced in the United States (California), South Africa, Australia, New Zealand, Chile, Brazil, Uruguay, Sri Lanka and Japan. It is common across the Mediteranean basin, including Greece, Turkey and Cyprus. Hylurgus ligniperda is oligophagous on both Mediterranean (P. halepensis, P. brutia, P. pinaster, P. pinea) and continental (P. sylvestris, P. nigra) pine species. It is still not recorded on the Cedrus genus [START_REF] Lieutier | Bark beetles of Mediterranean conifers[END_REF]. Adult fl ights start in late May and in early June to mate and infest the host trees. Adults usually infest the lower part of trunk, root collar and emerging roots of large recently dead, weakened or cut trees. The female bores a very irregular, large and long egg gallery, often bifurcated without a precise pattern. Larval galleries may reach 8 cm in an irregular and sinuous pattern [START_REF] Faccoli | European bark and ambrosia beetles: types, characteristics and identifi cation of the mating systems[END_REF]. Conversely to O. erosus, voltinism is globally restricted to two generations per year.

Hylurgus ligniperda is considered as a very common secondary and aggressive species in pine forests, infesting only strongly decaying trees or fresh stumps. This bark beetle is apparently of no economic importance, except in stressed and dying pine plantations [START_REF] Lieutier | Bark beetles of Mediterranean conifers[END_REF]. Literature suggests that H. ligniperda is unlikely to threaten natural stands of C. brevifolia, and its occurrence in traps of the survey is most probably associated with the presence of pines in mixed cedar stands or in the surroundings of pure cedar stands.

Aulonium sp. Predatory beetles of this genus are usually most abundant in trees attacked by O. erosus, Pityoktenes calcaratus or Tomicus destruens [START_REF] Lieutier | Bark beetles of Mediterranean conifers[END_REF]. Interestingly, A. rufi corne adults are generally captured in large numbers by traps baited with pheromone lures of O. erosus or Ips typographus (e.g. [START_REF] Mendel | Eff ect of pine stand thinning on bark beetle and natural enemy population dynamic in Isarel[END_REF]. The main activity of Aulonium occurs during the early development stage of their preys, as it feeds mainly on eggs and young larvae, with A. rufi corne leading for instance to important mortality rates on immature O. erosus in Israel during spring and late summer [START_REF] Podoler | Studies on the biology of a bark beetle predator, Aulonium rufi corne (Coleoptera: Colydiidae)[END_REF]). Aulanus sp. Usually leave the tree soon after the emergence of its bark beetle prey [START_REF] Lieutier | Bark beetles of Mediterranean conifers[END_REF].

10II.3.3. Temporal and spatial distributions of bark beetles and predators in the Pafos forest

The total abundances of O. erosus, H. ligniperda and Aulonium sp. per trap over the study period (2017)(2018)(2019) were used to test the fi xed eff ects of species, year, site and their interactions (year X site) using a generalized linear model (GLM with a Poisson family). The GLM indicated that there were signifi cant eff ects of each factor (species, year and site) on insect abundance (all P-values<0.0001). This analysis indicated in particular that: (i) one species (O. erosus) was predominantly represented in insect counts compared to the others, (ii) insects were signifi cantly more abundant in sites C and D than in A and B ones, and (iii) there was a decreasing trend in abundance for all species from 2017 to 2019. These trends were also supported by a signifi cant interaction between year and site factors (P<0.0001). Higher abundance in sites C and D may be explained by the presence of pines within and in the surroundings (mixed stands). The decrease in overall insect abundance during the study period (Fig. 10II.4) may be explained by factors inluding: i) increased individual tree health within sites, which decreased the success of insect attacks, ii) the mass-trapping eff ects of baited traps during an endemic phase of insect population (e.g. in 2017), which aff ected insects' demography. It would be interesting to assess the health status of both cedars and pines in the C and D sites, where the decrease in insect abundance was more pronounced than in the other study sites.

In 2017, the temporal distribution of trap captures in the Pafos forest, i.e. pooling the four study sites, suggested two fl ight periods between early June and early November (Fig. 10II.4). This might refl ect at least two consecutive generations for these three species, with possible more overlapping generations for O. erosus, as there is currently no evidence of sister generations in the literature for each of them [START_REF] Lieutier | Bark beetles of Mediterranean conifers[END_REF]. High insect counts at the fi rst date of survey (1 st June 2017) suggested that the fi rst fl ight had begun earlier in the area, possibly in early or mid-May. In each species, the fi rst fl ight ended by late July and the second fl ight occurred between early September and early November. It is noteworthy that both O. erosus and H. ligniperda shared a similar seasonality and that they may both benefi t from similar environmental conditions in the Pafos forest. The data however suggested that O. erosus may have a slightly earlier phenology than H. ligniperda during both fi rst and second fl ights (Fig. 10II.4). Moreover, the seasonal occurrence of Aulonium sp. did not show any signifi cant divergence with that of O. erosus (Mann-Whitney-Wilcoxon test, P=0.105), while it was signifi cantly divergent from that of H. ligniperda (Mann-Whitney-Wilcoxon test, P=0.043). One possible explanation may rely on a stronger link between the abundance of this predator and the abundance of O. erosus rather than with that of H. ligniperda [START_REF] Lieutier | Bark beetles of Mediterranean conifers[END_REF]. Patterns of temporal occurrences diff ered between 2017 and both 2018 and 2019, which was likely due to the substantially lower insect abundances in traps during the latter years. Orthotomicus erosus remained the most abundant species in traps, with a continuous occurrence from May to September, suggesting several overlapping generations during this period. Interestingly, a very low total number of insects have been trapped in 2019, suggesting that the O. erosus population had entered an endemic state in the Pafos forest. This is in clear contrast with trapping data in 2017 and might suggest a change in the population dynamics of this species (Fig. 10II.4).

10II.4. Conclusions on the outcomes of LIFE-KEDROS on bark beetle monitoring and

rismanagement in the Pafos forest Field monitoring of bark beetles in study sites A-D of the Pafos forest confi rmed the presence of a species that is already known to be potentially harmful to weakened cedar trees, namely O. erosus. This species is however known to be oliphagous, i.e. it can be associated to both Cedrus and Pinus genera. Trapping data also revealed the presence of Aulonium sp., which is already known to co-occur with O. erosus as an effi cient predator. There was an eff ect of site on abundances in the traps, i.e. bark beetle populations were more abundant in both C and D sites, which could be related to local population increase within cedars and/or higher frequency of occurrence of pines. Overall, O. erosus was by far the most abundant species trapped across the area throughout this 3-year study period. This is very likely to result from the use of the specifi c aggregation pheromone of this species in addition to alcohol in the trapping design. Although H. ligniperda is oligophagous, it is preferentially observed on Pinus species rather on Cedrus, which may potentially explain lower abundances in the traps in Pafos' cedar area. The use of the O. erosus aggregation pheromone may also explain the signifi cant association found between O. erosus and Aulonium sp. captures, as the latter uses the pheromone to locate its preys when foraging, parallely to volatile compounds (e.g. terpenes) produced by weakened and attacked trees. Interception baited traps as those implemented here are widely acknowledged monitoring tools of bark beetle populations in forest ecosystems, but one should keep in mind that the use of attractants does not fully ascertain that the individuals/ species caught in the trap would have necessarily been found attacking the trees. This may be particularly true regarding H. ligniperda, which may have been attracted by alcohol baits from surrounding pine areas and this might also result in the lower abundances recorded in this species across the study area. In a next future, direct observations of signs of bark beetle attacks on diff erent tree parts (e.g. branches, trunk) would help clarifying the prevalence of O. erosus and H. ligniperda as potentially harmful species to C. brevifolia in the study area. Maintaining annual monitoring of insect populations by this type of trapping remains a necessity to track possible variations in bark beetle population levels and to determine potential thresholds for transitions from endemic to epidemic stages. LIFE-KEDROS stimulates similar investigations and monitoring purposes in planted and natural stands of C. atlantica in France and other Mediterranean hosting the Cedrus genus, where bark beetle populations remain often poorly documented despite their potential as emerging forest pest in the future, especially in the context of climate change and environmental disturbance (e.g. drought and fi re). With regard to O. erosus, it has been shown that development still accelerates until 36°C, a temperature at which both oviposition and egg development still occur [START_REF] Lieutier | Bark beetles of Mediterranean conifers[END_REF]. This demonstrates that such worldwide bark bettele species is adapted to high temperatures and thus still constitute a potential harmful forest insect for cedar populations in the following decades.

Another important outcome of LIFE-KEDROS is the confi rmation that the presence of O. erosus may interfere with silvicultural actions implying to cut selected trees, which may not be removed from the habitat for practical and fi nancial reasons. Such remnant cut trees constitute a resource for the latest fl ights of bark beetles (early September-late October) and this likely increases further risks of insect local outbreaks. However, such interference between silvicultural actions and bark beetle risk management can be bypassed by two alternative means: i. Cut trees are debarked as soon as they are cut, so that bark beetles can not use them for both feeding and reproduction, which substantially impede subsequent population outbreaks and damages to living trees.

ii. Cut trees are debarked in early winter (e.g. late November-December), i.e. after bark beetles have infested the cut trees, so that these trees constitute trap trees for insects that will not survive debarkment after infestation. This can prevent further massive attacks on living trees and impede local insect population growth. Additional bated insect traps (the same as those used for bark beetle monitoring) can also be implemented in late August on sites where tree cuts are expected in order to intercept and mass trap fl ying adults of O. erosus before they reproduce on cut trees. The management of bark beetle populations is generally a complex issue in natural forest ecosystems, and especially in vulnerable narrow habitats. The implementation of a such combination of eff ective prophylactic methods against insects during endemic stages remains the most effi cient and parsimonious option.

  of Mediterranean Forests, INRAE, France (thomas.boivin@inrae.fr) Konstantinos Nikolaou, Marios Menelaou, Marinos Christodoulou Ministry of Agriculture, Rural Development and Environment (Cyprus), Department of Forests

Figure

  Figure 10II.1: (a) Female of the seed wasp Megastigmus schimitscheki during oviposition on a young cedar cone. This insect is native to Cyprus and Middle East (Turkey, Syria and Lebanon) where it feeds on C. brevifolia and C. libani, and it is invasive in France, where it feeds on every Cedrus species used in forest stands and ornamentation. (b) Numerical X-ray radiography of C. brevifolia seeds showing viable (left column), empty (central column) and larva-infested (right column). Viable seeds are fully developed seeds containing the embryo and the reserve tissues, empty seeds results from natural abortion following pollination (mainly during embryogenesis), infested seeds contain a mature larva of M. schimitscheki that has completely consumed the embryo and the reserve tissues. (c) Yellow stick traps used for trapping flying insects in the study sites. Note that sticked insect essentially included Dipteras, seed wasps being reprensented at low frequencies. (Photos: ©(a, b) Thomas Boivin, (c) LIFE-KEDROS)

Figure 10II. 2 :

 2 Figure 10II.2: Relative proportions of viable, empty and seed wasp-infested seeds of Cedrus brevifolia (seed quality) in four study sites (A -D) in the Pafos forest. Seed quality has been characterized by numerical X-ray radiography at INRAE, France. Only viable seeds are available for natural regeneration. N: average number (+ standard error) of normal-sized seeds per cone.

Figure 10II. 3 :

 3 Figure 10II.3: Monitoring of bark beetle populations in the Pafos forest. (a) Multi Wit bark beetle slit trap baited with both ethanol and an aggregation pheromone lure for Orthotomicus erosus. (b, c) Orthotomicus erosus adult collected in the Pafos forest, on dorsal and ventral views, respectively. This species was by far the most abudant found in the traps, it can be a threat for cedars during population outbreaks favoured by drought or fire. (d) Bi-weekly trap surveys at the four study sites resulted in a large number of samples to be processed by the Departement of Forests, only fraction here. (Photos: ©LIFE-KEDRO)

Figure 10II. 4 :

 4 Figure 10II.4: Temporal variation in abundance of O. erosus, H. ligniperda and Aulonium sp. in baited traps implemented in the Pafos forest during 2017, 2018 and 2019. Traps were monitored every two weeks for insect identifications and counts. Data of the four study sites A-D have been pooled here to represent overall abundance in traps in the habitat. Note that abundance is presented on a logarithmic scale in 2017 to allow the graphical representation of both high and low abundance values.