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 23 

Abstract 24 

The black twig borer (BTB), Xylosandrus compactus, is a highly invasive ambrosia 25 

beetle that attacks a wide range of living woody hosts. It was first detected in Israel in 26 

2020 and has since caused substantial damage, particularly to ornamental trees in the 27 

Western Galilee. This study investigated its distribution, host range, seasonal activity, 28 

and reproductive success. Field surveys conducted during 2022–2026 in the Western 29 

and Upper Galilee documented infestation symptoms and confirmed reproduction 30 

based on the presence of immature developmental stages within galleries. An 31 

observation plot comprising seven susceptible tree species was monitored from 32 

September 2023 to November 2025. The results suggest that BTB probably entered 33 

Israel from southern Lebanon around 2019 and spread approximately 30 km southward 34 

by 2023, followed by a marked population decline during 2024–2025. Attack activity 35 

peaked during late summer and autumn and was minimal during winter. Of the 25 36 
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recorded host species, approximately 60% were native Mediterranean shrubs and small 37 

trees. Viable brood was detected in approximately 37% of the sampled twigs, while 38 

Cercis siliquastrum exhibited the highest infestation intensity in the observation plot. 39 

The observed population decline is not readily explained by host resistance, natural 40 

enemies, or abiotic factors. We propose that microbial interactions within BTB 41 

galleries, including possible disruption of fungal symbioses by competing 42 

microorganisms, may impair larval development, whereas dispersal of females carrying 43 

fewer antagonistic microorganisms may facilitate renewed outbreaks. These findings 44 

highlight the complexity of BTB population dynamics and the need for further 45 

investigation of the microbial interactions associated with this invasive beetle. 46 

 47 
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 50 

INTRODUCTION 51 

The black twig borer (BTB), Xylosandrus compactus (Eichhoff) (Coleoptera: 52 

Curculionidae: Scolytinae: Xyleborini), is an ambrosia beetle native to East Asia 53 

(Wood 1982; Chong et al. 2009; Urvois et al. 2021b). The fungi associated with BTB 54 

are carried primarily in mycangia located in the mesothorax, although fungi may also 55 

occur on other parts of the beetle’s body (Hulcr and Stelinski 2017; Li et al. 2019). BTB 56 

is a highly successful invader and is now widely distributed across Africa, Asia, the 57 

Americas, and many Pacific islands (EPPO 2020a). Following its detection in central 58 

Italy approximately 16 years ago (Garonna et al. 2012), BTB was subsequently 59 

recorded in France, in the Alpes-Maritimes region, in 2016 (Roques et al. 2019), and in 60 

the Balearic Islands, Spain, in 2019 (Leza et al. 2020). In the eastern Mediterranean, 61 

BTB was first recorded in the Beirut area of Lebanon in 2017 (Moussa et al. 2021). Its 62 

occurrence in Lebanon may indicate introduction through the movement of infested 63 

wood, although the pathway remains uncertain. BTB was subsequently reported in 64 

Greece in 2018 (Spanou et al. 2018), Turkey in 2021 (Hızal et al. 2023), and 65 

Switzerland in 2023 (Blaser et al. 2024). 66 

Over the past two decades, BTB has continued to expand throughout the region, causing 67 

local outbreaks and severe damage to maquis vegetation as well as to ornamental trees 68 

and shrubs (Pennacchio et al. 2012; Francardi et al. 2012, 2017; Vannini et al. 2017; 69 

Gugliuzzo et al. 2019b; Spanou et al. 2019; Leza et al. 2020; Mendel et al. 2023; Fiala 70 

et al. 2025; Pernek et al. 2025). In Israel, damage is concentrated in the Western Galilee, 71 

adjacent to the Lebanese border, consistent with an introduction from the north. If the 72 

populations established in Israel and Lebanon originated from the southern European 73 

population, the Israeli population would belong to a lineage previously established in 74 

Europe and the USA and traced genetically to Shanghai, China (Urvois et al. 2021b). 75 
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BTB attacks hundreds of woody plant species worldwide (EPPO 2025). In each newly 76 

invaded region, however, a somewhat different assemblage of host trees is affected 77 

(e.g., Hara and Beardsley 1979; Greco et al. 2015; Di Sora et al. 2023; Hızal et al. 2023, 78 

and references therein). This variation may reflect, among other factors, genetic 79 

differentiation among BTB populations across geographical areas (Urvois et al. 2021a). 80 

The known host range of BTB comprises hundreds of perennial plant species (Ngoan 81 

et al. 1976; Beaver et al. 2014; CABI 2020), including woodland and forest trees, 82 

numerous ornamental species, and several agricultural crops, such as coffee and 83 

avocado (Oliveira et al. 2008; Egonyu et al. 2015). 84 

In the Mediterranean Basin and southern Europe, BTB attacks a wide diversity of plant 85 

species, although host lists vary locally according to differences in plant susceptibility 86 

and host availability. The BTB population established in the Mediterranean region 87 

primarily infests native broad-leaved woodland species (Francardi et al. 2012; Vannini 88 

et al. 2017; Gugliuzzo et al. 2020; Moussa et al. 2021). BTB typically infests living 89 

trees, with damage manifested primarily as twig wilting and dieback, often 90 

accompanied by gum exudation from affected branches and trunks (Gugliuzzo et al. 91 

2021 and references therein). Beetle tunneling may contribute substantially to 92 

disruption of water transport within the host (Sun et al. 2025).  93 

Until recently, the principal fungi identified from BTB populations were Ambrosiella 94 

xylebori Brader ex Arx and Hennebert (e.g., Kaneko and Takagi 1966; Bhat and 95 

Sreedharan 1988; Bateman et al. 2016) and Ambrosiella macrospora (Francke-Grosm.) 96 

Batra (Ceratocystidaceae) (Muthappa and Venkatasubbaiah 1981), although records of 97 

the latter have rarely been mentioned in the literature. Fusarium solani (Nectriaceae) 98 

was historically suggested to serve as an ambrosial food source for BTB and to 99 

contribute to pathogenicity in attacked woody host plants (Beardsley 1964). Members 100 

of the Fusarium solani species complex (FSSC) have subsequently been isolated from 101 

BTB and its galleries in many geographical areas (e.g., Ngoan et al. 1976; Bosso et al. 102 

2012; Bateman et al. 2016), and these isolates are considered stable associates of BTB. 103 

More recently, the fungus Thyridium lauri Voglmayr, D. Aiello & G.R. Leonardi 104 

(Thyridiaceae) has been suggested as a second symbiont of BTB (Sun et al. 2025; 105 

Maymon et al., in preparation). Of these three genera, only Ambrosiella Brader ex Arx 106 

& Hennebert contains species recognized as obligate, mutualistic symbionts of 107 

ambrosia beetles (Mayers et al. 2015). Although pathogenicity has been demonstrated 108 

experimentally for Thyridium lauri in Laurus nobilis (Leonardi et al. 2024; Costanzo et 109 

al. 2025) and for fungi belonging to the Fusarium solani species complex in Quercus 110 

ilex (Bosso et al. 2012), experimental pathogenicity does not by itself establish that 111 

these fungi are responsible for host damage or mortality under natural BTB infestation 112 

conditions. 113 

A prominent feature of BTB population dynamics in some invaded regions, including 114 

Florida, where the beetle was detected as early as 1941 (Ngoan et al. 1976), and the 115 

Mediterranean Basin, is rapid population growth followed by outbreak phases that may 116 
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persist for several years and cause severe damage to susceptible host trees. In some 117 

cases, these outbreaks are followed by a marked population decline and a subsequent 118 

endemic phase. The factors underlying population collapse following outbreaks, and 119 

the subsequent re-emergence of outbreaks in neighboring or distant areas, remain 120 

poorly understood. However, population dynamics may differ in agricultural systems. 121 

In coffee plantations in India, where BTB populations are considered endemic, as well 122 

as in Uganda, where the pest was first reported in 1993, and Hawaii, where it was first 123 

detected in 1961 (Beardsley 1964), substantial damage continues to be reported (Greco 124 

and Wright 2015; Kagezi et al. 2020; Edwin et al. 2025; Parija et al. 2025). 125 

This research aimed to develop a more comprehensive understanding of BTB 126 

population dynamics in invaded areas of Israel. Specifically, the study aimed to: (a) 127 

examine the spatial distribution of BTB and the seasonal pattern of adult flight activity; 128 

and (b) assess the range of locally affected host tree species and their susceptibility in 129 

relation to population trends, patterns of host colonization, and reproductive success. 130 

 131 

MATERIALS AND METHODS 132 

Spread of BTB in the Galilee 133 

During the first year of sampling, adult beetles and larvae collected from various sites 134 

were sent to the Pest Diagnosis Laboratory (Plant Protection and Inspection Services, 135 

Ministry of Agriculture and Rural Development), where they were identified as X. 136 

compactus using both morphological and molecular methods (Samra 2023).  137 

The BTB survey, conducted through two complementary approaches, began following 138 

the discovery of damaged Arbutus andrachne trees in Kibbutz Hanita, located near the 139 

northern Israeli border with Lebanon (Fig. 1). The first approach involved surveys of 140 

ornamental trees in localities where BTB was found or suspected to be established. The 141 

study team identified and examined these sites through surveys in the Western and 142 

Upper Galilee, as well as in response to reports from gardeners or residents who 143 

observed unusual damage to ornamental trees. The research team conducted the surveys 144 

in collaboration with the Department of Horticulture, Environmental Resources 145 

Division, and Extension Service of the Ministry of Agriculture.   146 

The second approach consisted of targeted surveys of natural forest areas and nature 147 
reserves along the Lebanese border, extending to approximately 40 km south of the 148 
border. These surveys were conducted by the research team together with personnel 149 
from the Forestry Department, Forest Health Unit (KKL-JNF), and the Science 150 
Division of the Israel Nature and Parks Authority. 151 

Within each examined community, surveys were conducted by inspecting ornamental 152 
trees along both sides of roads over distances of 500–800 m. Trees suspected of being 153 
infested with BTB were identified based on characteristic wilting and dieback of 154 
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affected twigs and branches. In forest areas and nature reserves, inspections were 155 
conducted while driving along habitat edges using an off-road vehicle, with stops made 156 
at locations where twigs showed symptoms suspected to be associated with BTB.  157 

Typical BTB damage was characterized by wilting of the distal portion of the twig, 158 
while the section below the gallery entrance remained green. The beetle entrance hole 159 
was located, and affected twigs were sectioned to expose the gallery and confirm the 160 
presence of active developmental stages or remnants of the beetle. No other ambrosia 161 
beetle species is known to occur in the study area or to attack the tree species examined 162 
in this study. The common ambrosia beetle in Israel, Euwallacea fornicatus, attacks 163 
living trees of other species, primarily exotic trees, and the symptoms it causes are 164 
clearly distinguishable from those associated with BTB infestation (Mendel et al. 165 
2021b, Mendel et al. 2025). 166 

At each surveyed site, trees showing symptoms characteristic of BTB infestation were 167 

examined in the field, with approximately 10–20 twigs examined per tree. Symptomatic 168 

twigs were inspected for the characteristic entrance holes and galleries, and 169 

representative twigs were sectioned to confirm the presence of active developmental 170 

stages or remnants of the beetle. Thus, the number of twigs examined at each site 171 

substantially exceeded the number of specimens retained for further examination. 172 

Because the objective of this component of the study was to document the occurrence 173 

and geographic spread of BTB rather than to estimate infestation prevalence, sampling 174 

was aimed at confirming the presence of the beetle at each locality. The surveyed 175 

locations are shown in Fig. 1.  176 

Sampling during 2022 and 2023 was conducted mainly between December and April, 177 

whereas in 2024 and 2025 sampling took place primarily during late summer and 178 

autumn (August–November). The localities of Sha'al, Shekhanya, and Yiftach, as well 179 

as Nahal Betset Nature Reserve, where BTB was not detected in 2023, were reexamined 180 

in 2024 and 2025 (Fig. 1). In each year, 40–50 trees of species susceptible to BTB were 181 

examined at these localities. 182 

Changes in the health status of 126 trees were monitored in four localities: Hanita, 183 

Adamit, Ga’aton, and Yechiam (Fig. 1). Monitoring focused on trees that were severely 184 

damaged by BTB in 2023, and their condition was assessed over the subsequent two 185 

years. The monitored trees included 40 Ceratonia siliqua, 26 Arbutus andrachne, 17 186 

Quercus calliprinos, 15 Cercis siliquastrum, 9 Acer obtusifolium, 8 Laurus nobilis, 6 187 

Quercus infectoria, and 5 Pistacia palaestina. 188 

BTB hosts recorded in Israel 189 

Vegetation surveys were conducted in the Western Galilee and in selected natural forest 190 

areas to identify woody plant species colonized by the BTB. Surveys included both 191 

naturally occurring vegetation and trees and shrubs in adjacent planted or ornamental 192 

areas. Plant species were recorded as BTB hosts when evidence of successful 193 
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colonization was observed and beetle development could be confirmed from galleries 194 

and/or emerged adults. 195 

For each host species, observations included the plant's growth form, native or exotic 196 

status, occurrence of BTB galleries, and the extent and severity of damage. Damage 197 

intensity was assessed during the outbreak stage and categorized according to the 198 

severity of visible symptoms and, where applicable, plant mortality. Particular attention 199 

was given to the distribution of galleries among twigs, branches, and trunks. The 200 

resulting list of confirmed host species and their associated damage characteristics is 201 

presented in Table 1. 202 

Attack Density and Seasonal Activity 203 

To compare host susceptibility among tree species observed to be severely damaged by 204 

BTB in Israel and to monitor seasonal BTB attack activity, an observation system was 205 

established at the KKL–Cabri Forestry Station (33°01′44″N, 35°15′39″E). The system 206 

enabled quantitative monitoring of BTB activity and the collection of infested twigs 207 

with well-defined age data, including the timing of attack and the interval between 208 

attack and sampling. The seven tree species were selected based on their known or 209 

suspected susceptibility to BTB. Three-year-old trees that had reached a size suitable 210 

for standardized observation and sampling were used. KKL nurseries supplied all trees 211 

from areas free of BTB. 212 

Trees were planted in 80 L woven polypropylene grow bags. The species included 213 

Ceratonia siliqua, Quercus calliprinos, Cercis siliquastrum, Acer obtusifolium, Laurus 214 

nobilis, Quercus ithaburensis, and Pistacia palaestina. Each species was represented 215 

by 15 replicate individuals. Six species were arranged in rows of five trees per row. Due 216 

to space constraints and the aim of grouping all seven species within the experimental 217 

area, the L. nobilis trees were placed alongside the other species (Fig. 2). Tree height at 218 

the beginning of the experiment ranged from 2.0 to 2.5 m. 219 

An irrigation system consisting of a 20-mm-diameter hard plastic pipe was installed 220 

along each row. Each tree was supplied by a lateral tube branching into four drippers, 221 

delivering a total of 8 L h⁻¹ per tree. Irrigation was provided for one hour per day, seven 222 

days a week, throughout the warm season (March–November). The growing medium 223 

in which the trees were developed was highly aerated; similarly, the soil at the site was 224 

light and well aerated, with no risk of waterlogging or water-stress conditions 225 

developing in the experimental trees. The observation trees were partially shaded by 226 

nearby taller trees, mainly C. siliqua and C. siliquastrum. BTB activity in the area was 227 

high, and infestation of the observation trees occurred under natural population 228 

pressure. 229 

Monitoring of BTB activity in the observation plot began in early September 2023 and 230 

continued until late November 2025. The observation plot was visited weekly, and each 231 
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tree was inspected at least once a month. During each visit, trees were examined from 232 

the root collar to the canopy, including twigs, branches, and trunks. Each newly 233 

detected entrance hole was marked with an indelible colored marker, while plastic tape 234 

was used to indicate the sampling period. When multiple adjacent entrance holes were 235 

present, they were numbered sequentially. All penetration data were recorded in a 236 

database, including the sampling date, tree species, attacked plant part (twig, branch, or 237 

trunk), and position within the tree (lower, middle, or upper crown). 238 

The monitoring process was inherently time-consuming because entrance holes were 239 

often difficult to detect owing to unfavorable viewing angles, variable light conditions, 240 

sun angle, wet bark following rainfall, or concealment by frass or gummy secretions. 241 

Although other species of ambrosia beetles are not known to occur in this habitat or in 242 

the surrounding area, on a few occasions BTB entrance holes had to be distinguished 243 

from those of other borers, mainly first-instar larvae of the leopard moth (Zeuzera 244 

pyrina; Cossidae), which may also attack twigs. Examination and marking of thin twigs 245 

required particular care because of their fragility. 246 

During the monitoring period, selected infested twigs were sampled by cutting them 247 

with pruning shears. Although the assessment of infestation relied partly on visual 248 

observations, approximately half of the infested material was dissected, and BTB attack 249 

was confirmed in these samples. The samples were used to (i) assess colonization 250 

success and (ii) examine the fungal flora developing within the galleries or associated 251 

with the beetles. The fungi associated with BTB are presented and discussed in a 252 

separate manuscript in preparation (Maymon et al., in preparation). 253 

The average number of entrance holes per tree per month was calculated for the 105 254 

trees in the observation plot. Differences in infestation density among the examined tree 255 

species were analyzed using LSMeans differences with Tukey's Honestly Significant 256 

Difference test (α = 0.05). Effect tests were used to determine whether significant 257 

differences in entrance hole density occurred among the 105 trees representing each of 258 

the seven species, among seasons (autumn: September–November; winter: December– 259 

February; spring: March–May; summer: June–August), and among study years (2023– 260 

2025). 261 

Gallery reproduction success 262 

Reproductive success within BTB galleries was assessed using twigs only. Attack sites 263 

on thick branches or the trunk were not sampled in order to avoid significant damage 264 

to the experimental trees. However, boreholes in branches and tree trunks were exposed 265 

to verify that they represented BTB galleries. A total of 817 twigs were examined on 266 

five sampling dates in the KKL–Cabri observation plot (number of twigs sampled per 267 

date in parentheses): March–July 2023 (86), October–December 2023 (102), March 268 

2024 (124), December 2024 (185), and November 2025 (161). A sixth sampling was 269 

conducted in February 2024 in Ga’aton and Yechiam and included mature trees, as well 270 
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as Arbutus andrachne, a species not represented in the KKL–Cabri observation plot. 271 

This sampling included 149 twigs. 272 

In Quercus calliprinos, approximately half of the examined twigs sampled from mature 273 

trees in Yechiam exhibited reproductive success, whereas only 16.7% of the twigs of 274 

this species sampled in the experimental plot at Cabri exhibited the same condition. 275 

Due to technical limitations, reproductive success could not be determined in a number 276 

of the examined twigs. 277 

For all samplings, a twig was considered to exhibit successful reproduction if viable 278 

early developmental stages or clear evidence of completed adult development were 279 

detected, regardless of the number of individuals present. High reproductive success 280 

was defined as the presence of four or more larvae or older offspring. Reproductive 281 

success of BTB in branches and trunks was additionally examined on mature trees at 282 

locations where permission was granted to remove branches. Sampling was conducted 283 

on C. siliquastrum in Ga’aton and Hanita, A. andrachne in Hanita and Mitzpe Hila, and 284 

Ceratonia siliqua in Ga’aton and Nahal Kziv, yielding a total of 25, 31, and 20 285 

penetration holes, respectively. Differences in overall reproductive success among tree 286 

species were assessed using likelihood ratio tests, and the significance of pairwise 287 

differences between species was evaluated using odds ratios. 288 

 289 

RESULTS 290 

Spread of BTB in the Galilee 291 

The black twig borer apparently entered Israel from southern Lebanon in 2019. The 292 

authors did not have access to BTB samples collected in Lebanon, but the fact that all 293 

locations where BTB was observed in Israel during 2021 and 2022 were situated 294 

between a few hundred meters and a few kilometers from the Lebanese border 295 

reinforces this possibility. By 2020, the first significant signs of damage were already 296 

visible, mainly on A. andrachne. In 2021, severe damage was observed in several 297 

villages in the western Upper Galilee, located a few kilometers along the international 298 

border with Lebanon. In 2022, severe damage was evident in trees at three localities in 299 

the Western Galilee within this area: Mitzpe Hila, Hanita, and Adamit. Initially, damage 300 

was most noticeable in mature trees of Ceratonia siliqua, A. andrachne, and the 301 

common smilax vine Smilax aspera. By 2023, significant damage was already 302 

conspicuous in additional locations, such as Ga'aton and Yechiam. In some cases, 303 

dozens of twigs were found dried, necrotic and damaged by BTB, depending on the tree 304 

size. The typical drying pattern of affected twigs was evident from the point of beetle 305 

penetration upward along the twig. In two other locations, Abirim and Cabri, however, 306 

damaged twigs occurred at low frequency. At the southernmost point of detection, in 307 

the village of Rakefet (Misgav Regional Council), located about 30 km south of the 308 
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Lebanese border, isolated branch damage was observed in 2023. However, this typical 309 

damage in the Misgav Regional Council did not recur until the summer of 2025.  310 

    In natural forest areas, twig dieback attributed to BTB was recorded in 2022 and 2023 311 

but was generally limited. Damage was observed mainly in C. siliqua in planted forests 312 

and less frequently in Q. calliprinos. In 2023, heavy infestations of BTB were observed 313 

in the Nahal Kziv and Nahal Betset nature reserves, mainly affecting S. aspera, A. 314 

andrachne, and C. siliqua. In the same year, BTB was also detected in the northern 315 

Golan Heights (Odem Forest, 795 m above sea level, approximately 12 km from the 316 

Lebanese border) at low density, manifested by boring activity and drying of only a few 317 

twigs in Q. calliprinos. BTB was not detected on the eastern side of the Upper Galilee. 318 

    Between 2024 and 2025, a sharp decrease in BTB prevalence was observed, as 319 

reflected by reduced twig dieback. Due to the size of the trees examined, the severity 320 

of the damage was not quantified; however, it was possible to observe that the damage 321 

at the sampling sites—in trees still affected in 2025—was less severe than the typical 322 

impact observed in 2023. Figure 3 illustrates changes in the health status of mature trees 323 

examined in the communities of Hanita, Adamit, Ga'aton, and Yechiam. Of the 126 324 

affected trees monitored in 2023, only 18 were recorded as affected by BTB in 2024, 325 

and 26 were recorded as affected in the winter of 2025. The vast majority of affected 326 

trees during the latter two years were A. andrachne. Surveys conducted in the winter of 327 

2025 revealed no BTB damage in Rakefet.  328 

    In October 2025, a slight increase in the incidence of characteristic dying or dead 329 

twigs was observed; however, this increase was not comparable to the high incidence 330 

of dried vines that peaked in 2022 and 2023. In the autumn of 2025, an outbreak was 331 

first recorded in the settlement of Yodfat (Misgav Regional Council) [35°16′19″E, 332 

33°50′13″N]. This outbreak was characterized by mass drying of S. aspera and damage 333 

of many A. andrachne trees, and to a lesser extent, Q. calliprinos. Notably, the outbreak 334 

was not observed in the nearby village of Rakefet, located approximately 3 km away 335 

(straight-line distance). BTB was not detected from Nahal Betset, Sha'al, Shekhanya 336 

and Yiftach sampled between 2023-2025 (Fig. 1). 337 

 338 

BTB hosts recorded in Israel 339 

A total of 25 woody plant species were recorded as hosts of X. compactus in Israel 340 

(Table 1). Approximately 60% of the recorded hosts were native small trees and shrubs 341 

characteristic of shrub-dominated (chaparral) ecosystems. The most severely affected 342 

tree species were Ceratonia siliqua, Arbutus andrachne, Cercis siliquastrum, and 343 

Laurus nobilis. In these four species, BTB damage was characterized not only by 344 

extensive twig boring but also by conspicuous and dense attacks on major branches and 345 

the trunk. The native status of C. siliqua remains uncertain and is discussed further 346 

below.  The table suggests that BTB infestation does not translate uniformly into severe 347 
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host damage. Colonization and damage during the outbreak stage were limited among 348 

exotic tree and shrub species. 349 

This pattern of extensive colonization of larger woody structures was not observed in 350 

the other tree species, including oak species that also experienced severe damage. The 351 

most severe plant-level damage was observed in Smilax aspera. In this climber plant, 352 

mortality was expressed as complete desiccation of the above-ground plant mass. A 353 

small number of BTB galleries in the lower portion of its elongated stems were 354 

sufficient to cause desiccation extending 3–4 m, and in some cases farther upward, from 355 

the point of penetration. This effect was particularly conspicuous in S. aspera vines 356 

growing over pine trunks along forest edges near ornamental vegetation in villages 357 

close to the Lebanese border. These observations coincided with areas where the initial 358 

invasion front of the BTB population entering Israel was evident. 359 

A similar pattern of damage was observed on Salvia plants at Kibbutz Hanita, first 360 

planted on the kibbutz grounds in 2023. These plants are shrubs characterized by long 361 

stems.  These 'species' (hybrids, see Table 1) may be considered woody-based or semi- 362 

woody perennials, rather than “woody species”. Damage severity generally refers to 363 

observations made during the 2022–2024 BTB outbreak period, except for Salvia spp., 364 

for which severe damage was first observed in 2026. 365 

Attack Density and Seasonal Activity 366 

Comparison of Attack Intensity by BTB among Tested Tree Species 367 

Attack intensity differed significantly among tree species, seasons, and study years (F- 368 

ratio and Prob > F: 25.6125 and <0.0001; 48.2554 and <0.0001; and 94.4710 and 369 

<0.0001, respectively). Comparison of the mean number of entrance holes per tree per 370 

month among the examined species showed that C. siliquastrum, followed by L. nobilis, 371 

was the most heavily attacked (4.90 and 1.92 entrance holes per tree per month, 372 

respectively), whereas Q. ithaburensis was the least attacked (0.17 entrance holes per 373 

tree per month) (Table 2). Attack intensity also varied considerably among individual 374 

trees within each species. Nevertheless, each species exhibited a characteristic range of 375 

attack density. For example, C. siliquastrum trees had between 32 and 237 entrance per 376 

tree, whereas Q. ithaburensis trees had between 0 and 10 entrance holes per tree. 377 

A significant interaction between season x tree species and year x tree species was 378 

detected in relation to tree infestation (season: F-ratio = 10.3779, Prob > F <0.0001; 379 

year: F-ratio = 21.7824, Prob > F <0.0001). The effects of both season and year were 380 

particularly evident in the more heavily infested tree species compared with the less 381 

heavily attacked species (Table 2). 382 

Analysis of attack distribution among tree parts, comparing twigs with branches and 383 

trunks (Fig. 4), suggested that the species could be divided into two groups. In the first 384 
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group, comprising L. nobilis, C. siliquastrum, and C. siliqua, attacks on twigs 385 

accounted, on average, for 53.5–69.0% of the total attacks, respectively. In contrast, in 386 

the remaining species—Q. ithaburensis, A. obtusifolium, P. palaestina, and Q. 387 

calliprinos—the proportion of attacks occurring on twigs was considerably higher, 388 

ranging from 91.2 to 96.3%, respectively. A significant difference was found in the 389 

ratio of entrance hole densities between trunks and branches among the examined tree 390 

species (Tukey–Kramer HSD, F-ratio = 21.9135, Prob > F <0.0001). The smallest 391 

difference in entrance hole density between trunks and branches was observed in C. 392 

siliqua, which differed significantly from all other tested species except L. nobilis. 393 

Seasonal Activity 394 

Seasonal BTB activity was examined in the observation plot at the KKL–Cabri Forestry 395 

Station, which comprised seven forest tree species and a total of 105 trees. Between 396 

September 2023 and November 2025, a total of 3,876 BTB penetration points were 397 

recorded. The temporal dynamics of attack are presented in Fig. 5. Differences in attack 398 

intensity, based on the density of entrance holes, among the seven tree species were 399 

significant in autumn, summer, and winter (F-ratio and Prob > F: 44.3657 and <0.0001; 400 

10.3620 and <0.0001; and 9.3860 and <0.0001, respectively), but not in spring (F-ratio 401 

= 1.8230, Prob > F = 0.0908). Differences among the tree species were also significant 402 

within each of the three study years (F-ratio and Prob > F: 6.2885 and <0.0001, 5.8463 403 

and <0.0001, and 84.1513 and <0.0001 for 2023, 2024, and 2025, respectively). 404 

Most attacks occurred in autumn 2025, accounting for 60.7% of all recorded entrance 405 

holes. Relatively high numbers were also recorded during summer 2025 (11.5%) and 406 

autumn 2023 (9.1%). The lowest attack levels were recorded during the winters of 407 

2023–2024 and 2024–2025, accounting for 2.1% and 1.6% of the total number of 408 

entrance holes, respectively (Fig. 5). The temporal pattern of attack was similar among 409 

five of the seven tree species examined. The exceptions were Pistacia palaestina, which 410 

showed relatively high activity only during autumn 2023, and C. siliquastrum, which 411 

exhibited particularly high activity during autumn 2025. The latter species followed the 412 

general temporal pattern observed in most species, except P. palaestina, but also 413 

showed markedly higher attack densities during this season than during the other 414 

seasons. 415 

Gallery reproduction success 416 

 417 

Reproductive success within BTB galleries was examined in twigs and is presented in 418 

Fig. 6. A significant difference in reproductive success was observed among tree 419 

species (χ² = 83.0134, P < 0.0001). The highest proportion of twigs exhibiting 420 

reproductive success was recorded for A. andrachne (64.4%). This species was not 421 

represented in the KKL–Cabri observation plot; all samples of A. andrachne were 422 

collected from young trees in Yechiam and Ga’aton. Reproductive success in A. 423 
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andrachne differed significantly from that in all other tree species except P. palaestina 424 

(Fig. 6). 425 

Overall, BTB galleries containing viable immature stages, from the egg stage to 426 

offspring approaching adult emergence, were detected in 37.0% of the 808 twigs for 427 

which reproductive success could be determined. Thus, approximately one-third of the 428 

examined twigs exhibited successful reproduction. In P. palaestina and C. siliquastrum, 429 

reproductive success was recorded in approximately half of the examined twigs (51.5% 430 

and 49.5%, respectively). The lowest proportions were recorded for A. obtusifolium, L. 431 

nobilis, and the two oak species, ranging from 14.3% to 25.0% (Fig. 5). High 432 

reproductive success, defined as the presence of four or more larvae or older offspring, 433 

was recorded in approximately 10% of the examined twigs. These cases occurred 434 

mainly in C. siliquastrum, A. andrachne, and C. siliqua. 435 

Reproductive success in branches and trunks was evident in all three examined tree 436 

species—C. siliquastrum, A. andrachne, and C. siliqua—and was observed in 437 

approximately one-third of the examined galleries. Accurate counts of the immature 438 

stages could not be obtained because of technical constraints. 439 

 440 

Discussion 441 

The black twig borer in the Mediterranean Basin and its establishment in Israel 442 

Detection of BTB in central Italy in 2011, was the first evidence of the beetle's presence 443 

in the Mediterranean Basin (Garonna et al. 2012), was probably linked to timber trade. 444 

The drivers of its spread remain unclear, similar to its detection in Lebanon 445 

approximately seven years later. The distribution of BTB appears patchy, and the first 446 

reports from different countries do not follow a clear migration route between Italy and 447 

East Mediterranean. For example, BTB was discovered in Greece and Turkey in 2019 448 

(Spanou et al. 2019; Hızal et al. 2023), similar to the timing of its detection in Israel, 449 

whereas it was reported in Croatia and Montenegro only in 2023 (Pernek et al. 2025; 450 

Fiala et al. 2025). Thus, it is difficult to determine whether the current pattern reflects 451 

natural spread or human-assisted dispersal, which may better explain the observed 452 

timelines. 453 

    Natural spread to Israel may have occurred from Lebanon, where BTB was detected 454 

two years earlier (Moussa et al. 2021). Beetles as a group of invasive species are 455 

considered to have relatively slow spread rates among insect orders, although 456 

substantial variation exists within orders (Roques et al. 2016). Large differences in 457 

spread rates have been observed among invasive ambrosia beetles species in the 458 

Mediterranean Basin. For example, Xylosandrus crassiusculus (Motschulsky) was first 459 

reported in Italy in 2003 (Pennacchio et al. 2003) and has since been recorded in Italy, 460 

France, Spain, Slovenia, Malta, Switzerland, and parts of European Russia. Its spread 461 

may reach several kms per year when assisted by wind or human activities (Hoppe et 462 



13 

 

al. 2020), suggesting that natural dispersal alone cannot explain its expansion. Another 463 

ambrosia beetle, Megaplatypus mutatus (Chapuis), established in Italy as early as 2000, 464 

has remained largely restricted to a few areas in that country (Anonymous 2020). In 465 

contrast, Euwallacea fornicatus Eichhoff, first recorded in Israel in 2009 (Mendel et al. 466 

2012), was recently detected in the western Mediterranean Basin in Andalusia, southern 467 

Spain, in April 2022 (Goldarazena et al. 2025) . 468 

    The continuous geographical belt extending across the northern, northeastern, and 469 

northwestern Mediterranean Basin where BTB populations have been established is 470 

characterized by hot-summer Mediterranean (Csa) and hot semi-arid (BSh) climates 471 

according to the Köppen–Geiger classification (Köppen 1936). These climatic 472 

conditions suit BTB development and may facilitate its continued spread. Nevertheless, 473 

human-mediated dispersal likely plays a major role in colonizing new areas where 474 

suitable host plants occur in the Mediterranean region. In Israel, BTB spread relatively 475 

rapidly between 2019 and 2023 but was largely confined to the western Galilee. 476 

Between 2024 and 2026, however, the population declined markedly in most previously 477 

occupied habitats. This decline may have slowed southwards and eastwards spread into 478 

habitats with suitable hosts, including the woody vegetation of Mount Carmel and 479 

ornamental trees. Notably, in irrigated habitats, such as gardens and home yards in 480 

villages and kibbutzim, BTB population densities were much higher than in open areas, 481 

both during the outbreak years and during the subsequent population decline. 482 

Host trees and their susceptibility to the black twig borer 483 

BTB has been reported from more than 220 host species belonging to over 60 families 484 

(Ngoan et al. 1976; Beaver et al. 2014), including economically important crops such 485 

as cacao (Oliveira et al. 2008), coffee (Egonyu et al. 2015), and pecan (Monterrosa et 486 

al. 2022). Its establishment in the Mediterranean Basin has therefore created new 487 

interactions with the typical woody vegetation of the region. In the present study, most 488 

of the attacked species are native to Israel (15 of 25 species). A similar pattern was 489 

reported in Italy (~30 of ~42 species; Di Sora et al. 2023), and even more pronounced 490 

patterns were observed in Croatia (8 of 9 species; Pernek et al. 2025); Turkey (5 of 6 491 

species; Hızal et al. 2023) and Switzerland (11 species; Blaser et al. 2024). These 492 

findings suggest that BTB readily exploits native woody flora once established in the 493 

region. In this respect, BTB is very different from E. fornicatus, also of the Xyleborini, 494 

that established itself in Israel and the vast majority of its hosts, especially the severely 495 

damaged ones, are alien tree species (Mendel et al. 2021a).  496 

Smilax aspera, an evergreen climber indigenously found in Mediterranean groves and 497 

riparian forests, is widespread in Israel, where it grows as a climbing vine in 498 

Mediterranean habitats (Alon 2017). The severe damage observed in S. aspera vines 499 

was therefore not unexpected. The pronounced internodal elongation of the stems, 500 

together with indeterminate primary growth and a sympodial branching pattern, may 501 

increase the plant’s susceptibility to BTB colonization. Owing to its high susceptibility 502 

and the conspicuous damage it exhibits, this vine species may serve as a useful indicator 503 
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of BTB presence in forested areas and may even provide evidence that its spread in the 504 

Western Galilee has halted toward the south and east.  505 

    During the three years of severe BTB outbreaks in forest and ornamental trees in 506 

Israel, the most severe damage was recorded in four tree species: C. siliqua, A. 507 

andrachne, C. siliquastrum, and L. nobilis, with the most extensive damage occurring 508 

in the first two species. Ceratonia siliqua is the most frequently studied tree species 509 

associated with BTB damage in the Mediterranean, and studies in Sicily have provided 510 

extensive information on this interaction (e.g., Gugliuzzo et al. 2020). The origin of the 511 

carob tree, however, remains debated. While traditional views place its origin in the 512 

eastern Mediterranean Basin, alternative hypotheses suggest a pre-Mediterranean 513 

tropical origin, with early diversification linked to southern Arabia and the Horn of 514 

Africa (e.g., Mahdad and Gaouar 2023). The high susceptibility of these trees may be 515 

related to the ability of BTB to colonize not only twigs but also thicker skeletal 516 

branches. This behavior was first documented in C. siliqua in Sicily (Gugliuzzo et al. 517 

2019a) and may be associated with the proliferation of the beetle’s symbiotic fungi 518 

within attacked tissues (Mendel et al. 2021a).  519 

    Although attacks on thick branches of additional tree species were recorded in the 520 

experimental plot, these involved young trees with relatively few attacks, and it remains 521 

unclear whether they resulted in successful reproduction. The attack patterns observed 522 

in the Cabri experimental plot, therefore, do not likely reflect the dynamics occurring 523 

in adult trees. For example, oak trees in the Cabri plot were seldom affected, whereas 524 

nearby mature oaks, mainly Quercus calliprinos, were heavily attacked. The timing of 525 

the main attack waves also differed among species in the experimental plot. Activity in 526 

P. palaestina was concentrated in autumn 2023, whereas in A. obtusifolia and C. 527 

siliquastrum most attacks were recorded during the summer and autumn of 2025.  528 

Seasonal activity 529 

Information on the seasonal flight of BTB adult females was obtained from Sicily using 530 

ethanol-baited traps. The flight occurs throughout the warm season and is characterized 531 

by two waves: a moderate spring flight and a larger wave during the second half of 532 

summer and autumn (Gugliuzzo et al. 2019b). Observations in the present study, based 533 

on monitoring BTB penetration holes dynamics in the Cabri plot, showed essentially 534 

the same pattern. Peak trap captures of the congener X. germanus have been reported 535 

in mid-May and early August (Gandhi et al. 2010). Such seasonal activity is typical of 536 

ambrosia beetles and is influenced, among other factors, by ambient temperature 537 

(Reding et al. 2013). Similarly, the flight activity of 64 species of Xyleborine ambrosia 538 

beetles in agricultural areas in Thailand did not differ significantly among cropping 539 

systems or study zones but fluctuated seasonally, with lower temperatures and higher 540 

relative humidity providing the most favorable conditions (Sittichaya et al. 2012). In 541 

Israel, attacks of E. fornicatus in avocado orchards begin in April (late spring), increase 542 

gradually until September, and decline from October to early December (Mendel et al. 543 

2017). 544 
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     In the present study, examination of twigs with active galleries of BTB according to 545 

colonization date and host tree species indicated that the twigs colonized in October 546 

contained young adults that emerged only with the rise in temperatures in spring 547 

(March–April). Thus, autumn colonization may lead to infestations that persist for 5–6 548 

months. Although development of immature stages is rapid—requiring about 20 days 549 

from oviposition to young adult emergence at 25 °C (Ngoan et al. 1976)—adult 550 

maturation and emergence from the twigs take considerably longer periods. 551 

Gallery reproduction success 552 

Twig sampling indicated that most observed attack points represented developmental 553 

failures of BTB. This likely reflects the limited suitability of the young trees in the 554 

experimental plot for successful reproduction. Therefore, these findings do not 555 

necessarily indicate that a similar pattern would occur in mature trees of the same 556 

species, as suggested by the observations on Q. calliprinos in the present study. Several 557 

additional factors may influence the reproductive success of BTB in twigs. Data 558 

obtained from the Cabri study plot showed significant differences in reproductive 559 

success among the tested tree species. However, the underlying causes of these 560 

differences remain unclear. One possible explanation is variation among host species 561 

in the growth and establishment of the symbiotic fungi associated with BTB. Another 562 

possibility is that the relatively young age of the experimental trees affected their 563 

suitability for colonization and brood development. For example, P. palaestina trees 564 

examined in natural habitats and as ornamental plantings, as well as those in the 565 

experimental plot, exhibited minimal visible damage despite the relatively high 566 

reproductive success observed in branches of this species in the experimental plot. This 567 

discrepancy suggests that additional ecological or physiological factors may influence 568 

the expression of damage in the field. Reproductive success may also be affected by the 569 

presence of other fungal species introduced during gallery excavation. These fungi may 570 

establish within the galleries and could act antagonistically toward the symbiotic fungi 571 

and/or the developing BTB larvae (Maymon et al., in preparation). 572 

 573 

Decline of BTB populations in the Galilee 574 

Following the detection of BTB in the Western Galilee, management considerations 575 

were considered based on reports of population declines in previously invaded regions. 576 

BTB has been established in Florida for decades, but in recent years it has not been 577 

considered a significant pest (Jiri Hulcr, pers. comm.). Similarly, outbreaks in central 578 

Italy and Sicily have declined, although infestations in bay laurel nursery stock persist 579 

(Antonio Gugliuzzo, pers. comm.). In the Circeo area, declining BTB populations have 580 

been observed alongside an increase in Xylosandrus germanus (Andrea Vannini, 581 

Stefano Speranza and Mario Contarini, personal communication). In contrast, no 582 

comparable decline has been reported in coffee-growing regions such as Hawaii, 583 

Africa, and India, where BTB remains a persistent pest (Greco and Wright 2015; 584 

Shankarkumar 2021; Nanjego et al. 2024). In Uganda, it has become a major coffee 585 



16 

 

constraint under shaded conditions favorable to infestation (Kagezi et al. 2020; Edwin 586 

et al. 2025) . 587 

    Herbivorous insect dynamics are generally driven by bottom-up forces (host-plant 588 

quality), top-down forces (natural enemies), and abiotic factors such as temperature and 589 

precipitation (Ylioja et al. 1999; Cudmore et al. 2010; Myers and Sarfraz 2017; Ekholm 590 

et al. 2019; Prasad 2022). However, these factors alone do not readily explain the 591 

population dynamics observed in the Galilee. Host availability does not appear to be a 592 

limiting factor, while top-down regulation may be relatively weak because invasive 593 

ambrosia beetles are often only marginally affected by predators, parasitoids, and 594 

entomopathogens within their protected gallery systems. Climatic conditions may 595 

influence tree stress, beetle activity, or the performance of fungal symbionts, but none 596 

of these factors alone readily explains the pronounced increase and subsequent decline 597 

observed in BTB populations in recent years. The recurrence of BTB infestation on 598 

Salvia species at Kibbutz Hanita in 2026 may provide additional evidence of the beetle's 599 

capacity to exploit new host plants and potentially to undergo renewed outbreaks. 600 

     We therefore propose a hypothesis involving microbial interactions as a possible 601 

mechanism contributing to the decline of BTB populations in the Galilee. During 602 

colonization of new habitats, BTB females may acquire a diverse assemblage of non- 603 

symbiotic fungi and yeasts (see also Rassati et al. 2019). Approximately 40 such species 604 

have been isolated from galleries and developmental stages (Maymon et al., in 605 

preparation). Some of these microorganisms may antagonize the beetle's nutritional 606 

symbionts or otherwise interfere with larval development by altering the fungal food 607 

source. If such microorganisms accumulate within galleries over successive 608 

generations, they could potentially reduce reproductive success and contribute to 609 

population decline. Conversely, dispersal of adult females carrying fewer or none of 610 

these microorganisms to new sites could allow populations to increase again until 611 

similar microbial associations become established. This hypothesis is currently under 612 

investigation. The apparent absence of a comparable population decline in tropical 613 

coffee-growing systems may indicate that the microbial associations established by 614 

BTB differ between tropical and Mediterranean environments, although this possibility 615 

remains to be tested.  616 

 617 

Conclusions 618 

The invasion of the black twig borer (BTB) into Northern Israel resulted in substantial 619 

damage to several iconic tree species of the Mediterranean lowland forest. Despite 620 

efforts to elucidate the drivers of the outbreak and evaluate potential mitigation 621 

strategies, the findings highlight significant gaps in understanding the mechanisms 622 

underlying this invasion. The population dynamics observed during the initial three 623 

years following establishment—marked by a rapid increase followed by a pronounced 624 

decline—made control interventions unnecessary during the period studied. Damage 625 

was largely confined to ornamental plantings of native trees, further limiting the 626 
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immediate management implications. The invasion trajectory of BTB in Israel is 627 

consistent with patterns reported for other invasive ambrosia beetles in the 628 

Mediterranean basin. However, the abrupt population decline, together with the 629 

potential involvement of environmentally acquired fungal associates, warrants further 630 

investigation. Elucidating these interactions may help develop more effective, 631 

predictive, and proactive management approaches for this ambrosia beetle. 632 
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Figure Legends 946 

Figure 1. Map of surveyed locations in Israel where infestation by Xylosandrus 947 

compactus was recorded on ornamental trees (in villages and kibbutzim ●) and in 948 

natural vegetation (in forests or nature reserves ♣). 949 

Figure 2. Layout of the trees in the experimental plot at Cabri – KKL-JNF. 950 

Figure 3. Summary of monitoring of 126 trees in four localities in the Western Galilee 951 

that were observed to be damaged by BTB in 2023, and their condition in 2024 and 952 

2025, by tree species . 953 

Figure 4. Comparison of the mean % of BTB entrance holes in twigs, branches and 954 

stems in each of the seven tree species examined at the experimental plot at Cabri – 955 

KKL-JNF.  956 

Fig. 5. Total BTB entrance holes per month at the experimental plot at Cabri – KKL- 957 

JNF 958 

Fig. 6. Reproductive success of BTB among the examined tree species. Reproduction 959 

was considered to have occurred when early developmental stages or clear evidence 960 

of completed adult development were detected. High reproductive success was 961 

defined as the presence of four or more larvae or older offspring. 962 

 963 

 964 

 965 

 966 

 967 

 968 

 969 

 970 

 971 

 972 

 973 

 974 

 975 

 976 

 977 



27 

 

 978 

 979 

Table 1. Woody plant species attacked by Xylosandrus compactus in the Western 980 

Galilee, Israel, and severity of associated damage. 981 

 982 

Damage 
 2severity 

Origin   1peciesPlant s  Family  

1 Native Viburnum tinus Adoxaceae 

1 Native Pistacia lentiscus Anacardiaceae 

2 Native Pistacia palaestina  

1 Native Nerium oleander Apocynaceae 

1 Introduced Tecoma stans   Bignoniaceae 

1 Introduced Celtis australis  Cannabaceae 

*3 Native Arbutus andrachne Ericaceae 

*3 Native? Ceratonia silique  Fabaceae 

3 Native Cercis siliquastrum  

1 Native Quercus calliprinos Fagaceae 

2 Introduced Quercus ilex   

2 Native Quercus infectoria  

2 Native Quercus ithaburensis  

2 Introduced Quercus suber   

1 Introduced  Carya illinoinensis  Juglandaceae 

2 

Introduced 

Salvia 'Amistad (S. guaranitica x S. 

gesneriiflora)   

Lamiaceae 

*3 Introduced Salvia salmia (S. buchananii)   

*3 

Introduced 

Salvia 'Wendy’s Wish' (S. buchananii x 

S. chiapensis)  

3 Native Laurus nobilis  Lauraceae 

1 Introduced Magnolia grandiflora  Magnoliaceae 

1 Introduced Fraxinus uhdei  Oleaceae 

1 Native Olea europaea   

2 Native Platanus orientalis Platanaceae 

2 Native  Acer obtusifolium Sapindaceae 

*3 Native Smilax aspera Smilacaceae 

1- In all species listed, twigs containing active X. compactus populations were 983 

identified.  984 

2- Damage severity refers primarily to observations made during the 2022–2024 985 

outbreak period, except for Salvia spp., for which severe damage was first observed in 986 

2026. Damage severity index: 1 = low; 2 = moderate; 3 = severe. 987 

* Significant mortality of the host plant was recorded at some sites. 988 
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 989 

 990 

Table 2. The difference in BTB penetration holes (mean number per month per tree 991 

species per individual tree) in seven forest tree species in the Cabri KKL-JNF 992 

experimental plot. Values in the second colomn bearing the same letter do not differ 993 

significantly from one another (LSMeans differences with Tukey's Honestly 994 

Significant Difference, α = 0.050). The difference between seasons and years (Effect 995 

Tests) for each examined tree species is also presented. 996 

 997 

Tree species Mean (±SD) 

per tree per 

months 

Difference between 

Seasons 

Difference between 

years 

F Ratio Prob > F F Ratio Prob > F 

Acer obtusifolium   1.02 ±0.46 bc 12.5828 <.0001 29.2629 <.0001 

Ceratonia siliqua   1.05 ±0.34 b 3.2871 0.0199 13.6125 <.0001 

Cercis siliquastrum  4.90 ±2.01 a 77.2876 <.0001 160.1266 <.0001 

Laurus nobilis  1.92 ±0.43 a 19.0901 <.0001 16.4432 <.0001 

Pistacia palaestina  0.28 ±0.14 bc 0.4495 0.7177 11.2238 <.0001 

Quercus calliprinos   0.48 ±0.16 bc 1.7943 0.1461 2.9885 0.0505 

Quercus ithaburensis  0.17 ±0.04 c  0.2376 0.8702 0.3038 0.7380 
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Figure 1. Map of surveyed locations in Israel where infestation by Xylosandrus 1015 

compactus was recorded on ornamental trees (in villages and kibbutzim ●) and in 1016 

natural vegetation (in forests or nature reserves ♣). 1017 
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Figure 2. Layout of the trees in the experimental plot at Cabri – KKL-JNF. 1021 
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 1026 

Figure 3. Summary of monitoring of 126 trees in four localities in the Western Galilee 1027 

that were observed to be damaged by BTB in 2023, and their condition in 2024 and 1028 

2025, by tree species . 1029 

 1030 

 1031 

Figure 4. Comparison of the mean % of BTB entrance holes in twigs, branches and 1032 

stems in each of the seven tree species examined at the experimental plot at Cabri – 1033 

KKL-JNF.  1034 
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 1035 

Fig. 5. Total BTB entrance holes per month at the experimental plot at Cabri – KKL- 1036 

JNF.  1037 
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 1042 

Fig. 6. Reproductive success of BTB among the examined tree species. Reproduction 1043 

was considered to have occurred when early developmental stages or clear evidence 1044 

of completed adult development were detected. High reproductive success was 1045 

defined as the presence of four or more larvae or older offspring. 1046 


