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Fig.1: Occurrence of large infestation patches and infl uence of diff erent forest structures
and at diff erent spatial scale . 
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Selection of ester-forming and -hydrolysing 
enzymes putatively involved in pheromone 

production in Ips typographus
(Linnaeus, 1758) 

Jaroslav Strádal1), Rajarajan Ramakrishnan1), Ondřej Lukšan2), 
Michal Tupec2), Jiří Synek1), Stanislav Macháček2), Iva Pichová2), 

Anna Jirošová1)

1) Department of Forest Protection and Entomology, Czech University of Life Sciences
1) Prague, Czech Republic
2) Institute of Organic Chemistry and Biochemistry of the CAS, Prague, Czech Republic

The aggregation pheromone of the European spruce bark beetle Ips typographus (Linnaeus, 1758), a critical 
factor in the coordination of the beetle’s mass attacks, comprises key components including 2-methyl-3-buten-
2-ol, ipsdienol, and cis-verbenol . The latter is notably synthesized from the tree host precursor α-pinene via 
a hydroxylation as part of the detoxifi cation process . Recent advancements, such as high-quality transcriptomic 
analysis of Ips typographus, have led to the proposition of a second, alternative cis-verbenol biosynthetic path-
way . This pathway involves a novel mechanism for the storage and release of cis-verbenol from fatty acid ester 
conjugates, potentially mediated by as-yet-unidentifi ed ester-forming and -hydrolysing enzymes . This discovery 
could help elucidate how pioneer beetles can emit cis-verbenol independently of the host-derived α-pinene . 
Despite these advances, the specifi c genes responsible for coding these enzymes remain unknown .

To address this knowledge gap, we have sequenced larval, pupal and adult stages of I. typographus . In the ob-
tained transcriptome, through local alignment and phylogenetic analysis, all homologous sequences to pre-
viously characterized enzymes of similar function have been selected . Next, diff erential gene expression ana-
lyses were conducted . This approach allowed us to select seven carboxylesterases and one lipase . Finally, we 
confi rmed stage- and sex-specifi c expression patterns of these genes by quantitative RT-PCR . This work yields 
a shortlist of candidate enzymes and establishes a solid foundation for their future functional characterization . 
Correct identifi cation of genes involved in pheromone biosynthesis opens the door to use of novel molecular 
methods for pest management such as RNAi-mediated silencing to disrupt bark beetle aggregational abilities . 
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Occurrence and overwintering
of Ips typographus, associated species and 
natural enemies in southeastern Finland – 

implications for forestry
Mikko Pelto-Arvo1), Elina Peuhu2), Olli-Pekka Tikkanen1),

Päivi Lyytikäinen-Saarenmaa1,3)

1) School of Forest Sciences, University of Eastern Finland, Joensuu, Finland
2) Faculty of Agriculture and Forestry, University of Helsinki, Finland
3) National Land Survey of Finland, Finnish Geospatial Research Institute FGI,

Department of Remote Sensing and Photogrammetry, Finland 

Natural enemies of Ips typographus (L .) may provide regulative service in the control of outbreaks . This would 
require more knowledge about the impacts that current forest management practices have on these species . 
Most of the sanitary logging operations are performed before the winter, jeopardizing species that prefer to 
overwinter in the trees . Species composition and overwintering were studied using trapping logs and emer-
gence traps in southeastern Finland . Spruce bark beetle individuals were released into Norway spruce logs, 
which were then transported to forest and exposed to local predators at the end of May . Logs were re-caged 
in August, and all the emerging insects were collected from August over the winter to the following June . 
Only 21 .2% of I. typographus individuals but 98 .5% of the P. chalcographus remained in the trapping logs over 
the winter . Several enemies and associated species (e .g . Thanasimus formicarius, Quedius plagiatus) abandoned 
logs before winter . Small staphylid beetles with unclear feeding habits (Placusa, Leptusa, Phloeonomus spp .) 
overwintered in large numbers in the logs . Predatory histerid beetle Plegaderus vulneratus overwintered exclu-
sively as a larva in the logs . Results suggest that salvage loggings and sanitation cuttings, if performed too late 
after the swarming of I. typographus, have only limited impact on the overwintering population of the beetle . In 
contrast, impact on enemies overwintering in the infested trees may be more drastic . This study also highlights 
that species previously considered as signifi cant enemies of I. typographus (e .g . Thanasimus ant beetles) are 
signifi cant not only because their eff ectiveness as a predator, but also due to overwintering outside the trees 
being benefi cial for the current forestry .
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Table 1: Insects emerging from the logs . Timesets are Early Autumn (23 .8 .-17 .9 .)
Table 1: Late Autumn (17 .9 .-27 .10 .) and Spring (27 .10 .-6 .6 .) . Results of Dunn’s test
Table 1:  (p<0 .05) are marked in superfi x .

Species/Genus
Emerged individuals Overwinter

Late summer Autumn Spring %

Bark beetles

Ips typographus 2003a 2872b 1309a 21.2

Pityogenes chalcographus 10a 3a 912b 98.5

Natural enemies

Plegaderus vulneratus 149a 122a 36b 11,7

� anasimus formicarius 15a 2b 1b 5.6

Quedius plagiatus 23a 5b 0c 0

Phloeonomus spp. 330a 494a 597a 42.0

Placusa 12a 1b 78c 85.7

Leptusa 25ab 21a 67b 59.2
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 Spruce bark beetle activity in sub-optimal 
habitat

Maartje J Klapwijk

Department of Ecology, Swedish University of Agricultural Sciences, Ulls väg 16, Uppsala, Sweden 

Spruce bark beetle (Ips typographus) has a strong preference for Norway spruce (Picea abies) . Population den-
sities and damage levels are strongly determined by the volume of spruce in the landscape . Mixing their host 
trees with non-host trees at the stand level and increasing variation at the landscape level is therefore a good 
approach to working towards lower population levels at landscape levels, potentially keeping the population 
under outbreak threshold . Activity of spruce bark beetle was measured in two diff erent forest habitats using 
baited funnel-traps and un-baited window traps . In addition, in order to understand better the aggregation 
behaviour of spruce bark beetle in sub-optimal habitat an experiment was used to assess the relationship with 
male colonisation density, using inoculated bolts, and attraction of conspecifi cs in diff erent habitats . The results 
indicate that the spruce bark beetles have higher fl ight activity in monoculture spruce stands based on both 
baited and un-baited traps . Pure spruce habitat is most attractive to searching beetles as the results show higher 
additional attacks in bolts inoculated with males, and there is no diff erence between bolts with diff erent inocu-
lation densities . We conclude that both activity and colonisation rates are highest in pure spruce stands but not 
completely absent in other habitats .
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 Forest edge formation alters microclimate 
and volatile cues but does not immediately 

increase susceptibility
to European spruce bark beetle 

Anna Jirošová1), Barbora Stříbrská1), Jaromír Hradecký1),
Jaroslav Čepl1), Ivana Tomášková1), Rastislav Jakuš1,2),

Roman Modlinger1), Sigrid Netherer3)
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3) Institute of Forest Entomology, Forest Pathology and Forest Protection, Department of Forest
3) and Soil Sciences, University of Natural Resources and Life Sciences, BOKU, Vienna, Austria

Natural disturbances driven by climate change, along with logging activities, are accelerating forest fragmenta-
tion and increasing stand vulnerability . The formation of forest edges rapidly alters local microclimates, notably 
by exposing previously shaded trees to direct sunlight . It is widely hypothesized that such edge trees may act 
as focal points for European spruce bark beetle (Ips typographus) infestation, particularly during outbreak con-
ditions .

This study investigated how newly established forest edges created at the beginning of the growing season 
aff ect microclimate (air and bark temperatures, soil moisture), tree physiology (sap and resin fl ow, bark chemical 
defences), and beetle attraction through volatile organic compounds (VOCs) . Beetle host acceptance was tested 
using both limited-choice and non-choice fi eld bioassays .

Edge trees exhibited signifi cantly higher bark surface temperatures and increased resin and sap fl ow compared 
to interior trees . Soil moisture remained high throughout the season, declining only in August . While phlo-
em monoterpene concentrations were similar across edge and interior trees, VOC emissions were elevated at 
the forest edge during May and June, likely infl uenced by fresh logging debris . These changes coincided with 
heightened beetle activity in bioassays shortly after edge formation . However, the defensive eff ect of increased 
resin fl ow could not be conclusively assessed, as bark boring occurred in both edge and interior trees, predo-
minantly later in the season .

In conclusion, freshly created forest edges do not appear to be more immediately susceptible to beetle attack, 
but their altered microclimate and enhanced olfactory cues may promote beetle swarming . Infestation risk is 
likely modulated by beetle population density and the timing of disturbance and harvesting events .
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Biological control strategies for bark beetle 
population management

Slavomír Rell, Michal Lalík, Jozef Vakula, Juraj Galko,
Christo Nikolov, Andrej Kunca, Milan Zúbrik, Andrej Gubka

National Forest Centre, Zvolen, Slovak Republic

There is a growing trend toward reducing pesticide use and replacing them with environmentally friendly al-
ternatives, such as entomopathogenic fungi . This poster presents a biological control strategy developed by 
the Forest Protection Service, Slovakia, designed to suppress bark beetle outbreaks . The system features a pat-
ent-pending spherical fungal carrier (patent no . 20764176 .2) and a pheromone-based applicator (Communi-
ty design no . 015023460-0001), which together attract and infect beetles with the entomopathogenic fungus 
Beauveria bassiana . We evaluated the virulence of commercial and indigenous strains of B. bassiana against sev-
eral beetle species, including Ips typographus, I. duplicatus, and Hylobius abietis . Our results indicate that infec-
tion success varies depending on the fungal strain and the duration the carriers are exposed to environmental 
factors, with effi  cacy decreasing over time . Integrating B. bassiana-infected carriers into pheromone traps shows 
strong potential as an eco-friendly method for bark beetle management, although ongoing refi nement of the 
system is still necessary .

Fig.1: Entomopathogenic fungi carrier, methods of its instalation for diff erent pests, and pests infested by
fungus .
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Colonization of non-native lodgepole pine 
by Ips typographus in Sweden:
A rare but noteworthy event

Dragos Cocos, Martin Schroeder

Department of Ecology, Swedish University of Agricultural Sciences, Uppsala, Sweden

This study documents the fi rst known natural attack and successful colonization of non-native lodgepole pine 
(Pinus contorta, Douglas) by the Eurasian spruce bark beetle Ips typographus (L .) in Sweden . Although P. contorta
is widely planted across approximately 6,000 km² in Sweden, it has not previously been reported as a viable host 
for I. typographus . In this case, the attack occurred in the absence of nearby infested Norway spruce (Picea abies, 
L . Karst), suggesting that lodgepole pine can act as a direct target under certain stress conditions . The killed 
trees exhibited high beetle colonization densities (mean 329 maternal galleries/m²) and extensive blue-stain 
fungal infection, but extremely low reproductive success (0 .01 daughters per mother), indicating that the lodge-
pole pines may act as a demographic sink for the beetle . Tree stress, likely due to poor site conditions and severe 
droughts in 2018 and 2023, appeared to have reduced resin-based defences . Despite lodgepole pine’s chemical 
and anatomical diff erences from the traditional spruce host, I. typographus produced aggregation pheromones 
and was able to complete development in a subset of trees . The bark beetle’s natural enemy community, includ-
ing generalist predators and parasitoids, was similar to that found in the spruce . These fi ndings highlight the po-
tential for I. typographus to expand its host range under climatic stress and emphasize the need for monitoring 
non-native conifers in European forestry systems .
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Synthetic approach to the aggregation 
pheromone of Ips duplicatus (Sahlberg) 
(Coleoptera: Curculionidae, Scolytinae)

Iuliana Vasian1), Monica Gorgan1)*, Mihai-Leonard Duduman2),
Stefania Maria Tötös1)

1) Pheromone Production Center, “Raluca Ripan” Institute for Research in Chemistry,
“Babes-Bolyai“ University, 30 Fantanele Street, 400294 Cluj-Napoca, Romania

2) Forestry Faculty, “Ștefan cel Mare” University of Suceava, 13 Universității Street,
2)720229 Suceava, Romania

* Corresponding author: monica .bucsa@ubbcluj .ro

This study describes the synthesis of E-myrcenol, a key component of the aggregation pheromone of Ips du-
plicatus . An effi  cient and reproducible method was developed, based on controlled oxidation of beta-myrcen 
followed by a reduction reaction of E-myrcenal . The process was optimized to achieve high yield, meeting the 
standards required for pheromone trap applications . As a result of this optimization, the technology was suc-
cessfully scaled up to the micropilot level, confi rming its feasibility for semi-industrial production . This step 
represents signifi cant progress toward the sustainable and cost-eff ective production of E-myrcenol for use in 
ecological monitoring and control programs targeting Ips duplicatus .
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Fig.1: The completed maternal and larval galleries of a heavy infestation . Foto M-L Duduman
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Preliminary fi eld evaluation
of pheromone lures for the monitoring

of lymantria dispar (L.)
(Lepidoptera: Erebidae)

Iuliana Vasian1), Buzatu Andrei2), Stefania Maria Tötös1),
Ovidiu Iliescu2,3), Monica Gorgan1), Cosmin Paraschivoiu2)

1) Pheromone Production Center, “Raluca Ripan” Institute for Research in Chemistry,
“Babes-Bolyai” University, 30 Fantanele Street, 400294 Cluj-Napoca, Romania

2) National Institute for Research and Development in Forestry “Marin Drăcea” INCDS,
Bulevardul Eroilor 128, 077190, Voluntari, Romania

3) Transilvania University of Brasov, B-dul Eroilor nr . 29, 500036, Brașov, România

Lymantria dispar, also known as the gypsy moth, is a major defoliating pest aff ecting a wide range of deciduous 
and fruit trees . Pheromone-based monitoring and control methods have become increasingly important in in-
tegrated pest management (IPM) strategies due to their selectivity and environmental safety . This study focuses 
on testing synthetic sex pheromones to evaluate their eff ectiveness in attracting Lymantria dispar males . Various 
pheromone mixtures were evaluated under fi eld conditions to determine their attractiveness . The results con-
tribute to the optimization of pheromone-based tools for early detection and sustainable control of Lymantria 
dispar populations . 
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Fig.1: Pheromone traps used in this experiment . Foto: Cosmin Paraschivoiu
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Morphology of prothoracic depressions 
and associated microbial symbionts

in the oak ambrosia beetle,
Platypus koryoensis
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3)Tree Research Team, Gyeonggi-do Forestry Environment Research Center, Osan 18118,
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Platypus koryoensis, the oak ambrosia beetle, has been identifi ed as the primary vector of oak wilt disease in 
South Korea . The disease has spread nationwide since its fi rst outbreak in 2004 . Infected trees exhibit numer-
ous entry holes and harbor the ambrosia fungus Ra� aelea quercus-mongolicae, the primary causal agent . The 
beetle possesses prothoracic depressions that function as mycangia (Fig . 1a, b) . The sexual dimorphism of the 
prothoracic depressions in P. koryoensis was examined using fi eld-emission scanning electron microscopy (FE-
SEM) and energy-dispersive X-ray spectroscopy . Female adults had (i) small cavities, (ii) large cavities, and (iii) 
mycangia, whereas male adults had only (i) small cavities and (ii) large cavities (Fig . 1c, d) . These depressions 
frequently contained cavity-fi lling fungal masses (Fig . 1e) . In male cavities, crystalline structures composed of 
calcium, silicon, and potassium were observed (Fig . 1f ) . Serial block-face scanning electron microscopy (SBF-
SEM) analysis revealed that small cavities typically contained a single fungal cell, whereas large cavities and 
mycangia contained diverse microbial cells, including both fungi and bacteria (Fig . 1g) . These fi ndings provide 
a morphological basis for a deeper understanding of the symbiotic associations between P. koryoensis and its 
microbial symbionts .
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Fig. 1: Morphological and microbial features of prothoracic depressions in P. koryoensis . (a) Female adult . (b) 
Male adult . Scale bars = 500 μm . (c) FESEM image of prothoracic depressions in a female adult . (d) FESEM 
image of prothoracic depressions in a male adult . Scale bars = 100 μm . (e) FESEM image of a mycangium 
in a female adult showing fungal spores . (f ) FESEM image of prothoracic depressions with crystalline 
structures in a male adult . Scale bars = 5 μm . (g) SBF-SEM image of prothoracic depressions in a female 
adult . LC, large cavities; MY, mycangia; SC, small cavities .
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Development of an optimal method for 
detection and monitoring

of Lamprodila festiva, an invasive pest
of ornamental Cupressaceae species
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Iuliana Vasian1), Monica Gorgan1)
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2) Faculty of Silviculture and Forest Engineering, Translivania University of Brașov,
1) Șirul Beethoven 1, 500123 Brașov, Romania
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1) 077190, Voluntari, Romania

In the last years Lamprodila festiva (Linnaeus, 1767), naturally common in Mediterranean countries, reached 
Central and Eastern Europe, causing considerable damage to ornamental Cupressaceae species in many urban 
and nurseries . Its presence in Romania was reported for the fi rst time in 1950s-1960s in Mehedinți County and 
the fi rst report of the insect in urban areas occurred in 2014 in two nurseries near Bucharest (Nitzu et al . 2016) . 
The literature data have shown that Buprestidae species are attracted to specifi c visual and olfactory cues and 
the combination of the visual and olfactory attractants can increase captures of Buprestidae species (Domingue 
et al . 2011) .

In order to develop an optimal method for detection and monitoring of Lamprodila festiva, yellow and green 
colors were used for the visual stimuli . For the olfactory cues, chemical compounds were selected based on 
Bozsik et al . (2022), who analyzed Lamprodila festiva antennae responses to various host volatiles emitted by 
Thuja occidentalis . The colored sticky panels measured 210 x 297 mm and were coated with adhesive on both 
sides . The sachet lures were loaded with 1,2 ml of a mixture of (-)-β-pinene, (-)-α-pinene, (-)-limonene, (+)-li-
monene, terpinen-4-ol, and (-)-fenchone in proportion of 2:1:1:1:1:2 . The average release rate was 52 mg/day 
for 21 days and was determined by measuring weight loss at room temperature (22 °C) . The four variants used 
were grouped in pairs per replicate: yellow unbaited with green unbaited and yellow baited with green baited . 

A total number of 1325 adults of Lamprodila festiva were captured on the sticky panels and the most active fl ight 
period of the insect was observed between May 31 and July 3 . The green unbaited traps were found to be the 
most eff ective in detecting Lamprodila festiva adults . The study also reveled that males prefer the green color 
traps and the female the yellow traps . The addition of host volatile attractants did not increased the capture 
levels, the baited traps recording fewer captures . 
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New approaches towards digital bark beetle 
monitoring

Sven Hofmann, Markus Kautz

Department of Forest Health Protection, Forest Research Institute Baden-Württemberg 
(FVA), Wonnhaldestraße 4, 79100 Freiburg, Germany

For about three decades, the Forest Research Institute Baden-Württemberg (FVA) in Freiburg has operated a bark 
beetle monitoring program utilizing conventional pheromone traps, checked weekly to inform forest owners 
about the current situation . The resulting extensive dataset has provided valuable insights into beetle phenolo-
gy and swarming patterns, off ering a rough estimate of infestation risk . However, conventional monitoring has 
several limitations, including signifi cant operational costs, and reduced spatial and temporal resolution as well 
as timeliness of the data .

To address these challenges and enhance bark beetle management, we have developed and implemented 
an automatic pheromone trap within our monitoring network . This system continuously records and trans-
mits high-resolution data on swarming intensity of Ips typographus, Pityogenes chalcographus, and Pityokteines
curvidens associated with relevant climatic parameters . The resulting data of the recent three years have further 

Fig.1: Workfl ow of the implemented digital risk management tool
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enabled the calibration of swarming models using temperature, global radiation, day of year, and pheromone 
release as predictors, which facilitates area-wide predictions based on climate raster data .

While these models cannot quantify absolute trap catches without further site-specifi c data, they provide ro-
bust predictions for the relative intensity at the stand level . The integration of such models into digital risk 
assessment tools that include additional predisposing factors (e .g . stand composition, drought, previous infes-
tation) marks a signifi cant step towards the digitalization of pest monitoring, to ultimately accelerate manage-
ment reactions . 

We want to discuss our progress in monitoring to showcase a possible transition to a modern risk assessment of 
pest insects, as this technology will complement or even supersede conventional monitoring approaches . The 
method comes with multiple advantages like saving operational costs for monitoring and off ering practitioners 
timely and reliable risk assessment for their specifi c forest stands .
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Merging Copernicus Data into national 
forestry products 
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In recent years, Austria’s forests have been subject to several large-scale disturbances induced by both biotic 
and abiotic drivers . Since climate change increases temperatures, period of droughts and extreme weather 
events in Central Europe, the pressure on forests is likely to remain high in the coming years . To quantify the 
damage caused by biotic and abiotic disturbances a monitoring system needs to be developed . Tackling three 
facets of damaged forests, the FASE team aims to develop such a system based on satellite-based remote sens-
ing methods . The fi rst aspect is using a machine learning approach to distinguish regular harvests, including 
fi nal cutting, thinning and building forest roads, from other anomalies, such as salvage logging after storms and 
bark beetle infestations . The model is trained on expert labelled sites of forest cover anomalies with additional 
input layers on the topography . The second topic of the project is quantifying the volume stock change after 
such a disturbance . For this, a Random Forest was trained on based on Sentinel-2 bands and the Digital Surface 
Model (DSM) . 

While storms and bark beetle outbreaks represent a sharp decrease in forest vigour, also gradual declines can 
occur due to fungal infections and other slow progressing diseases . Therefore, FASE is developing an algorithm 
to observe these declines in tree vigour, specifi cally focusing on Diplodia dieback on black pines (Pinus nigra) . 
For this, the already existing BFW anomaly detection model was refi ned to detect gradual anomalies in forest 
cover . 

The preliminary results demonstrate that the general distinction between single drivers of anomalies in forest 
cover can be done reliably (Balanced Overall Accuracy: 0 .8) . However, in practice, mixed patterns such as pest 
outbreaks after a storm are common . For these mixed patterns the accuracy declines but remains useful (F1 
Score: 0 .64) . The performance of the Random Forest model for quantifying stock changes in forests predomi-
nantly based on two dimensional parameters is not satisfactory which is also supported by current literature 
(1) . Detecting Diplodia dieback specifi cally is challenging as black pines often suff er from a decrease in vigour 
caused by several factors such as bark- and woodboring insects, Viscum sp ., and wounds from resin harvest . 
Additionally, the occurrence of vigorous deciduous trees can mask the signature of struggling black pines in 
remote sensing data . 

This poster presentation will give an overview into these three newly developed monitoring eff orts for exist-
ing and emerging threats to Austrian forests . We will give an insight to the application of these methods and 
future developments specifi cally in monitoring slow tree vigour decrease in alpine regions, and the further 
development in classifying forest cover anomalies including additional datasets such as wind warnings and 
climate parameters . Since the model for quantifying growing stock volume is based on Sentinel-2 parameters 
(2D) it may be available on very short time intervals, however the missing 3D information leads currently to 
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poor results . As suggested by Jiang et al (2023)2 this can be optimised by including information from Airborne 
Laser scanning . 
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Remote sensing based monitoring of bark-
beetle outbreak - a case study from central 

Slovakia
Ivan Barka, Tibor Priwitzer, Pavel Pavlenda
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Following an intensive summer drought in 2022 (Turňa et al . 2023), a bark beetle outbreak began in commercial 
Norway spruce forests in central part of Slovakia (Fig . 1) . In order to monitor development and to evaluate ex-
pected eff ects of this disturbance on forest ecosystems, remote sensing (RS) products have been utilised on an 
area of 21,900 ha . Using Sentinel 2 and Landsat scenes, combined with terrestrial data, we developed time series 
of spatial layers with aff ected forest stands . A normalized diff erence water index (NDWI, Gao 1996), combined 
with fi eld observations, were the main RS-based features in the identifi cation of bark beetle outbreak . Each lay-
er in the time series identifi ed newly aff ected forest stands . This time series (evaluated period was 2021–2025), 
with an employment of forestry data sources, allowed us to estimate a loss of growing stocks as well as carbon 
stocks in living biomass due to the selective logging . Produced outputs were successfully utilised for the prepa-
ration of the strategy of forest revitalisation in aff ected area .
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Fig.1: Initial phase of disturbance, which was already present in the central part of the aff ected region in 2022, 
was has been strongly accelerated by intensive drought . 
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(Ips typographus) control
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The SMARTbeetle project has two main objectives:

- to develop more eff ective and specifi c attractants for monitoring and control spruce bark beetle using modern 
biological and information technologies and to verify their eff ectiveness in the fi eld

- to create a universal methodology for the development of odorous attractants eff ective against olfactory-ori-
ented pests using the spruce bark beetle model

Bark beetle outbreaks represent a constant threat to spruce stands, which may further grow due to climate 
change . In the last few years, large-scale deforestation has occurred across much of Central Europe, which has 
disrupted all forest functions . 

The goal of the SMARTbeetle project chooses to improve the eff ectiveness of lure attractants in pheromone 
traps . The combination of modern biological methods and artifi cial intelligence (AI) allows the design of an 
entire mixture of substances optimized for a specifi c species (the spruce bark beetle) . This should signifi cantly 
increase the effi  ciency of trapping while minimizing the risks of aff ecting non-target species . This measure will 
stop or slow down population growth of the bark beetle and contribute to a lower use of pesticides . In the con-
ditions of ongoing climate change, this means more time to transform forests into a form more suited to current 
environmental conditions .

Another important contribution of the project will be the method of attractant development . It will be a uni-
versal and publicly available methodology that can be used for the development of other attractants – specifi c 
mixtures of substances eff ective on any organism that navigates by smell (incl . invasive species) .

The SMARTbeetle project objectives require specifi c knowledge in several areas . Therefore, a seven-member 
consortium was formed, covering all specializations necessary to meet the project objectives . Most of the ne-
cessary methods have already been mastered by the consortium and will be adapted to bark beetles . The most 
promising attractants will be verifi ed in fi eld tests .
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A number of forest owners, managers, state administration and forestry companies have expressed interest in 
the project . It is therefore perceived as a promising contribution to solving the large-scale forest dieback .
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Ips typographus surveillance 
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Ips typographus, the eight-toothed spruce bark beetle, is a major quarantine pest of spruce trees and has been 
the focus of extensive eradication eff orts in England since 2018 (Blake et al . 2024) . Extensive monitoring ef-
forts, including pheromone trapping, are used for the eradication of I. typographus from Great Britain . Surveil-
lance can be highly expensive and time-consuming, but technological advances could reduce these costs . It is 
also currently diffi  cult to collect daily or hourly data, which is needed to improve understanding of local and 
long-distance dispersal of the pest and to inform outbreak response (Webb et al ., 2024) . We developed a pro-
totype Re mote Ips Trap (RIT) to capture time-dependent data remotely . Alongside this, a machine learning 
algorithm was trained to distinguish Ips from other species and leaf debris . The aim is for the RIT to reduce the 
lag time between beetle capture and identifi cation and be more cost-eff ective, as it may reduce staff  costs and 
enable a more rapid response . While it is reducing sampling and processing eff orts, further development is 
required for fi eld use . 
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Fig. 2: Predictions from Ips model

Fig.1: Remote Ips trap
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Assessment of the effi  ciency of pine wilt 
nematode monitoring using unmanned 
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Pine wilt nematode (PWN) was fi rst reported in Busan, South Korea, in 1988 and has since spread rapidly across 
the region . To prevent further expansion, an eff ective and effi  cient PWN monitoring approach is required .
Although satellite imagery off ers broad spatial coverage, its low temporal resolution may limit the timely identi-
fi cation of PWN outbreaks . In addition, ground-based monitoring methods, such as fi eld surveys that rely heav-
ily on human resources, often yield suboptimal results due to their time-consuming nature and high costs . 
In response to these challenges, unmanned aerial vehicles (UAVs) have emerged as a promising solution, sig-
nifi cantly enhancing the effi  ciency of PWN monitoring . The UAV-based monitoring process consists of fl ight 
planning, image acquisition, orthophoto generation, and image analysis stages . This study evaluates the effi  -
ciency of UAV-based monitoring by comparing the operation of a single drone with the manpower and time 
required to survey a standard area of 300 ha . The results showed that, based on an 8-h workday, 0 .93 special 
technicians, 1 .27 senior technicians, and 0 .75 intermediate technicians were required to complete the survey, 
whereas only one fi xed-wing UAV was needed for the same area . Overall, the UAV-based approach was found 
to be approximately 10 .8 times more effi  cient than conventional fi eld surveys, particularly in cases where no 
item-selection process was conducted during the preliminary and/or advanced technician stages (at a labor 
cost of 0 .02 person/ha) . In the future, integrating artifi cial intelligence into UAV design and image analysis is 
expected to further improve the effi  ciency of PWN monitoring, enabling faster detection and supporting more 
eff ective decision-making .
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Table 1: Manpower requirements by task type for PWN monitoring using UAVs

Step Description Unit
Engineer level(person/day)

Expert Senior Intermediate

Preparation Data collection, permits and approvals, fi eld survey, 
fl ight planning 300 ha/session 0.13 0.26 0.26

Image
acquisition

Setup, delay time, movement, image acquisition, 
data verifi cation, data organization 300 ha/session 0.61 0.61 0.23

Orthophoto
generation Preparation, image production, quality evaluation 300 ha/session 0.06 0.15 0.04

Orthophoto
analysis Preparation, image analysis, thematic map creation 300 ha/session 0.13 0.25 0.22

Total 0.93 1.27 0.75
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The pine needle gall midge (PNGM, Thecodiplosis japonensis) is regarded as a signifi cant forest pest to pine trees 
in Korea . Larval feeding disrupts the development of pine needles, which gradually wilt and eventually cause 
the death of the host tree . Biological control strategies for PNGM include the use of parasitoid wasps, with four 
species identifi ed to date: Inostemma seoulis, Platygaster matsutama, I. hockpari, and I. matsutama . These spe-
cies parasitize PNGM during its larval stage . To utilize parasitoid wasps eff ectively, a thorough understanding of 
their ecology is essential . However, existing ecological studies are outdated – having been conducted over 20 
years ago – and may not refl ect current fi eld conditions . Moreover, traditional morphological identifi cation of 
adult wasps is challenging due to their minute size and limited interspecifi c variation . Despite their ecological 
relevance, genetic information on these parasitoids remains scarce . In addition, multiparasitism has also been 
reported, but is diffi  cult to confi rm at the larval stage without prolonged rearing to adulthood for identifi cation . 
Therefore, in this study, we morphologically identifi ed two dominant parasitoid species in Korea, I. seoulis and 
P. matsutama, and obtained their cytochrome c oxidase subunit I gene sequences . These data establish a mo-
lecular framework for species-level identifi cation, enabling more rapid and accurate classifi cation . Our fi ndings 
lay the groundwork for future studies on the seasonal and annual population dynamics of parasitoid wasps in 
PNGM-infested forests .
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The great European spruce bark beetle, Dendroctonus micans (Kugelann) (Coleoptera: Curculionidae, Scolytinae) 
is a cambiophagous insect pest native to Europe and Asia (Lukášová and Holuša, 2011; Mayer et al ., 2015), listed 
as a protected zone quarantine pest in Annex IIB of Council Directive 2000/29/EC for Greece, Ireland and the 
United Kingdom (Jeger et al ., 2017) . In Central Europe D. micans attacks apparently healthy trees, mainly at the 
bottom part and root neck with large root infl ows of Norway spruce (P. abies (L .) H . Karst) and North American 
blue spruce (Picea pungens Engelm .) (Lukášová et al ., 2014), although trees weakened by drought, snow, harvest 
operations, root pathogenic fungi infestation are also vulnerable (Vakula et al ., 2016) . Dendroctonus micans is 
extremely resistant to the defensive monoterpenes of conifers (Everaerts et al ., 1988), therefore trees infested by 
the species can live for several years (Pfeff er 1955) . 

Dendroctonus beetles live in close symbiosis with various microbes, including ophiostomatoid fungi . The 
ophiostomatoid fungi are represented by economically important tree pathogens or wood-staining fungi 
and are one of the most common fungal groups associated with bark beetles (Kirisits 2004) . Research on the 
association between ophiostomatoid fungi and D. micans in Europe is very limited, with only two reports from 
France (Lieutier et al ., 1992) and Lithuania (Menkis et al . 2017) . We have no information about fungal associates of 
D. micans in Central Europe . Therefore, the objective of this study was to elucidate the diversity of ophiostomatoid 
fungi associated with D. micans on Norway spruce in Poland and on blue spruce in Czech Republic .

The fungi were identifi ed through a combination of morphological characteristics and molecular analyses . 
A total of 1444 strains of ophiostomatalean fungi were isolated from 335 beetle individuals and 225 galleries 
collected from infested trees in 2011 and 2022 in Poland (Radziki, Ołdrzychowice Kłodzkie) and Czech Republic 
(Nové Město na Moravě, Malý Háj) . The multi-locus phylogenetic analyses of the six-loci, ITS, LSU, CAL, ACT, 
TUB2 and TEF1, revealed that 68 representative isolates belonged to seven genera: Ceratocystiopsis (one 
species), Graphilbum (one species), Grosmannia (three species), Leptographium (three species), Masuyamyces
(one species), Ophiostoma (two species), and Sporothrix (four species) . Phylogenetic analyses separated these 
isolates into 15 distinct taxa, 12 of which were previously described species and three represented novel species .
One taxon, Leptographium granulatum has already been formally described (Crous et al ., 2023) . 
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The abundance of a particular fungal species varied between four study areas . Only Ophiostoma piceae was 
found in all locations . Grosmannia penicillata, L. granulatum, O. piceae and Sprotothrix pseudoabietina were 
commonly isolated species from beetles and galleries . The remaining species were rarely isolated . 
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In Romania, the spruce (Picea abies (L .) H . Karst) is the second most widespread tree species . The most destruc-
tive and aggressive pest of Norway spruce is the European spruce bark beetle, Ips typographus (Linnaeus, C ., 
1758) . Recently, Ips duplicatus (Sahlberg 1836), another bark beetle species of conifers, has expanded its range 
being considered an invasive species in Europe and it is now present in the majority of Norway spruce stands 
outside of the natural range . Tree dieback in outbreak areas is not only the result of bark beetle attacks but also 
of pathogenic fungi with which the beetles associate and introduce into the wood . Numerous studies have 
shown that, in addition to pathogenic fungi, bark beetle populations are closely linked to other organisms such 
as nematodes or mites . Mite species, due to their lack of specialized legs for traveling long distances, use bark 
beetles for dispersal through a phenomenon called phoresy . Phoresy does not involve parasitic relationships, 
although it can become antagonistic to host species over time . In this study, we aim to determine and analyze 
the following aspects: (i) specie of phoretic mites associated with Ips typographus and Ips duplicatus; (ii) the 
attachment preference of phoretic mite species; (iii) the dynamic of the phoresy; (iv) comparative analysis of 
phoretic mite populations . 

The research was carried out in an 80-year-old spruce stand near Râșnov, Brașov county, located at an alti-
tude of 715 m, at the lower limit of the spruce range . Ips duplicatus has been reported in this area since 2011 .
Bark beetles were collected using six intercept traps (wing type), three baited with a commercial pheromone 
AtraTYP specifi c to Ips typographus and three baited with a commercial pheromone AtraDUP specifi c to Ips dupli-
catus, both produced by the Raluca Ripan Institute of Chemistry, Romania . The traps were set up on May 2, 2023, 
at 10–12 m from the forest edge, and bark beetles were collected every 7-11 days throughout the entire growing 
season, with the last collection in mid-September . The collected beetles were stored in a freezer at a tempe-
rature of -5 °C to prevent the detachment of phoretic mites from their hosts . A sample of 50 specimens was re-
tained for the analysis of phoretic mites . To determine the attachment preference of the phoretic mites to their 
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hosts, the bodies of the bark beetles were subdivided into several parts: head, thorax, abdomen, fi rst, second 
and third pair of legs, elytral declivity, and under elytra . In the case of I. typographus, a phoresy rate of 49 .3% and 
for I. duplicatus, only 20 .6% was obtained . Both I. typographus males (50 .71%) and I. duplicatus males (23 .38%) 
were more phorezed than females (47 .95%; 17 .86%), but there were no signifi cant diff erences . Regarding the 
dynamics of phoresy rates over time, signifi cant fl uctuations were observed for both I. typographus and I. dupli-
catus. The distribution of mites on the host bodies varied depending on the mite species and the abundance of 
mites on the hosts . Among the 9 species of phoretic mites identifi ed in this study, 3 are reported for the fi rst time 
in Romania: Dendrolaelaps disetus, Elattoma sp ., and Paraleius leontonychus . Tthe maximum phoresy for both 
bark beetle species was reached at the beginning of the fl ight of the hibernating generation, indicating this as 
the most important moment for the dissemination of mites into new habitats . The most abundant species on 
the bodies of Ips typographus beetles was Dendrolaelaps quadrisetus, which accounted for over half of the entire 
population . In the case of Ips duplicatus, the population was dominated by specimens of Dendrolaelaps quadri-
setus and Elattoma sp ., with the latter being the only species exhibiting this behavior in host selection .
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Norway spruce (Picea abies L .) H .Karst .) is one of the most important species in boreal and subalpine coniferous 
forests, both ecologically and economically, with a wide distribution in Europe . In some parts of Europe, the 
number of forest defoliator outbreaks has increased, partly due to the planting of coniferous species outside 
their natural range, but also due to the constant raise in temperatures . Lymantria monacha L . is considered the 
most important defoliator of coniferous forests in Europe . In Romania, Lymantria monacha has caused damage 
mainly in spruce stands in the Eastern Carpathians, the highest damage being recorded between 1955–1964, in 
the Broșteni-Borsec Forest Districts, on an area of   60,420 hectares . In order to know the evolution of the pest in 
the future, it is necessary to analyze the relationship between the population of Lymantria monacha and climate 
change in recent decades in Romania . 

In this study, potential evapotranspiration was used as an indicator of climate change, because insect popu-
lations are infl uenced by the same climatic parameters that are used to calculate evapotranspiration . The area 
chosen for this study is the Eastern Carpathians area because it is the most prone to defoliator gradation and 
based on the population levels reached in the past . This area has been divided into 3 transects: the fi rst transect 
is located on the eastern side and comprises the weather stations Poiana Stampei, Toplița, Joseni and Târgu Se-
cuiesc (583–924 m), the second transect is located on the upper part of the Eastern Carpathians and comprises 
the weather stations Călimani . Ceahlău, Lăcăuți and Penteleu (1632–2023 m), and the last transect is located 
on the western slope of the Eastern Carpathians and includes the weather stations Rădăuți, Piatra Neamț and 
Târgu Ocna (190-390 m) . Potential evapotranspiration data was downloaded from the TerraClimate database 
that uses climate-assisted interpolation, combining weather rules with a spatial resolution of about 4 km . It also 
provides a monthly climate balance and climate water balance data for global land areas from 1958 to 2019, free 
of charge . As for the population level of the defoliator, the data reported by each forest district were used, the 
number of captured male butterfl ies of Lymantria monacha was averaged . Regarding the relationship between 
evapotranspiration and the average evapotranspiration from May to September of each year was calculated, 
because the evolution of defoliating insects is infl uenced by weather conditions in the growing season . Sub-
sequently, analyzes were performed using both dot charts to show relationship between potential evapotran-
spiration in the growing season and the average number of male butterfl ies captured . Finally, a comparative 
analysis of the evolving trend of vegetation season evapotranspiration and the trend of the number of male 
butterfl ies caught in pheromone traps using combined linear graphs and the mobile trend line was performed 
for a period of 10 years .
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It was observed, for the multiannual averages, that the potential evapotranspiration for all the analyzed station, 
within the 3 transects, from 1991–2019 and 2001–2019 is signifi cantly higher than the potential evapotranspira-
tion from 1974–1990 and 1974–2000, respectively, but also higher than the multiannual averages (1974–2019), 
which represents a constant aridity of the climate in the analyzed transects . For the analysis with the adjustment 
curves given by the moving averages, it was noted that the trend of potential evapotranspiration is also increas-
ing at all the 3 transects . In addition, most often, the level of potential evapotranspiration on the adjustment 
curve since 1993, at a station at a certain altitude, corresponds to the level of potential evapotranspiration in 
2019 from a station located at a higher altitude . The analysis conducted with the help of the mobile average 
shows that in the majority of cases, the level of catches follows both the increasing trend of potential evapotran-
spiration and its fl uctuations over time . 
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Forecasting forest management scenarios 
for climate mitigation: Insights from the 

LTER Bucegi-Piatra Craiului Site, Romania 
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Marin Drăcea National Institute for Research and Development, Romania,
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As the impacts of climate change intensify, addressing greenhouse gas emissions has become a critical global 
priority . Forests play a pivotal role in this eff ort, off ering signifi cant potential for carbon sequestration . This study 
explores the balance between maximizing carbon storage and maintaining economic sustainability in forest 
management, focusing on the LTER Bucegi-Piatra Craiului site in Romania’s Southern Carpathians . Using the 
EFISCEN model, three 50-year forest evolution scenarios were developed – Business As Usual (BAU), Maximum 
Intensity Harvest (MAX), and No Harvest (MIN) – applied to two historical forest management regimes: 
conservation and production . These scenarios forecast changes in growing stock, carbon sequestration potential, 
and economic outcomes under varying harvest intensities . Results indicate that the MIN scenario achieves the 
highest carbon sink potential over the next 50 years, while the BAU scenario represents a balanced approach, 
combining substantial carbon sequestration (a 40% increase in growing stock, from 2 .6 to 3 .8 million m³) with 
sustainable annual revenues of EUR 3 .7 million . Conversely, the MAX scenario temporarily boosts wood-related 
revenue by 35%, but results in reduced long-term profi tability and ecological stability . This research emphasizes 
the importance of scenario-based decision support tools in forest management to address climate mitigation 
goals while ensuring socio-economic benefi ts for local communities . By integrating long-term ecological data 
and forecasting approaches, this study contributes to adaptive forest management strategies tailored for climate 
resilience and sustainability .

Keywords:

climate change mitigation, forest management scenarios, carbon sequestration, EFISCEN model, LTER Bucegi-
Piatra Craiului, socio-economic forecasting, adaptive management
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Projecting and managing bark beetle risk 
in Norway’s forests under climate change

Joyce M N Romeiro

Division of Biotechnology and Plant Health, Norwegian Institute of Bioeconomy
Research (NIBIO), Høgskoleveien 8, Ås 1433, Norway

Climate change is expected to intensify natural disturbances in boreal forests, including outbreaks of the Eu-
ropean spruce bark beetle (Ips typographus), posing a threat to both forest productivity and carbon storage . To 
support adaptive forest management in Norway, we evaluated and applied a widely used bark beetle damage 
model (Seidl et al ., 2009) under both current and future climate conditions .

For the evaluation of the model, our sensitivity analysis showed that the model produces plausible estimates 
across most of Norway’s climatic and forest gradients . Key spruce-growing regions (Trøndelag, Innlandet, and 
Vestviken) currently face a low risk of severe damage . However, under future climate scenarios, annual damage 
volumes are projected to double by 2080, especially in areas where warmer temperatures may allow a second 
beetle generation . At the same time, model limitations in older stands and colder regions highlight the need for 
refi nements better adapted to Norwegian conditions .

We then assessed how accounting for bark beetle risk in forest planning infl uences optimal rotation lengths and 
economic gains (NPV) . Under current conditions, forest owners in southern Norway managing young, low-den-
sity spruce stands could already benefi t economically from harvesting two to three years earlier than usual . 
In 50 years from now, the benefi ts of including bark beetle risk in forest planning become even more signifi cant, 
and shortening the rotation length by four to fi ve years could lead to an average economic gain of 861 NOK 
per hectare . However, reducing rotation length is not a one-size-fi ts-all solution, as it can lead to lower carbon 
storage and fewer large trees, which are vital for biodiversity, water regulation, and soil stability . Other adaptive 
strategies, such as shifting tree species composition toward more diverse and less vulnerable stands can reduce 
beetle risk and enhance ecosystem service provision .

These fi ndings off er Norway’s fi rst national-scale projections of bark beetle risk under climate change and sup-
port the development of climate-smart forestry policies that sustain both carbon stocks and timber production .
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From background species to major threat: Ips 
acuminatus response to forest disturbance in a 

changing climate 
Elza Gricjus, Agnis Šmits, Līva Legzdiņa
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Sharp-toothed bark beetle Ips acuminatus (Gyllenhaal, 1827) is generally considered a secondary pest in tem-
perate forests, yet under certain conditions it can develop outbreak-level populations . Its impact is usually lim-
ited to a few trees unless the entire stand is already weakened . However, climate change may elevate the risk 
of outbreaks by increasing the frequency and intensity of disturbances such as storms and forest fi res, which 
w'eaken forest stands and create favorable conditions for colonization .

In Stiklu bog, located in the northwest region of Latvia, a forest fi re occurred in July 2018, after which Ips acumi-
natus developed outbreak-level populations . This study investigates how the extent of damage and the time 
elapsed since disturbance to forest stands infl uence I. acuminatus tree colonization dynamics, including how 
soon after initial damage the beetle begins colonizing aff ected trees . In the fi rst year after the forest fi re, the 
emergence of fi rst beetles and damage to trees were recorded . Three years after the disturbance and the peak of 
the Ips acuminatus population, a decline in the sharp-toothed bark beetle population was observed ., which may 
be linked to changes in the population’s sex ratio, natural self-regulation, and the presence of natural enemies . 
Methods used to assess I. acuminatus population distribution include trapping, bark sampling, debarking pine 
trees, and drone-based surveys .
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Long-term dynamics of forest Vegetation 
in the Tatra Mountains: Evidence from 
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A repeated typological survey of 35 permanent representative plots after several decades enabled the assess-
ment of long-term changes in forest vegetation in the High Tatra Mountains . To evaluate these changes, the 
plots were classifi ed into two groups . The fi rst included vegetation on soils with lower pH, dominated by nu-
trient-poor, acid-tolerant species (hereafter referred to as acidophilous communities), while the second group 
comprised vegetation characterized by nutrient-demanding species (eutrophic communities) .

Analysis of basic diversity metrics revealed that both acidophilous and eutrophic communities remained rela-
tively stable over time, with only minor fl uctuations in species richness . Nevertheless, notable shifts in species 
composition were detected, particularly for eutrophic communities . Their composition shifted towards more 
acidophilous character over the past decades . 

Community changes of both groups are likely attributable to tree layer dynamics . In acidophilous communities, 
the cover of Norway spruce (Picea abies) and rowan (Sorbus aucuparia) increased, whereas in eutrophic com-
munities, spruce declined and was replaced primarily by European beech (Fagus sylvatica) and sycamore maple 
(Acer pseudoplatanus) . These tree species successfully regenerated, increasing their dominance in both the can-
opy and the herbaceous understorey . 

Despite the overall increase in canopy cover, an expansion of species associated with canopy gaps and re-
duced stand density – such as Epilobium angustifolium, Athyrium distentifolium, Rubus idaeus, and Calamagrostis
villosa – was observed, suggesting a shift toward greater structural heterogeneity . Over the decades, the mortal-
ity of individual trees followed by the positive growth response of younger individuals contributed to enhanced 
structural diversity, not only within the canopy but also in the herbaceous understorey .
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Fig.1: Current conditions of the typological plot no . 416 (Cembreto-Piceetum), revisited in 2022 after 17 years . 
Previous typological surveys were conducted in 1957 and 2005 . Remnants of original tree center
markings at breast height (d1 .3) were detected only sporadically, mostly on broken stems or snags . 
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 Soil and air microclimate in diff erently 
managed young silver birch stands 

compared to spruce growing
on a former clear-cut area

Ondřej Špulák
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The increased occurrence of extreme weather events is a major cause of large-scale clearings of a calamity 
character in many regions . Such clearings represent a harsh growth environment diffi  cult to overcome for 
many target tree species . Forest regeneration using preparatory tree species off ers an adjustment of the micro-
climate and soil environment, which may be benefi cial for the subsequent introduction of other tree species . 
This contribution aims to compare the development of soil moisture and soil and air temperature under young 
stands established by natural regeneration, specifi cally: (1) birch without thinning (12,600 per ha; Bi), (2) birch 
after an intensive thinning in favour of target trees (840 per ha; BiT), (3) birch-spruce mixture after moderate 
thinning (2,200 per ha; BiSp), and (4) planted spruce stand of the same age (1800 per ha; Sp) . 

The experiment is conducted on a former clear-cut area originated as a result of storm Kyrill in 2007 . A large 
part of the area was naturally regenerated mostly by birch . The selected stand treatments (as listed in 1–4 
above) were equipped with automatic devices for measuring soil moisture (depth approx . 5–15 cm), soil tem-
perature (-10 cm), soil surface temperature (0 cm), and near-ground air temperature (10 cm), at a minimum of 
six replicates per treatment .

Budburst of deciduous tree stands, as well as sprouting and growth of ground vegetation, had a signifi cant 
impact on the microclimate . Intensive thinning increased both near-ground air and soil temperatures, par-
ticularly during the growing season . In contrast, it increased soil moisture mainly during the dormant season 
(Fig . 1) . During the growing season, the temperature regime was also infl uenced by stand density, with low 
impact of tree species composition . Stand density had a more pronounced eff ect on daily temperature maxima 
than minima . Compared to spruce stands, birch treatments exhibited higher minimum temperatures and lower 
maximum temperatures, apart from the intensively thinned treatment . The eff ect on soil moisture evolved over 
time, refl ecting the development of forest stands .
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Fig. 1: Diff erence of other treatments from spruce in soil moisture presented with throughfall in 2020 .
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Th e impact of clear-cuts on the water 
retention capacity

of a small forest catchment during
an extreme precipitation event
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Since 2022, a forest-hydrological research project has been underway in the Jeseníky Mountains, focused on as-
sessing the eff ects of forest cover loss in small mountainous catchments on their hydrological regime . The study 
encompasses three catchments with a total area of 1,097 hectares, where 79 hectares (7% of the study area) of 
clear-cuts have been created between 2016 and 2022 due to a bark beetle outbreak .

The research includes continuous monitoring of soil moisture and soil water potential across various site and 
forest stand conditions .

In September 2024, Central Europe, including the Czech Republic, experienced an extreme precipitation event 
that caused extreme fl oods resulting in signifi cant damage to infrastructure, buildings and even human casual-
ties . The monthly precipitation total for the Czech Republic reached 179 mm, representing 298% of the 1991–
2020 normal . This marked the highest September precipitation on record and the second-highest monthly total 
since 1961 . During the six-day period from 11 to 16 September, extreme rainfall was recorded especially in the 
Jeseníky Mountains, with 704 .2 mm measured at the Švýcárna meteorological station .

This study analyses soil moisture dynamics at two locations, each comprising a spruce stand and an adjacent 
open area created by salvage logging of bark beetle-infested trees . The objective is to quantify changes in the 
water retention capacity of the aff ected catchments under the conditions of an extreme hydrometeorological 
event .

At the Devítková cesta site (elevation 670 m), soil moisture is monitored at: newly aff orested clear-cut (DC_VP), 
30-year-old spruce stand (DC_SM_30) and 90-year-old spruce stand (DC_SM_90) . At the Medvědí cesta site (el-
evation 1,060 m), measurements are taken at: newly aff orested clear-cut (MC_VP), and 60-year-old spruce stand 
(MC_SM_60) . All measurements are conducted at soil depths of 10 cm, 30 cm, and 50 cm .

A comparison of pre-event minimum soil moisture values with post-event weekly averages showed that water 
saturation in the soil profi le increased more signifi cantly in forest stands than in open areas at both sites . This 
diff erence was especially pronounced at the Medvědí cesta site (Fig . 1) . On the other hand, it does not seem that 
the current area of clear-cuts had a signifi cant eff ect on lowering the water retention capacity of catchments 
during the extreme rainfall event . 
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Fig.1: Diff erence in soil water saturation before and after an extreme rainfall period
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Annually resolved and absolutely dated proxy archives are necessary for contextualizing the rate and amplitude 
of anthropogenic climate change . High-resolution climate reconstructions are particularly important for remote 
regions where instrumental meteorological observations are limited in space and time . Here, we develop a ro-
bust, 260-year-long tree-ring width chronology from 32 Himalayan cedars (Cedrus deodara D . Don), which grew 
around 3000 m a .s .l . in the Kumrat Valley of the Hindu Kush region in northern Pakistan . This inverse relationship 
between radial tree growth and early spring temperatures, together with positive correlations against precipita-
tion totals at the onset of the growing season, suggest that warming-induced drought is the most limiting factor 
of sub-alpine forest growth in the Kumrat Valley . We then use the inverse growth-temperature association to 
reconstruct March–April minimum temperatures from 1812 to 2018 CE . The reconstruction explains 40% of the 
instrumental record back to 1967, and exhibits the coldest and warmest spring conditions in 1815–1864 (6 .67 ± 
0 .21°C) and 1918–1927 (8 .11 ± 0 .43°C), respectively . This pioneering study is indicative of the dendroclimatolog-
ical potential in the Hindu Kush, where samples from living and relict trees of diff erent species and elevational 
bands should be collected for advanced temperature and hydroclimate reconstructions .
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It is widely recognized in academic and policy circles that urgent adaptation to climate change is necessary 
in the forestry sector, but traditional wisdom and risk adverse attitudes may lead to catastrophic adaptation 
hysteresis . The general public easily perceives the link between forests and climate change, however one of the 
biggest threats to both our carbon stocks and our forests is bark beetle which has boomed in recent years due 
to climate change . This is a particular problem in Austria, as Norway spruce (Picea abies) covers more than 50% 
of forested land . With the predicted temperature increases and alterations in precipitation patterns, lowland for-
ests and those forests currently in dry regions (e .g . Mühl-, Waldviertel) are already close to their upper temper-
ature limit or to their lower precipitation limit . These forests are likely to experience drought and the cascading 
impacts of pest damage, specifi cally bark beetle attacks . 

It has been stressed that targeted systematic research that integrates, evaluates forest management strategies 
and promotes stakeholder and community engagement are key to implementation of proactive land manage-
ment for adaptation to future climate change impacts . In Adapt4K we want to address these issues directly by 
building-up the multi-actor and stakeholder organizational capacity to deal with future climate change in the 
forestry sector, and strengthen the adaptation capacity in the system by providing evidence-based solution op-
tions and by building lasting coalitions and interconnecting the various players in the county of Lower Austria 
(NÖ) . We want to inspire and galvanize both the general public and the small-scale foresters to adapt to climate 
change by highlighting their site-specifi c vulnerability and that climate change is happening by involving them 
in the collection and analysis of data and the development of appropriate adaptation pathways . To achieve this, 
we are currently setting- up a network of Forest Living Labs in NÖ to be researched over a number of years to 
feed suffi  cient quality data into the wider research knowledge base .
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