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Abstract
A breeding population of the tree-killing European spruce bark beetle Ips typographus was detected in England for the 
first time in 2018 and was initially assumed to have arrived with infested timber. To test the hypothesis that the beetles are 
dispersing naturally across the English channel, extensive trap networks were deployed in 2021 and 2022 to track the flight 
activity of the beetles from an outbreak hotspot in France and Belgium to southern England, including parallel ‘coastal’ 
traps on either side of the channel. Beetles were caught all along the transect, decreasing in abundance with distance from 
the outbreak area. Linear modelling indicates that beetles dispersed into England during 2021 and 2022, and that during a 
large-scale dispersal event in June 2021, beetles could have penetrated more than 160 km inland. The 2021 dispersal event 
initiated new incursions of the beetle in southeast England and demonstrates the extraordinary distance I. typographus may 
move under outbreak conditions. Our findings support the hypothesis of a damaging forest pest aerially dispersing across 
the barrier of the English channel and suggest that future incursions of this and other plant-associated pests may move via 
the same pathway.
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Introduction

Ips typographus (L.), the eight-toothed spruce bark beetle, is 
currently the most destructive and economically important 
forest insect pest in Europe, causing widespread mortality 
of spruce trees (Picea spp.). It typically colonises damaged 
or recently wind-felled hosts, but extensive wind-throw 
caused by severe storms may facilitate rapid population 
growth, leading to outbreaks and the killing of standing 
spruce trees (e.g. Komonen et al. 2011; Kausrud et al. 2012; 
Mezei et al. 2017). Over the past 2 decades, under the influ-
ence of climate change, the scale and longevity of outbreaks 
across Europe have been markedly increasing, with high 
summer temperatures and drought having an amplifying 

effect (Netherer et al. 2019; Netherer and Hammerbacher 
2022; Trubin et al. 2022), and unprecedented population 
levels being reported across continental Europe. For exam-
ple, in the Czech Republic alone, 23 million m3 of spruce 
were killed in 2019 (Hlásny et al. 2021), while in the two 
most affected French regions (Grand-Est and Bourgogne-
Franche-Comté), the damage in 2018–2021 amounted to 
19 million m3 (DSF 2022).

Ips typographus mostly attacks Picea spp. across its 
entire range from western France to Japan. Its original dis-
tribution in Europe coincided with that of Norway spruce 
Picea abies (L.) in the Boreal forests of Northern Europe 
and the subalpine regions of the Alps and the Carpathians 
(Taberlet et al. 1998; Caudullo et al. 2016). Spruce has been 
extensively planted outside of its original range since the 
nineteenth century and I. typographus has followed its host 
(Mayer et al. 2015), with variable time lags between the 
planting of spruce forests in new areas, the arrival of the 
beetle and the first outbreaks (usually triggered by extreme 
weather conditions). In Belgium, for example, spruce was 
introduced in 1894 (Scheepers et al. 1997) and I. typogra-
phus was first mentioned in the literature in 1926, suppos-
edly arriving from Germany in the east (Dourojeanni 1971). 
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It was widely present at low densities by the 1970s (Douro-
jeanni 1971), and after a gradual population build-up, the 
first outbreaks appeared in 1976 during an exceptionally 
hot and dry summer. Reflecting the widescale population 
growth across Europe, I. typographus populations in Bel-
gium have increased and expanded, most notably resulting in 
more outbreak locations in the Ardenne forest in the south of 
the country, as well as progressively expanding their range 
and killing trees in more remote stands, parks and gardens 
around Brussels, and up to the coast.

Until recently no established breeding population was 
known in the British Isles, despite regular interceptions 
associated with imported spruce wood products (e.g. Win-
ter 1985). The physical barrier of the English channel has 
been assumed to have restricted entry while an ‘Allee effect’, 
whereby small populations are unable to expand and persist 
(Taylor and Hastings 2005), prevented successful establish-
ment. Additionally, emerging I. typographus adults tend to 
disperse widely (Franklin and Grégoire 1999; Franklin et al. 
2000), reducing opportunities for mate location and the colo-
nisation of new resources. It is likely that the dilution effect 
resulting from the wide dispersal of young adults explains 
why I. typographus has similarly failed to establish in North 
America, despite many interceptions (see “Discussion” sec-
tion) and the large availability of suitable hosts (Pureswaran 
et al. 2022).

In Britain, Picea is an important component of com-
mercial forestry, particularly Sitka spruce (P. sitchensis 
(Bong.) Carr.), which comprises 54% of all planted conifers 
(Forest Research 2023). Another spruce pest, Dendrocto-
nus micans, was accidentally introduced to Britain (Bevan 
and King 1983) and has become widespread, but to date, it 
has caused only localised damage due to a successful bio-
logical control programme (Fielding and Evans 1997). Any 
new threat to Picea is therefore of considerable concern 
to the forest industry. As such, I. typographus is regulated 
as a quarantine pest in Britain and Ireland, with measures 
implemented to prevent entry, including requirements for 
imported conifer wood to be bark free, originate from an 
area free from the pest, or be suitably heat-treated (Forestry 
Commission 2018). Additionally, pest-free area (PFA) sur-
veys have been conducted annually across Britain (Field-
ing et al. 1994). In December 2018, a routine PFA survey 
detected a breeding population of I. typographus in southern 
Kent for the first time, in an area of windthrown Norway 
spruce and on nearby live standing trees. In accordance with 
regulations, an intensive programme of eradication activi-
ties began: delimitation-, aerial- and ground-based surveys; 
wider environment monitoring with pheromone traps; and 
the establishment of a demarcated area (initially covering 
parts of Kent and East Sussex, but subsequently expanded) 
to limit movement of susceptible Picea material within or 
out of the region (Plant Health England 2019).

All recent incursions of I. typographus identified in south-
ern England have been small, and geographically isolated 
populations exhibiting one or more breeding galleries. This 
study aims to test the hypothesis that these incursions result 
from natural long-distance dispersal from a large population 
reservoir in continental Europe, rather than originating from 
imported, infested host material.

Methods

Site design and selection

The trap networks set up in this study were designed to 
test the hypothesis of a large population reservoir of highly 
mobile Ips typographus, centred around an outbreak hot-
spot and dispersing outwards (including across the channel) 
at distances proportional to the reservoir size. Pheromone-
baited bottle traps were deployed along a series of transects 
in France, England and Belgium, to monitor the presence 
of I. typographus, as used in previous bark beetle surveys 
(Franklin et al. 2000; Piel et al. 2005; Meurisse et al. 2008). 
The continental transects originated in hotspots in France 
(2021 and 2022) and Belgium (2022 only) and were oriented 
north-west to end at the channel coast. An additional tran-
sect in France was arranged parallel to the coastline in the 
Pas-de-Calais region. In southern England, transects were 
arranged parallel to the channel coast (2021 and 2022), with 
a larger geographic span in 2022 to determine whether dis-
persal activity was concentrated near the narrowest part of 
channel, or could be detected more widely (Fig. 1).

The 2021 trap network was arranged as follows:

1. An inland French transect originating at Revin, 
Champagne-Ardenne region, and extending 230  km 
north-west to the channel coast (11 sites; A-K, Fig. 1). 
Revin is located in the south-west of a densely planted 
spruce growing region (Ardenne forest) extending across 
southern Belgium to Germany. Large populations of Ips 
typographus have developed in the area, resulting from a 
sequence of very dry and hot years, as confirmed by regu-
lar monitoring of beetles and records of associated dam-
age in France (Department de la Santé des Forêts) and 
Belgium (Observatoire Wallon de la Santé des Forêts).
2. A coastal French transect along the Côte d’Opale (Pas-
de-Calais), at the narrowest part of the channel, from 
Wimereux to Wissant (6 sites; L-Q).
3. Two parallel transects in England, each 25 km long 
and directly opposite the French coastal trapping sites 
and consisting of a ‘coastal transect’ originating at Dover 
(2021 sites 1–10, located 2.5 km from the sea on average) 
and an ‘inland transect’ (2021 sites 11–20, located 12 km 
from the sea on average).
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Each site along the French part of the network was 
selected to be as near as possible (c. 10—100  m) to a 
spruce or conifer woodland using the French national for-
est inventory, IGN (https://​inven​taire-​fores​tier.​ign.​fr/), and 
descriptions from the Museum National d’Histoire Naturelle 
(https://​inpn.​mnhn.​fr/​accue​il/​index). No conifer stands could 
be found beyond site K in the area of the coastal French sites 
(L-Q), so all traps at these locations were placed in open 
countryside. The 2021 English sites were all selected to be in 
open countryside (agricultural fields with scattered broadleaf 
woods and hedgerows), specifically avoiding any associa-
tion with conifer forest and any potentially undetected Ips 
populations. However, the presence of a mixed conifer forest 
containing Picea abies within the locality of the English 
transects (representing the nearest spruce woodland to the 
coast) was used as an opportunity to investigate how trap 
catches might be influenced by placement in a spruce wood-
land (2021 site #16).

The 2022 trap network was revised as follows:

1. An additional transect of 8 sites (R-Y, Fig. 1) was 
erected in Belgium to confirm the French trapping 
gradient detected in 2021. The 2022 Belgian transect 
began at Wyompont in the Belgian Ardenne region and 

proceeded parallel to the French transect, to the coast 
at De Panne. The 2022 French transects (17 sites, A-Q) 
remained the same as in 2021, though site P was relo-
cated slightly due to technical issues (indicated as site 
Pa / Pb in Fig. 1).
2. The English coastal transect was modified to extend 
more widely along the south coast (Fig. 1), to detect any 
dispersing beetles over a greater area. The east-coast 
section extended over 90 km of (straight-line) distance 
from Suffolk to south-eastern Essex (2022 sites 1–5), 
and the south-coast section extended over 400 km from 
Kent to eastern Cornwall (2022 sites 15–33). The 2022 
English coastal trapping sites were located on average 
8.3 km from the sea.
3. The English inland transect was modified to assess 
how far inland any incoming beetles could travel. The 
2022 ‘inland’ transect extended north-west from the 
Kent coast towards London (2022 sites 6–15), continu-
ing the direction of the French transect, and connecting 
the two parts of the coastal transect. Based on findings 
from 2021, all 2022 English trapping sites were chosen 
to be located adjacent to conifer forest (360 m on aver-
age), to increase the likelihood of detecting dispersing 
beetles.

Fig. 1   Location of Ips typographus trapping sites across France, Bel-
gium and England in 2021 and 2022. Transect details: red filled cir-
cles = sites active in 2021 only (England; France site Pa); red filled 
diamonds = sites active in 2021 and 2022 (France); red filled trian-
gles = sites active in 2022 only (Belgium, France site Pb). The inset 

map provides detail of the ‘coastal’ trapping sites on either side of the 
channel. The approximate local density of Picea spp. is illustrated by 
the shading (Brus et al. 2011), but as spruce coverage density was not 
included in our model, no density scale is provided

https://inventaire-forestier.ign.fr/
https://inpn.mnhn.fr/accueil/index
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Traps

Each trap was made from a PET 2-L commercial trans-
parent (soft drinks) bottle, cut longitudinally and turned 
upside-down to form a 21 × 13 cm interception pane, the 
inverted bottleneck serving as a collecting funnel connected 
to a 50-ml clear plastic sample container half-filled with 
propylene glycol (at 60% concentration) as a preservative. 
The lures consisted of an 8 × 6 cm polyethylene Ziplock bag 
(50 µm thick), containing a cellulose wick impregnated with 
80 mg of (S)-cis-verbenol (Merck, 95% purity) diluted in 
2 ml of 2-methyl-3-buten-2-ol (Merck, 98% purity), mimick-
ing the I. typographus aggregation pheromone. In a calibra-
tion experiment, a batch of ten lures exposed to a 0.05 m/s 
airflow at 20 °C ± 2 °C in a wind tunnel showed a steady dif-
fusion rate of 50–60 mg/day, over 29 days (Supplementary 
Material 1). Traps were fixed at a height of around 2–2.5 m 
to telegraph/electrical poles or non-coniferous trees, typi-
cally located along quiet lanes to provide accessibility while 
limiting any interference. Five bottle traps were deployed 
at each trapping site, preferably at least 10–20 m from each 
other, and facing random directions.

In 2021, the traps operated from late April in England/
mid-May in France to late September. In 2022, the revised 
transect operated from early April to mid-October in Eng-
land and mid-April to mid-September in France and Bel-
gium. All traps were emptied every 2–4 weeks in England 
and every 4 weeks in France and Belgium, and all lures 
were changed every 4 weeks. Collected beetles were counted 
individually when there were only a few individuals present 
in the traps, or their number was assessed by measuring the 
total volume of each trap collection in a graduated glass, 
after a careful calibration of this process.

Statistical analyses: Linear modelling of beetle trap 
captures

All statistical analyses were carried out in R (R Core Team 
2022).

To determine whether the coasts of England are within 
reach of dispersing individuals during outbreak periods, lin-
ear modelling was carried out to characterise the reduction 
of Ips typographus captures at increasing distances from the 
core outbreak area. For all models, the response was trap 
captures. Because the French/Belgian and English data were 
collected across different periods (Table 1), and because of 
differences in the site selection process between years, the 
data were analysed separately by region and year. The trap 
captures were visualised and examined in order to exclude 
apparently anomalous data that would unreasonably influ-
ence the models. Data from the French traps directly adja-
cent to the coast (Fig. 1, sites L-Q) were excluded because 
of a localised increase in captures, which may have been 

caused by low-flying beetles “touching down” to avoid flying 
over the sea. (No conifer woodlands are present in this area).

For the English data, only the months where more than a 
few beetles were caught were analysed (May and June 2021; 
May, July and August 2022; Table 1). Trap data from the 
single (unreplicated) mixed conifer site in 2021 (#16) were 
much higher than the other sites and were not included in the 
model (Table 1). For all models, the explanatory variables 
were distance to the most southerly point of the transect 
(nearest to the Ardenne spruce-growing region), collection 
period and the interaction between these. In 2021, the most 
southerly point was site A; in 2022, distance was calculated 
from a midpoint between sites A and R (Fig. 1). In England, 
distance to the nearest conifer forest, and its interaction with 
distance to site A and collection period, were also included 
as explanatory variables in each model. Distance to the near-
est conifer forest was not included as an explanatory variable 
because contrary to Britain where proximity to the stands 
might reinforce trap attractivity, the French/Belgian coni-
fer forests could at the same time be sources of beetles and 
attractors, with an unequal weight of both effects along the 
transects. All continuous explanatory variables were scaled 
and centred using the scale function. To account for spatial 
autocorrelation, a random effect of trap nested within site 
was fitted. In 2022, country identity (Belgium or France) 
was also included as a main effect, and a random effect of 
trap, nested within site, nested within country was specified.

For all of the datasets, in the first instance, generalised 
linear mixed-effects models with a Poisson distribution 
specified were fitted. Overdispersion, zero-inflation and 
residual fits were checked in the DHARMa package (Har-
tig 2022). If the data were zero-inflated, generalised linear 
mixed models using template model builder were fitted in 
the glmmTMB package (Brooks et al. 2017). If the residual 
plots suggested between-quantile variation in the residual 
versus predicted data, negative binomial models were fitted 
either within the glmmTMB or lme4 packages (Bates et al. 
2015). Final best-fit models were selected using Akaike’s 
information criteria (AIC) and the fit as indicated by the 
DHARMa residual plots. The significance of the explanatory 
variables was assessed using the ANOVA function within 
the car package (Fox and Weisberg 2019). The models were 
simplified by progressively removing the highest-order non-
significant interactions. Final best-fit models were selected 
using Akaike’s information criteria (AIC) and the fit as indi-
cated by the DHARMa residual plots. Model predictions of 
trap catch by distance to site A and collection period were 
made within emmeans (Lenth 2022); these were examined 
to determine the distance at which at least one beetle per trap 
was predicted (i.e. that dispersing beetles might be detected).
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Suitability of meteorological conditions 
for dispersal across the channel

To determine how many days were apparently suitable for 
beetle dispersal across the channel, meteorological data 
were inspected and systematically assessed. Daytime hourly 

temperature and wind speed/direction data were obtained 
from paired inland and coastal weather stations in Eng-
land (East Malling, north Kent and Langdon Bay, Dover) 
and France (Cambrai and Cap-Griz-Nez, Pas-de-Calais). 
Wind direction was plotted using the 'Arrowhead' function 
in the shape package of R (Soetaert 2021). The suitability 

Table 1   Collection periods and 
numbers of Ips typographus 
trapped by location

England 2021 catches from the spruce woodland (site #16, not included in model) are provided in brack-
ets. The English transects were modified for 2022, and beetles were trapped over a wider area (2022 sites 
#6–22; Fig. 1). French coastal trap catches are presented separately from the inland trap catches
FRA = France, BEL = Belgium, GB-ENG = England

Collection period and 
approximate month

Trapping dates Location Total catch per collection

1. May 2021 1–12 May 21 GB-ENG 0 (+ 0 site 16)
12 May–3 Jun 21 GB-ENG 36 (+ 14 site 16)

2. June 2021 1–21 Jun 21 FRA (inland) 19,062
FRA (coastal) 950

3–16 Jun 21 GB-ENG 114 (+ 459 site 16)
16 Jun–15 Jul 21 GB-ENG 0 (+ 23 site 16)

3. July 2021 22 Jun–22 Jul 21 FRA (inland) 6164
FRA (coastal) 0

15–28 Jul 21 GB-ENG 2 (+ 2 site 16)
4. August 2021 23 Jul–23 Aug 21 FRA (inland) 1702

FRA (coastal) 1
28 Jul–19 Aug 21 GB-ENG 2 (+ 1 site 16)

5. September 2021 24 Aug–20 Sep 21 FRA (inland) 454
FRA (coastal) 1

19 Aug–8 Sep 21 GB-ENG 0 (+ 0 site 16)
8–22 Sep 21 GB-ENG 1 (+ 1 site 16)

6. April 2022 8 Apr–4 May 22 GB-ENG 0
7. May 2022 19 Apr–20 May 22 FRA (inland) 9340

FRA (coastal) 18
BEL 4294

4–25 May 22 GB-ENG 10
8. June 2022 20 May–20 Jun 22 FRA (inland) 3435

FRA (coastal) 0
BEL 2707

25 May–8 Jun 22 GB-ENG 0
8–22 Jun 22 GB-ENG 2

9. July 2022 20 Jun–20 Jul 22 FRA (inland) 2840
FRA (coastal) 2
BEL 5944

22 Jun–14 Jul 22 GB-ENG 11
14 Jul–3 Aug 22 GB-ENG 50

10. August 2022 20 Jul–23 Aug 22 FRA (inland) 2032
FRA (coastal) 8
BEL 3318

3 Aug–1 Sep 22 GB-ENG 36
11. September 2022 23 Aug–21 Sep 22 FRA (inland) 461

FRA (coastal) 0
BEL 407

1 Sep–9 Oct 22 GB-ENG 0
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of prevailing wind conditions for cross-channel dispersal 
from the continent to the Kent coast was also assessed visu-
ally using average wind data from the Meteociel website 
(Fig. 2, Meteociel 2023). For each date, wind direction at 
10:00, 13:00 and 16:00 were examined, with each time-
point assessed as 'suitable' or 'not suitable' for assistance 
of cross-channel dispersal. Wind blowing from within the 
SE quadrant (between the east and south cardinal points) 
was deemed suitable to potentially assist dispersal across 
the channel. If two of the three timepoints were assessed as 
'suitable', the date was assessed as 'suitable'.

Results

2021 Dispersal: linear modelling of beetle trap 
captures

Dispersing Ips typographus were collected all along the 
2021 trapping transect, from the Ardenne region to the Eng-
lish coast. In both France and England, analyses showed 
more beetles were caught closer to Ardenne Site A (sites A 
and B collected over 16,000 beetles in 2021; Fig. 1), with 
abundance declining with increasing distance from this area 
(Table 2, Fig. 3). Both French and English beetle catches 
also varied by collection period, with a notable peak in June 

Fig. 2   Example wind chart 
showing prevailing wind condi-
tions assessed as suitable to 
assist dispersal of I. typogra-
phus across the English channel 
(Meteociel 2023)

Table 2   Significant explanatory 
variables in the minimal linear 
modelling of beetle trap catches

Model Explanatory variable Χ2 Df p

France 2021 Scale (distance to site A) 17.3 1  < 0.0001
Collection date 1090.0 3  < 0.0001
Scale (distance to site A): collection date 36.6 3  < 0.0001

England 2021 Scale (distance to site A) 10.8 1 0.001
Collection date 32.7 1  < 0.0001
Scale (distance to nearest conifer forest) 17.7 1  < 0.0001
Scale (distance to site A): collection date 5.2 1 0.022

France/Belgium 2022 Scale (distance to Ardenne midpoint) 33.9 1  < 0.0001
Collection date 364.5 4  < 0.0001
Distance to A: collection date 48.1 4  < 0.0001

England 2022 scale (distance to Ardenne midpoint) 5.7 1 0.017
Collection date 21.7 2  < 0.0001
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2021 followed by considerably lower abundance (Table 1); 
the slope of the fitted model also varied by collection period 
(Table 2, Fig. 3). The French data were best described by a 
negative binomial distribution which allowed for zero infla-
tion (more zeroes than would be expected within the fitted 
distribution), varying by collection period; the English data 
were best described by a Poisson distribution. Proximity to 
conifer woodland strongly increased beetle numbers col-
lected in England (Table 2). This was most apparent at the 
2021 spruce woodland site #16, which collected 75% of the 
665 beetles trapped in England in that year (Table 1, site #16 
data not included in the analysis), and further illustrated by 
2021 site #7, located adjacent to a mixed woodland, which 
collected twice as many beetles (57 in total) as any other 
‘open-country’ site.

In June 2021, the French model predicted that the mean 
distance from Site A at which a single trap would catch at 
least one beetle was 427 km (Table 3); the English coast-
line is ~ 265 km from site A, well within this predicted dis-
persal distance. For the other 2021 collection periods, the 
mean predicted distances for catching at least one beetle 
were slightly below 265 km, but with upper confidence lim-
its suggesting that some beetles should still be caught in 

England, although in lesser numbers. The model predictions 
thus correlate well with the actual catches seen in England; 
many more beetles were caught in June, very few in July 

Fig. 3   Predictions of trap 
catches with distance from tran-
sect origin, based on the France 
2021 model. (transect ori-
gin = Site A, Ardenne forest; see 
Table 2 for model details). Solid 
line = mean model predictions; 
grey ribbon = 95% confidence 
intervals; arrow (↑) = shortest 
distance to English coastline 
from site A (265 km). Model 
includes French data only; 
points denote both French 
(FRA) and English (GB-ENG) 
raw trap catch data from the col-
lection periods specified, where 
at least one beetle was trapped. 
The x-intercept is the distance at 
which the model-predicted trap 
catch = 1

Table 3   Model-predicted distance from transect origin (2021: site A; 
2022: midpoint of sites A and R) at which one beetle would be caught 
per trap, with 95% lower and upper confidence limits (LCL and UCL)

Collection periods for which the mean distances exceed 265  km in 
2021, and 283  km in 2022 (the shortest distance from the source 
point of the transects to the English coastline), are indicated (*), sug-
gesting a high likelihood of dispersing beetles reaching England

Collection Mean (km) LCL UCL

June-21* 427 321 735
July-21 259 215 315
Aug-21 249 195 380
Sep-21 245 174 591
May-22* 290 244 375
Jun-22 213 188 252
Jul-22* 300 247 408
Aug-22* 303 244 439
Sep-22 206 169 284
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and August, and none at all in September when numbers 
collected in France were lowest (Table S1; Fig. 3).

2021 Dispersal: suitability of meteorological 
conditions for dispersal across the channel

Dispersing Ips typographus were first collected in traps in 
southern England in late May/early June 2021 (Table 1). 
This relatively late dispersal flight reflects a prolonged and 
cool spring that year, in which daytime temperatures only 
rose above the flight threshold temperature of I. typographus 
(16.5 °C; Wermelinger 2004) for the first time at the end 
of May (Fig. 4). Coincident with the rising temperatures, 
the prevailing wind direction shifted, so that from approxi-
mately 28 May through 2 June it blew from a direction suit-
able for cross-channel dispersal from the Continent (Fig. 4). 
Ips typographus adults were observed landing on English 
coastal traps during the 3 June collection, and the great 
majority of individuals were trapped during the following 
collection period (to 16 June) including at every French site 
and at 18 of the 20 English sites (Table 1, Fig. 3).

2022 Dispersal: linear modelling of beetle trap 
catches

In 2022, more beetles were again caught closer to the 
Ardenne forests (midpoint between Sites A and R) on all 
transects (French, Belgian and English), and the number 

of beetles caught varied with collection date (Table 2, 
Fig. 5). The slope of the fitted model varied by collection 
date in Belgium and France, but not in England (Χ2 = 1.15, 
df = 2, p = 0.56, maximal model (all explanatory factors 
included) for England, 2022) (Table 2). Country (Belgium 
or France) did not affect beetle catches (Χ2 = 0.04, df = 1, 
p = 0.84, maximal model for Belgium and France, 2022), 
suggesting similar numbers were caught in both (sites A 
and B (France) collected > 13,000 beetles, and R and T 
(Belgium) collected > 9000). In England, proximity to 
conifer forest did not influence trap catches (Χ2 = 0.93, 
df = 2, p = 0.34, maximal model for England, 2022); in 
2022, all sites were selected to be close to coniferous 
woodland (Table 2). As in 2021, the continental data were 
best described by a negative binomial distribution, and the 
English data were best described by a Poisson distribution.

In 2022, the French/Belgian model predicted that the 
mean trap catch at the English coastline would be greater 
than one beetle in May, July and August (Table 3). As 
in 2021, these Continental model predictions correlate 
strongly with the catches seen in England, with more bee-
tles caught in the English traps in these months (Table 1, 
Fig. 5). In 2022, beetles were collected in English sites 
6–22 only, typically in small numbers (mean 3.5 beetles 
per ‘positive’ site), with 108 beetles collected in total.

Fig. 4   Daytime weather condi-
tions (10.00—19.00) at coastal 
(Cap Gris Nez and Langdon) 
and inland (Cambrai Epinoy and 
East Malling) weather stations 
in England and France during 
the May–June 2021 collection 
periods. Daytime maximum 
temperatures are presented, and 
prevailing wind direction is 
displayed by directional arrows 
(‘north up’) with mean wind 
speed (km/hour). The dotted 
line indicates the minimum 
flight threshold temperature 
of Ips typographus. A green 
background indicates dates at 
which the prevailing wind direc-
tion and daytime temperature 
appeared suitable for cross-
channel dispersal from northern 
France and Belgium to the Kent 
coast (Meteociel 2023)
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2022 Dispersal: suitability of meteorological 
conditions for dispersal across the channel

Weather conditions (wind and temperature) were assessed as 
suitable for cross-channel dispersal for several days in each 
of these three collection periods; wind direction appeared 
particularly suitable in August (Fig. 6).

Discussion

Evidence of cross‑channel dispersal

This study provides the first evidence that the highly dam-
aging bark beetle Ips typographus can naturally disperse 
across the English channel from continental Europe and 
indicates that this is the likely pathway for numerous new 
incursions (localised breeding populations) of this pest 
recently detected in southern England. Adult I. typographus 
have been collected annually since 2019 in pheromone traps 

across Kent and neighbouring counties as part of a monitor-
ing programme of spruce woodlands in England (Blake et al. 
2024), but the origin of those individuals was initially uncer-
tain, and only one population of the pest (undergoing eradi-
cation, Blake et al 2024) had been found prior to 2021. By 
trapping beetles simultaneously on both sides of the channel, 
coincident with suitable weather conditions and a large-scale 
dispersal event in June 2021 centred on the Ardenne region, 
we may be confident that dispersal has occurred across the 
channel. Simultaneous detections of I. typographus were 
also made at this time across southeast England by the moni-
toring programme (Blake et al. 2024). Since June 2021, at 
least 27 individual incursions of I. typographus have been 
detected in Kent, Sussex and Surrey (Defra 2023a) as small 
and isolated populations exhibiting one or more breeding 
galleries on Norway spruce trees (typically windthrown or 
snapped tops). Based on the extent and age of gallery for-
mation, all incursions were concluded to have been initi-
ated during the same June 2021 dispersal period. Eradica-
tion measures have been applied to each incursion detected, 

Fig. 5   Predictions of trap catches with distance from transect origin, 
based on the France/Belgium 2022 model. (transect origin = midpoint 
of sites A and R, Ardenne forest; see Table 2 for model details). Solid 
line = mean model predictions; grey ribbon = 95% confidence inter-
vals; arrow (↑) = shortest distance to English coastline from midpoint 

between site A and site R (283 km). Model includes French and Bel-
gian data only; points denote French (FRA), Belgian (BEL) and Eng-
lish (GB-ENG) raw trap data from the collection periods specified, 
where at least one beetle was trapped. The x-intercept is the distance 
at which the model-predicted trap catch = 1
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requiring considerable resources. It is noteworthy that only 
5 days were assessed as suitable for dispersal during that 
critical period (Fig. 4), and that a longer window of oppor-
tunity might have led to even more localised establishments.

The number of beetles dispersing into England in June 
2021 appears to have been especially high, driven by a long 
cold spring resulting in a tight synchrony of beetle flight, 
exceptionally large populations in northern France and Bel-
gium, and favourable wind conditions, and is evidenced 
by the observed gradient of abundance from the Ardenne 
to England. There is good agreement between the predic-
tive modelling generated by the continental data and the 
observed trap catches in England, and it suggests addi-
tional cross-channel dispersal occurred later in 2021 and 

throughout summer 2022, albeit at a reduced scale. A small 
number of the beetles trapped in England in 2022 may how-
ever be offspring of individuals that established in 2021, 
although no incursions were detected within at least 5 km 
of the trapping sites.

Ips typographus therefore seems able to disperse over 
considerably longer distances than have been previously 
recorded. Modelling suggests the beetle population could 
have dispersed over 400 km in June 2021, potentially allow-
ing beetles to penetrate hundreds of km into central England 
(Table 3), although the channel could be expected to act as a 
filter, reducing numbers that ultimately arrived in England. 
This risk is reflected in the northward's expansion of the Ips 
typographus demarcated area, based on captures by wider 

Fig. 6   Daytime weather conditions (10.00–19.00) at coastal (Cap 
Gris Nez and Langdon) and inland (Cambrai Epinoy and East Mall-
ing) weather stations in France and England during the May–August 
2022 collection periods. Daytime maximum temperatures are pre-
sented, and prevailing wind direction is displayed by directional 
arrows (‘north up’) with mean wind speed (km/hour). The dotted line 

indicates the minimum flight threshold temperature of Ips typogra-
phus. A green background indicates dates at which the prevailing 
wind direction and daytime temperature appeared suitable for cross-
channel dispersal from northern France and Belgium to the Kent 
coast (Meteociel 2023)
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environment traps (Defra 2023a). Movement over such 
distances would certainly require wind assistance, poten-
tially by lofting insects to higher altitudes, or perhaps by a 
step-like progression of insects over a few days. The wind 
measurements used in this study are recorded at 10 m above 
ground level, but wind movements above the lowest atmos-
pheric surface layer might display very different patterns. 
Dispersal by I. typographus has been considered to typically 
occur over short distances, with few individuals recorded 
flying more than around 500 m (e.g. Wichmann and Ravn 
2001; Kautz et al. 2011). Long distance dispersal by bark 
beetles has proved difficult to quantify, though migration of 
around 43 km has been previously recorded (Nilssen 1984). 
Forsse and Solbreck (1985) calculated that some 10% of I. 
typographus individuals flew above the forest canopy and 
measured in a flight mill that some of them can fly for 2 h 
or more. Such individuals would be potentially available to 
be semi-passively carried by the wind over long distances.

The better fit of a negative binomial distribution, rather 
than a Poisson distribution, to the French and Belgian 
data is indicative of more variable trap catches there than 
in England. Local contributions to the pool of dispersing 
bark beetles from the eastern part of Belgium and France 
may be contributing to continental catches, as opposed to in 
England, where the individuals arriving from the continent 
would become more diluted at increasing distances.

Mechanisms of long‑distance dispersal

Robust evidence demonstrating the dispersal of insects 
across the barrier of the English channel remains limited, 
although the agricultural pest Autographa gamma (silver Y 
moth) undoubtedly utilises high-level airstreams to colonise 
the UK each spring (Chapman et al. 2012). Considering that 
trillions of insects are taken by the wind at high altitude 
(Hu et al. 2016), such rarely studied events are likely to be 
more common than suspected. Modelling of atmospheric 
conditions associated with the arrival of the invasive Har-
lequin ladybird, Harmonia axyridis (Siljamo et al. 2020) 
and the Culicoides midge vectors of Bluetongue animal 
disease virus (Burgin et al. 2017) indicates that air tempera-
ture, wind direction and wind speed were likely important 
in assisting their dispersal across the channel, as seems to be 
the case for I. typographus. Atmospheric trajectory analyses 
have been recently performed to demonstrate that Spodop-
tera frugiperda (fall armyworm) which arrived in Africa 
in 2016 could potentially use high-altitude air currents to 
move from North Africa to Europe (EFSA et al. 2018). This 
damaging crop pest has now been detected in Greece for the 
first time (EPPO 2023).

Ips typographus is readily moved in infested spruce 
material and is one of the most intercepted pests world-
wide. Turner et al. (2021) record 727 interceptions of I. 

typographus between 1995 and 2019 at entry points across 
the world, making it the 8th most intercepted Scolytinae. 
Ward et al. (2022) report 505 interceptions between 1914 
and 2008 at ports in 22 US states. It could be argued that the 
establishment of breeding populations in England validates 
the link proposed between 'propagule pressure' (as reflected 
by the frequency of such interceptions) and the successful 
establishment of a non-native pest (Brockerhoff et al. 2014). 
Propagule pressure is broadly defined as a measure of the 
number of non-native individuals introduced to a new area 
(e.g. via an infested shipment) and the number of such intro-
duction events (Lockwood et al. 2005). Yet the extremely 
high interception rates of I. typographus contrast with a total 
absence of recorded establishments in all these areas, includ-
ing until recently, Britain.

The failure of I. typographus to establish has been attrib-
uted to Allee effects, including a requirement for aggregation 
and a sufficiently large number of individuals to overcome 
the resistance of live host trees (Pureswaran et al. 2022; 
Ward et al. 2022). Yet field observations tell us that at low 
population densities, I. typographus would rather attack 
fallen trees than standing trees (Kausrud et al. 2011), and we 
also know that single females can establish a new brood on 
their own (Dacquin et al. 2023), a phenomenon which may 
be a factor in the recent incursions in England. Therefore, 
invoking propagule pressure and Allee thresholds necessary 
to overcome a living tree could be insufficient, and a closer 
look at these factors could provide useful insights. Rather 
than considering propagule size and number, beetle density 
or flow between the source and the recipient area might be 
a suitable metric to quantify propagule pressure for Britain. 
A similar example of wind-assisted long-distance disper-
sal was seen during a period of huge population expansion 
of mountain pine beetle Dendroctonus ponderosae (MPB), 
which successfully dispersed over the Rocky Mountains (de 
la Giroday et al. 2012) and was measured by Jackson et al. 
(2008) using an aerial drogue net. They calculated a mean 
density of 4,950 (18,600 maximum) beetles/ha, flying up 
to 800 m above the canopy and covering 30–110 km/day. 
The local density of I. typographus flying in a clearcut area 
has been estimated to be as high as 9000 individuals/ha in 
Sweden (Byers et al. 1989; Byers 1996), using passive sticky 
traps. The likely flow over the channel hypothesised here 
remains to be measured, however a 'rain' (sensu Simberloff 
2009) of incoming beetles that could consolidate an attack 
on suitable host material appears to be the most likely sce-
nario explaining how I. typographus established a breeding 
population in southern England. The very large dispersal 
distances recorded and modelled in this study must be inti-
mately linked to the enormous source populations of the 
beetle (e.g. Hlásny et al. 2021). Outbreaks in southern Bel-
gium and northeast France, the likely source region of the 
beetle, have killed over 23,600 ha of spruce forest between 
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2017 and 2022 (Gilles et al. 2023 preprint). Even a very 
small proportion of long-distance dispersers amongst such 
enormous I. typographus populations as are currently pre-
sent in continental European forests would represent a large 
potential pool to take advantage of wind-assisted spread. 
Formal proof of I. typographus dispersal over the English 
channel might be provided by employing different methods 
with variable efficacy. The aerial capture technique used for 
MPB (Jackson et al. 2008) could be replicated, and though 
the dilution effect along the dispersal pathway would make 
this challenging, an understanding of the density and alti-
tude reached by beetles above an outbreak area would be 
informative for modelling wind-assisted dispersal. Genetic 
analysis of the English incursions is underway (de Becque-
vort et al. in prep), but resolution may be limited by the weak 
population structure of I. typographus (even over several 
hundred km), due to its high dispersal capacity (Ellerstrand 
et al. 2022). This also proved a limiting factor for initial 
analyses of stable isotopes. A recent study on I. typographus 
using a Scheimpflug lidar offers new prospects for the long-
distance detection of beetles flying at high altitude (Li et al. 
2021). This could complement the use of the meteorologi-
cal or entomological radars used so far (Jackson et al 2008; 
Chapman et al. 2012).

Implications of cross‑channel dispersal 
by a damaging pest

Critically, this study illustrates that the geographical isola-
tion of the British Isles is unlikely to protect it from fur-
ther establishments of I. typographus. This has important 
implications regarding Britain’s Pest Free Area status and 
policy for managing both the pest and its spruce forests. 
A key objective is to prevent the permanent establishment 
and spread of I. typographus, particularly to major spruce-
growing areas in Wales, northern England and Scotland. 
The scale of future incursions is likely to vary according to 
the size of the European source populations, the prevailing 
wind direction during the main periods of dispersal, and 
the presence and abundance of susceptible Picea in south-
ern England. An early warning system for future large-scale 
dispersal events might be developed based on these factors, 
and this study demonstrates the advantages of coordinated 
trapping on either side of the channel. The surveillance pro-
gramme in Britain would benefit from linking with moni-
toring work conducted on the Continent (e.g. DSF 2022). 
Wider knowledge of population size, flight activity, and 
prevailing weather conditions could be used to predict high 
risk periods for Britain and validated through the surveil-
lance trapping. In addition, encouraging rapid removal of 
susceptible material (such as recent wind-throw and felled 
timber), and localised sanitation felling (with emphasis 
on poor-growing or water-stressed stands) are important 

elements of a longer-term strategy to manage I. typogra-
phus in Britain. The severity and scale of I. typographus 
outbreaks across central Europe provide a worrying back-
drop to the detections of the beetle in Britain, so that a shift 
away from planting and growing spruce in southern England 
is now being considered.

Strikingly, most of the other non-native forest pests to 
have recently invaded Britain also first established in south-
east England, presumably assisted by warmer summer 
temperatures prevalent there, and correlated with the large 
human population. Assumed pathways of introduction into 
this region include movement with imported plants for plant-
ing (e.g. eggs of oak processionary moth Thaumetopoea pro-
cessionea; Townsend 2013), in wood products (e.g. Asian 
longhorn beetle Anoplophora glabripennis and the ambrosia 
beetles Xylosandrus germanus and Gnathotrichus materi-
arius; Straw et al. 2015, Inward 2020), and even transporta-
tion by vehicle (e.g. horse-chestnut leaf miner Cameraria 
ohridella either as free adults or pupae in leaves; Straw and 
Bellett-Travers 2004). However, the findings of this study 
suggest that aerial dispersal should also be considered as 
a pathway for insect pests. For example, recent detections 
including Oriental chestnut gall wasp Dryocosmus kuriphi-
lus and Colorado potato beetle Leptinotarsa decemlineata 
(Defra 2023b) may both have resulted from the natural 
spread of European populations (e.g. Hurst 1970). The rela-
tively cool British summer climate, rather than the barrier 
of the channel, may have precluded the establishment of 
many thermophilic insects in the past, but this protection 
may be eroding under the increasingly warm summers being 
observed in England (Met Office and climate series 2023). 
Horizon scanning for other plant pests which might aerially 
disperse across the channel would seem a valuable exercise 
to inform UK plant health policy and surveillance strategies.
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