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The large pine weevil Hylobius abietis is a serious pest of
reforestation in Ireland. Adult weevils cause damage by
feeding on the bark of young trees, both coniferous and
deciduous. By eating around the stem, or “ring-barking”,
they can kill up to 100% of unprotected trees. Conifer
stumps remaining on clear-felled sites are ideal breeding
material for this weevil and adult weevils emerging from
these stumps attack the newly planted trees. Thus, pine
weevil is a pest wherever conifer plantations are
clearfelled and sites replanted with any trees. 

EX
EC

TIV
E S

U
M

M
A

R
Y

Nearly 11% of the land of Ireland is afforested and national policy is to encourage
afforestation to reach a target of 17% by 2030. In Ireland, the vast majority of
forest stands are managed under the clearfell and replant system and it is a
condition of felling licences that sites must be replanted.  Most of the State forests
which were established since the 1920s are in the reforestation phase.
Increasingly, plantations in the private and farm forestry sector are coming up to
felling and restocking in the next ten years. Approximately 10,000 ha of forests are
felled and restocked annually, of which about 80% is Coillte and 20% is in the
private sector. This is expected to increase to 16,000 ha per annum (50% state
and 50% private). An increase in felling and replanting will increase the pine
weevil problem. This increase in the scale of the pine weevil problem comes at a
time when practices are changing with regard to chemical pesticides- the main
weapon in the fight against pine weevil. 

Seedlings on sites judged to be at risk from pine weevil are routinely treated with
chemical insecticides. Products available for this purpose are subject to constant
revision by the regulatory authorities and by bodies responsible for the certification
of forests as according with the principles of Sustainable Forest Management
(SFM). Moreover, in line with the EU Sustainable Use of Pesticides Directive (and
national policy), reliance on chemical pesticides should be reduced, while
Integrated Pest Management (IPM) should be promoted. In IPM, insecticides
should be used in combination with other approaches, including cultural practices,
physical barriers and biological control, together with some form of decision
support system to select the most appropriate strategy or strategies for use at a
particular site. This report reviews practices currently in use against pine weevil in
Ireland (primarily in Coillte estate, where the pest is an established problem) as
well as practices used or trialled elsewhere in Europe.  
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Ensure effective supports (financial/other) for field trials of promising products
or approaches in Ireland
Support for novel alternatives from fundamental research to commercial
development, especially where novel solution may have export market
(DAFM/other state funding including Enterprise Ireland)
Validate and refine Coillte’s existing decision support system, and evaluate for
use in the private sector 
Consolidate knowledge of pine weevil population dynamics in Ireland,
including regional trends and patterns, taking into account future climates;
probability and distance of weevil flight is a key concern
Revisit the UK HMMs system or develop a predictive model for pine weevil in
Ireland. Stump hacking should be incorporated as a base-line
Ensure knowledge transfer to the private sector, including one-day training
sessions for private forestry consultants and updating the Teagasc booklet
(produced in 2020) as required
Establish a national Hylobius interest group with representatives of key
stakeholders such as ITGA, Coillte, Teagasc and DAFM (including Forest
Service and PCS)
Consolidate information on Hylobius populations, risk factors and mitigation
strategies (such as biomass removal) from end-users. The value of anecdotal
reports could be enhanced by incorporation into a centralised system. Feeding
user experience back into a national management/forecasting system would
validate and improve the system. 

Recommendations 

1.

2.

3.

4.

5.

6.

7.

8.
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Coillte uses a weevil management decision chart in which risk from pine weevil on
a site is assessed by a combination of “stump hacking”, which gives a measure of
the pine weevil population developing on site, along with consideration of other
site factors such as species of previous crop and proximity to other clearfells. Non-
pesticide options that are used include early planting, use of more vigorous
planting stock, mounding and feeding barriers. The measures adopted by Coillte
are also recommended by Teagasc for use by private forestry. This report reviews
methods that have been tested both in Ireland and in Europe. Measures that are
successful elsewhere may not work as well in Ireland, due to differences in weevil
population size and behaviour, and to differing silvicultural practices. 
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1.INTRODUCTION 

1.1 Pine weevil as a pest

The large pine weevil Hylobius abietis is a serious pest of reforestation in
Ireland. Adult weevils cause damage by feeding on the bark of young trees, both
coniferous and deciduous. By eating around the stem, or “ring-barking”, they can
kill up to 90% (average 50%) of unprotected seedlings (Heritage & Moore, 2001).
Conifer stumps remaining on clear-felled sites are ideal breeding material for this
weevil and adult weevils emerging from these stumps attack the newly planted
trees. Thus, pine weevil is a pest wherever conifer plantations are clear-felled and
sites replanted with any trees.  

1.2 Biology of the pine weevil

The large pine weevil (Figure 1) occurs naturally in coniferous and mixed forests
over much of Europe and Asia (Leather et al., 1999). In standing forests, adult
weevils feed on branches and roots, but damage is minor relative to the size of
mature trees and is therefore not considered a problem. Larvae feed on the roots
of dying or recently dead trees. When a standing forest is clear-felled, adult pine
weevils are attracted by the smell of recently felled conifer stumps, and colonise
the clear-felled site from nearby standing forests or older clearfells. Here, adults
feed on any fresh woody material available including any newly planted seedlings,
and lay eggs into or close to the stumps and roots of the felled trees (Nordlander
et al., 1997). 

The oviposition (egg laying) period is mostly from mid-May to early June, but can
extend until September (Leather et al., 1999). Larvae feed under the bark, both
above ground and at depths of up to a metre underground. The duration of weevil
development from egg to adult ranges from one to four years, depending mainly
on temperature but also on the species of the stump.  In most parts of its
distribution including Ireland, the life cycle from egg to egg takes two years
(Inward et al., 2012). On the other hand, in warmer conditions (such as the south-
east of England), the life cycle can be completed within a year (univoltine). It is
expected that with climate change, the regions in which the pine weevil is
univoltine will increase (Wainhouse et al., 2014). 
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Most adults eclose (develop from pupae) in the late summer following the year in
which the egg was laid (Leather et al., 1999). Some adults make their way to the
surface directly after eclosion and feed (autumn feeding) before overwintering,
whereas some stay underground and overwinter directly. Adult pine weevils
overwinter in the soil and resume activity in the spring when temperatures reach 8-
9°C. During spring, the adults have a period of maturation feeding (spring
feeding). It is also during or just before this time that long distance migration by
walking or flight takes place. Conifer stumps on clear-fell sites are ideal breeding
material - a stump can contain up to 300 larvae (Dillon and Griffin, unpublished
data) - and the quantity of accessible material leads to high population densities.
Stumps can remain suitable for weevil development for up to 5 years. Once
established on a breeding site, adult weevils feed through the warm parts of the
year, which can be from March until November. Due to periods of migration and
emergence during the weevil’s life cycle, the main damage periods are in spring
and autumn (Figure 2). 

Figure 1. Stages of the pine
weevil life cycle. Upper: adult;

lower (left to right): larva,
pupa, newly developed adult,

adult).  Adults are 8-14 mm
long and are black or brown-

black with yellow spots and
bands on the elytra and

pronotum. In older adults the
yellow “hairs” can be worn

down and difficult to see.
Eggs (not shown) are white.
The larvae are yellow-white

with a broad brown head and
no legs. Larval development

includes four larval moults
before pupation
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1.3 Irish forestry in the context of pine weevil

Nearly 11% of the land of Ireland is afforested (over 770,000 ha in 2017 (Forest
Service, 2018)) and national policy is to encourage afforestation to reach a target
of 17% by 2030.In Ireland, the vast majority of forest stands are managed under
the clearfell and replant system with a standard forest rotation of 40-50 years; it is
a condition of felling licences that sites must be replanted. As described above,
pine weevils are attracted to these clearfell areas creating habitat conducive to
high density populations. Most of the State forests, which were established since
the 1920s, are in the reforestation phase. Increasingly, plantations in the private
and farm forestry sector planted in the 1990s, where the majority of the growth is
taking place, are coming up to felling and restocking in the next ten years.
Approximately 10,000 ha of forests are felled and restocked annually, of which
about 80% is Coillte and 20% in the private sector. This is expected to increase to
16,000 ha per annum (50% state and 50% private). An increase in felling and
replanting will increase the large pine weevil problem: more felled stumps mean
more breeding material and more replanted seedlings means potentially more
damaged seedlings. Conifer species (mainly Sitka spruce) are the dominant
species present, representing 71.2% of the stocked forest area (Forest Service,
2018). Although only conifers support pine weevil development, the pest attacks
all woody species. Thus, pine weevil poses a significant threat to Irish forestry,
and the extent of the weevil problem will expand at the same time as existing
chemical controls are withdrawn. Unlike state forestry, the private forestry sector
has limited experience of dealing with large pine weevil, and so its increasing
importance of for the private sector creates a need for strategy and information
dissemination about this pest.

Figure 2. Schematic life cycle and population dynamics of pine weevil on a clear-fell site
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Ireland is committed to Sustainable Forest Management (SFM).The Irish
National Forest Standard outlines the basic criteria and indicators relating to the
implementation of SFM. More specifically, Forest Protection Guidelines, which
apply to all grant-aided projects and to all activities associated with a felling
license in Ireland, set out the practical measures based on the principles of SFM
and include a list of measures for prevention and control of the large pine weevil.
For assessment at the local level, various independent and privately run schemes
of forest certification have been developed. The main independent SFM
certification schemes operating in Ireland and other European countries are The
Forest Stewardship Council (FSC) (www.fsc.org) and The Programme for the
Endorsement of Forest certification schemes (PEFC)(www.pefc.org).
Coillte forests are both FSC and PEFC certified. Private owners are increasingly
interested in certification, with group certification the main option as certification
costs are shared amongst many forest owners. There are many Forest Owners
Groups active in Ireland, set up and/or supported by Teagasc. The move towards
certification is driven by market demand as it is increasingly difficult for Irish
sawmills to export uncertified timber (Teagasc, 2021).

Currently the main approach to prevent pine weevil damage in Ireland is to use
chemical insecticides (Section 3). However, there are increasing concerns for
human health and natural ecosystems from the use of chemical insecticides 
 (Anonymous, 2015; Forest Stewardship Council Sweden, 2014). Alternatives for
plant protection products are needed, as according to the Sustainable Use of
Pesticides Directive (SUD;2009/128/EC) and the Irish National Action Plan on the
SUD (DAFM, 2019) reliance on chemical pesticides should be reduced while
integrated pest managements (IPM) should be promoted. 

1.4 Integrated Pest Management

Integrated Pest Management (IPM) is an effective and environmentally sensitive
approach to pest management that takes the ecology of the pest species into
consideration. Information on pest biology, in combination with available pest
control methods, is used to manage pest damage by the most economical and
environmentally sensitive means, and with the least possible hazard to people,
property and the environment. In IPM all possible options including cultural
practices, biological control, application of pesticides and physical protection are
taken into consideration. Depending on the specific properties of each site, and
with the help of decision support tools, appropriate protection methods and their
timing can be selected. Based on knowledge about the life cycle of the pest,
application of e.g. pesticides can be reduced to times when the insects are most
vulnerable to it.
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Ideally, pesticide-free management for pine weevils would be reached in the future
and progress towards this goal has been made in Sweden (Forest Stewardship
Council Sweden, 2014, 2018; Jägestedt, 2019). However, due to a higher
estimated level of pine weevil population in Ireland and the UK (Willoughby et al.,
2017), it is unlikely that the same progress can be made in these islands, and
chemical insecticides will probably still be economically necessary as part of IPM
for pine weevil.

IPM for pine weevil: current practice in Irish forestry

Coillte has implemented steps towards the use of IPM methods in state forests
(Anonymous, 2016). Alternative methods to pesticides are considered based on a
“Weevil management decision chart” (Figure 4) before any action is taken
(Anonymous, 2016). To inform the decision, “Stump hacking” is used to predict the
likely weevil pressure on a site.  Non-pesticide management options that are used
include early planting, use of more vigorous planting stock, mounding and feeding
barriers. Where insecticide use is indicated, dipped plants are used followed by
top-up sprays if required based on the results of stump hacking and crop
monitoring. New approaches are constantly tested and evaluated for incorporation
into IPM (Anonymous, 2016). The Irish Forestry Unit Trust adopts a similar
approach in its forests and includes planting higher tree numbers initially, to
absorb moderate weevil mortalities (Anonymous, 2016). The measures adopted
by Coillte are also recommended by Teagasc for private forestry (Teagasc, 2020).
Each of these approaches is explained in more detail later in this document. 

IPM for pine weevil in the UK

Extensive research has been undertaken on the large pine weevil in the UK by
Forest Research, resulting in a number of useful “Information Notes” on pine
weevil (Heritage & Moore, 2001; Moore, 2004; Wainhouse et al., 2007) and, more
recently, a comprehensive document entitled “Interim guidance on the integrated
management of Hylobius abietis in UK forestry” by (Willoughby et al., 2017). This
report should apply largely to Ireland, though pertinent ways in which silviculture
differs between UK and Ireland should be noted: (1) There is less regional
variation in the life cycle duration in Ireland with less likelihood of univoltine cycles
compared to the UK. (2) Nursery treatments with insecticides in the UK are by
spraying the seedlings, whereas in Ireland the seedlings are dipped. (3) A fallow
period of at least five years is discussed as an option in the UK, but in Ireland, the
felling licence limits the fallow time. (4) The Hylobius Management Support system
used in the UK to predict pine weevil pressure on a clearfell site was not found
suitable for use in Ireland. 
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1.5 Aim of this report

This report compiles information on protection methods against the pine weevil
that were, are or could be considered in Ireland. Many different approaches to
prevent pine weevil damage have been developed in a variety of European
countries. Due to differing climate condition and/or silvicultural methods, protection
methods developed elsewhere must be evaluated under the specific
circumstances of each country’s forestry. 

This report includes protection methods that are described in the scientific and
grey literature with the addition of stakeholder experience. As well as successful
approaches, we include methods that were not successful in other countries, as
some of these approaches might depend on environmental conditions. The
inclusion of unsuccessful methods provides a record of what has been tried, so
unnecessary repetition is avoided, as well as inspiration for new approaches. 

The protection methods in this report are structured into the four categories
“cultural”, “chemical”, “biological” and “physical” methods. These are followed
by a section on decision support tools, which can be used to inform the choice of
whether and which protection to employ. 
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2.SITE FACTORS AND SILVICULTURAL METHODS INFLUENCING THE
LARGE PINE WEEVIL

Cultural methods of plant protection are practices that either avoid high levels of
pest infestation or develop conditions that are unfavourable for the pest. In the
case of pine weevil, this includes silvicultural measures adopted mainly in regard
to pine weevil (such as “hot planting” of plants with large root collar diameter). In
this section we also include factors that influence the risk of pine weevil and can
be taken into account when assessing the risk of damage on site, and hence the
appropriate mitigation strategy (see Figure 4).

Table 1: Summary of site factors/silvicultural methods that increase and decrease the risk of pine
weevil damage

Factor Increaed Risk Decreased Risk 

Soil Type Peat
Mineral; scarification,

mounding

Felled Crop Conifer, especially pine Broadleaf

Location
Recent clearfell areas

nearby
No recent clearfells 

 nearby 

Planting stock Conifer
Bare-rooted; large stem

diameter

Vegetation Grassy Woody (e.g. bramble)

Time of planting  
Direcly (before weevils
can develop on site)

Time of felling/planting Refer to Fig. 3 Refer to Fig. 3

Forest management Clearfell
Continuous cover

forestry/shelter trees
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2.1 Soil

Soil properties influence the extent of pine weevil damage (Luoranen et al., 2017;
Wallertz et al., 2018), largely due to differences in behaviour of adult pine weevils
which dislike crossing bare mineral soil. Generally, plants in bare mineral soil
suffer less damage than plants in organic-rich humus soils (peats) (Björklund et
al., 2003). The soil on a clearfell cannot be changed, but there are some ways of
manipulating it that can influence pine weevil damage, such as scarification and
mounding. 

Soil scarification is a method often used in Scandinavian countries (Petersson &
Örlander, 2003; Pitkänen et al., 2005; Von Sydow, 1997). The main result is that
the original topsoil is replaced by different soil. Scarification reduces the number of
seedlings killed (Huser, 1979; Petersson & Örlander, 2003). There are different
methods of scarification, and the choice of which one to use is dependent on site
characteristics (Wallertz et al., 2018). In the context of pine weevil protection, the
topsoil is usually a humus/peat soil layer that is replaced by mineral soil. Clearfells
that have a thin humus/peat soil layer with mineral soil underneath can be more
easily scarified than clearfells with thick humus/peat soil layer. Scarification must
be conducted properly as humus that is mixed into the mineral soil reduces the
effect (Petersson & Örlander, 2003; Petersson et al., 2005). The planting location
within the scarified areas is also important (Pitkänen et al., 2005): planting
centrally in the scarified soil increases the positive effect of scarification compared
to planting at its border (Luoranen et al., 2017; Pitkänen et al., 2005). The effect of
scarification in protecting trees against weevils is slowly reduced by grass
colonising the scarified areas (Örlander & Nordlander, 2003).

Scarification can, but does not have to, include mounding (Fig. 3A). Mounding
reduces the amount of pine weevil feeding (Nilsson & Örlander, 1995; Nordlander
et al., 2005; Örlander & Nilsson, 1999). This might be due to pine weevils having
difficulty climbing sandy slopes (Nordlander et al., 2005). Mounding does not
necessarily turn the mineral soil on top, but the slopes of the mound should still
influence pine weevil movement. Furthermore, competition from other vegetation
(see below) for the seedlings is reduced. Mounding is performed for other
purposes, such as water regulation. Currently it is practised on applicable sites in
Ireland for better plant growth. Not all soil types are suitable for mounding and a
lot of mounding is done on afforestation sites, where pine weevil are generally not
a problem (Forest Service, 2018). 

Fertilisation and soil amendment can influence plant growth. The decision
to fertilise is mostly governed by economic reasons. 
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Figure 3. A. Planting in mounds and/or in mineral soil can reduce pine weevil damage. B. Fresh
brash can be used as alternative food source by pine weevil

Fertilisation can change the chemical composition of plants and thereby influence
pine weevil feeding. Fertilisation, especially with phosphorous, but also other
fertilisers (N, K, Mg) enhanced plant growth but also resulted in increased pine
weevil feeding damage (Blanch et al., 2012; Zas et al., 2008; Zas et al., 2006).
Plants that are rich in silicon are usually harder for insects to chew than silicon-
poor plants, but the addition of silicon to the soil did not influence pine weevil
damage in trials conducted in Ireland (Hogan et al., 2018). 

2.2 Location

It is difficult to predict the size of pine weevil population at any given place (Von
Sydow, 1997; Zumr & Stary, 1994). Local pine weevil populations on a clearfell
are affected by landscape factors, such as the presence of older clearfells
nearby as a source of weevils. Based on laboratory studies in Sweden, pine
weevils can fly on average 10 km with some individuals reaching distances of up
to 80 km (Solbreck, 1980). The extent and scale of pine weevil flight in Ireland is
unknown. Data from Sweden and the UK respectively indicate that weevil flight is
temperature dependent, only occurring at temperatures greater than 18oC
(Solbreck & Gyldberg, 1979). Their ability to fly has been observed to decline due
to regression of flight muscles after the main migratory period in May (Tan et al.,
2011), but further north in Scotland flight has been observed to occur during June
(R. Moore, Forest Research, pers. comm.) Therefore, flight might be expected in a
warm May/June period.

2.3 Clearfell site properties

In addition to older clearfell sites nearby, neighbouring forests are also a source
of pine weevils, where they exist in low numbers. Suitability of standing forests as
a source of adult weevils varies. For example, a study in the Czech Republic
found that old spruce forests had the lowest pine weevil population, compared to
pine forests and mixed forests (Zumr & Stary, 1994). 

A B
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The species of the previous crop affects the number of weevils multiplying on site.
Pine weevils only develop in conifer stumps, but not all conifer species are equally
suitable for them. Pine weevil develop faster and in higher numbers in pine than in
spruce (Bejer-Petersen, 1975), while some species such as Japanese larch are
much less suitable for pine weevil development, with high mortality of larvae
(Thorpe & Day, 2002). 

The impact of vegetation on weevil damage is unclear. Positive, negative or
neutral effects have been reported (Nilsson & Örlander, 1995; Örlander & Nilsson,
1999; Örlander et al., 2001; Petersson & Örlander, 2003; Wallertz et al., 2005) or
effects were seen only on certain sites (Stokes & Willoughby, 2011). The effect of
vegetation on weevil damage may depend on soil type. For example, on mineral
soil, vegetation experimentally placed around seedlings increased feeding
damage, as pine weevil used the vegetation as shelter (Petersson et al., 2006),
while on humus/peat soil, vegetation as shelter might not be as attractive to pine
weevils as they can more easily hide in the soil. Woody plants such as bramble
(Rubus fruticosus) can act as alternative food sources, diverting attack from the
seedlings, and Willoughby et al. (2017) discuss the benefits (and risks) of leaving
non-invasive woody plants on site, while maintaining areas of clear mineral soil
immediately surrounding tree seedlings, as a possible element in a pine weevil
IPM system.

Shelterwood or overstory trees reduce the amount of weevil debarking
compared to clearfell sites (Löf, 2000; Löf et al., 2005; Petersson & Örlander,
2003; Pitkänen et al., 2005; Wallertz et al., 2006; Wallertz et al., 2005), possibly by
providing an alternative food source (Löf et al., 2005). The denser the shelterwood
the better the protection of seedlings planted underneath (Löf et al., 2005).
Shelterwoods may also be used to provide seed source, allowing natural
regeneration, with the shelter trees being kept until the regenerated seedlings
have reached a certain minimum stem diameter Wallertz et al. (2005).
Shelterwoods are currently not used in Ireland, though standing trees may be left
for biodiversity objectives. A protection effect similar to that of shelterwood can
possibly also be provided from forest edges (Nordlander et al., 2003). Up to
distances of approximately 15 meters from a forest edge, feeding by pine weevil
was at least halved compared to the centre of the clearfell site (Nordlander et al.,
2003), and this was attributed to the availability of alternative food for the weevils
rather than to microclimate effects (Nordlander et al., 2003). However, standing
forests are also a source of weevils as noted above. 

Continuous cover forestry (CCF) could be considered as an extreme case of
shelterwood. Therefore, it is not surprising that the number of pine weevils and
their damage on seedlings is reduced in CCF (Bjorkman et al., 2015; Mason et al.,
2004). CCF has recently been introduced to Ireland and although relatively few
woodlands are currently being managed on CCF principles, it is predicted to
become more important in the future (Wilson & O'Tuama, 2019).
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Recently, both Coillte and private forest owners have started to transform forests
to CCF. Grant aid from DAFM is available for the conversion (Department of
Agriculture Food and the Marine, 2019). Coillte is using CCF for aesthetic
purposes in some areas. Not all sites are suitable for CCF (Teagasc, 2016). The
commercial forestry and associated businesses, e.g. saw mills, to date is adapted
to clearfell and replant forestry. There is a growing interest and pressure for the
adoption of alternative forest management systems to clearfell and replant, and so
such systems may be used on a wider scale in the future. These alternative
systems are being promoted within the European Forest Strategy 2030. Not
having to use chemicals is promoted as one of the benefits of adopting CCF and
for not having to treat natural regeneration in particular. 

2.4 Influence of harvesting practices

Felling date has an important impact on pine weevil damage. It is important to
consider the time of felling in relation to pine weevil colonisation and egg laying.
Clearfells from early in the year can be colonised by pine weevil during the same
year, whereas autumn fellings are colonised during the next year’s migration
(Moore, 2004). Clearfells made during the migration period (May to July) can be
colonised either during the same or the following year; hence, on these clearfells it
is especially difficult to predict when pine weevil outbreak will occur (Moore, 2004).
In a UK study, pine weevil larvae developing in stumps from early fellings were
heavier than in stumps from late fellings, though late-felled stumps had more
larvae and higher numbers of emerging adults than early-felled stumps. A Forestry
Commission Note includes a table that relates time of felling of Sitka spruce to the
risk posed to trees planted at various times post felling (Moore, 2004; Moore et al.,
2004), as shown in Figure 4.

Harvest residues, such as branches (slash or brash, Fig.3B) may have small
effects on pine weevil damage (Holt Hanssen et al., 2018; Örlander & Nilsson,
1999).  These residues can probably be used by pine weevil as food source for
about 3 weeks after harvest (older residues are usually too dry) (Örlander et al.,
2001), and so could help reduce feeding damage on trees planted immediately
after felling. Slash can however also serve to attract pine weevils and thereby
increase the population (Holt Hanssen et al., 2018). In Ireland, slash is usually
bundled into windrows and left on site, especially on mineral soils. On certain
clearfell sites, removal would not be practically possible. In the future, brash might
have potential as biomass e.g. for biofuels. In the UK private forest owners already
take out brash for use as biomass products.   

Stump removal for bioenergy is practised in some countries, but not currently in
Ireland due to both the large environmental impact and the fact that there is no
market for the stumps at present. Stump removal reduces breeding material and
shelter for pine weevil, but the remaining roots could provide food to sustain a
large enough population (Walmsley & Godbold, 2010).
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In a Finnish study, seedlings planted on sites where stumps had been removed
but left in situ had less weevil damage than stem-only harvested plots (Rahman et
al., 2015). New more environmentally sound methods of stump removal are
sought in the UK and elsewhere.

The fallow period after harvest has a large influence on the amount of pine weevil
damage (Glowacka et al., 1991; Örlander & Nilsson, 1999; Von Sydow, 1997).
The options with the least pine weevil damage seem to be planting directly after
harvest (“green planting” or “hot planting”) or after no less than 3-4 years of fallow
period (Glowacka et al., 1991; Örlander & Nilsson, 1999; Von Hofsten & Weslien,
2005; Von Sydow, 1997). The length of a full fallow period in the UK to avoid
significant damage to untreated trees is defined by (Moore, 2004). However,
current Irish regulation (Forestry_Act, 2014) requires replanting within two years of
felling as a condition of a felling licence. Thus, waiting until the pine weevil
population on the clearfell site has declined is not an option. Moreover, weed
cover can be a large problem after fallow, especially on more fertile sites. Coillte
has practised green planting in recent years, with positive outcomes, and will
probably mainly green plant from 2025. 

Since pine weevil damage is seasonal, with peaks in spring and late summer,
planting at different times of the year should result in different amounts of
damage (Moore, 2004). In Ireland, planting occurs from the end of November until
June. Generally, private owners have more flexibility in when to plant compared
with state forests. State forests have many different contractors and a large area
to cover; therefore, there are often contracts in place that do not give much
flexibility.

Figure 4. Timing of colonisation/egg laying, adult emergence and damage periods occurring on
clearfelled spruce sites (Forestry Commission).
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In Scandinavia, conflicting results were found regarding late season planting
(Luoranen et al., 2006; Nilsson & Örlander, 1995; Nordlander, Hellqvist, et al.,
2017; Örlander & Nilsson, 1999; Wallertz et al., 2016), but indications are that
planting in June or autumn (August and September) instead of May might reduce
damage (Nordlander, Hellqvist, et al., 2017; Wallertz et al., 2016). In the UK it is
recommended to plant from October of the third year after felling for clearfell sites
felled in the first quarter of the year and from October of the fourth year after felling
for sites felled from April onwards (Moore, 2004). However, the practice in Ireland
is moving towards direct planting (“green planting” with no fallow period, as noted
above. 

2.5 Seedling properties

The extent of pine weevil damage depends on a variety of seedling properties,
including species, size and general condition. Many of the properties are
connected to plant defence, such as number and distribution of resin ducts, but
also to nutrition such as the nitrogen content of the bark (Wainhouse et al., 2010).
Genetic variation of the seedlings can be important in this context (Zas et al.,
2017; Zas et al., 2005). 

Pine weevils feed on all woody trees and shrubs. Deciduous trees and shrubs are
also fed upon, although to a smaller extent than conifers (Leather et al., 1994; Löf
et al., 2004; Löf et al., 2005; Toivonen & Viiri, 2006; Wallertz et al., 2014).
Amongst conifers, weevils prefer to feed on some species more than others.
Seedlings of Sitka spruce and Douglas fir were the most attacked, most killed and
had the greatest debarked area out of seven tree species tested in Sweden
(Wallertz et al., 2014). Norway spruce and lodgepole pine were next, followed by
Scots pine and then hybrid larch  (Wallertz et al., 2014). Differences in survival of
tree species may be accounted for both by the feeding preference of the weevils
(influencing the amount of damage inflicted) but also by differences in the ability of
the species to tolerate damage (Carrillo-Gavilán et al., 2012; Zas et al., 2011).
Bark thickness influences the ratio of deep feeding to shallow feeding by pine
weevils; thick bark makes seedlings more resilient against pine weevil damage, as
more of the feeding is superficial, increasing the likelihood of effective wound
repair (Wainhouse et al., 2005). 

Size of tree at planting: The risk of severe damage of seedlings is reduced with a
greater initial diameter. For example, Norway spruce became less attractive for
pine weevils with root collar diameter (RCD) of more than 10 mm (Wallertz et al.,
2005). A minimum RCD of 6 mm and only Size 1 plants are recommended by
Coillte for reforestation sites; lodgepole pine plants were grown in plugs in
nurseries and provided much greater RCD. 
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Bare-root versus containerised seedlings: In Ireland and the UK, most of the
trees planted are bare-rooted, while in Scandinavia, mainly containerised trees are
used. Deep planting of containerised seedlings, i.e. 8 cm under the soil surface
instead of 3 cm, reduced the debarked area on seedlings in trials in Finland (Viiri &
Luoranen, 2017). Although pine weevil prefer to feed underground when no
shelter can be found (Nordlander et al., 2005), deep planting does not increase
the amount of feeding under the soil (Luoranen & Viiri, 2016; Viiri & Luoranen,
2017).

Naturally regenerated seedlings are subject to less pine weevil damage than
planted seedlings (Selander et al., 1990). Mortality caused by pine weevil damage
in bare-rooted seedlings is lower than that of containerised seedlings, probably
due to the larger stem base diameter at time of planting (Örlander & Nilsson,
1999).  The size of the pots in which containerised seedlings had grown influenced
their susceptibility to pine weevil damage in the first three years after planting
(Johansson et al., 2015). 

Pine weevils prefer to feed on seedlings over cuttings and attack seedlings more,
causing more damage and higher kill rates (Hannerz et al., 2002; Kennedy et al.,
2006). Although cuttings are smaller and thinner after three years (Hannerz et al.,
2002), they might have a more developed defence system and are therefore not
preferred by pine weevils (Kennedy et al., 2006). In Ireland, cuttings represent a
very small proportion of planting stock. Perhaps root stock for cuttings would have
to have a greater RCD and subsequently have greater survival. 

For the future, there are prospects for choosing or breeding stock that is less
susceptible to pine weevil damage. New breeding methods (e.g. embryonic
somatogenesis- a clonal propagation method using somatic cells) might make it
easier to select material for resistance against the pine weevil (Puentes et al.,
2018). Genetic engineering might be a possibility to protect seedlings in the future,
while genotyping and phenotyping are approaches to improving stock that have
been successfully used in breeding for resistance against the North American pine
weevil (Lenz et al., 2020). Resistant tree breeding is generally a medium to long-
term approach requiring sustained investment and co-ordination; adequately
resourced and well-planned resistant tree programmes can contribute to strategies
to mitigate impacts from pests (Woodcock et al., 2019). 
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2.6 Trapping adult weevils for population reduction

Traps can be used to monitor weevil numbers (see 7.1), but traps have also been
used for nearly two hundred years to try to reduce pine weevil populations (Lalik,
Galko, Kunca, et al., 2021). There are two basic kinds of trap, each with many
possible modifications: (1) Billet traps: pieces of host trees – mostly conifer trunks
or thick branches – are placed on the ground and weevils feeding on them are
collected at regular intervals (Kuzminski & Bilon, 2009). (2) Pitfall traps that pine
weevil fall into and are unable to crawl out of again (Nordlander, 1987). These are
often baited with either host material or attractive synthetic smells (Lalík et al.,
2019; Moreira et al., 2008; Voolma et al., 2001; Zumr et al., 1995), and usually
contain a liquid in which the pine weevils drown (Voolma & Sibul, 2006). These
two types of traps can be combined by placing a hole or pit underneath the billet
traps to prevent the weevils from escaping. However, setting, controlling and
collecting traps on clearfells is labour intensive, and a study in Romania found that
mass-trapping of the large pine weevil using baited pitfall traps was unable to
protect seedlings planted on fresh clearfell areas, even using a high number of
traps per unit area (100 traps/ha) (Olenici et al., 2016).

2.7 Other factors

Temperature and light influence pine weevil activity. Pine weevils feed more at
night than during the day (Fedderwitz et al., 2014). In a field experiment, artificially
shaded seedlings were attacked less often than non-shaded seedlings, but it is not
clear that this was an effect of shading, since the screen used to provide shade
also restricted access by pine weevil (Heiskanen, 2004). A Swedish study
investigated the effect of shading on clearfells; feeding was more intense in the
centre of clearfells than at the edges, but this was ascribed mainly to the effect of
alternative food sources at the edge, rather than an effect of microclimate (solar
radiation, temperature) (Nordlander et al., 2003).

In Sweden, burning of a regeneration site is often done within 4 years of harvest,
and replanting after another 1-2 years (Von Hofsten & Weslien, 2005). Clearfell
burning increases the population of pine weevil (Pitkänen et al., 2008) and
damage on planted seedlings (Pitkänen et al., 2005).  Pine weevil damage on
burned sites only decreased after at least 2 years post burning (Von Hofsten &
Weslien, 2005). No planned burning of clearfells is performed in Ireland, but
accidental fires may affect weevil damage.
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3.CHEMICAL METHODS OF PROTECTION AGAINST PINE
WEEVIL

Chemical insecticides (cypermethrin and acetamiprid) have been the standard
method used to protect against pine weevil in Ireland. In the UK, the approved
chemical insecticides against pine weevil are alpha-cypermethrin, cypermethrin
and acetamiprid (Willoughby et al., 2017). Seedlings can be treated with
insecticides at three stages: pre-planting in the nursery, post-planting or post-
planting top-up sprays (Forest Stewardship Council Sweden, 2014). Pre-planting
has two options: dipping plants in insecticide solutions or using spray booths to
apply the insecticide (Willoughby et al., 2004; Willoughby et al., 2017). In Ireland, if
a risk of pine weevil damage has been established on the clearfell, seedlings are
usually dipped in the nursery before delivery to the sites. Top-up post-planting
spraying might be necessary for pre-treated seedlings if insect pressure is high
(Willoughby et al., 2017). Top-up sprays are often necessary in the spring of the
year after planting, but might already be necessary in the autumn of the planting
year (Willoughby et al., 2017). In the autumn of the second year, Sitka spruce
seedlings are usually large enough to resist pine weevil damage, whereas other,
smaller, species might need more years to develop adequate protection
(Willoughby et al., 2017).  Post-planting application is usually done with targeted
sprays (point sprays limited to on/around the seedlings). Application of insecticides
in the nursery has a lower environmental impact and is therefore preferred.
Therefore, it is advised against planting untreated seedlings on high-risk clearfells
as this would require immediate spraying in the field. Since seedlings are either
treated in the nursery or with targeted sprayers, risks of exposing bees to
insecticides by treating non flowering seedlings is minimal (Anonymous, 2015).
Contamination of water is prevented by minimising field application of insecticides,
which are also only used beyond a safety margin around water areas
(Anonymous, 2015).  

3.1 Cypermethrin

Until recently, products containing the active ingredient cypermethrin were the only
effective insecticide used in Ireland against pine weevil (Anonymous, 2017).
Cypermethrin reduces pine weevil feeding and increases seedling survival
(Nordlander & Hellqvist, 2012; Nordlander et al., 2011; Shtykova et al., 2008).
Cypermethrin is considered a high hazard chemical by FSC due to its risk for
aquatic organisms including fish (Ullah et al., 2018), and its use in FSC certified
forests was allowed only until March 2021 under the terms of a derogation granted
by FSC to Coillte Teoranta and Irish Forestry Unit Trust (Anonymous, 2016).
PEFC allows the use of cypermethrin with the requirement to adhere to national
legislation. The product “Forester” containing cypermethrin as the active
substance has been used for pre- and post-planting treatment in forestry in
Ireland. 
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Cypermethrin was permitted for use in forestry by the Pesticide Registration and
Control Division (PRCD) of the Irish Department of Agriculture, Food and the
Marine (DAFM) (PCD, 2021), but products for use in forestry were revoked from
February 1st, 2022 (with a use-up period allowed), following the review of
cypermethrin at EU level. A report on health of forest workers during seedling
planting in Sweden showed no acute negative health effects of planting Forester-
treated seedlings after one week (Elfman et al., 2009) and a European Food
Safety Authority report concluded that while there was no evidence that use of
cypermethrin would compromise the health of operators or the general public, it
posed a risk to aquatic organisms (EFSA, 2018).

3.2 Acetamiprid

Since 2019, cypermethrin is being phased out by Coillte as pine weevil protection
and replaced by acetamiprid. The products “Gazelle SG” and “Ceta SG”,
containing acetamiprid, are approved by PCRD for off-label use in forestry in
Ireland (PCD, 2021). Acetamiprid can be used both for pre-planting treatment as
well as for top-up spraying in the field (Willoughby et al., 2017). Acetamiprid was
successful in knocking-down and killing pine weevil in laboratory experiments
(Malinowski, 2010; Olenici et al., 2014). Since 2019, Coillte has used acetamiprid
as protection against pine weevil with positive experience. In field trials in the UK,
acetamiprid gave comparable levels of protection to cypermethrin without causing
phytotoxicity (Hardy et al., 2020; Moore et al., 2021; Willoughby et al., 2020). 

Acetamiprid is a neonicotinoid, a group of chemicals that have attracted
considerable attention in recent years, being implicated in the decline of pollinators
particularly bees (Decourtye & Devillers, 2010; Laurino et al., 2011; Stanley et al.,
2015). Therefore, several neonicotinoids are not allowed to be used outdoors in
the EU since 2018 (European Commission, N/A). Acetamiprid was determined to
have a comparably low risk.  Its toxicity to bees is much lower compared to many
other insecticides, and it is classed as practically not toxic for birds and fish
(Badawy et al., 2015; Decourtye & Devillers, 2010; Stanley et al., 2015). Although
it may have sub-lethal effects on bee behaviour (El Hassani et al., 2008), it is even
recommended for use on flowering plants, further underlining the low bee toxicity
(Stanley et al., 2015). Acetamiprid is calculated to be at least 500 times less toxic
to aquatic life than cypermethrin or alpha-cypermethrin and not to pose any
additional risk to operators, bystanders and the wider environment (Willoughby et
al., 2020).  
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3.3 Chlorantraniliprole

Chlorantraniliprole is a diamide insecticide registered in Ireland under the name
Coragen for use against insects in a wide range of crops such as apples, carrots,
maize and turnips (PCD, 2021). Chlorantraniliprole has a different mode of action
to other insecticides: it affects the insect’s ryanodine receptors, thereby affecting
muscle regulation, causing paralysis and death (Bassi et al., 2009; Cordova et al.,
2006). It is active against chewing insects by ingestion and contact and has been
shown to have good efficacy against many insect pests including adult Colorado
potato beetle (Bassi et al., 2009; Richardson et al., 2020) . Chlorantraniliprole was
tested against pine weevil by Coillte in a local field trial with positive outcome, and
broader trials are planned for 2022. The product Coragen is approved for off-label
use in forestry (PCD, 2021).  It also “showed promise” in UK field trials, and it was
deemed worthy of further study (Willoughby et al., 2020). Follow-up experiments
by Moore et al. (2021) confirmed that pre-treating plants with chlorantraniliprole
gave protection against pine weevil for the first growing season, but they
concluded that top-up sprays would be needed for the second growing season (as
was also the case for plants pre-treated with acetamiprid).  The price of
chlorantraniliprole has dropped recently making this chemical a more attractive
option in the future. A further advantage is that chlorantraniliprole seems to be
relatively safe for pollinating bees (Dinter et al., 2009; Williams et al., 2020).

3.4 Other chemicals

Other pyrethroids that have been investigated include deltamethrin and lambda
cyhalothrin. 

Deltamethrin protected seedlings against pine weevil in trials in European
countries (Glowacka et al., 1991). However, the effect was short-lived, and in
areas with high pine weevil pressure, a second application in the field would be
necessary (Viiri et al., 2007). Deltamethrin application during the growing stage of
seedlings did not adversely affect seedling health (Luoranen & Viiri, 2005).
Deltamethrin has a better environmental profile than cypermethrin by orders of
magnitude, but still has negative impacts (Lu et al., 2019). It is registered as an
insecticide in Ireland (PCD, 2021). It is not allowed to be used in SFC certified
forests in Ireland (Forest Stewardship Council International, 2017), and there has
been no interest in using deltamethrin in Irish forestry. 
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Lambda-cyhalothrin. In laboratory tests, pine weevils fed less on food treated
with lambda-cyhalothrin (Rose et al., 2005) and showed symptoms of nerve
damage after 7 days (Luoranen & Viiri, 2005). Lambda-cyhalothrin showed no
phytotoxic effects with concentrations of 2% or 4% (Luoranen & Viiri, 2005). It was
included in one of the recent UK field experiments, with inconclusive results; at
sites with low pine weevil pressure, it showed a level of protection that was not
significantly different from alpha-cypermethrin, but provided poor protection at high
pressure sites (Willoughby et al., 2020). Based on these results and its greater
toxicity to mammals and birds relative to acetamiprid or chlorantraniliprole, further
investigation into this chemical was not considered to be high priority (Willoughby
et al., 2020). Products containing lambda-cyhalothrin are registered as
insecticides in Ireland, and some products have off-label use in forest nurseries,
but not forestry (Anonymous, 2019a, 2019b). Lambda-cyhalothrin is the primary
agent used for aphid control in Irish agriculture. 

Spinosad was evaluated against the pine weevil in the UK; protection in the trials
was found to be insufficient, but the authors felt that it might have potential if
methods of deployment could be improved (Willoughby et al 2020). Spinosad is an
insecticide based on bacterial fermentation products and has both contact and oral
toxicity against insects (Toews & Subramanyam, 2003).

Sulfoxaflor may have potential for pine weevil control in the future. Sulfoxaflor is a
sulfoxamine, which works on the same receptors as neonicotinoids. It is widely
used on a variety of crops on all continents (Tamburini et al., 2021), and is
currently approved for use in Irish agriculture (Anonymous, 2019b). However, a
recent review by the European Union (EU) indicates it will be revoked for outdoor
use due to concerns about toxicity to bees (Pesticide Action Network, 2022).
Compared to other chemicals, it is relatively environmentally friendly and has
shown no significant impact on bees (Tamburini et al., 2021). There are no reports
of it being tested against pine weevil. 

Cyantraniliprole belongs to the same chemical class (anthranilic diamides) as
chlorantraniliprol. It is currently approved in the EU for the control of aphids in a
wide range of horticulture crops (PCD, 2021). The registration status of
cyantraniliprole may change in 2022. The chemical is very expensive, but has
shown promise as a systemic insecticide against various phytophagous weevils in
North America and elsewhere (Malamura et al., 2021).
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Methyl jasmonate is one of several chemical elicitors that affect the defence
system of plants. By inducing the defence of plants before they are actually
threatened by a herbivore, it is possible to upregulate the defences without
physically injuring the plants. Methyl jasmonate and other jasmonic acids have
been evaluated in many different systems including pine weevil damage on conifer
seedlings. The protective effect of methyl jasmonate against pine weevil was
tested in the field both in Sweden and Spain, and results showed a reduced
damage area, reduced risk for girdling and (in some cases) reduced risk for
seedling mortality (Zas et al., 2014). However, treated plants also had temporarily
reduced growth (Zas et al., 2014). Since the application of methyl jasmonate can
only induce the plant’s own defences, it might not be effective under high pine
weevil pressure (Fedderwitz, unpublished data). Thus, it is doubtful that methyl
jasmonate would present a suitable alternative for Ireland. 

3.5 Antifeedants and Plant extracts

Large numbers of antifeedant compounds and plant extracts have been screened
for antifeedant activity against pine weevil (Bohman et al., 2008; Sunnerheim et
al., 2007; Unelius et al., 2018), but none of them is used commercially. Antifeedant
chemicals act in various ways: they can repel an insect from feeding without
making contact with the material (repellent), suppress the feeding after one bite
(suppressant) or deter from further feeding after several bites (deterrent) (Klepzig
& Schlyter, 1999). Chemical properties such as low polarity, small size and high
lipophilicity are generally important for good antifeedant activity against the pine
weevil (Sunnerheim et al., 2007). Appendix Table 2 summarises extracts that have
shown potential to reduce feeding damage (Eriksson et al., 2008; Månsson &
Schlyter, 2004). One of the more commonly tried group of plant extracts are those
of the Indian neem tree (Azadirachta indica). Several different neem extracts have
been tested (Olenici & Olenici, 2006; Thacker et al., 2003). Some products contain
only the active ingredient, azadirachtin, while other products also contain
additional plant oils (Luik et al., 2000). Neither azadirachtin nor any of the neem
extracts that were tested in the UK give adequate protection against pine weevil in
the field, and azadirachtin showed severe phytotoxic effects, especially at high
concentrations (Willoughby et al., 2017; Willoughby et al., 2020).

Antifeedants can be sourced from microbes as well as plants. Some fungi that
colonise wood produced volatile organic compounds that were either repellent to
weevils or masked the odours of host plants (Azeem et al., 2013; Azeem, Rajarao,
et al., 2015; Azeem, Terenius, et al., 2015; Skrzecz & Moore, 1997). Pine twigs
colonised by a species of Penicillium were less attractive than uncolonised food,
and it was suggested that forest waste material could be fermented by appropriate
microbes to produce a weevil repellent (Azeem et al., 2013; Skrzecz & Moore,
1997).   
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3.6 Insecticide registration

Plant protection products are regulated in Ireland by the Pesticides Regulation and
Control Division (PRCD) of DAFM. There are very few insecticides registered for
use in forest nurseries (two products based on fungi) and in forestry just one
product containing cypermethrin, to February 2022 (PCD, 2021). However there
are several products that can be used off-label (PCD, 2021). For forest nurseries
this includes insecticides with the active ingredients acetamiprid, Bacillus
thuringiensis, chlorantraniliprole, flonicamid, indoxacarb, lambda-cyhalothrin,
spirotetramat and spinosad (PCD, 2021). For forestry use there are off-label
authorisations for insecticides containing acetamiprid and chlorantraniliprole (PCD,
2021).
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4.PHYSICAL METHODS

Physical protection methods have been developed since the 1970s, mostly in
Sweden (Nordlander, Wallertz, et al., 2017) with reports from more recent trials
available online in Swedish with English summaries (Hellqvist, 2017). Physical
protection has replaced insecticide treatment of seedlings to a large extent in
Sweden during the past decade (Forest Stewardship Council Sweden, 2018;
Swedish_Forest_Agency, 2021). 
There are two major approaches for physically protecting a seedling: stem coats
and barriers. Stem coats are usually a liquid that is sprayed on the seedling and
forms a protective layer around the stem after drying. Barriers are structures, often
made of plastic or coated paper, that are placed around the seedling and prevent
weevils from reaching the seedling. Some of the methods mentioned in the text
are listed in Table 2.

4.1 Coatings

Stem coats prevent the weevil from feeding on the stem by producing a protective
layer on top of the bark (Nordlander et al., 2009). About 50%-80% of the lower
stem is covered with the coat for effective protection (Anonymous, 2017;
Nordlander et al., 2009; SCA, 2017). Besides preventing feeding, the coating also
reduces the volatile emission of plants making them less attractive/harder to locate
for pine weevil (Nordlander et al., 2008; Petersson et al., 2004). Many different
substances were tested during the development of stem coats, especially during
the 1990s and 2000s (e.g. Eriksson et al., 2017; Nordlander et al., 2008; SCA,
2017), and development still continues. Stem coatings can be based on a wax,
latex or artificial rubber (Nordlander et al., 2008). In general, the coat is sprayed
onto the stem and when it hardens it forms a protective layer. Coats containing
paraffin wax are heated to 70°C before being sprayed (Nordlander et al., 2008).
Acrylate- or resin-based coats have also been tested, especially with the addition
of deterrent substances (Nordlander et al., 2008) or antifeedants that can be
released over time (Shtykova et al., 2008). Many coats additionally contain
particles that further prevent pine weevil from reaching the stem of the seedlings.
These coats are often based on bonding agents such as glue or an acrylate
(Hellqvist, 2017; Nordlander et al., 2009; SCA, 2017) and particles most
commonly based on fine sand (silicate), but clay has also been tested (Johansson,
2008; Nordlander et al., 2009; SCA, 2017). 
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Product Description Tested in Ireland or UK

Stem coats   

Conniflex Sand and glue UK (Moore, pers. Comm)

Ekowax Parrafin wax ----

Flexcoat Polysaccharide
UK (Willoughby et al.,

2020)

Hylonox Mineral and glue ---

KvaaeWax Wax
UK (Moore et al., 2021;
Willoughby et al., 2020)

Trunkcoat Latex with epoxy particles Ireland (Anonymous 2017)

Woodcoat Sand and latex ---

Barrier Guards   

Biosleeves Biodegradable plastic tube
UK (Willoughby et al.,

2020; Hardy et al. 2020)

Multipro waxed cardboard tube
UK (Hardy et al., 2020;

Moore et al., 2021;
Willoughby et al., 2020)

WeeNets plastic nets
Ireland (Anonymous,

2017) UK (Willoughby et
al., 2020)
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Table 2: Coatings and barrier guards mentioned in the text 
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Particle containing coats have either the bonding agent sprayed first onto the stem
and afterwards covered with particles or alternatively a mixture of the bonding
agent and particles is directly applied (Hellqvist, 2017; Nordlander et al., 2009;
SCA, 2017). Seedlings are coated in the plant nursery and no follow-up coating is
done. Planting in the field does not require additional preparation but nonetheless
it is often done in conjunction with site preparation measures which increase the
protective effect (Eriksson et al., 2017).
 
Early stem coatings did not provide as much protection as insecticides in respect
to debarked area and proportion of pine weevil killed seedlings (Nordlander et al.,
2008; Petersson et al., 2004). However later stem coatings, especially in
conjunction with soil scarification, have been successful as protection against pine
weevil in Sweden (Eriksson et al., 2017; Nordlander et al., 2009). Indeed,
Conniflex – which is one of the most used particle-containing coatings – was
equally as good at protecting seedlings from pine weevil damage as chemical
insecticides (Wallertz & Johansson, 2008). A Swedish monitoring program looking
at Conniflex treated seedlings for three years post-planting recorded an average
plant survival of 93% (Hellqvist, 2014; Luoranen et al., 2022). 

In field trials in Sweden, there was a lot of variation both between years and
between clearfells in the percentage of coated seedlings attacked by pine weevil
(Hellqvist, 2014). Most of the damage on coated seedlings is above the coat, on
the unprotected area of the seedlings (Hellqvist, 2014). Weevils can climb over the
coat and feed on the unprotected top shoot, but this is not commonly observed on
seedlings with intact coating. Cracks in the coating and failures in application,
especially directly above the root base, also reduce the protection effect of stem
coats dramatically (Hellqvist, 2014; Nordlander et al., 2009). The potentially higher
population density in Ireland might be a problem in this regard for the use of
physical protection. With higher pine weevil densities, it is more likely that they will
overcome the coat. 

“Plant death by unknown reasons” is more often observed on coated seedlings
than on untreated or insecticide treated seedlings, especially in conjunction with
drought (Hellqvist, 2014). With all stem coatings there is a risk of phytotoxicity and
strangulation of the seedling (Petersson et al., 2004). Phytotoxicity might be due to
chemicals in the coat disrupting the plant’s chemistry (Petersson et al., 2004).
Strangulation can occur if the coat is not flexible enough to give seedlings room to
increase the stem diameter while growing (Johansson, 2008; Petersson &
Örlander, 2003; Petersson et al., 2004). If the coat is not flexible enough to allow
for the stem diameter growth, the coat will either crack and thereby be vulnerable
to pine weevil attack, or the coat will strangle the seedling (Johansson, 2008;
Petersson et al., 2004). 
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Another issue during the development of stem coats was that they often degraded
after one season (Nordlander et al., 2008). Since pine weevil damage is an
important cause of death during the first two to three seasons, this is not enough
(Eriksson et al., 2017). Hence, coatings currently used (e.g. Conniflex) were tested
for three seasons to make sure that degradation does not occur before the main
threat of pine weevils has passed (Nordlander et al., 2009). On the other hand, an
advantage of stem coatings is that the coating naturally degrades and do not leave
plastic litter on the clearfells, unlike some barrier guards (Eriksson et al., 2017). 

Adding antifeedants to physical coats increased their protective effect, with the
effect depending on the particular antifeedant used (Månsson et al., 2006;
Shtykova et al., 2008). The antifeedant (d,l)-cis-dihydropinidine in a latex coating
resulted in the same antifeedant index as cypermethrin (Shtykova et al., 2008).

4.2 Barrier guards

Feeding barriers are straight or conical tubes or bags that are placed around the
seedling’s lower stem (Johansson, 2008; Nordlander et al., 2008). Many barrier
guards are made from polypropylene or paper, which is coated with a slippery
surface such as polyvinylchloride (PVC) (Nordlander et al., 2008; Petersson et al.,
2004). The exact design and strength of the plastic used can differ between
barriers (Nordlander et al., 2008). Feeding barriers work in a similar manner to
coats by preventing pine weevils from reaching the stem. They are placed around
the lower part of the tree without touching the stem bark for the largest part
(Petersson et al., 2004), though some cones or bags have slim upper openings
that might touch the stem (Johansson, 2008). Feeding barriers are further
differentiated into those with or without a collar (Petersson et al., 2004). The collar
is located on the upper end of the barrier and makes it difficult for the pine weevil
to climb over (Petersson et al., 2004). Netting against feeding damage can also
cover the entire seedling to create a feeding barrier.

Barrier guards can be applied at different time points, depending on the design
(Johansson, 2008). Barrier guards without collar can be applied during planting
(Johansson, 2008). The seedling is placed into the protection from above and
sometimes a strip or string on the base of the barrier goes around the roots and
keeps the protection in place (Nordlander et al., 2008). However application during
planting would need larger or specialised planting tubes to allow space for the
barrier (Johansson, 2008; Jonsnäs, 2012). Barrier guards with collar have an open
side which is closed when placing it around the seedling (Nordlander et al., 2008).
These could potentially be applied in the plant nurseries before packing, but then
they require more space during transport (Nordlander et al., 2008). Alternatively,
they can be attached after planting (Johansson, 2008). Some barriers with collars
are even installed around the seed of containerised plants (Nordlander et al.,
2008; Petersson et al., 2004). The seedlings then grow inside the protection.
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The barriers have to be correctly installed, otherwise the protective effect will be
reduced (Nordlander et al., 2008). If barriers are not correctly installed and there is
a gap between soil and seedling, pine weevils can crawl inside the barriers and
feed on the seedlings. Barriers with collars should not have contact between collar
and soil, because that removes the effect of the collars (Nordlander et al., 2008).
Barrier guards with collars have been shown to have similar protection effect as
permethrin in Sweden, both in respect of seedling mortality and severe insect
damage (Petersson et al., 2004). Barrier guards without collars were not as
successful, but still had a protective effect compared to unprotected seedlings
(Petersson & Örlander, 2003; Petersson et al., 2004). 

The barriers have to disintegrate after some years to allow the plant to grow,
otherwise it could potentially strangle the growing seedlings or their roots
(Nordlander et al., 2008). Some barriers therefore have a predetermined breaking
point (Nordlander et al., 2008). 

Figure 5: Pictures of physical protection e.g. stem coatings and barrier guards. L to R; Coniflex,
Cambiguard, Ekovax and Multipro. Photos: Claes Hellqvist, SLU 
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4.3 Physical methods: prospects for Ireland 

In Sweden bare-rooted seedlings are protected with Ekowax (Norsk Wax),
MultiPro (Svenska Skogsplantor), Hylonox (Organox) or Woodcoat (Interagro). 
 Feeding pressure of pine weevil in Ireland and the UK is very high and there are
concerns that physical protection would not be as successful here as in Sweden
(Willoughby et al., 2017). Also, logistical issues due to differences in the planting
stock used (mainly containerised in Sweden and bare-rooted in Ireland and the
UK) may further limited use of physical protection methods such as Conniflex in
the UK and Ireland (Willoughby et al., 2017). 

Coillte has tried two different physical protection methods, WeeNets  in 2006-2007
and Trunkcoat in 2015 (Anonymous, 2017). Trunkcoat, a latex stem coat, was
tested by Coillte on four sites. Pine weevil feeding was reduced on treated
seedlings, but the treatment itself was phytotoxic. WeeNets (a lightweight netting)
were placed on containerised trees at the nursery and planted on five sites. The
protection was insufficient, because pine weevil climbed over the top of the net to
feed above it (Anonymous, 2017). Alba (Alba, 2019), the company producing
WeeNets, has developedWeeBars, that are supposed to prevent weevils from
climbing over the top of WeeNets, and are made from biodegradable plastics.
These could solve one of the problems arising from previous trials. 

Several of the physical protection methods found to be successful in other
countries were included in field trials in the UK, but they were found to be
generally ineffective (Willoughby et al., 2004; Willoughby et al., 2017; Willoughby
et al., 2020). These included flexible stem coatings applied before planting which
were wax (Kjvaae Wax), polysaccharide stem coating (Flexcoat) and a sand and
glue-based stem coating (Conniflex) as well as physical barriers: plastic guards
fitted on site after planting (MultiPro and Biosleeve) and lightweight plastic nets
(WeeNets) fitted around the root plug and lower stem of the tree at the nursery.
While levels of protection varied between sites, wax treatments and physical
barriers Multipro and Biosleeve and to a lesser extent Weenets were judged to
have potential (Willoughby et al. 2020) and this was confirmed in follow-up field
trials (Moore et al., 2021). While Kvaae Wax gave reasonable protection, its
operational use in the UK is limited due to factors including reports of phytotoxicity,
variable performance especially on high weevil pressure sites, and a tendency for
treated trees to stick together in planting bags. Protection by barriers such as
Multipro was acceptable on sites with low to intermediate weevil pressure, but it
was recommended that they only be used on sheltered sites and that their use
should be combined with a reliable method of predicting weevil damage as well as
planting stock with large root collar diameter and without large side branches, and
suitable site preparation to produce a weed and brash free area around the tree
(Willoughby et al., 2020; Moore et al., 2021). 
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An independent series of trials confirmed the potential of physical barriers:
Multipro and Biosleeves provided excellent protection; however, their
effectiveness was compromised by operational difficulties such as poor installation
or site-specific problems such as larger branches or stony soil (Hardy et al. 2020).
In addition to their use being restricted to suitable sites, high costs are also a
drawback of physical barriers (Willoughby et al., 2020; Hardy et al., 2020). A
further challenge in the use of stem coats such as Conniflex is that they need
specialised machinery for application (Nordlander et al., 2009). The technology to
apply the coats was developed for containerized plants, but In Ireland most
seedlings are produced bare-rooted and therefore the introduction of stem coats
would be require adaptation (Anonymous, 2017). Finally, barriers might potentially
be a source of plastic pollution in forests if they are not completely biodegradable
(Willoughby et al., 2017).  

Despite their limitations, physical protection is an option in Ireland and the UK on
clearfells where the predicted pine weevil risk is low, as part of an IPM system for
pine weevil (Moore et al., 2021; Willoughby et al., 2017). In their assessment,
Moore et al. (2021) make use of formal trials as well as anecdotal reports from
user trials.  They recommended that the Conniflex sand and glue system that is
extensively used in Sweden for treating cell-grown planting stock be subjected to
further tests in UK and Irish conditions. 

Coillte continues to include various physical protection methods in its field trials.
The practicability and protective effect of coats made of biodegradable plastic is
being tested in small scale experiments in Ireland by Adam Gordon Forestry (pers.
comm., Adam Gordon 2022).
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5. BIOLOGICAL METHODS

Biological control relies on natural enemies to kill the target pest. These enemies
can be predators, parasites or pathogens.  Biological control has been extensively
studied in agricultural systems (e.g. (Bartual et al., 2019; van Lenteren et al.,
2018)) and natural enemies are commercially available for control of several pests
of horticulture and agriculture. There are two broad approaches that might be
considered for pine weevil management: encouraging naturally occurring enemies
by augmenting their populations or by modifying the habitat, or the more
widespread approach of applying a mass-produced biopesticide in much the same
way as chemical pesticides are applied. Biological agents that have been
investigated for use against pine weevil include parasitic wasps,
entomopathogenic (insect-killing) nematodes and entomopathogenic fungi, as
detailed below. Many biological methods are aimed at reducing the overall
population of weevils, including by killing the stages developing in the stumps,
rather than directly protecting seedlings.

5.1 Entomopathogenic nematodes

Entomopathogenic nematodes (species of Steinernema and Heterorhabditis) are
parasites that actively seek out and kill insects. These nematodes have several
advantages over chemical pesticides, including safety to humans and the
environment, and the ability to seek out the target in soil or other cryptic habitats
(Lacey et al., 2015). Compared to other biopesticides, they kill rather quickly,
typically within 2 days at optimum temperatures. These nematodes occur widely in
soils, including in Irish forest soils (Harvey et al., 2016), and several species are
commercially produced in bioreactors, formulated and shipped for use against
pests such as the black vine weevil Otiorhynchus sulcatus. Use of nematodes
against pine weevil was pioneered by Forest Research UK (Brixey et al., 2006)
and nematodes have been used operationally in the UK. Nematodes applied
around tree stumps can seek out and parasitise pine weevils developing inside
them, thereby reducing the number of adults emerging onto the site. Research in
Ireland has shown that nematodes can reduce the number of adults emerging by
up to 85% in small scale trials in which nematode suspension was applied by hand
(Dillon et al., 2007; Dillon et al., 2006) (Fig 6). The nematodes are applied in early
summer when the first generation of weevil larvae and pupae are present.  Soil
type and structure influence nematode movement and persistence (Harvey &
Griffin, 2016; Kapranas et al., 2017; Kruitbos et al., 2010), but nematodes
suppressed pine weevil satisfactorily in both mineral and peat soil (Kapranas et
al., 2017). 

PW-IPM REPORT 2022                    31



B
IO

LO
G

IC
A

L C
O

N
TR

O
L 

Coillte conducted large scale trials using Steinernema carpocapsae in 2007 and
2008, which were monitored as part of a COFORD funded project (ABATE, 2008).
The nematodes were applied using a method designed by Forestry Commission
UK: nematodes in water suspension were applied at a rate of 3.6 x 106 individuals
per tree stump, using a spray rig mounted on a forwarder and fitted with flexible
hoses that could be directed at each stump (Fig. 6D). This targeted spraying of
stumps minimises the threat to non-target insects on the site (Harvey et al., 2012).
In 2007, nematodes were applied by Coillte, in collaboration with the Forestry
Commission, to 150 ha over 10 sites, while in 2008 Coillte treated 71 ha over 5
sites. Nematodes could reduce weevil numbers below damaging levels as long as
populations in the stumps were not too high (ABATE, 2008). However, since
additional adult weevils can migrate in from neighbouring clearfells, it was
concluded that managing weevil populations with nematodes would require a truly
integrated approach at the forest level rather than just for individual sites. In the
UK, the only area where nematodes are regularly used is in Wales, where
clearfells are routinely treated with nematodes in an area-wide approach. Further
limitations to the use of nematodes are their high cost, the need for large amounts
of water, and unsuitability of terrain on certain sites.

Figure 6: Entomopathogenic nematodes are applied as infective juveniles (A) which actively seek
out hosts in soil and can enter the stump to infect pine weevils. Nematodes can be applied by hand
in small scale trials (B) or delivered by hose from a modified forwarder for operational use (D). The
success of nematodes can be assessed by monitoring numbers of weevils emerging into traps
erected over treated and untreated stumps (C).  
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5.2 Entomopathogenic fungi 

Entomopathogenic fungi (EPF) occur naturally in soil where they can infect and kill
insects. Some, most notably Beauveria bassiana and Metarhizium anisopliae,
have been developed as bio-insecticides. For example, Met52 is a product based
on spores of Metarhizium anisopliae that can be used against many pest species,
and it is registered for use against black vine weevil (Otiorhynchus sulcatus) in
horticulture in Ireland. EPF that have been tested against pine weevil include
several species of Metarhizium and Beauveria as well as Isaria fumosorosea
(Ansari & Butt, 2012; Barta et al., 2019; Mc Namara et al., 2018; Popowska-
Nowak et al., 2016; Wegensteiner & Führer, 1988; Williams et al., 2013). In
laboratory trials, larvae and pupae stages were more susceptible to EPF than
adult weevils, with M. brunneum being the most efficient species in causing
mortality of all stages (Ansari & Butt, 2012). 100% mortality was attained after 4-6
days for late-instar larvae and pupae and after 12 days for adults (Ansari & Butt,
2012). B. bassiana has been found to infect and kill pine weevil naturally in
Sweden, Austria and Poland (Wegensteiner et al., 2015), while B. caledonica has
also been found naturally infecting pine weevil larvae in Ireland (Glare et al.,
2008); McNamara, Williams, Griffin, unpublished data). 

Research in Ireland has shown that diverse EPF occur naturally in the weevil
habitat (stumps on conifer clearfell sites) and both native and commercial strains
were tested against both developing and adult pine weevil stages (Fig. 7 A, B).  In
a survey of Irish clearfell sites, several native species of EPF including B.
bassiana, B. caledonica and M. anisopliae were recovered from the stump
environment (bark, soil and pine weevil larvae) (MCOP, 2016). Indigenous strains
caused equivalent mortality for pine weevil larvae as commercial EPF strains
(MCOP, 2016). In field trials, EPF were applied to stumps at different times: either
shortly after trees were felled, before weevil colonisation of stumps, and after
weevil colonisation, when susceptible stages were present (the time for nematode
application) (Williams et al., 2013). The early application was trialled as application
at the time of felling would reduce costs of the operation. However, application of
EPF to stumps did not significantly reduce emergence of adult pine weevil (Mc
Namara et al., 2018; Williams et al., 2013). This poor field performance is probably
related to the cryptic habitat of the target stages, within the tree stump and at
depths of up to 50 cm underground. Unlike nematodes, which actively search for
hosts, spores of EPF are passively transported. Laboratory studies showed a
synergistic effect of EPF and chemical insecticides including cypermethrin and
acetamiprid against adult weevils, and one EPF-chemical insecticide combination
was field tested in Ireland (MCOP, 2016). One or both agents were applied to
seedlings and weevil damage was compared to that on untreated controls. The
approach showed promise but would require further optimisation of fungal strain
and application methods (MCOP, 2016).
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Alternatively, EPF could be targeted against adult weevils, which are also
susceptible (Ansari & Butt, 2012; Pavlik et al., 2016). Two species, B. bassiana
and B. pseudobassiana, were found to occur at low prevalence on adult pine
weevils in Slovakia, and when tested in outdoor trials, could kill pine weevils
feeding on treated spruce saplings (Barta et al., 2019). However, it takes a
relatively long time for adult weevils to die (Ansari & Butt, 2012; Barta et al., 2019).
For example, in lab trials the most virulent strain tested by Barta et al. (2019)
resulted in 30% morality on day 12 and 83% mortality on day 21 (Barta et al.,
2019). A carrier that has been colonised by B. bassiana and that attracts H. abietis
adults has been patented, and this “lure and kill” strategy gave promising results in
field trials in Slovakia (Lalik, Galko, Nikolov, et al., 2021). The study concluded
that these carriers could be suitable for reducing pine weevil abundance in forest,
and probably has minimal effects on other invertebrates (Lalik, Galko, Nikolov, et
al., 2021).

In recent years there has been considerable interest in colonising plants with EPF
as endophytes, growing within the plant (e.g. Jaber and Ownley (2018); Mann and
Davis (2021)) and this approach was tested as part of the MCOP project. EPF
applied to seeds or seedlings colonised both Sitka spruce and lodgepole pine and
persisted endophytically within the seedling for at least 9 months without any
adverse effects on plant growth (MCOP, 2016). This method has potential for
longer term plant protection, but would require further research to confirm that the
endophyte persisted as the trees grew and gave protection against feeding by
weevils in the field. 

Figure 7: Biocontrol of pine weevil. Weevils (A: larva in a tree stump and B: adult) infected by the
entomopathogenic fungus Beauveria with fungal hyphae growing from the insects. C. A female
Bracon hylobii parasitoid lays eggs through tree bark onto a pine weevil larva underneath (Photo:
Cliff Henry). 
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5.3 Bacillus thuringiensis

The bacterium Bacillus thuringiensis (Bt) produces toxins that rapidly kill insects
when ingested. Globally, it is the most widely used bioinsecticide, with a wide
range of strains that differ in their specificity for different insects.  Recent research
in Sweden tested three Bt strains against adult pine weevil in the laboratory, with
lethal effects; unexpectedly, a Diptera (fly)-targeted strain had a greater effect than
Coleoptera (beetle) specific strains, with reduced feeding after 3 days and highest
mortality 7-14 days after Bt-exposure (Tudoran et al., 2021). The study concluded
that Bt has potential in the management of Hylobius and that more strains should
be evaluated (Tudoran et al., 2021).

5.4 Wood decaying fungi 

There has been some interest in the use of wood-colonising fungi to make stumps
less attractive to adult weevils, or less suitable for weevil development.
Phlebiopsis gigantea, a common saprophytic fungus that is applied to stumps as a
biological control of fomes root rot (Heterobasidion annosum) in some parts of
Europe, alters both the physical and chemical composition of the wood. Pine
colonised by P. gigantea was reported to have reduced egg-laying by pine weevil
and reduced larval survival (Skrzecz, 1996). Although pine weevil larvae seemed
to avoid root areas that were infected with P. gigantea, its presence in stumps did
not have an effect on pine weevil reproduction (Smits & Gaitnieks, 2013). Since P.
gigantea does not occur naturally in Ireland, it has not been tested or deployed in
Irish forests. A strain of Trichoderma koningii applied to spruce stumps in Ireland
had no effect on the number of pine weevils developing in those stumps, possibly
due to the low structural decay of wood caused by this fungus (Dillon et al., 2008).
In a Swedish study, treatment of pine or spruce stumps to either promote or retard
microbial activity had no effect on pine weevil reproduction, but fewer weevils
emerged from stumps treated to retard microbial activity than from other stumps
(von Sydow & Birgersson, 1997). There has also been interest in using fungi to
make young trees less attractive; both P. gigantea and Trichoderma harzianum
made pine branches less attractive as a food source for adult weevils (Azeem et
al., 2013; Skrzecz & Moore, 1997). Wood-colonising microbes have also been
investigated as a source of anti-feedants (see section 3.5).

5.5 Natural products

Research is ongoing on a novel approach, using products derived from marine
algae and crustacean waste for the control of pine weevil, in a partnership
between Nutramara Ltd, Coillte and Waterford IT (pers. Comm. Dr Henry Lyons,
Scientific Director of Nutramara Ltd).
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5.6 Natural biocontrol: Native parasitoids, parasites and predators

Bracon hylobii is the best-studied parasitoid of the large pine weevil (Everard et
al., 2009; Faccoli & Henry, 2003; Harvey & Griffin, 2012; Henry; Henry & Day,
2001; Moore, 2001), with potential impact on weevil populations. It lays its eggs in
pine weevil larvae, resulting in their death (Brixey, 1997)(Fig. ff C).  It is a
specialist wasp with pine weevil being one of only two known hosts for this species
(Kenis et al., 2004). The natural occurrence of B. hylobii is highly variable (Henry,
1995). On certain sites high levels of parasitism of up to approximately 80% of
larvae are possible and on these sites an impact on the pine weevil population is
likely (Henry, 1995). However, high parasitism rates are usually only reached in
the third season after clearfell (Henry, 1995). The possibility of augmenting natural
populations was tested in Ireland. Some 40,000 laboratory-reared individuals of B.
hylobii were released onto clearfell Sitka spruce sites around Ireland with variable
results. On some sites, plots where parasitoids were released had nearly three
times the parasitism rate of control plots (Henry & Day, 2011). It was concluded
that major improvements in the culture method of the parasitoid (which must be
reared on its host) would be needed if mass release were to be a cost-effective
approach. Sylvicultural methods to make sites more congenial for the parasitoid
have been suggested, such as provision of food sources for adult parasitoids (e.g
by encouraging flowering plants on sites). Brash reduced the parasitism rate of
adult weevils by B. hylobii (Henry, 1995). 

Apart from B. hylobii, only one other parasitoid, Dolichomitus tuberculatus, attacks
pine weevil larvae, but hardly anything is known about it (Kenis et al., 2004). The
parasitoid wasp Perilitus areolaris attacks and kills pine weevil adults (Gerdin &
Hedqvist, 1984). Studies from central Europe from the mid-60s showed
parasitisation rates of either 1-4% or 15-16% (Kenis et al., 2004). P. areolaris
seems to be quite common in Sweden, attacking 20% of sampled weevils, and
probably has local influence on the pine weevil population size (Bylund et al.,
2003). Neither D. tuberculatus nor P. areolaris has been reported in Ireland
(NBDC, searched July 2021), though field-collected adult weevils were very
occasionally found to be parasitised (personal observations of authors)
presumably by P. areolaris.

Sporozoan parasites, such as Gregarina hylobii and Ophryocystis hylobii, and
microsporidium Nosema hylobii have been found in adult pine weevil of different
European populations (Purrini & Ormieres, 1982; Wegensteiner et al., 2015).
There is not much known about their effects on pine weevil survival and behaviour
(Kenis et al., 2004). Individuals Infected by sporozoans did not exhibit many
symptoms, although feeding might be slightly reduced before death (Purrini &
Ormieres, 1982). 
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Predators: Studies in Sweden showed that seedlings attended by ants had less
feeding damage compared to seedlings without ant attendance (Manak et al.,
2015, 2017; Manak et al., 2013). This reduction is probably based on non-
consumptive predator-herbivore interactions i.e. the presence of (or harassment
by) ants distracting pine weevils from feeding (Manak et al., 2016). In these
studies, ants were attracted to the seedlings using sugar baits.  How these effects
of ant-attendants can be practically used for seedling protection is however a
difficult question.  Apart from ants, other insects, birds and mammals could feed
on pine weevil (Kenis et al., 2004). However, if and how much they predate on
pine weevils is poorly known. Since pine weevil development takes place within
stumps/roots and adults spend much of their time hidden in the soil, predation
levels can be assumed to be low. Adults are exposed when feeding on seedlings,
and white wagtail, thrush and jackdaws have been observed to feed on them
(Nordlander et al., 2008). Adults are also vulnerable to predation when migrating.   
Several potential invertebrate predators have been found in pine weevil habitat,
but the only reports of attack are by the robber fly Laphria sp. on adults and by
various beetles on larvae (Kenis et al., 2004). The carabid ground beetle
Pterostichus madidus, a generalist predator, was shown to feed on pine weevil
larvae as they migrate from one food source to another (Salisbury & Leather,
1998). The impact of predation by vertebrates and invertebrates on pine weevil
populations has not been quantified. 
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Some methods may have additive effects, while others may act synergistically (the
effect of combined methods are greater than expected based on the performance
of each method on its own). 

For example, physical protection and soil scarification can have a synergistic
effect on seedling survival (Petersson & Örlander, 2003; Wallertz & Petersson,
2011), possibly due to vegetation having a negative effect on the protection of
physical methods (Petersson & Örlander, 2003). In experiments in southern
Sweden where unprotected seedlings suffered 88% mortality after 3 years, the
combined used of three methods – scarified soil, physical protection and
shelterwood – had additive effects, giving protection equivalent to that of
insecticide, where mortality was insignificant (Petersson & Örlander, 2003).
Willoughby et al. (2020) recommend that physical protection only be employed in
conjunction with cultural practices including suitable site preparation to create a
weed and brash free space around the planted trees. 

Chemicals can be applied together with an adjuvant (a substance that enhances
the effectiveness of the chemical), to ensures that the insecticide adheres to the
plant, thus reducing the application rate and prolonging the efficacy of a single
treatment. Coillte trialled combinations of cypermethrin with “Flexcoat” and
subsequently Ayeflex (Anonymous, 2017). The use of the adjuvant is designed to
reduce both the use of insecticides in nurseries and the necessity for top-up
sprays in the field (Anonymous, 2017). 

Laboratory studies showed a synergistic effect of EPF and chemical insecticides
including cypermethrin and acetamiprid against adult pine weevils, with increased
speed of kill in the combinations than expected based on results for the agents
trialled on their own (MCOP, 2016; van Vlandereren et al., in prep.), and a field
trial in Ireland showed promise for using reduced rate of chemical insecticide in
combination with EPF (MCOP, 2016).

6. INTEGRATION OF DIFFERENT METHODS
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7. DECISION SUPPORT SYSTEMS

In general, IPM is a decision-based process, requiring knowledge of the current or
predicted pest status to inform decisions as to the choice and/or timing of pest
management procedures. The decision-making process can range from general
scouting for pests in the field and application of control when a threshold is
reached, to more complex web-based decision support systems that take account
of several factors to estimate risk and then recommend management options
based on that risk. Here we describe systems employed in Ireland, the UK and
Sweden, including two web-based systems (HMSS in the UK and the Swedish
Snyttbaggemodellen).

7.1 Assessing population density and monitoring damage levels

To decide which management options (if any) to apply requires knowledge of the
current or predicted population level of the pest. There are two approaches to
monitoring pine weevil populations: monitoring the population within a stump
(“stump hacking”), which will give an indication of the number of weevils
developing on the site, or monitoring numbers of adult weevils present on site,
which accounts for in-migration as well as weevils that developed on site. Coillte
uses a decision support tool based on stump hacking (see below). Some private
contractors in Ireland also adopt this approach.

Stump hacking estimates the size of the expected weevil population on a clearfell
before planting. Stump hacking is performed by removing the bark of one quarter
of the stump, including one major root and two root junctions, using a wood chisel
or spade, and counting the number of larvae and pupae (Teagasc, 2020)(Fig. 8).
Based on the results, the necessity of applying insecticides or using insecticide-
treated seedlings can be evaluated. 

Traps of various kinds can be used to monitor adults present on site. Billet traps,
consisting of a branch or stem piece, placed on sites attract feeding pine weevils.
This approach is used in conjunction with the HMSS described below. In Poland,
billets or IBL-4 traps (Chemipan R&D Laboratories, Warsaw, Poland) have been
used (Skrzecz et al., 2021). In Romania, toxic bark traps are used. Alternative to
bark pieces, artificial traps with synthetic attractants (alpha pinene and ethanol)
can be used. These are often pitfall traps that drown the pine weevil in a liquid
and thus prevent them from leaving the trap (Nordlander, 1989; Zumr & Stary,
1995). The number and spacing of traps, and the timing of their deployment, can
influence their validity in reflecting damage levels and pine weevil populations.
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An automatic device for real-time monitoring of adult pine weevil has been
developed by the UK company Spotta (https://www.spotta.co/forest-pod), in
collaboration with Forestry and Land Scotland. The system uses proprietary
patented ultra-low power image recognition and lure dispensing technology. On-
site “pods” are designed to attract and detect weevils and send the information to
the remote user. Pods are expected to operate for an entire season without user
input, and are placed at a frequency of one per hectare. In a similar approach, the
HylopodTM, developed by a consortium including Forest Research UK, provides
manual or remotely sensed weevil data which can be integrated with the HMSS
monitoring system (section 7.3), and research is underway to use these pods in
conjunction with entomopathogenic nematodes or fungi as part of a “lure and kill”
strategy (Roger Moore: https://www.teagasc.ie/crops/forestry/news/2022/pine-
weevil-conference.php). 

Alternatively, control areas planted with untreated seedlings within the clearfell
are used to monitor pine weevil pressure. In Romania, control areas of 5 x 10 m
are used. The number of control areas per hectare depends on the size of the site:
4 on sites up to 3 hectares, 2 on sites of 3-10 hectares and 1 per hectare on larger
sites. Regular monitoring of the seedlings on the control sites gives an indication
of pine weevil pressure and the necessity of top-up sprays. 
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Figure 8: Stump hacking to estimate the population of pine weevil developing on a site. Bark is
removed from a quarter of each of five stumps and the number of larvae and pupae is counted
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7.2 Ireland: Coillte’s Weevil Management Decision Chart

Coillte refers to a Weevil Management Decision Chart on each site before
deciding on any plant protection methods against the pine weevil (Anonymous,
2017), as outlined in Figure 9. Based on the results of stump hacking (see above)
in conjunction with site properties and knowledge about the previous crop, the site
manager evaluates the risk of expected weevil damage. If the risk is judged as
low, either no action is taken or dipped plants and/or plants with large root collar
are planted. If the risk is moderate to high, more steps of evaluation follow. If
possible, green planting with dipped and/or large root collared plants is performed.
Otherwise, if a longer fallow period is necessary, dipped plants with a large root
collar will be planted. Independent of the decision before planting, sites are
regularly investigated with stump hacking and crop monitoring, so that top-up
sprays can be performed when necessary. 
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Figure 9: Decision support flow chart (modified based on Coillte)
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Fallow period (1-4 years): An increasing fallow period increases the survival of
seedlings.

Number of plants to be planted per hectare (for assessing costs of planting
and replanting): Does not influence seedling survival.

7.3 UK Forestry Commission’s HMSS

Willoughby et al. (2017) describe the decision support system used in the UK, and
discuss the possible responses, which include: (1) “Take no action” (a high risk
strategy without intensive monitoring, and therefore not recommended); (2) “Avoid
the problem” (alternative silvicultural systems or species, fallow ground strategy,
manipulating ground vegetation, and using good quality planting stock), or (3)
“Take remedial action” (biological control with entomopathogenic nematodes,
mulching and de-stumping, physical protection and insecticides). 

Dr Roger Moore of Forest Research UK has developed the Hylobius Management
Support System (HMSS), a web based tool helping foresters to minimise pine
weevil damage on their replanting sites (Forest_Research, 2021). The system also
considers amount of pesticide usage, costs and forest production certification as
well as management goals. Cost reduction is mainly linked to reduced and
correctly timed application of insecticides. The recommendations for timing of
management actions and insecticide treatments are based on the site information
that is put into the system and the size of the pine weevil populations. The HMSS
is based on the research experience in the UK. The HMSS in its current form was
found to be unsuitable for use in Ireland due to differences in silvicultural
practices, including the length of fallow period. In the UK, fallow periods of up to 5
years, compared to 2 years in Ireland, are allowed and this is included in the
HMSS. 

7.4 Swedish “Snytbaggemodellen”

The software “snytbaggemodellen” (pine weevil model)
(http://www2.ess.slu.se/snytbagge/default.htm) was developed by Swedish
researchers to help assess the costs of protection methods against pine weevil
damage in comparison to the costs caused by pine weevil without protection. The
model is based on results of field experiments in southern Sweden from 1990 to
2004. It is only valid for southern Sweden and for planting of Norway spruce. The
model gives an estimation of the survival and costs of the living plant based on the
factors chosen. The following factors are taken into consideration within the
model:
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Soil scarification (none, mounding and other methods of soil scarification):
There are differences between the different scarification methods, but they all
improve seedling survival compared to unprepared soil.

Shelterwood (yes/no): Presence of shelterwood without other protection
approximately doubles seedling survival. 

Seedling protection (none, insecticides, or physical protection): Plant
protection highly increases seedling survival. 

Reapplication of protection (yes/no): Reapplication has only a small effect
compared to single application. 

Plant type (bare-root vs. containerised; seedling age): In Sweden, alot of
containerised seedlings are planted, and bare-root seedlings are usually older
than containerised seedlings. Thus, there is a correlation between age, plant
type and root collar diameter. Increased root collar diameter increases
seedling survival. 

Combining two of the factors that positively influence seedling survival has a
synergistic effect in the model. Adding a third method usually does not further
increase seedling survival, or does so only slightly. 
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8. PERSPECTIVES FOR IRELAND

The large pine weevil is a very significant forest pest in Ireland; inability to manage
it adequately would make reforestation difficult or impossible, and since
reforestation is becoming increasingly important in Irish forestry, this would pose a
serious threat to both the forest industry and the role of forests in climate change
mitigation. Therefore, its effective management is imperative. This pest is also of
European importance, and we can learn a lot from the experience of others,
particularly Sweden and the UK.

A vast amount of pine weevil research has been done in Sweden, including the
development of physical barriers, but since the conditions there (including weevil
population size) are quite different, methods developed in Sweden need to be
carefully evaluated for use in Irish conditions. Conditions in Britain are a closer
match for those in Ireland, and Ireland can benefit from the extensive research of
our neighbours, including that of Forest Research UK. There are two main groups
with Hylobius research remits in the UK and Ireland aimed at fostering
collaboration and the exchange of knowledge about pine weevil: a more formal
focussed “Hylobius Working Group” comprising Coillte and forest enterprises and
state agencies of the constituent countries of the UK, and the Hylobius Industry
Research Programme (HIRP) group which is a collaborative cross-industry body
working to support research into the management of pine weevils in forestry
plantations in UK and Ireland with members from state and private forestry
sectors, Forest Research and academia. Forestry practices differ between Britain
and Ireland in several respects, and there is a need to test novel solutions
developed elsewhere under Irish conditions. Coillte conducts trials of the more
promising chemical and physical protection methods. 

The main approach to protecting plants on reforestation sites is by treating them
with chemical insecticides. The specific chemicals used for this have changed
over the years in response to changing availability and safety concerns, most
recently from cypermethrin to acetamiprid. Although the pace at which new
insecticides become available has slowed, new chemistries continue to be
developed or to be tested against pine weevil, such as chlorantraniliprole. It is
difficult to envision weevil control without chemical protection, as there is no
simple alternative that is applicable across all sites. However, in line with
sustainable forestry goals, it is generally desirable to use the least harmful
chemicals available, and to reduce their use as far as possible. Some sites may
not need treatment due to being low risk, while others may be protected using
alternative approaches. Physical barriers can be useful, but they are expensive
and suitable for use only on some sites. The only potential biological method so
far seems to be the use of nematodes to suppress weevil populations. 

PER
S

PEC
TIV

ES
 FO

R
 IR

ELA
N

D

PW-IPM REPORT 2022                    44



As is the case for physical barriers, nematodes are expensive and not appropriate
for all sites; moreover, their application has additional logistical requirements such
as the need to transport a specialised spray rig and a large volume of water to
sites. Entomopathogenic fungi have received less attention, with a limited range of
species and strains tested to date. There is scope for innovative formulations and
approaches incorporating fungi, including “lure and kill” strategies.

Central to an IPM approach to pine weevil is the ability to accurately predict risk on
a site-by-site basis, so that appropriate measures are adopted for each site. The
method currently used by Coillte relies on stump-hacking to assess the weevil
population developing on site, together with expert knowledge of site location and
other factors to estimate risk from neighbouring sites. Populations of weevils
estimated by stump-hacking give a reasonable estimation of the numbers of
weevils actually emerging on site in the season after hacking. This is shown by
plotting numbers of developing weevils estimated by hacking in early summer
against numbers of weevils collected in emergence traps erected over stumps on
the same sites in later summer/autumn of the same year (Fig. 10). In general,
there is a good correspondence between numbers in stumps and numbers
emerging on sites, but there are some discrepancies, both over- and
underestimates of emergence. An overestimate of emergence from stump-hacking
may be explained in part by some of the in-stump population remaining in the
stumps over winter. More concerning is an underestimate of emergence based on
stump hacking, which can lead to no or limited action being taken and higher
damage than expected. Understanding discrepancies between hacking and
emergence could improve the value of stump hacking as a prediction tool.
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Figure 10: Numbers per stump of adult weevils emerging in late summer/autumn versus
numbers of developing weevils in stumps hacked earlier in the season on nineteen sites. Data
are from untreated control stumps in nematode field trials reported in Williams et al. (2013) and
Kapranas et al. (2017). The vertical line corresponds to the threshold (5 weevils per quarter
stump) above which spraying is recommended. 
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Knowledge of pine weevil population dynamics in Ireland is based on the expert
knowledge of foresters along with information from other countries. There have
been no formal structured studies of weevil population dynamics, though some
data are available from field trials (such as the data in Figure 5). A model (based
on Wainhouse et al (2014)) developed as part of the PW-IPM project (DAFM
17/C/228) integrates this information with temperature data to forecast the time at
which adults will emerge onto a site (pineR, 2022). Stump-hacking (which is used
to estimate numbers of weevils) can help refine the predicted time of weevil
emergence, based on the stages of weevils present in the stump. 

Since predicting weevil risk is such a key component of IPM, efforts to improve the
accuracy of stump hacking as a predictive tool and/or to test other approaches for
incorporation into a decision support tool would be worthwhile. While the HMSS
Hylobius decision support system developed in the UK did not work effectively in
Ireland, there could be potential to either work with Forest Research to adapt it to
Irish conditions, or to develop a system appropriate for Irish forestry de novo. This
would be in keeping with Coillte’s “connected forests” approach
(https://www.coillte.ie/our-business/our-projects/connectedforest/) and would also
be of benefit to private forestry consultants. Any such system should be
compatible with the current practice of stump hacking. 

Prediction of weevil numbers and hence damage on a site must be understood in
the context of climate change, particularly the increased temperatures that are
expected. Flight of pine weevils is common in Scandinavia, resulting in
colonisation of distant sites, while in UK and Ireland there are currently few reports
of flight. However, increased summer temperatures expected with global warming
could pose an increased risk of flight, with greater numbers of weevils potentially
arriving on new sites. In this situation, the relative importance of on-site
emergence would decrease, and this may need to be factored into any decision
support system. Temperature in the stump affects the rate at which weevils
develop from egg to adult (Inward et al., 2012) so increasing temperature may
result in earlier emergence of weevils (Figure 11), as predicted for the UK
(Wainhouse et al., 2014).

Changes in voltinism (the duration from egg to egg-laying adult) are also predicted
for future climates in the UK, with an increase in the proportion of weevils with a
one-year cycle, especially in southeast England, and a decrease in the proportion
showing a 3-year cycle (currently the predominant pattern in upland regions of
Scotland and Wales) (Wainhouse et al., 2014). Preliminary modelling using the
Wainhouse et al model also forecast a decreased proportion of weevils displaying
a 3-year lifecycle (Williams et al., unpublished; Figure 12).
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Figure 11: Emergence of weevils from stumps in current (“control”) climates (based on data from
11 forest sites in Ireland) and model-predicted times for future climates in 2050 and 2080.
(Williams et al unpublished).  

Figure 12: Predicted geographical variation in voltinism of Hylobius abietis across four forest sites
A: current climate, B: 2050s and C:  2080s. Key indicates life cycle duration (voltinism of 2 or 3
years). (Williams et al unpublished) 
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Knowledge transfer

With more and more private forestry in Ireland reaching the fell and replant phase,
the need for decision support increases. Many private contractors are so far
specialised on afforestation management and are only slowly moving into
reforestation. Thus, private owners will increasingly need support in dealing with
this issue. Coillte, with its extensive experience in the management of pine weevil,
on-going field trials of new approaches, and membership of the UK-Ireland
Hylobius industry research groups, is an important source of information for the
private sector. 

Teagasc has a key role in disseminating information on pine weevil to the private
sector, through its web site, open days, and knowledge transfer groups. A booklet
in Teagasc’s Farm Forestry Series entitled “Managing Pine Weevil: Methods and
Option” was produced in 2020 as an outcome of the DAFM-funded PW-IPM
project, with input from Coillte. However, as new methods of dealing with this pest
are developed, this booklet will become dated, and will need to be updated, at
least electronically.

There is scope to improve the dissemination and exchange of information on pine
weevil management in Ireland. There could be value in a special interest group of
key stakeholders such as ITGA and/or other growers’ associations, Coillte,
Teagasc and DAFM (including Forest Service and PCS), meeting annually to
discuss the Hylobius situation to exchange information on strategies and
approaches to pine weevil management, and ensure effective dissemination to
interested parties.
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Box 1. Priorities to address the threat of Hylobius, identified
by the Hylobius industry research group  

1. To develop alternatives to chemicals that work in areas of high
Hylobius population, including physical barrier products.

2. Develop a viable biocontrol option, using insect pathogenic
organisms such as fungi and nematodes that prey on and kill
Hylobius.

 3. Identify a range of alternative, weather-resistant, non-
neonicotinoid pesticides that have low environmental impact and
that might be used as a last resort if other methods of non-chemical
protection fail.

4. Develop an improved predictive Hylobius population model,
appropriate for use in all situations.

5. Create a regularly updated guide on Hylobius integrated pest
management for use by all stakeholders across the sector.
  

(source: Farm Advisory Service Scotland https://www.fas.scot/article/large-pine-weevil-the-
small-pest-causing-a-big-problem-for-restocking/May 2020)

9. CONCLUSION/RECOMMENDATIONS

The Hylobius Industry Research Programme (HIRP) of Britain and Ireland
has identified five priorities to address the threat of pine weevil (Box 1).
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In Ireland, Priorities 1-3 (Alternative and improved means of protecting newly
planted trees) are addressed on the one hand by regular field testing by Coillte of
novel chemicals and other approaches developed elsewhere, and on the other
hand by targeted research projects on alternatives such as nematodes, sea-weed
extracts and stem coats, involving industry/academia partnerships.  

Recommendations from this project

(1)   Ensure effective supports (financial/other) for field trials of promising products
or approaches in Ireland

(2)   Support for novel alternatives from fundamental research to commercial
development, especially where novel solution may have export market
(DAFM/other state funding including Enterprise Ireland)

(3)   Validate and refine Coillte’s existing decision support system, and evaluate
for use in the private sector 

(4)   Consolidate knowledge of pine weevil population dynamics in Ireland,
including regional trends and patterns, taking into account future climates;
probability and distance of weevil flight is a key concern

(5)   Revisit the UK HMSS system or develop a predictive model for pine weevil in
Ireland. Stump hacking should be incorporated as a base-line

(6)   Ensure knowledge transfer to the private sector, including one-day training
sessions for private forestry consultants and updating the Teagasc booklet
(produced in 2020) as required

(7)   Establish a national Hylobius interest group with representatives of key
stakeholders such as ITGA, Coillte, Teagasc and DAFM (including Forest Service
and PCS)

(8)   Consolidate information on Hylobius populations, risk factors and mitigation
strategies (such as biomass removal) from end-users. The value of anecdotal
reports could be enhanced by incorporation into a centralised system. Feeding
user experience back into a national management/forecasting system would
validate and improve the system. 

C
O

N
C

LU
S

IO
N

S
/R

EC
O

M
M

EN
D

A
TIO

N
S

PW-IPM REPORT 2022                    50



10. REFERENCES

ABATE. (2008). Integrated reduced chemical control of Hylobius abietis in Sitka
spruce.
http://www.coford.ie/research/thematicareaestablishingandgrowingforests/foresthe
althandprotection/abate/
Alba. (2019). Chemical and Non-chemical Control Options for Hylobius. Retrieved
2019-04-26 from http://www.albatrees.co.uk/chemical-and-non-chemical-control-
options-for-hylobius/
Anonymous. (2015). Reply to issues raised by stakeholders during the
consultation period (ending 4th July 2015) (Application for a derogation to use
cypermethrin in Ireland, Issue. 
Anonymous. (2016). Pesticide derogation: Use of Cypermethrin in Ireland. 
Anonymous. (2017). Annex 1: FSC®-TPL-30-001 (Application for a temporary
derogation to use CYPERMETHRIN in the Republic of Ireland (ROI), Issue. 
Anonymous. (2019a). Off-label extension of authorisation for minor uses (EAMU)
for non - food crops. F. a. t. M. Department of Agriculture.
http://www.pcs.agriculture.gov.ie/media/pesticides/content/products/off-
labeleamuinstructions/OffLabelExtAuthMinorUsesEAMUNonFoodCrops040319.pd
Anonymous. (2019b). Plant Protection Products Database. Department of
Agriculture, Food and the Marine Retrieved 2019-07-08 from
http://www.pcs.agriculture.gov.ie/registers/plantprotectionproductsregisters/plantpr
otectionproductsdatabase/
Ansari, M. A., & Butt, T. M. (2012). Susceptibility of different developmental stages
of large pine weevil Hylobius abietis (Coleoptera: Curculionidae) to
entomopathogenic fungi and effect of fungal infection to adult weevils by
formulation and application methods. Journal of Invertebrate Pathology, 111, 33-
40. https://doi.org/10.1016/j.jip.2012.05.006
Azeem, M., Rajarao, G. K., Nordenhem, H., Nordlander, G., & Borg-Karlson, A. K.
(2013). Penicillium expansum volatiles reduce pine weevil attraction to host plants.
Journal of Chemical Ecology, 39, 120-128. https://doi.org/10.1007/s10886-012-
0232-5
Azeem, M., Rajarao, G. K., Terenius, O., Nordlander, G., Nordenhem, H.,
Nagahama, K., Norin, E., & Borg-Karlson, A. K. (2015). A fungal metabolite masks
the host plant odor for the pine weevil (Hylobius abietis). Fungal Ecology, 13, 103-
111. https://doi.org/10.1016/j.funeco.2014.08.009
Azeem, M., Terenius, O., Rajarao, G. K., Nagahama, K., Nordenhem, H.,
Nordlander, G., & Borg-Karlson, A. K. (2015). Chemodiversity and biodiversity of
fungi associated with the pine weevil Hylobius abietis. Fungal Biology, 119, 738-
746. https://doi.org/10.1016/j.funbio.2015.04.008
Badawy, M. E. I., Nasr, H. M., & Rabea, E. I. (2015). Toxicity and biochemical
changes in the honey bee Apis mellifera exposed to four insecticides under
laboratory conditions. Apidologie, 46, 177-193. https://doi.org/10.1007/s13592-
014-0315-0

R
EFER

EN
C
ES

PW-IPM REPORT 2022                    51

http://www.coford.ie/research/thematicareaestablishingandgrowingforests/foresthealthandprotection/abate/
http://www.albatrees.co.uk/chemical-and-non-chemical-control-options-for-hylobius/
http://www.pcs.agriculture.gov.ie/media/pesticides/content/products/off-labeleamuinstructions/OffLabelExtAuthMinorUsesEAMUNonFoodCrops040319.pdf
http://www.pcs.agriculture.gov.ie/registers/plantprotectionproductsregisters/plantprotectionproductsdatabase/
https://doi.org/10.1016/j.jip.2012.05.006
https://doi.org/10.1007/s10886-012-0232-5
https://doi.org/10.1016/j.funeco.2014.08.009
https://doi.org/10.1016/j.funbio.2015.04.008
https://doi.org/10.1007/s13592-014-0315-0


lBarta, M., Lalík, M., Rell, S., Kunca, A., Kádasi Horáková, M., Mudronceková, S.,
& Galko, J. (2019). Hypocrealean fungi associated with Hylobius abietis in
Slovakia, their virulence against weevil adults and effect on feeding damage in
laboratory. Forests, 10, 634. https://doi.org/10.3390/f10080634
Bartual, A. M., Sutter, L., Bocci, G., Moonen, A.-C., Cresswell, J., Entling, M.,
Giffard, B., Jacot, K., Jeanneret, P., Holland, J., Pfister, S., Pintér, O., Veromann,
E., Winkler, K., & Albrecht, M. (2019). The potential of different semi-natural
habitats to sustain pollinators and natural enemies in European agricultural
landscapes. Agriculture, Ecosystems & Environment, 279, 43-52.
https://doi.org/https://doi.org/10.1016/j.agee.2019.04.009
Bassi, A., Rison, J. L., & Wiles, J. A. (2009). Chlorantraniliprole (DPX-E2Y45,
Rynaxypyr®, Coragen®) a new diamide insecticide for control of codling moth
(Cydia pomonella), Colorado potato beetle (Leptinotarsa decemlineata) and
European grapevine moth (Lobesia botrana). Proceedings of the 9th Slovenian
Conference on Plant Protection with International Participation, 9, 39-45. 
Bejer-Petersen, B. (1975). Length of development and survival of Hylobius abietis
as influenced by silvicultural exposure to sunlight. Arsskrift, Kongelige Veterinaer-
og Landbohoejskole, Koebenhavn., 111-120. 
Björklund, N., Nordlander, G., & Bylund, H. (2003). Host-plant acceptance on
mineral soil and humus by the pine weevil Hylobius abietis (L.). Agricultural and
Forest Entomology, 5, 61-65. 
Bjorkman, C., Bylund, H., Nilsson, U., Nordlander, G., & Schroeder, M. (2015).
Effects of New Forest Management on Insect Damage Risk in a Changing
Climate. In C. Bjorkman & P. Niemela (Eds.), Climate Change and Insect Pests
(Vol. 7, pp. 248-266). CABI. 
Blanch, J. S., Sampedro, L., Llusia, J., Moreira, X., Zas, R., & Penuelas, J. (2012).
Effects of phosphorus availability and genetic variation of leaf terpene content and
emission rate in Pinus pinaster seedlings susceptible and resistant to the pine
weevil, Hylobius abietis. Plant Biology, 14, 66-72. https://doi.org/10.1111/j.1438-
8677.2011.00492.x
Bohman, B., Nordlander, G., Nordenhem, H., Sunnerheim, K., Borg-Karlson, A. K.,
& Unelius, C. R. (2008). Structure-activity relationships of phenylpropanoids as
antifeedants for the pine weevil Hylobius abietis. Journal of Chemical Ecology, 34,
339-352. https://doi.org/10.1007/s10886-008-9435-1
Brixey, J. (1997). The potential for biological control to reduce Hylobius abietis
damage (0267 2375).
https://www.forestresearch.gov.uk/documents/4899/RIN273.pdf, Issue. 
Brixey, J. M., Moore, R., & Milner, A. D. (2006). Effect of entomopathogenic
nematode (Steinernema carpocapsae Weiser) application technique on the
efficacy and distribution of infection of the large pine weevil (Hylobius abietis L.) in
stumps of Sitka spruce (Picea sitchensis Carr.) created at different times. Forest
Ecology and Management, 226, 161-172.
https://doi.org/10.1016/j.foreco.2006.01.044

R
EFER

EN
C
ES

PW-IPM REPORT 2022                    52

http://www.pcs.agriculture.gov.ie/media/pesticides/content/products/off-labeleamuinstructions/OffLabelExtAuthMinorUsesEAMUNonFoodCrops040319.pdf
https://doi.org/10.3390/f10080634
https://doi.org/https:/doi.org/10.1016/j.agee.2019.04.009
https://doi.org/10.1111/j.1438-8677.2011.00492.x
https://doi.org/10.1007/s10886-008-9435-1
http://www.pcs.agriculture.gov.ie/media/pesticides/content/products/off-labeleamuinstructions/OffLabelExtAuthMinorUsesEAMUNonFoodCrops040319.pdf
http://www.pcs.agriculture.gov.ie/media/pesticides/content/products/off-labeleamuinstructions/OffLabelExtAuthMinorUsesEAMUNonFoodCrops040319.pdf
http://www.pcs.agriculture.gov.ie/media/pesticides/content/products/off-labeleamuinstructions/OffLabelExtAuthMinorUsesEAMUNonFoodCrops040319.pdf
http://www.pcs.agriculture.gov.ie/media/pesticides/content/products/off-labeleamuinstructions/OffLabelExtAuthMinorUsesEAMUNonFoodCrops040319.pdf
http://www.pcs.agriculture.gov.ie/media/pesticides/content/products/off-labeleamuinstructions/OffLabelExtAuthMinorUsesEAMUNonFoodCrops040319.pdf
http://www.pcs.agriculture.gov.ie/media/pesticides/content/products/off-labeleamuinstructions/OffLabelExtAuthMinorUsesEAMUNonFoodCrops040319.pdf
http://www.pcs.agriculture.gov.ie/media/pesticides/content/products/off-labeleamuinstructions/OffLabelExtAuthMinorUsesEAMUNonFoodCrops040319.pdf
http://www.pcs.agriculture.gov.ie/media/pesticides/content/products/off-labeleamuinstructions/OffLabelExtAuthMinorUsesEAMUNonFoodCrops040319.pdf
http://www.pcs.agriculture.gov.ie/media/pesticides/content/products/off-labeleamuinstructions/OffLabelExtAuthMinorUsesEAMUNonFoodCrops040319.pdf


Bylund, H., Nordenhem, H., & Nordlander , G. (2003). Is the parasitoid Perilitus
areolaris a significant mortality factor for adult pine weevils? IUFRO "Forest Insect
Population Dynamics and Host Influence", Kanazawa, Japan. 
Carrillo-Gavilán, A., Moreira, X., Zas, R., Vilà, M., & Sampedro, L. (2012). Early
resistance of alien and native pines against two native generalist insect
herbivores: no support for the natural enemy hypothesis. Functional Ecology, 26,
283-293. https://doi.org/10.1111/j.1365-2435.2011.01931.x
Cordova, D., Benner, E. A., Sacher, M. D., Rauh, J. J., Sopa, J. S., Lahm, G. P.,
Selby, T. P., Stevenson, T. M., Flexner, L., Gutteridge, S., Rhoades, D. F., Wu, L.,
Smith, R. M., & Tao, Y. (2006). Anthranilic diamides: A new class of insecticides
with a novel mode of action, ryanodine receptor activation. Pesticide Biochemistry
and Physiology, 84, 196-214.
https://doi.org/https://doi.org/10.1016/j.pestbp.2005.07.005
DAFM. (2019). Irish National Action Plan for the Sustainable Use of Pesticides.
https://www.pcs.agriculture.gov.ie/media/pesticides/content/sud/Irish%20National
%20Action%20Plan%20for%20the%20Sustainable%20Use%20of%20Pesticides
%20-%20February%202019.pdf
Decourtye, A., & Devillers, J. (2010). Ecotoxicity of Neonicotinoid Insecticides to
Bees. In S. H. Thany (Ed.), Insect Nicotinic Acetylcholine Receptors (pp. 85-95).
Springer New York. https://doi.org/10.1007/978-1-4419-6445-8_8
Department of Agriculture Food and the Marine. (2019). Element 2, Woodland
Improvement Scheme –Continuous Cover Forestry.
https://assets.gov.ie/72403/d3b06275977e467498e5930097e63fab.pdf. 
Dillon, A. B., Downes, M. J., Ward, D., & Griffin, C. T. (2007). Optimizing
application of entomopathogenic nematodes to manage large pine weevil,
Hylobius abietis L. (Coleoptera : Curculionidae) populations developing in pine
stumps, Pinus sylvestris. Biological Control, 40, 253-263.
https://doi.org/10.1016/j.biocontrol.2006.11.001
Dillon, A. B., Moore, C. P., Downes, M. J., & Griffin, C. T. (2008). Evict or infect?
Managing populations of the large pine weevil, Hylobius abietis, using a bottom-up
and top-down approach. Forest Ecology and Management, 255, 2634-2642.
https://doi.org/10.1016/j.foreco.2008.01.021
Dillon, A. B., Ward, D., Downes, M. J., & Griffin, C. T. (2006). Suppression of the
large pine weevil Hylobius abietis (L.) (Coleoptera : Curculionidae) in pine stumps
by entomopathogenic nematodes with different foraging strategies. Biological
Control, 38, 217-226. https://doi.org/10.1016/j.biocontrol.2006.03.004
Dinter, A., Brugger, K. E., Frost, N.-M., & Woodward, M. D. (2009).
Chlorantraniliprole (Rynaxypyr): A novel DuPontTM insecticide with low toxicity
and low risk for honey bees (Apis mellifera) and bumble bees (Bombus terrestris)
providing excellent tools for uses in integrated pest management. Julius-Kuhn-
Archiv, 423, 84-96. 
EFSA. (2018). Peer review of the pesticide risk assessment of the active
substance cypermethrin. EFSA Journal, 16, 5402. https://doi.org/doi:
10.2903/j.efsa.2018.5402 

R
EFER

EN
C
ES

PW-IPM REPORT 2022                    53

http://www.pcs.agriculture.gov.ie/media/pesticides/content/products/off-labeleamuinstructions/OffLabelExtAuthMinorUsesEAMUNonFoodCrops040319.pdf
http://www.pcs.agriculture.gov.ie/media/pesticides/content/products/off-labeleamuinstructions/OffLabelExtAuthMinorUsesEAMUNonFoodCrops040319.pdf
http://www.pcs.agriculture.gov.ie/media/pesticides/content/products/off-labeleamuinstructions/OffLabelExtAuthMinorUsesEAMUNonFoodCrops040319.pdf
http://www.pcs.agriculture.gov.ie/media/pesticides/content/products/off-labeleamuinstructions/OffLabelExtAuthMinorUsesEAMUNonFoodCrops040319.pdf
http://www.pcs.agriculture.gov.ie/media/pesticides/content/products/off-labeleamuinstructions/OffLabelExtAuthMinorUsesEAMUNonFoodCrops040319.pdf
http://www.pcs.agriculture.gov.ie/media/pesticides/content/products/off-labeleamuinstructions/OffLabelExtAuthMinorUsesEAMUNonFoodCrops040319.pdf
http://www.pcs.agriculture.gov.ie/media/pesticides/content/products/off-labeleamuinstructions/OffLabelExtAuthMinorUsesEAMUNonFoodCrops040319.pdf
http://www.pcs.agriculture.gov.ie/media/pesticides/content/products/off-labeleamuinstructions/OffLabelExtAuthMinorUsesEAMUNonFoodCrops040319.pdf
http://www.pcs.agriculture.gov.ie/media/pesticides/content/products/off-labeleamuinstructions/OffLabelExtAuthMinorUsesEAMUNonFoodCrops040319.pdf
http://www.pcs.agriculture.gov.ie/media/pesticides/content/products/off-labeleamuinstructions/OffLabelExtAuthMinorUsesEAMUNonFoodCrops040319.pdf
https://doi.org/10.1016/j.biocontrol.2006.11.001
https://doi.org/10.1016/j.foreco.2008.01.021
https://doi.org/10.1016/j.biocontrol.2006.03.004
https://doi.org/doi


El Hassani, A. K., Dacher, M., Gary, V., Lambin, M., Gauthier, M., & Armengaud,
C. (2008). Effects of Sublethal Doses of Acetamiprid and Thiamethoxam on the
Behavior of the Honeybee (Apis mellifera). Archives of Environmental
Contamination and Toxicology, 54, 653-661. https://doi.org/10.1007/s00244-007-
9071-8
Elfman, L., Hogstedt, C., Engvall, K., Lampa, E., & Lindh, C. H. (2009). Acute
Health Effects on Planters of Conifer Seedlings Treated with Insecticides. Annals
of Occupational Hygiene, 53, 383-390. https://doi.org/10.1093/annhyg/mep016
Eriksson, C., Månsson, P. E., Sjödin, K., & Schlyter, F. (2008). Antifeedants and
feeding stimulants in bark extracts of ten woody non-host species of the pine
weevil, Hylobius abietis. Journal of Chemical Ecology, 34, 1290-1297. 
Eriksson, S., Karlsson, A.-B., & Härlin, C. (2017). Test av mekaniska plantskydd
mot snytbaggar i omarkberedd och markberedd mark, anlagt våren 2013.
Fakulteten för skogsvetenskap, Sveriges lantbruksuniversitet.
https://pub.epsilon.slu.se/14040/#:~:text=I%20det%20markberedda%20barrotsf%
C3%B6rs%C3%B6ket%20hade,som%20planterades%20i%20markberedd%20ma
rk.
European Commission. (N/A). Neonicotinoids. European Commission. Retrieved
15-01-2020 from
https://ec.europa.eu/food/plant/pesticides/approval_active_substances/approval_r
enewal/neonicotinoids_en
Everard, A., Griffin, C. T., & Dillon, A. B. (2009). Competition and intraguild
predation between the braconid parasitoid Bracon hylobii and the
entomopathogenic nematode Heterorhabditis downesi, natural enemies of the
large pine weevil, Hylobius abietis. Bulletin of Entomological Research, 99, 151-
161. https://doi.org/10.1017/s0007485308006287
Faccoli, M., & Henry, C. J. (2003). Host location by chemical stimuli in Bracon
hylobii (Ratzeburg) (Hymenoptera: Braconidae), a larval parasitoid of Hylobius
abietis (L.) (Coleoptera: Curculionidae). Annales De La Societe Entomologique De
France, 39, 247-256. https://doi.org/10.1080/00379271.2003.10697382
Fedderwitz, F., Björklund, N., Ninkovic, V., & Nordlander, G. (2014). Diel
behaviour and time budget of the adult pine weevil, Hylobius abietis. Physiological
Entomology, 39, 103-110. https://doi.org/10.1111/phen.12053
Forest Service. (2018). Ireland’s National Forest Inventory 2017 – Results. 
Forest Stewardship Council International. (2017). List of approved derogations for
use of ‘highly hazardous’ pesticides. F. S. Council. 
Forest Stewardship Council Sweden. (2014). FSC Pesticides Policy in Sweden. 
Forest Stewardship Council Sweden. (2018, 13/03/2018). Mindre kemikalier i
skogen. Retrieved 20/03/2019 from https://se.fsc.org/se-
se/pressrum/nyheter/id/288
Forest_Research. (2021). Hylobius Management Support System (MSS).
Retrieved 15th September 2021 from https://www.forestresearch.gov.uk/tools-and-
resources/fthr/tree-health-and-protection-services/hylobius-management-support-
system/

R
EFER

EN
C
ES

PW-IPM REPORT 2022                    54

http://www.pcs.agriculture.gov.ie/media/pesticides/content/products/off-labeleamuinstructions/OffLabelExtAuthMinorUsesEAMUNonFoodCrops040319.pdf
http://www.pcs.agriculture.gov.ie/media/pesticides/content/products/off-labeleamuinstructions/OffLabelExtAuthMinorUsesEAMUNonFoodCrops040319.pdf
http://www.pcs.agriculture.gov.ie/media/pesticides/content/products/off-labeleamuinstructions/OffLabelExtAuthMinorUsesEAMUNonFoodCrops040319.pdf
http://www.pcs.agriculture.gov.ie/media/pesticides/content/products/off-labeleamuinstructions/OffLabelExtAuthMinorUsesEAMUNonFoodCrops040319.pdf
http://www.pcs.agriculture.gov.ie/media/pesticides/content/products/off-labeleamuinstructions/OffLabelExtAuthMinorUsesEAMUNonFoodCrops040319.pdf
https://ec.europa.eu/food/plant/pesticides/approval_active_substances/approval_renewal/neonicotinoids_en
https://doi.org/10.1017/s0007485308006287
https://doi.org/10.1080/00379271.2003.10697382
https://doi.org/10.1111/phen.12053
https://se.fsc.org/se-se/pressrum/nyheter/id/288
https://www.forestresearch.gov.uk/tools-and-resources/fthr/tree-health-and-protection-services/hylobius-management-support-system/


Forestry_Act. (2014). http://www.irishstatutebook.ie/eli/2014/act/31/enacted/en/pdf
Gerdin, S., & Hedqvist, K. J. (1984). Perilitus areolaris sp. n. (Hymenoptera:
Braconidae), an imago-parasitoid of the large pine weevil, Hylobius abietis
(Linnaeus), and its reproductive behaviour. Entomologica Scandinavica, 15, 363-
369. 
Glare, T. R., Reay, S. D., Nelson, T. L., & Moore, R. (2008). Beauveria caledonica
is a naturally occurring pathogen of forest beetles. Mycological Research, 112,
352-360. https://doi.org/10.1016/j.mycres.2007.10.015
Glowacka, B., Lech, A., & Wilczynski, W. (1991). Application of deltamethrin for
spraying or dipping to protect Scots pine seedlings against Hylobius abietis L and
logs against Tomicus piniperda L. Annales Des Sciences Forestieres, 48, 113-
117. https://doi.org/10.1051/forest:19910109
Hannerz, M., Thorsén, Å., Mattsson, S., & Weslien, J. (2002). Pine weevil
(Hylobius abietis) damage to cuttings and seedlings of Norway spruce. Forest
Ecology and Management, 160, 11-17.
https://doi.org/http://dx.doi.org/10.1016/S0378-1127(01)00467-4
Hardy, C., Sayyed, I., Leslie, A. D., & Dittrich, A. D. K. (2020). Effectiveness of
insecticides, physical barriers and size of planting stock against damage by the
pine weevil (Hylobius abietis). Crop Protection, 137, Article 105307.
https://doi.org/10.1016/j.cropro.2020.105307
Harvey, C. D., Alameen, K. M., & Griffin, C. T. (2012). The impact of
entomopathogenic nematodes on a non-target, service-providing longhorn beetle
is limited by targeted application when controlling forestry pest Hylobius abietis.
Biological Control, 62, 10. https://doi.org/10.1016/j.biocontrol.2012.04.002
Harvey, C. D., & Griffin, C. T. (2012). Host activity and wasp experience affect
parasitoid wasp foraging behaviour and oviposition on nematode-infected larvae of
the forestry pest Hylobius abietis. Ecological Entomology, 37, 269-282.
https://doi.org/10.1111/j.1365-2311.2012.01362.x
Harvey, C. D., & Griffin, C. T. (2016). Local host-dependent persistence of the
entomopathogenic nematode Steinernema carpocapsae used to control the large
pine weevil Hylobius abietis. Biocontrol, 61, 185-193.
https://doi.org/10.1007/s10526-015-9709-9
Harvey, C. D., Williams, C. D., Dillon, A. B., & Griffin, C. T. (2016). Inundative pest
control: How risky is it? A case study using entomopathogenic nematodes in a
forest ecosystem. Forest Ecology and Management, 380, 242-251.
https://doi.org/10.1016/j.foreco.2016.08.018
Heiskanen, J. (2004). Effects of pre- and post-planting shading on growth of
container Norway spruce seedlings. New Forests, 27, 101-114.
https://doi.org/10.1023/a:1025089425761
Hellqvist, C. (2014). Practical planting with the weevil protection Conniflex –
summary of experiences from seven years of field investigations. [Praktiska
planteringar med snytbaggeskyddet Conniflex – summering av erfarenheter från
sju års uppföljningar i fält]. https://snytbagge.slu.se/attachment/conniflex-2007-
2014.pdf. 

R
EFER

EN
C
ES

PW-IPM REPORT 2022                    55

http://www.pcs.agriculture.gov.ie/media/pesticides/content/products/off-labeleamuinstructions/OffLabelExtAuthMinorUsesEAMUNonFoodCrops040319.pdf
http://www.pcs.agriculture.gov.ie/media/pesticides/content/products/off-labeleamuinstructions/OffLabelExtAuthMinorUsesEAMUNonFoodCrops040319.pdf
http://www.pcs.agriculture.gov.ie/media/pesticides/content/products/off-labeleamuinstructions/OffLabelExtAuthMinorUsesEAMUNonFoodCrops040319.pdf
http://www.pcs.agriculture.gov.ie/media/pesticides/content/products/off-labeleamuinstructions/OffLabelExtAuthMinorUsesEAMUNonFoodCrops040319.pdf
http://www.pcs.agriculture.gov.ie/media/pesticides/content/products/off-labeleamuinstructions/OffLabelExtAuthMinorUsesEAMUNonFoodCrops040319.pdf
http://www.pcs.agriculture.gov.ie/media/pesticides/content/products/off-labeleamuinstructions/OffLabelExtAuthMinorUsesEAMUNonFoodCrops040319.pdf
http://www.pcs.agriculture.gov.ie/media/pesticides/content/products/off-labeleamuinstructions/OffLabelExtAuthMinorUsesEAMUNonFoodCrops040319.pdf
http://www.pcs.agriculture.gov.ie/media/pesticides/content/products/off-labeleamuinstructions/OffLabelExtAuthMinorUsesEAMUNonFoodCrops040319.pdf
http://www.pcs.agriculture.gov.ie/media/pesticides/content/products/off-labeleamuinstructions/OffLabelExtAuthMinorUsesEAMUNonFoodCrops040319.pdf
http://www.pcs.agriculture.gov.ie/media/pesticides/content/products/off-labeleamuinstructions/OffLabelExtAuthMinorUsesEAMUNonFoodCrops040319.pdf
https://doi.org/10.1051/forest:19910109
https://doi.org/http:/dx.doi.org/10.1016/S0378-1127(01)00467-4
https://doi.org/10.1016/j.cropro.2020.105307
https://doi.org/10.1016/j.biocontrol.2012.04.002
https://doi.org/10.1111/j.1365-2311.2012.01362.x
https://doi.org/10.1007/s10526-015-9709-9
https://doi.org/10.1016/j.foreco.2016.08.018
https://doi.org/10.1023/a:1025089425761
https://snytbagge.slu.se/attachment/conniflex-2007-2014.pdf


Hellqvist, C. (2017). Reports from tests of mechanical protection in Asa [Rapporter
från tester av mekaniska skydd i Asa]. Retrieved 21/03/2019 from
http://snytbagge.slu.se/mekskyddsrapporter.php
Henry, C. J. (1995). The effect of a braconid ectoparasitoid, Bracon hylobii Ratz.,
on larval populations of the large pine weevil, Hylobius abietis L. [PhD thesis,
University of Ulster at Coleraine]. 
Henry, C. J., & Day, K. R. (2001). Egg allocation by Bracon hylobii Ratz., the
principal parasitoid of the large pine weevil (Hylobius abietis L.), and implications
for host suppression. Agricultural and Forest Entomology, 3, 11-18.
https://doi.org/10.1046/j.1461-9563.2001.00080.x
Henry, C. J., & Day, K. R. (2011). Biocontrol of the large pine weevil: structure of
host (Hylobius abietis L.) and parasitoid (Bracon hylobii Ratz.) populations in felled
stumps of Sitka spruce IUFRO World Series Volume 11, 
Heritage, S., & Moore, R. (2001). The assessment of site characteristics as part of
a management strategy to reduce damage by Hylobius (Information Note -
Forestry Commission. https://www.forestresearch.gov.uk/publications/archive-the-
assessment-of-site-characteristics-as-part-of-a-management-strategy-to-reduce-
damage-by-hylobius/, Issue. 
Hogan, B., McDermott, F., & Schmidt, O. (2018). Effects of silicon-rich soil
amendments on growth, mortality and bark feeding damage of Sitka spruce (Picea
sitchensis) seedlings under field conditions. Scandinavian Journal of Forest
Research, 33, 550-559. https://doi.org/10.1080/02827581.2018.1444197
Holt Hanssen, K., Sundheim Fløistad, I., Granhus, A., & Søgaard, G. (2018).
Harvesting of logging residues affects diameter growth and pine weevil attacks on
Norway spruce seedlings. Scandinavian Journal of Forest Research, 33, 40-49.
https://doi.org/10.1080/02827581.2017.1315957
Huser, R. (1979). Height growth of a Scots pine plantation in the Upper Palatinate,
with and without deep ploughing [Hohenwachstum einer Kiefernkultur in der
Oberpfalz mit und ohne Vollumbruch.]. Forstwissenschaftliches Centralblatt, 98,
258-263. https://doi.org/10.1007/bf02743123
Inward, D. J. G., Wainhouse, D., & Peace, A. (2012). The effect of temperature on
the development and life cycle regulation of the pine weevil Hylobius abietis and
the potential impacts of climate change. Agricultural and Forest Entomology, 14,
348-357. https://doi.org/10.1111/j.1461-9563.2012.00575.x
Jaber, L. R., & Ownley, B. H. (2018). Can we use entomopathogenic fungi as
endophytes for dual biological control of insect pests and plant pathogens?
Biological Control, 116, 36-45. https://doi.org/10.1016/j.biocontrol.2017.01.018
Jägestedt, T. (2019). Swedish forestry planters stops chemical weevil treatment
[Svenska Skogsplantor slutar med kemisk snytbaggebehandling]. Svenska
Skogsplantor Retrieved 2019-04-02 from
https://www.skogsplantor.se/Nyheter/Svenska-Skogsplantor-slutar-med-kemisk-
snytbaggebehandling/

R
EFER

EN
C
ES

PW-IPM REPORT 2022                    56

http://www.pcs.agriculture.gov.ie/media/pesticides/content/products/off-labeleamuinstructions/OffLabelExtAuthMinorUsesEAMUNonFoodCrops040319.pdf
http://www.pcs.agriculture.gov.ie/media/pesticides/content/products/off-labeleamuinstructions/OffLabelExtAuthMinorUsesEAMUNonFoodCrops040319.pdf
http://www.pcs.agriculture.gov.ie/media/pesticides/content/products/off-labeleamuinstructions/OffLabelExtAuthMinorUsesEAMUNonFoodCrops040319.pdf
http://www.pcs.agriculture.gov.ie/media/pesticides/content/products/off-labeleamuinstructions/OffLabelExtAuthMinorUsesEAMUNonFoodCrops040319.pdf
http://www.pcs.agriculture.gov.ie/media/pesticides/content/products/off-labeleamuinstructions/OffLabelExtAuthMinorUsesEAMUNonFoodCrops040319.pdf
http://www.pcs.agriculture.gov.ie/media/pesticides/content/products/off-labeleamuinstructions/OffLabelExtAuthMinorUsesEAMUNonFoodCrops040319.pdf
http://www.pcs.agriculture.gov.ie/media/pesticides/content/products/off-labeleamuinstructions/OffLabelExtAuthMinorUsesEAMUNonFoodCrops040319.pdf
http://www.pcs.agriculture.gov.ie/media/pesticides/content/products/off-labeleamuinstructions/OffLabelExtAuthMinorUsesEAMUNonFoodCrops040319.pdf
http://www.pcs.agriculture.gov.ie/media/pesticides/content/products/off-labeleamuinstructions/OffLabelExtAuthMinorUsesEAMUNonFoodCrops040319.pdf
http://www.pcs.agriculture.gov.ie/media/pesticides/content/products/off-labeleamuinstructions/OffLabelExtAuthMinorUsesEAMUNonFoodCrops040319.pdf
http://www.pcs.agriculture.gov.ie/media/pesticides/content/products/off-labeleamuinstructions/OffLabelExtAuthMinorUsesEAMUNonFoodCrops040319.pdf
http://www.pcs.agriculture.gov.ie/media/pesticides/content/products/off-labeleamuinstructions/OffLabelExtAuthMinorUsesEAMUNonFoodCrops040319.pdf
http://www.pcs.agriculture.gov.ie/media/pesticides/content/products/off-labeleamuinstructions/OffLabelExtAuthMinorUsesEAMUNonFoodCrops040319.pdf
http://www.pcs.agriculture.gov.ie/media/pesticides/content/products/off-labeleamuinstructions/OffLabelExtAuthMinorUsesEAMUNonFoodCrops040319.pdf
http://www.pcs.agriculture.gov.ie/media/pesticides/content/products/off-labeleamuinstructions/OffLabelExtAuthMinorUsesEAMUNonFoodCrops040319.pdf
http://www.pcs.agriculture.gov.ie/media/pesticides/content/products/off-labeleamuinstructions/OffLabelExtAuthMinorUsesEAMUNonFoodCrops040319.pdf
http://www.pcs.agriculture.gov.ie/media/pesticides/content/products/off-labeleamuinstructions/OffLabelExtAuthMinorUsesEAMUNonFoodCrops040319.pdf
http://www.pcs.agriculture.gov.ie/media/pesticides/content/products/off-labeleamuinstructions/OffLabelExtAuthMinorUsesEAMUNonFoodCrops040319.pdf
http://www.pcs.agriculture.gov.ie/media/pesticides/content/products/off-labeleamuinstructions/OffLabelExtAuthMinorUsesEAMUNonFoodCrops040319.pdf
http://www.pcs.agriculture.gov.ie/media/pesticides/content/products/off-labeleamuinstructions/OffLabelExtAuthMinorUsesEAMUNonFoodCrops040319.pdf
http://www.pcs.agriculture.gov.ie/media/pesticides/content/products/off-labeleamuinstructions/OffLabelExtAuthMinorUsesEAMUNonFoodCrops040319.pdf
http://www.pcs.agriculture.gov.ie/media/pesticides/content/products/off-labeleamuinstructions/OffLabelExtAuthMinorUsesEAMUNonFoodCrops040319.pdf
http://www.pcs.agriculture.gov.ie/media/pesticides/content/products/off-labeleamuinstructions/OffLabelExtAuthMinorUsesEAMUNonFoodCrops040319.pdf
http://www.pcs.agriculture.gov.ie/media/pesticides/content/products/off-labeleamuinstructions/OffLabelExtAuthMinorUsesEAMUNonFoodCrops040319.pdf
http://www.pcs.agriculture.gov.ie/media/pesticides/content/products/off-labeleamuinstructions/OffLabelExtAuthMinorUsesEAMUNonFoodCrops040319.pdf
http://www.pcs.agriculture.gov.ie/media/pesticides/content/products/off-labeleamuinstructions/OffLabelExtAuthMinorUsesEAMUNonFoodCrops040319.pdf
https://doi.org/10.1007/bf02743123
https://doi.org/10.1111/j.1461-9563.2012.00575.x
https://doi.org/10.1016/j.biocontrol.2017.01.018
https://www.skogsplantor.se/Nyheter/Svenska-Skogsplantor-slutar-med-kemisk-snytbaggebehandling/


Johansson, K. (2008). Pine weevil: the state of knowledge 2008. [Snytbaggen –
kunskapsläget 2008].
https://www.skogforsk.se/cd_20190114161542/contentassets/5fc9e49c50d548839
9d0d49bcec699e2/arbetsrapport-661-2008.pdf. 
Johansson, K., Hajek, J., Sjölin, O., & Normark, E. (2015). Early performance of
Pinus sylvestris and Picea abies - a comparison between seedling size, species,
and geographic location of the planting site. Scandinavian Journal of Forest
Research, 30, 388-400. https://doi.org/10.1080/02827581.2014.987808
Jonsnäs, T. (2012). Mechanical pine weevil protection accessory [Mekaniskt
snytbaggeskydd] (Publication Number 2012:16) [Masters Thesis, Swedish
University of Agricultural Sciences]. Skinnskatteberg
https://stud.epsilon.slu.se/4945/1/Jonsnas_T_121011.pdf. 
Kapranas, A., Malone, B., Quinn, S., Mc Namara, L., Williams, C. D., O'Tuama, P.,
Peters, A., & Griffin, C. T. (2017). Efficacy of entomopathogenic nematodes for
control of large pine weevil, Hylobius abietis: effects of soil type, pest density and
spatial distribution. Journal of Pest Science, 90, 495-505.
https://doi.org/10.1007/s10340-016-0823-y
Kenis, M., Wegensteiner, R., & Griffin, C. (2004). Parasitoids, predators,
nematodes and pathogens associated with bark weevil pests. In F. Lieutier, K. R.
Day, A. Battisti, J.-C. Grégoire, & H. F. Evans (Eds.), Bark and Wood Boring
Insects in Living Trees in Europe, a Synthesis (pp. 395-401). Kluwer Academic
Publisher. 
Kennedy, S., Cameron, A., Thoss, V., & Wilson, M. (2006). Role of monoterpenes
in Hylobius abietis damage levels between cuttings and seedlings of Picea
sitchensis. Scandinavian Journal of Forest Research, 21, 340-344.
https://doi.org/http://dx.doi.org/10.1080/02827580600792582
Klepzig, K. D., & Schlyter, F. (1999). Laboratory evaluation of plant-derived
antifeedants against the pine weevil Hylobius abietis (Coleoptera : Curculionidae).
Journal of Economic Entomology, 92, 644-650. 
Kruitbos, L. M., Heritage, S., Hapca, S., & Wilson, M. J. (2010). The influence of
habitat quality on the foraging strategies of the entomopathogenic nematodes
Steinernema carpocapsae and Heterorhabditis megidis. Parasitology, 137, 303-
309. https://doi.org/10.1017/s0031182009991326
Kuzminski, R., & Bilon, A. (2009). Evaluation of effectiveness of selected types of
traps used in capturing of large pine weevil - Hylobius abietis (L.). Acta
Scientiarum Polonorum - Silvarum Colendarum Ratio et Industria Lignaria, 8, 19-
26. 
Lacey, L. A., Grzywacz, D., Shapiro-Ilan, D. I., Frutos, R., Brownbridge, M., &
Goettel, M. S. (2015). Insect pathogens as biological control agents: Back to the
future. Journal of Invertebrate Pathology, 132, 1-41.
https://doi.org/10.1016/j.jip.2015.07.009

R
EFER

EN
C
ES

PW-IPM REPORT 2022                    57

https://www.skogforsk.se/cd_20190114161542/contentassets/5fc9e49c50d5488399d0d49bcec699e2/arbetsrapport-661-2008.pdf
https://doi.org/10.1080/02827581.2014.987808
https://stud.epsilon.slu.se/4945/1/Jonsnas_T_121011.pdf
https://doi.org/10.1007/s10340-016-0823-y
https://doi.org/http:/dx.doi.org/10.1080/02827580600792582
https://doi.org/10.1017/s0031182009991326
https://doi.org/10.1016/j.jip.2015.07.009


Lalik, M., Galko, J., Kunca, A., Nikolov, C., Rell, S., Zubrik, M., Dubec, M., Vakula,
J., Gubka, A., Leontovyc, R., Longauerova, V., Konopka, B., & Holusa, J. (2021).
Ecology, management and damage by the large pine weevil (Hylobius abietis)
(Coleoptera: Curculionidae) in coniferous forests within Europe. Central European
Forestry Journal, 67, 91-107. https://doi.org/10.2478/forj-2021-0005
Lalik, M., Galko, J., Nikolov, C., Rell, S., Kunca, A., Zubrik, M., Hyblerova, S.,
Barta, M., & Holusa, J. (2021). Potential of Beauveria bassiana application via a
carrier to control the large pine weevil. Crop Protection, 143, 12, Article 105563.
https://doi.org/10.1016/j.cropro.2021.105563
Lalík, M., Holuša, J., Galko, J., Resnerová, K., Kunca, A., Nikolov, C.,
Mudrončeková, S., & Surový, P. (2019). Simple is best: Pine twigs are better than
artificial lures for trapping of pine weevils in pitfall traps. Forests, 10, 642.
https://doi.org/ https://doi.org/10.3390/f10080642 
Laurino, D., Porporato, M., Patetta, A., & Manino, A. (2011). Toxicity of
neonicotinoid insecticides to honey bees: laboratory tests Bulletin of Insectology,
64, 107-113. 
Leather, S. R., Ahmed, S. I., & Hogan, L. (1994). Adult feeding preferences of the
large pine weevil, Hylobius abietis (Coleoptera, Curculionidae). European Journal
of Entomology, 91, 385-389. 
Leather, S. R., Day, K. R., & Salisbury, A. N. (1999). The biology and ecology of
the large pine weevil, Hylobius abietis (Coleoptera : Curculionidae): a problem of
dispersal? Bulletin of Entomological Research, 89, 3-16. 
Lenz, P. R. N., Nadeau, S., Mottet, M. J., Perron, M., Isabel, N., Beaulieu, J., &
Bousquet, J. (2020). Multi-trait genomic selection for weevil resistance, growth,
and wood quality in Norway spruce. Evolutionary Applications, 13, 76-94.
https://doi.org/10.1111/eva.12823
Löf, M. (2000). Influence of patch scarification and insect herbivory on growth and
survival in Fagus sylvatica L., Picea abies L. Karst. and Quercus robur L.
seedlings following a Norway spruce forest. Forest Ecology and Management,
134, 111-123. https://doi.org/10.1016/s0378-1127(99)00250-9
Löf, M., Isacsson, G., Rydberg, D., & Welander, T. N. (2004). Herbivory by the
pine weevil (Hylobius abietis L.) and short-snouted weevils (Strophosoma
melanogrammum Forst. and Otiorhynchus scaber L.) during the conversion of a
wind-thrown Norway spruce forest into a mixed-species plantation. Forest Ecology
and Management, 190, 281-290. https://doi.org/10.1016/j.foreco.2003.10.027
Löf, M., Paulsson, R., Rydberg, D., & Welander, N. T. (2005). The influence of
different overstory removal on planted spruce and several broadleaved tree
species: Survival, growth and pine weevil damage during three years. Annals of
Forest Science, 62, 237-244. https://doi.org/10.1051/forest:2005015
Lu, Q. R., Sun, Y. Q., Ares, I., Anadon, A., Martinez, M., Martinez-Larranaga, M.
R., Yuan, Z. H., Wang, X., & Martinez, M. A. (2019). Deltamethrin toxicity: A
review of oxidative stress and metabolism. Environmental Research, 170, 260-
281. https://doi.org/10.1016/j.envres.2018.12.045

R
EFER

EN
C
ES

PW-IPM REPORT 2022                    58

https://doi.org/10.2478/forj-2021-0005
https://doi.org/10.1016/j.cropro.2021.105563
https://doi.org/
https://doi.org/10.3390/f10080642
https://doi.org/10.1111/eva.12823
https://doi.org/10.1016/s0378-1127(99)00250-9
https://doi.org/10.1016/j.foreco.2003.10.027
https://doi.org/10.1051/forest:2005015
https://doi.org/10.1016/j.envres.2018.12.045


Luik, A., Sibul, I., & Voolma, K. (2000). Influence of some plant extracts and neem
preparations on the maturation feeding of the large pine weevil, Hylobius abietis L.
Baltic Forestry, 6, 53-58. 
Luoranen, J., Laine, T., & Saksa, T. (2022). Field performance of sand-coated
(Conniflex (R)) Norway spruce seedlings planted in mounds made by continuously
advancing mounder and in undisturbed soil. Forest Ecology and Management,
517, 120259, Article 120259. https://doi.org/10.1016/j.foreco.2022.120259
Luoranen, J., Rikala, R., Konttinen, K., & Smolander, H. (2006). Summer planting
of Picea abies container-grown seedlings: Effects of planting date on survival,
height growth and root egress. Forest Ecology and Management, 237, 534-544.
https://doi.org/10.1016/j.foreco.2006.09.073
Luoranen, J., & Viiri, H. (2005). Insecticides sprayed on seedlings of Picea abies
during active growth: Damage to plants and effect on pine weevils in bioassay.
Scandinavian Journal of Forest Research, 20, 47-53.
https://doi.org/10.1080/02827580510008194
Luoranen, J., & Viiri, H. (2016). Deep planting decreases risk of drought damage
and increases growth of Norway spruce container seedlings. New Forests, 47,
701-714. https://doi.org/10.1007/s11056-016-9539-3
Luoranen, J., Viiri, H., Sianoja, M., Poteri, M., & Lappi, J. (2017). Predicting pine
weevil risk: Effects of site, planting spot and seedling level factors on weevil
feeding and mortality of Norway spruce seedlings. Forest Ecology and
Management, 389, 260-271. https://doi.org/10.1016/j.foreco.2017.01.006
Malamura, D., Biligetu, B., & Prager, S. M. (2021). Assessing chemical control
options and their effects on the lesser clover leaf weevil (Hypera nigrirostris) and
red clover pollinators in Western Canada. Crop Protection, 139, Article 105375.
https://doi.org/10.1016/j.cropro.2020.105375
Malinowski, H. (2010). Response of adult large pine weevils (Hylobius abietis L.)
to neonicotinoids (chloronicotinyls) and fenylpirazoles insecticides [Reakcja
chrzaszczy szeliniaka sosnowca (Hylobius abietis L.) na insektycydy z grupy
neonikotynoidow (chloronikotynyli) i fenylopirazoli.]. Lesne Prace Badawcze, 71,
423-427. 
Manak, V., Björklund, N., Lenoir, L., Knape, J., & Nordlander, G. (2016).
Behavioural responses of pine weevils to non-consumptive interactions with red
wood ants. Journal of Zoology, 299, 10-16. https://doi.org/10.1111/jzo.12321 
Manak, V., Björklund, N., Lenoir, L., & Nordlander, G. (2015). The effect of red
wood ant abundance on feeding damage by the pine weevil Hylobius abietis.
Agricultural and Forest Entomology, 17, 57-63. https://doi.org/10.1111/afe.12080 
Manak, V., Björklund, N., Lenoir, L., & Nordlander, G. (2017). Testing
associational resistance against pine weevils mediated by Lasius ants attending
conifer seedlings. Journal of Applied Entomology, 141, 411-416.
https://doi.org/10.1111/jen.12345 
Manak, V., Nordenhem, H., Björklund, N., Lenoir, L., & Nordlander, G. (2013).
Ants protect conifer seedlings from feeding damage by the pine weevil Hylobius
abietis. Agricultural and Forest Entomology, 15, 98-105.
https://doi.org/10.1111/j.1461-9563.2012.00597.x

R
EFER

EN
C
ES

PW-IPM REPORT 2022                    59

https://doi.org/10.1016/j.foreco.2022.120259
https://doi.org/10.1016/j.foreco.2006.09.073
https://doi.org/10.1080/02827580510008194
https://doi.org/10.1007/s11056-016-9539-3
https://doi.org/10.1016/j.foreco.2017.01.006
https://doi.org/10.1016/j.cropro.2020.105375
https://doi.org/10.1111/jzo.12321
https://doi.org/10.1111/afe.12080
https://doi.org/10.1111/jen.12345
https://doi.org/10.1111/j.1461-9563.2012.00597.x


Mann, A. J., & Davis, T. S. (2021). Entomopathogenic fungi to control bark
beetles: a review of ecological recommendations. Pest Management Science, 77,
3841-3846. https://doi.org/10.1002/ps.6364
Månsson, P. E., & Schlyter, F. (2004). Hylobius pine weevils adult host selection
and antifeedants: feeding behaviour on host and non-host woody scandinavian
plants. Agricultural and Forest Entomology, 6, 165-171.
https://doi.org/http://dx.doi.org/10.1111/j.1461-9563.2004.00217.x
Månsson, P. E., Schlyter, F., Eriksson, C., & Sjödin, K. (2006). Nonanoic acid,
other alkanoic acids, and related compounds as antifeedants in Hylobius abietis
pine weevils. Entomologia Experimentalis Et Applicata, 121, 191-201.
https://doi.org/10.1111/j.1570-8703.2006.00481.x
Mason, W. L., Kerr, G., Pommerening, A., edwards, C., Hale, S. E., Ireland, D., &
Johnson, D. M., R. (2004). Continuous cover forestry in British conifer forests.
Forest Research Annual Report and Accounts 2003-2004, The Staionary Office,
Edinburgh. pp. 38-53. https://www.forestresearch.gov.uk/publications/archive-
forest-research-annual-report-and-accounts-2003-2004/
Mc Namara, L., Kapranas, A., Williams, C. D., O'Tuama, P., Kavanagh, K., &
Griffin, C. T. (2018). Efficacy of entomopathogenic fungi against large pine weevil,
Hylobius abietis, and their additive effects when combined with entomopathogenic
nematodes. Journal of Pest Science, 91, 1407-1419.
https://doi.org/10.1007/s10340-018-0994-9
MCOP. (2016). Multi-agent control options for pine weevil. Final report.
https://assets.gov.ie/134612/1e7948a1-51e4-487d-ba71-21a1725fae3b.pdf
Moore, R. (2001). Emergence trap developed to capture adult large pine
weevil Hylobius abietis (Coleoptera: Curculionidae) and its parasite Bracon
hylobii (Hymenoptera: Braconidae). Bulletin of Entomological Research, 91,
109-115. https://doi.org/10.1079/BER200070 
Moore, R. (2004). Managing the threat to restocking posed by the large pine
weevil, Hylobius abietis: the importance of time of felling of spruce stands.
Information Note - Forestry Commission. Retrieved 61 from
https://cdn.forestresearch.gov.uk/2004/01/fcin061.pdf
Moore, R., Brixey, J. M., & Milner, A. D. (2004). Effect of time of year on the
development of immature stages of the large pine weevil (Hylobius abietis
L.) in stumps of sitka spruce (Picea sitchensis Carr.) and influence of felling
date on their growth, density and distribution. Journal of Applied
Entomology, 128, 167-176. https://doi.org/10.1111/j.1439-
0418.2004.00828.x
Moore, R., Willoughby, I. H., Moffat, A. J., & Forster, J. (2021). Acetamiprid,
chlorantraniliprole, and in some situations the physical barriers MultiPro (R)
or Kvaae (R) wax, can be alternatives to traditional synthetic pyrethroid
insecticides for the protection of young conifers from damage by the large
pine weevil Hylobius abietis L. Scandinavian Journal of Forest Research,
36, 230-248. https://doi.org/10.1080/02827581.2021.1906313

R
EFER

EN
C
ES

PW-IPM REPORT 2022                    60

https://doi.org/10.1002/ps.6364
https://doi.org/http:/dx.doi.org/10.1111/j.1461-9563.2004.00217.x
https://doi.org/10.1111/j.1570-8703.2006.00481.x
https://www.forestresearch.gov.uk/publications/archive-forest-research-annual-report-and-accounts-2003-2004/
https://doi.org/10.1007/s10340-018-0994-9
https://assets.gov.ie/134612/1e7948a1-51e4-487d-ba71-21a1725fae3b.pdf
https://doi.org/10.1079/BER200070
https://cdn.forestresearch.gov.uk/2004/01/fcin061.pdf
https://doi.org/10.1111/j.1439-0418.2004.00828.x
https://doi.org/10.1080/02827581.2021.1906313


Moreira, X., Costas, R., Sampedro, L., & Zas, R. (2008). Short communication. A
simple method for trapping Hylobius abietis (L.) alive in northern Spain.
Investigacion Agraria-Sistemas Y Recursos Forestales, 17, 188-192.
https://doi.org/10.5424/srf/2008172-01034
Nilsson, U., & Örlander, G. (1995). Effects of regeneration methods on drought
damage to newly planted Norway spruce seedlings. Canadian Journal of Forest
Research-Revue Canadienne De Recherche Forestiere, 25, 790-802.
https://doi.org/10.1139/x95-086
Nordlander, G. (1987). A method for trapping Hylobius abietis (L.) with a
standardized bait and its potential for forecasting seedling damage. Scandinavian
Journal of Forest Research, 2, 199-213.
https://doi.org/10.1080/02827588709382458
Nordlander, G. (1989). The use of artificial baits to forecast seedling damage
caused by Hylobius abietis (Coleoptera: Curculionidae). In R. I. Alfaro & S. G.
Glover (Eds.), Insects affecting reforestation: biology and damage (pp. 34-35).
Forestry Canada. 
Nordlander, G., Bylund, H., & Björklund, N. (2005). Soil type and microtopography
influencing feeding above and below ground by the pine weevil Hylobius abietis.
Agricultural and Forest Entomology, 7, 109-113. 
Nordlander, G., & Hellqvist, C. (2012). Analys av 5 års inventeringar av
snytbaggeskador – en lägesrapport och översikt av kommande analysarbete
[Analysis of 5 years' inventories of large pine weevil damage: a progress report
and overview of future analysis work]. SLU Institute for Ecology.
https://snytbagge.slu.se/attachment/Analys-snytbaggeinventeringar-2007-11.pdf
Nordlander, G., Hellqvist, C., & Hjelm, K. (2017). Replanting conifer seedlings
after pine weevil emigration in spring decreases feeding damage and seedling
mortality. Scandinavian Journal of Forest Research, 32, 60-67.
https://doi.org/10.1080/02827581.2016.1186220
Nordlander, G., Hellqvist, C., Johansson, K., & Nordenhem, H. (2011).
Regeneration of European boreal forests: Effectiveness of measures against
seedling mortality caused by the pine weevil Hylobius abietis. Forest Ecology and
Management, 262, 2354-2363. https://doi.org/10.1016/j.foreco.2011.08.033
Nordlander, G., Nordenhem, H., & Bylund, H. (1997). Oviposition patterns of the
pine weevil Hylobius abietis. Entomologia Experimentalis Et Applicata, 85, 1-9.
https://doi.org/10.1046/j.1570-7458.1997.00229.x
Nordlander, G., Nordenhem, H., & Hellqvist, C. (2009). A flexible sand coating
(Conniflex) for the protection of conifer seedlings against damage by the pine
weevil Hylobius abietis. Agricultural and Forest Entomology, 11, 91-100.
https://doi.org/10.1111/j.1461-9563.2008.00413.x
Nordlander, G., Örlander, G., & Langvall, O. (2003). Feeding by the pine weevil
Hylobius abietis in relation to sun exposure and distance to forest edges.
Agricultural and Forest Entomology, 5, 191-198. 

R
EFER

EN
C
ES

PW-IPM REPORT 2022                    61

https://doi.org/10.5424/srf/2008172-01034
https://doi.org/10.1139/x95-086
https://doi.org/10.1080/02827588709382458
https://snytbagge.slu.se/attachment/Analys-snytbaggeinventeringar-2007-11.pdf
https://doi.org/10.1080/02827581.2016.1186220
https://doi.org/10.1016/j.foreco.2011.08.033
https://doi.org/10.1046/j.1570-7458.1997.00229.x
https://doi.org/10.1111/j.1461-9563.2008.00413.x


Nordlander, G., Örlander, G., Petersson, M., & Hellqvist, C. (2008).
Skogsskötselåtgärder mot snytbagge [Forest management against pine weevil,
Web handbook, 43 pp.
https://snytbagge.slu.se/attachment/snytbaggehandbok_v1_3.pdf
Nordlander, G., Wallertz, K., Björklund, N., Hellqvist, C., & Petersson, M. (2017).
Snyttbaggen [Large pine weevil]. In: Witzell, J. (ed). Skogsskötselserien nr 12,
Skador pa Skog, pp. 46-64. https://www.skogsstyrelsen.se/globalassets/mer-om-
skog/skogsskotselserien/skogsskotselserien-12-skador-pa-skog-del-1-
skogsskador-i-skogens-olika-utvecklingsstadier.pdf
Olenici, N., Duduman, M. L., Teodosiu, M., & Olenici, V. (2016). Efficacy of
artificial traps to prevent the damage of conifer seedlings by large pine weevil
(Hylobius abietis L.) - a preliminary study. Bulletin of the Transilvania University of
Brasov, Series II - Forestry, Wood Industry, Agricultural Food Engineering, 9, 9-
20. 
Olenici, N., Manea, A. I., Olenici, V., & Tomescu, R. (2014). Efficacy of conifer
seedling protection against pine weevil damage using neonicotinoids and
metaflumizone insecticides. Bulletin of the Transilvania University of Brasov,
Series II - Forestry, Wood Industry, Agricultural Food Engineering, 7, 29-36. 
Olenici, N., & Olenici, V. (2006). Effects of the insecticide NeemAzal-T/S on the
feeding, mortality and fecundity of the Hylobius abietis (L.) weevils [Efectele
insecticidului NeemAzal-T/S asupra hranirii, vitalitatii, mortalitatii si fertilitatii
fecunditatii gandacilor de Hylobius abietis (L.).]. Revista Padurilor, 121, 3-17. 
Örlander, G., & Nilsson, U. (1999). Effect of reforestation methods on pine weevil
(Hylobius abietis) damage and seedling survival. Scandinavian Journal of Forest
Research, 14, 341-354. 
Örlander, G., & Nordlander, G. (2003). Effects of field vegetation control on pine
weevil (Hylobius abietis) damage to newly planted Norway spruce seedlings.
Annals of Forest Science, 60, 667-671. https://doi.org/10.1051/forest:2003059
Örlander, G., Nordlander, G., & Wallertz, K. (2001). Extra food supply decreases
damage by the pine weevil Hylobius abietis. Scandinavian Journal of Forest
Research, 16, 450-454.
https://doi.org/http://dx.doi.org/10.1080/02827580152632847
Pesticide Action Network. European Commission bans bee-toxic Sulfoxaflor
insecticide. [Accessed 20.04.2022]: Available at www.pan-europe.info (2022).
Pavlik, M., Lalík, M., Noge, M., & Skvarenina, J. (2016). Testing of
Entomopathogenic Fungi in Biological Control Against Pine Weevil. Biological and
Chemical Research, 3, 1-11. 
PCD. (2021). Plant Protection Products 2021.
https://www.pcs.agriculture.gov.ie/media/pesticides/content/register/2021book/Pla
nt%20Protection%20Products%202021.pdf
Petersson, M., Nordlander, G., & Örlander, G. (2006). Why vegetation increases
pine weevil damage: Bridge or shelter? Forest Ecology and Management, 225,
368-377. https://doi.org/10.1016/j.foreco.2006.01.012

R
EFER

EN
C
ES

PW-IPM REPORT 2022                    62

https://snytbagge.slu.se/attachment/snytbaggehandbok_v1_3.pdf
https://www.skogsstyrelsen.se/globalassets/mer-om-skog/skogsskotselserien/skogsskotselserien-12-skador-pa-skog-del-1-skogsskador-i-skogens-olika-utvecklingsstadier.pdf
https://doi.org/10.1051/forest:2003059
https://doi.org/http:/dx.doi.org/10.1080/02827580152632847
https://www.pcs.agriculture.gov.ie/media/pesticides/content/register/2021book/Plant%20Protection%20Products%202021.pdf
https://doi.org/10.1016/j.foreco.2006.01.012


Petersson, M., & Örlander, G. (2003). Effectiveness of combinations of
shelterwood, scarification, and feeding barriers to reduce pine weevil damage.
Canadian Journal of Forest Research, 33, 64-73. https://doi.org/10.1139/x02-156
Petersson, M., Orlander, G., & Nilsson, U. (2004). Feeding barriers to reduce
damage by pine weevil (Hylobius abietis). Scandinavian Journal of Forest
Research, 19, 48-59. https://doi.org/10.1080/02827580310019554
Petersson, M., Örlander, G., & Nordlander, G. (2005). Soil features affecting
damage to conifer seedlings by the pine weevil Hylobius abietis. Forestry: An
International Journal of Forest Research, 78, 83-92.
https://doi.org/10.1093/forestry/cpi008
pineR. (2022). An R package to simulate pine weevil (Hylobius abietis) life cycles
in Ireland forecasting their emergence. https://github.com/Alessandra23/pineR
Pitkänen, A., Kouki, J., Viiri, H., & Martikainen, P. (2008). Effects of controlled
forest burning and intensity of timber harvesting on the occurrence of pine weevils,
Hylobius spp., in regeneration areas. Forest Ecology and Management, 255, 522-
529. https://doi.org/10.1016/j.foreco.2007.09.024
Pitkänen, A., Törmänen, K., Kouki, J., Järvinen, E., & Viiri, H. (2005). Effects of
green tree retention, prescribed burning and soil treatment on pine weevil
(Hylobius abietis and Hylobius pinastri) damage to planted Scots pine seedlings.
Agricultural and Forest Entomology, 7, 319-331. https://doi.org/doi:10.1111/j.1461-
9555.2005.00276.x
Popowska-Nowak, E., Skrzecz, I., Tumialis, D., Pezowicz, E., Samborska, I., &
Goral, K. (2016). Entomopathogenic fungi in the soils of forest plantations: towards
the control of large pine weevil, Hylobius abietis. Baltic Forestry, 22, 8-15. 
Puentes, A., Högberg, K. A., Björklund, N., & Nordlander, G. (2018). Novel
avenues for plant protection: plant propagation by somatic embryogenesis
enhances resistance to insect feeding. Frontiers in Plant Science, 9, 9, Article
1553. https://doi.org/10.3389/fpls.2018.01553
Purrini, K., & Ormieres, R. (1982). Gregarina hylobii and Ophryocystis hylobii n.sp.
(Ophryocystidae, Neogregarinida) parasitizing Hylobius abietis (Curculionidae,
Coleoptera). Journal of Invertebrate Pathology, 39, 164-173.
https://doi.org/10.1016/0022-2011(82)90006-4
Rahman, A., Viiri, H., Pelkonen, P., & Khanam, T. (2015). Have stump piles any
effect on the pine weevil (Hylobius abietis L.) incidence and seedling damage?
Global Ecology and Conservation, 3, 424-432.
https://doi.org/10.1016/j.gecco.2015.01.012
Richardson, E. B., Troczka, B. J., Gutbrod, O., Davies, T. G. E., & Nauen, R.
(2020). Diamide resistance: 10 years of lessons from lepidopteran pests. Journal
of Pest Science, 93, 911-928. https://doi.org/10.1007/s10340-020-01220-y
Rose, D., Leather, S. R., & Matthews, G. A. (2005). Recognition and avoidance of
insecticide-treated Scots pine (Pinus sylvestris) by Hylobius abietis (Coleoptera :
Curculionidae): implications for pest management strategies. Agricultural and
Forest Entomology, 7, 187-191. https://doi.org/10.1111/j.1461-9555.2005.00249.x

R
EFER

EN
C
ES

PW-IPM REPORT 2022                    63

https://doi.org/10.1139/x02-156
https://doi.org/10.1080/02827580310019554
https://doi.org/10.1093/forestry/cpi008
https://github.com/Alessandra23/pineR
https://doi.org/10.1016/j.foreco.2007.09.024
https://doi.org/doi:10.1111/j.1461-9555.2005.00276.x
https://doi.org/10.3389/fpls.2018.01553
https://doi.org/10.1016/0022-2011(82)90006-4
https://doi.org/10.1016/j.gecco.2015.01.012
https://doi.org/10.1007/s10340-020-01220-y
https://doi.org/10.1111/j.1461-9555.2005.00249.x


Salisbury, A. N., & Leather, S. R. (1998). Migration of larvae of the large pine
weevil, Hylobius abietis L. (Col., Curculionidae): Possible predation a lesser risk
than death by starvation? Journal of Applied Entomology-Zeitschrift Fur
Angewandte Entomologie, 122, 295-299. https://doi.org/10.1111/j.1439-
0418.1998.tb01500.x
SCA. (2017). Hylosafe– the plant protection that effectively stops large pine weevil
[Hylosafe - plantskyddet som stoppar snytbaggar effektivt ].
https://www.sca.com/globalassets/skog/norrplant/hylosafe_webb.pdf
Selander, J., Immonen, A., & Raukko, P. (1990). Resistance of naturally
regenerated and nursery-raised Scots pine seedlings to the large pine weevil
[Luontaisen ja istutetun mannyntaimen kestavyys tukkimiehentaita vastaan.]. In
Folia Forestalia (pp. 19 pp.-19 pp.). 
Shtykova, L., Masuda, M., Eriksson, C., Sjödin, K., Marling, E., Schlyter, F., &
Nydén, M. (2008). Latex coatings containing antifeedants: Formulation,
characterization, and application for protection of conifer seedlings against pine
weevil feeding. Progress in Organic Coatings, 63, 160-166.
https://doi.org/10.1016/j.porgcoat.2008.05.006
Skrzecz, I. (1996). Impact of Phlebia gigantea (Fr.: Fr) Donk on the colonization of
Scots pine (Pinus sylvestris L.) stumps by the large pine weevil (Hylobius abietis
L.). Folia Forestalia Polonica. Seria A, Lesnictwo, 38, 89-101. 
Skrzecz, I., & Moore, R. (1997). The attractiveness of pine branches infected with
selected wood-colonising fungi to the large pine weevil (Hylobius abietis). In J. C.
Gregoire, A. M. Liebhold, F. M. Stephen, K. R. Day, & S. M. Salom (Eds.),
Integrating Cultural Tactics into the Management of Bark Beetle and Reforestation
Pests, Proceedings (pp. 146-152). USDA, Forest Service, NE Experimental
Station, General Technical Report NE 236. 
Skrzecz, I., Sukovata, L., Jablonski, T., Sowinska, A., & Szmidla, H. (2021).
Spatio-temporal distribution of Hylobius abietis in Scots pine stands - implications
for pest monitoring. Journal of Pest Science, 94, 1393-1404.
https://doi.org/10.1007/s10340-021-01339-6
Smits, A., & Gaitnieks, T. (2013). Effect of conifer stump treatment with
Phlebiopsis gigantea (Fr.) Julich spores on development success of Hylobius
abietis L [Skuju koku celmu apstrades ar lielas pergamentsenes (Phlebiopsis
gigantea (Fr.) Julich) sporam ietekme uz liela priezu smecernieka (Hylobius abietis
L.) attistibu.]. Mezzinatne, 27, 103-112. 
Solbreck, C. (1980). Dispersal distances of migrating pine weevils, Hylobius
abietis, Coleoptera: Curculionidae. Entomologia Experimentalis Et Applicata, 28,
123-131. https://doi.org/doi:10.1111/j.1570-7458.1980.tb02997.x
Solbreck, C., & Gyldberg, B. (1979). Temporal flight pattern of the large pine
weevil, Hylobius abietis L. (Coleoptera, Curculionidae), with special reference to
the influence of weather. Zeitschrift fur Angewandte Entomologie, 88, 532-536.
https://doi.org/10.1111/j.1439-0418.1979.tb02532.x

R
EFER

EN
C
ES

PW-IPM REPORT 2022                    64

https://doi.org/10.1111/j.1439-0418.1998.tb01500.x
https://www.sca.com/globalassets/skog/norrplant/hylosafe_webb.pdf
https://doi.org/10.1016/j.porgcoat.2008.05.006
https://doi.org/10.1007/s10340-021-01339-6
https://doi.org/doi:10.1111/j.1570-7458.1980.tb02997.x
https://doi.org/10.1111/j.1439-0418.1979.tb02532.x


Stanley, J., Sah, K., Jain, S. K., Bhatt, J. C., & Sushil, S. N. (2015). Evaluation of
pesticide toxicity at their field recommended doses to honeybees, Apis cerana and
A. mellifera through laboratory, semi-field and field studies. Chemosphere, 119,
668-674. https://doi.org/https://doi.org/10.1016/j.chemosphere.2014.07.039
Stokes, V., & Willoughby, I. (2011). The impact of bracken control on
establishment of corsican pine (Pinus nigra subsp. laricio (Maire)) and pine weevil
(Hylobius abietis (L.)) damage. Aspects of Applied Biology, 108, 217-224. 
Sunnerheim, K., Nordqvist, A., Nordlander, G., Borg-Karlson, A. K., Unelius, C. R.,
Bohman, B., Nordenhem, H., Hellqvist, C., & Karlen, A. (2007). Quantitative
structure-activity relationships of pine weevil antifeedants, a Multivariate approach.
Journal of Agricultural and Food Chemistry, 55, 9365-9372.
https://doi.org/10.1021/ifO70014p
Swedish_Forest_Agency. (2021). Forest seedlings delivered for planting 2020.
Swedish Official Statistics JO0313 SM 2001. .
https://www.skogsstyrelsen.se/globalassets/statistik/statistiska-meddelanden/sm-
levererade-skogsplantor-2020.pdf
Tamburini, G., Wintermantel, D., Allan, M. J., Dean, R. R., Knauer, A., Albrecht,
M., & Klein, A. M. (2021). Sulfoxaflor insecticide and azoxystrobin fungicide have
no major impact on honeybees in a realistic-exposure semi-field experiment.
Science of The Total Environment, 778, Article 146084.
https://doi.org/10.1016/j.scitotenv.2021.146084
Tan, J. Y., Wainhouse, D., Morgan, G., & Day, K. R. (2011). Interaction between
flight, reproductive development and oviposition in the pine weevil Hylobius
abietis. Agricultural and Forest Entomology, 13, 149-156.
https://doi.org/10.1111/j.1461-9563.2010.00503.x
Teagasc. (2016). Continuous cover forest management. Farm Forestry Series No.
19. https://www.teagasc.ie/media/website/crops/forestry/advice/Continuous-Cover-
Forest-Management.pdf. 
Teagasc. (2020). Managing Pine Weevil: Methods and Options.
https://www.teagasc.ie/media/website/crops/forestry/advice/Managing-Pine-
Weevil---Methods-and-Options.pdf
Teagasc. (2021). Forest Management Certification. Retrieved 13th September
2021 from https://www.teagasc.ie/crops/forestry/advice/environment/forest-
management-certification/
Thacker, J. R. M., Bryan, W. J., McGinley, C., Heritage, S., & Strang, R. H. C.
(2003). Field and laboratory studies on the effects of neem (Azadirachta indica) oil
on the feeding activity of the large pine weevil (Hylobius abietis L.) and
implications for pest control in commercial conifer plantations. Crop Protection, 22,
753-760. https://doi.org/10.1016/s0261-2194(03)00041-3
Thorpe, K. V., & Day, K. R. (2002). The impact of host plant species on the larval
development of the large pine weevil Hylobius abietis L. Agricultural and Forest
Entomology, 4, 187-194. 
Toews, M. D., & Subramanyam, B. (2003). Contribution of contact toxicity and
wheat condition to mortality of stored-product insects exposed to spinosad. Pest
Management Science, 59, 538-544. https://doi.org/10.1002/ps.660 

R
EFER

EN
C
ES

PW-IPM REPORT 2022                    65

https://doi.org/https:/doi.org/10.1016/j.chemosphere.2014.07.039
https://doi.org/10.1021/ifO70014p
https://www.skogsstyrelsen.se/globalassets/statistik/statistiska-meddelanden/sm-levererade-skogsplantor-2020.pdf
https://doi.org/10.1016/j.scitotenv.2021.146084
https://doi.org/10.1111/j.1461-9563.2010.00503.x
https://www.teagasc.ie/media/website/crops/forestry/advice/Continuous-Cover-Forest-Management.pdf
https://www.teagasc.ie/media/website/crops/forestry/advice/Managing-Pine-Weevil---Methods-and-Options.pdf
https://www.teagasc.ie/crops/forestry/advice/environment/forest-management-certification/
https://doi.org/10.1016/s0261-2194(03)00041-3
https://doi.org/10.1002/ps.660


Toivonen, R., & Viiri, H. (2006). Adult large pine weevils Hylobius abietis feed on
silver birch Betula pendula even in the presence of conifer seedlings. Agricultural
and Forest Entomology, 8, 121-128. 
Tudoran, A., Nordlander, G., Karlberg, A., & Puentes, A. (2021). A major forest
insect pest, the pine weevil Hylobius abietis, is more susceptible to Diptera- than
Coleoptera-targeted Bacillus thuringiensis strains. Pest Management Science, 77,
1303-1315. https://doi.org/10.1002/ps.6144
Ullah, S., Zuberi, A., Alagawany, M., Farag, M. R., Dadar, M., Karthik, K., Tiwari,
R., Dhama, K., & Iqbal, H. M. N. (2018). Cypermethrin induced toxicities in fish
and adverse health outcomes: Its prevention and control measure adaptation.
Journal of Environmental Management, 206, 863-871.
https://doi.org/https://doi.org/10.1016/j.jenvman.2017.11.076
Unelius, C. R., Bohman, B., & Nordlander, G. (2018). Comparison of
phenylacetates with benzoates and phenylpropanoates as antifeedants for the
pine weevil, Hylobius abietis. Journal of Agricultural and Food Chemistry, 66,
11797-11805. https://doi.org/10.1021/acs.jafc.8b03830
van Lenteren, J. C., Bolckmans, K., Köhl, J., Ravensberg, W. J., & Urbaneja, A.
(2018). Biological control using invertebrates and microorganisms: plenty of new
opportunities. Biocontrol, 63, 39-59. https://doi.org/10.1007/s10526-017-9801-4
Viiri, H., & Luoranen, J. (2017). Deep planting of Norway spruce seedlings: effects
on pine weevil feeding damage and growth. Canadian Journal of Forest Research,
47, 1468-1473. https://doi.org/10.1139/cjfr-2017-0192
Viiri, H., Tuomainen, A., & Tervo, L. (2007). Persistence of deltamethrin against
Hylobius abietis on Norway spruce seedlings. Scandinavian Journal of Forest
Research, 22, 128-135. https://doi.org/10.1080/02827580701224113
Von Hofsten, H., & Weslien, J. (2005). Temporal patterns of seedling mortality by
pine weevils (Hylobius abietis) after prescribed burning in northern Sweden.
Scandinavian Journal of Forest Research, 20, 130-135.
https://doi.org/10.1080/02827580510008275
Von Sydow, F. (1997). Abundance of pine weevils (Hylobius abietis) and damage
to conifer seedlings in relation to silvicultural practices. Scandinavian Journal of
Forest Research, 12, 157-167. https://doi.org/10.1080/02827589709355397
von Sydow, F., & Birgersson, G. (1997). Conifer stump condition and pine weevil
(Hylobius abietis) reproduction. Canadian Journal of Forest Research-Revue
Canadienne De Recherche Forestiere, 27, 1254-1262. 
Voolma, K., & Sibul, I. (2006). The effect of collecting fluid on the catch results of
Hylobius abietis in pitfall traps. Agronomy Research, 4, 457-460. 
Voolma, K., Suda, I., & Sibul, I. (2001). Forest insects attracted to ground traps
baited with turpentine and ethanol on clear-cuttings. Norwegian Journal of
Entomology, 48, 103-110. 
Wainhouse, D., Brough, S., & Greenacre, B. (2007, June). Managing the pine
weevil on lowland pine. https://www.forestresearch.gov.uk/publications/managing-
the-pine-weevil-on-lowland-pine/

R
EFER

EN
C
ES

PW-IPM REPORT 2022                    66

https://doi.org/10.1002/ps.6144
https://doi.org/https:/doi.org/10.1016/j.jenvman.2017.11.076
https://doi.org/10.1021/acs.jafc.8b03830
https://doi.org/10.1007/s10526-017-9801-4
https://doi.org/10.1139/cjfr-2017-0192
https://doi.org/10.1080/02827580701224113
https://doi.org/10.1080/02827580510008275
https://doi.org/10.1080/02827589709355397
https://www.forestresearch.gov.uk/publications/managing-the-pine-weevil-on-lowland-pine/


Wainhouse, D., Inward, D. J. G., & Morgan, G. (2014). Modelling geographical
variation in voltinism of Hylobius abietis under climate change and implications for
management. Agricultural and Forest Entomology, 16, 136-146.
https://doi.org/10.1111/afe.12043 
Wainhouse, D., Reay, S., & Kay, M. (2010). Predicting the vulnerability of New
Zealand radiata pine plantations to the European pine weevil. Forestry, 83, 277-
283. https://doi.org/10.1093/forestry/cpq010
Wainhouse, D., Staley, J., Johnston, J., & Boswell, R. (2005). The effect of
environmentally induced changes in the bark of young conifers on feeding
behaviour and reproductive development of adult Hylobius abietis (Coleoptera :
Curculionidae). Bulletin of Entomological Research, 95, 151-159. 
Wallertz, K., Björklund, N., Hjelm, K., Petersson, M., & Sundblad, L.-G. (2018).
Comparison of different site preparation techniques: quality of planting spots,
seedling growth and pine weevil damage. New Forests, 49, 705–722.
https://doi.org/10.1007/s11056-018-9634-8
Wallertz, K., Holt Hanssen, K., Hjelm, K., & Sundheim Fløistad, I. (2016). Effects
of planting time on pine weevil (Hylobius abietis) damage to Norway spruce
seedlings. Scandinavian Journal of Forest Research, 31, 262-270.
https://doi.org/10.1080/02827581.2015.1125523
Wallertz, K., & Johansson, U. (2008). Protective effect of cypermethrin,
imidacloprid, lambda-cyhalothrin and Conniflex against pine weevil damage
[Skyddseffekt mot snytbaggeskador för cypermetrin, imidakloprid, lambda-
cyhalotrin och Conniflex]. Sveriges lantbruksuniversitet, Asa försökspark.
https://snytbagge.slu.se/attachment/rapport_kw080904.pdf
Wallertz, K., Nordenhem, H., & Nordlander, G. (2014). Damage by the pine weevil
Hylobius abietis to seedlings of two native and five introduced tree species in
Sweden. Silva Fennica, 48, 1-14. https://doi.org/doi:10.14214/sf.1188
Wallertz, K., Nordlander, G., & Örlander, G. (2006). Feeding on roots in the humus
layer by adult pine weevil, Hylobius abietis. Agricultural and Forest Entomology, 8,
273-279. 
Wallertz, K., Örlander, G., & Luoranen, J. (2005). Damage by pine weevil Hylobius
abietis to conifer seedlings after shelterwood removal. Scandinavian Journal of
Forest Research, 20, 412-420.
https://doi.org/http://dx.doi.org/10.1080/02827580500306954
Wallertz, K., & Petersson, M. (2011). Pine weevil damage to Norway spruce
seedlings: effects of nutrient-loading, soil inversion and physical protection during
seedling establishment. Agricultural and Forest Entomology, 13, 413-421.
https://doi.org/10.1111/j.1461-9563.2011.00536.x
Walmsley, J. D., & Godbold, D. L. (2010). Stump harvesting for bioenergy - a
review of the environmental impacts. Forestry, 83, 17-38.
https://doi.org/10.1093/forestry/cpp028
Wegensteiner, R., & Führer, E. (1988). The efficiency of Beauveria bassina (Bals)
Viull against Hylobius abietis L (Coleoptera, Curculionidae). Entomophaga, 33,
339-348. https://doi.org/10.1007/bf02372624

R
EFER

EN
C
ES

PW-IPM REPORT 2022                    67

https://doi.org/10.1111/afe.12043
https://doi.org/10.1093/forestry/cpq010
https://doi.org/10.1007/s11056-018-9634-8
https://doi.org/10.1080/02827581.2015.1125523
https://snytbagge.slu.se/attachment/rapport_kw080904.pdf
https://doi.org/doi:10.14214/sf.1188
https://doi.org/http:/dx.doi.org/10.1080/02827580500306954
https://doi.org/10.1111/j.1461-9563.2011.00536.x
https://doi.org/10.1093/forestry/cpp028
https://doi.org/10.1007/bf02372624


Wegensteiner, R., Tkaczuk, C., Balazy, S., Griesser, S., Rouffaud, M. A.,
Stradner, A., Steinwender, B. M., Hager, H., & Papierok, B. (2015). Occurrence of
pathogens in populations of Ips typographus, Ips sexdentatus (Coleoptera,
Curculionidae, Scolytinae) and Hylobius spp. (Coleoptera, Curculionidae,
Curculioninae) from Austria, Poland and France. Acta Protozoologica, 54, 219-
232. https://doi.org/10.4467/16890027ap.15.018.3215
Williams, C. D., Dillon, A. B., Harvey, C. D., Hennessy, R., Mc Namara, L., &
Griffin, C. T. (2013). Control of a major pest of forestry, Hylobius abietis, with
entomopathogenic nematodes and fungi using eradicant and prophylactic
strategies. Forest Ecology and Management, 305, 212-222.
https://doi.org/10.1016/j.foreco.2013.05.055
Williams, J. R., Swale, D. R., & Anderson, T. D. (2020). Comparative effects of
technical-grade and formulated chlorantraniliprole to the survivorship and
locomotor activity of the honey bee, Apis mellifera (L.). Pest Management
Science, 76, 2582-2588. https://doi.org/10.1002/ps.5832 
Willoughby, I., Evans, H., Gibbs, J., Pepper, H., Gregory, S., Dewar, J., Nisbet, T.,
Pratt, J., McKay, H., Siddons, R., Mayle, B., Heritage, S., Ferris, R., & Trout, R.
(2004). Reducing pesticide use in forestry (Forestry Commission Practice Guide,
Issue. https://cdn.forestresearch.gov.uk/2004/01/fcpg015.pdf
Willoughby, I., Moore, R., & Nisbet, T. (2017). Interim guidance on the integrated
management of Hylobius abietis in UK forestry. The Research Agency of the
Forestry Commission
https://cdn.forestresearch.gov.uk/2022/02/fr_interim_guidance_on_management_
hylobiusabietis_2017.pdf
Willoughby, I. H., Moore, R., Moffat, A. J., Forster, J., Sayyed, I., & Leslie, K.
(2020). Are there viable chemical and non-chemical alternatives to the use of
conventional insecticides for the protection of young trees from damage by the
large pine weevil Hylobius abietis L. in UK forestry? Forestry, 93, 694-712.
https://doi.org/10.1093/forestry/cpaa013
Wilson, T., & O'Tuama, P. (2019). Continuing developments for continuous forest
forestry. Forestry and Energy, 9(2), 30-32. 
Woodcock, P., Marzano, M., & Quine, C. P. (2019). Key lessons from resistant
tree breeding programmes in the Northern Hemisphere. Annals of Forest Science,
76, 16, Article 51. https://doi.org/10.1007/s13595-019-0826-y
Zas, R., Björklund, N., Nordlander, G., Cendan, C., Hellqvist, C., & Sampedro, L.
(2014). Exploiting jasmonate-induced responses for field protection of conifer
seedlings against a major forest pest, Hylobius abietis. Forest Ecology and
Management, 313, 212-223. https://doi.org/10.1016/j.foreco.2013.11.014
Zas, R., Björklund, N., Sampedro, L., Hellqvist, C., Karlsson, B., Jansson, S., &
Nordlander, G. (2017). Genetic variation in resistance of Norway spruce seedlings
to damage by the pine weevil Hylobius abietis. Tree Genetics & Genomes, 13,
111. https://doi.org/http://dx.doi.org/10.1007/s11295-017-1193-1

R
EFER

EN
C
ES

PW-IPM REPORT 2022                    68

https://doi.org/10.4467/16890027ap.15.018.3215
https://doi.org/10.1016/j.foreco.2013.05.055
https://doi.org/10.1002/ps.5832
https://cdn.forestresearch.gov.uk/2004/01/fcpg015.pdf
https://cdn.forestresearch.gov.uk/2022/02/fr_interim_guidance_on_management_hylobiusabietis_2017.pdf
https://doi.org/10.1093/forestry/cpaa013
https://doi.org/10.1007/s13595-019-0826-y
https://doi.org/10.1016/j.foreco.2013.11.014
https://doi.org/10.1016/j.foreco.2013.11.014
https://doi.org/http:/dx.doi.org/10.1007/s11295-017-1193-1


Zas, R., Moreira, X., & Sampedro, L. (2011). Tolerance and induced resistance in
a native and an exotic pine species: relevant traits for invasion ecology. Journal of
Ecology, 99, 1316-1326. https://doi.org/10.1111/j.1365-2745.2011.01872.x
Zas, R., Sampedro, L., Moreira, X., & Martíns, P. (2008). Effect of fertilization and
genetic variation on susceptibility of Pinus radiata seedlings to Hylobius abietis
damage. Canadian Journal of Forest Research, 38, 63-72.
https://doi.org/10.1139/x07-128
Zas, R., Sampedro, L., Prada, E., & Fernandez-Lopez, J. (2005). Genetic variation
of Pinus pinaster Ait. seedlings in susceptibility to the pine weevil Hylobius abietis
L. Annals of Forest Science, 62, 681-688. https://doi.org/10.1051/forest:2005064
Zas, R., Sampedro, L., Prada, E., Lombardero, M. J., & Fernandez-Lopez, J.
(2006). Fertilization increases Hylobius abietis L. damage in Pinus pinaster Ait.
seedlings. Forest Ecology and Management, 222, 137-144.
https://doi.org/10.1016/j.foreco.2005.10.008
Zumr, V., & Stary, P. (1994). Monitoring of seasonal occurrence of Hylobius
abietis (L) (Col, Curculionidae) in different forest environments of a model area.
Journal of Applied Entomology-Zeitschrift Fur Angewandte Entomologie, 118, 361-
364. https://doi.org/10.1111/j.1439-0418.1994.tb00812.x
Zumr, V., & Stary, P. (1995). Monitoring Hylobius abietis (L) (Col, Curculionidae)
by baited pitfall traps in relation to planting and treatment of seedlings in a re-
forested area. Anzeiger Fur Schadlingskunde Pflanzenschutz Umweltschutz, 68,
18-21. https://doi.org/10.1007/bf01980351
Zumr, V., Stary, P., & Dostalkova, I. (1995). Comparison of seasonal responses of
Hylobius abietis (L) (Col, Curculionidae) to chemical and natural lures in baited
pitfall traps. Anzeiger Fur Schadlingskunde Pflanzenschutz Umweltschutz, 68,
166-168. https://doi.org/10.1007/bf01991893

R
EFER

EN
C
ES

PW-IPM REPORT 2022                    69

https://doi.org/10.1111/j.1365-2745.2011.01872.x
https://doi.org/10.1139/x07-128
https://doi.org/10.1051/forest:2005064
https://doi.org/10.1016/j.foreco.2005.10.008
https://doi.org/10.1111/j.1439-0418.1994.tb00812.x
https://doi.org/10.1007/bf01980351
https://doi.org/10.1007/bf01991893


Contact
Teagasc Forestry Development
Department Mellows Campus,
Athenry Co Galway H65 R718 Tel.:
+353 (0)91 845200
www.teagasc.ie/forestry


