
Chapter 15 
Tip, Shoot, Root, and Regeneration Pests 

David R. Coyle 

15.1 Introduction 

Actively growing tree tissues, such as branch and shoot tips and fine roots, are high 
in nutritive value and generally have comparatively lower amounts of defensive 
compounds than older tissues. Many arthropods have evolved to feed on or in these 
nutritious tree tissues, and most of these herbivores consume a relatively small amount 
of living tissue or fluids. These particular tissues often lack the physical or chemical 
defenses present in other parts of the tree, and can be easier to access by herbivores. 

While removal of any living tissue or fluid has some effect on the host tree, impacts 
on the overall health of the tree can be highly variable, ranging from negligible to tree 
death. The magnitude of these impacts depends on host tree vigor, tree age or size, 
the amount of material consumed or removed, and the location of the damage. For 
example, adult Hylobius abietis consume the phloem from small diameter branches 
in the crowns of mature conifer trees in Europe, and this feeding can kill branch tips 
(Örlander et al. 2000). On a mature tree, however, the loss of some branch tips is not 
likely to be detrimental to that tree’s overall health. Likewise, despite high branch 
tip mortality from periodical cicada (Magicicada) oviposition damage, branch and 
stem diameter growth of maples (Acer), dogwoods (Cornus), and redbuds (Cercis) 
trees in Indiana, U.S. was not affected (Flory and Mattingly 2008). Twig girdler 
damage (Fig. 15.1) can eliminate apical dominance and lead to a high rate of lateral 
bud development on branches, causing a change in tree structure (Martínez et al. 
2009). Adult feeding by the weevil Cylindrocopturus eatoni, which occurs in Coastal 
Western North America, is known to injure young Ponderosa (Pinus ponderosa) and 
Jeffrey (Pinus jeffreyi) pine trees. Adults emerge in mid-summer and begin feeding 
on the bark of small branches, and late summer feeding by larvae on the phloem of
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Fig. 15.1 Twig girdling damage by Oncideres cingulata on pecan (Carya illinoinsis) results in the 
loss of branch ends, which can alter the structure of host trees (Photo credit: Clemson University – 
USDA Cooperative Extension Slide Series, Bugwood.org) 

twigs and shoots can cause branch mortality, tree deformation, and death of smaller 
trees (Eaton 1942; Furniss 1942). 

In forests managed for commercial production, insect feeding and damage on 
tips, roots, and shoots can kill terminal leaders and negatively impact tree growth 
and form, resulting in volume and economic losses. The two most common groups of 
insects in these situations are tip moths and root weevils. Rhyacionia and Dioryctria 
tip moths impact tree branches or terminal tips in conifers, while root weevils (of 
which there are many species) feed on branches, shoots, or root tissues in conifers 
and hardwoods. Many of these insects are colloquially referred to as “regeneration 
pests” because they often damage seedlings or recently transplanted trees and, at 
times, significantly impact the regeneration process. It is important to note that the 
same herbivorous species may act as a regeneration pest in some situations (i.e. if it 
attacks and damages young tree seedlings) and not in others. Other species damage 
mature trees and can lead to tree health declines and contribute to mortality. The 
biology, ecology, and management of many of these species has been well studied. 

15.2 Similarities and Differences Between Tip Moths 
and Root Weevils 

While superficially different, these two groups of insects share several commonali-
ties. Both tip moths and root weevils come from highly speciose taxonomic groups. 
There are over 10,300 species in the Family Tortricidae (Order Lepidoptera, Gilligan 
et al. 2018), many of which are small, usually with a <3 cm wingspan, and having
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brownish coloration as adults. The genus Rhyacionia contains many horticultural, 
agricultural, or forestry pests, and larvae exhibit a wide variety of feeding strategies, 
including leaf rollers, gall makers, fruit, root, or shoot borers, and seed or flower 
feeders (Gilligan et al. 2018). The lepidopteran family Pyralidae contains nearly 
6,000 species, many of which are small to mid-sized (wingspans <4 cm) agricultural 
pests that are variably colored adults (Regier et al. 2012). Within this family the 
genus Dioryctria contains 79 recognized species, most of which impact cones or 
seeds (Whitehouse et al. 2011) though several species do cause damage to branches 
and shoots of conifers (Roe et al. 2011). 

Within the Order Coleoptera, the Family Curculionidae (the “true” weevils) is 
the largest, with over 77,000 species (GBIF 2021). This family contains many 
insects that attack trees, including the bark beetles (Chapter 10) and ambrosia beetles 
(Chapter 11). Until recently, bark and ambrosia beetles were considered a separate 
Family, even though there was substantial evolutionary evidence to the contrary 
(Jordal et al. 2011), and bark and ambrosia beetles are now a subfamily within the 
Curculionidae. Several weevil species impact trees in forests, nurseries, urban and 
suburban landscapes, and natural or managed landscapes. 

Both tip moths and root weevils have holometabolous life cycles, going through 
four morphologically distinct developmental stages: egg, larva, pupa, and adult. 
Adults are mobile—Rhyacionia and Dioryctria moths are active fliers, and most 
(but not all) root weevil adults can fly. Both tip moth and root weevil larvae are 
relatively immobile—Rhyacionia and Dioryctria larvae are confined to the shoot or 
meristem tip on which the female oviposited, and root weevil larvae either live in a 
tunnel under the bark or in the soil where they feed on fine roots (hence the common 
name). In all cases, the success of the individual larva—and of the species—depends 
largely on the ability of the adult female to choose an oviposition site that will be 
favorable to the offspring. This is known as the “mother knows best” hypothesis 
(Scheirs et al. 2000; Mayhew 2001) in that the mother chooses a location for her 
offspring that will allow them the best chance at success (i.e. reaching maturity and 
reproducing). Individuals who select the best oviposition sites produce offspring that 
survive and pass on those genetics; those that do not select favorable oviposition sites 
will be less likely to pass their genes on to subsequent generations. 

There are significant ecological and biological differences between these two 
insect groups, primarily in terms of life cycle duration, location where the feeding 
damage occurs, and which life stages cause this damage. Adult Rhyacionia moths 
live only a few weeks (e.g. Friend and West 1933; Asaro and Berisford 2001b), 
which is just long enough to mate and oviposit. Eggs are laid on pine needles, and 
larvae first bore into needles, later entering the growing lateral and terminal shoots 
(e.g. Stevens 1966; Jennings 1975). Larvae seldom grow more than several mm in 
size, but their feeding on vascular tissue causes tip mortality. Dioryctria moths have 
between one and several generations a year (e.g. Butcher and Carlson 1962; Neunzig 
et al. 1964). Like Rhyacionia, larvae feed in tree tissues, most often cones but also 
shoot tips; this feeding can cause damage and mortality to branches, deterioration of 
tree form, and can negatively impact stand value (Neunzig et al. 1964; Speight and 
Speechly 1982; Hainze and Benjamin 1984).
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While the loss of a single growing tip is not detrimental to a mature tree’s health, 
severe damage can occur when high pest populations infest younger trees. For 
instance, significant mortality of newly planted Caribbean pine (Pinus caribaea) 
resulted from shoot feeding by Dioryctria larvae in the Philippines (Speight and 
Speechly 1982) and Dioryctria resinosella larval feeding killed nearly a third of 
current year leaders on young red pine (Pinus resinosa) in Maine, U.S. (Patterson 
et al. 1983). While some of these trees had a secondary leader assume dominance, 
16% assumed a forked growth form and were permanently damaged. An outbreak 
of the pine tip moth Rhyacionia leptotubula damaged 40% of growing terminals in 
China and caused significant long-term damage to Armand pine (Pinus armandii) 
growth and form (Yang et al. 2012). After feeding is complete, larvae pupate in the 
now dead shoot. In some cases, trees that were previously attacked by the Nantucket 
pine tip moth (Rhyacionia frustrana) become predisposed to additional, subsequent 
R. frustrana attacks (Coody et al. 2000). Multiple moth generations can occur during 
a single growing season (Powell and Miller 1978). 

In contrast to shoot moths, the entire life cycle of most root weevils may take 
two years or more. Adults can live up to several months (Wen et al. 2004; Son 
and Lewis 2005) and are active feeders, sometimes causing significant damage. 
For example, the cypress weevil (Eudociminus mannerheimii) primarily impacts 
weakened or damaged cypress and related trees in the Family Cupressaceae. It has 
been reported in much of the eastern U.S. (Skvarla et al. 2015) and Central Mexico 
(Sánchez-Martínez et al. 2010). Confirmed and reported instances of this weevil 
damaging trees span the range of small diameter nursery stock (Mayfield 2017), 
urban landscape trees (Skvarla et al. 2015), and natural riparian areas (Sánchez-
Martínez et al. 2010). This weevil damages and kills trees by infesting the stems and 
tunneling under the bark, consuming the phloem, eventually killing the tree. 

Root weevil larvae are whitish and grublike, though not C-shaped like a typical 
soil-dwelling grub. Larvae feed on fine roots or within a gallery created in the phloem 
of the root or shoot. Like tip moths, larval damage can be significant. For instance, a 
weevil in the genus Aclees, previously undocumented as a forestry pest in its home 
range, became a new pest of planted Spanish cedar (Cedrela odorata) when this tree 
was planted in commercial plantations in Vietnam (Thu et al. 2010). This tree is highly 
valued for furniture and is native to tropical areas of the Americas. But, when planted 
in Vietnam as a non-native tree species, the native Aclees weevil became extremely 
prevalent in these plantings, with infestation rates of 80–100% and high damage rates 
on inspected trees. This particular system is an excellent example of a native pest, 
which was of so little economic consequence that it had not yet been identified to 
species, becoming a serious concern for growers due to forest management practices 
(i.e. installing plantations of non-native Spanish cedar trees). Pupation of root weevil 
larvae occurs in the ground or in small “pupal chambers” inside the tissue on which 
the larva fed. The amount of time a root weevil spends in each of these life stages 
varies greatly, and depends on the insect species, climate, local conditions, and host. 

Unlike tip moths, whose larval stage is the only life stage to feed on tree tissue, 
feeding by both larval and adult root weevils can damage trees, but the amount and 
severity of damage varies greatly depending on the insect species. In most cases
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adults and larvae feed on different tree tissues. For instance, several non-native root 
weevil species (primarily Phyllobius oblongus, Sciaphilus asperatus, Barypeithes 
pellucidus, and Polydrusus formosus, which is also known as P. sericeus, plus a  
few other less commonly encountered species) have established in hardwood forest 
stands throughout the Western Great Lakes Region of North America (Coyle et al. 
2008b) (Fig. 15.2). Adults are only present for several weeks in early summer, occa-
sionally causing extensive defoliation of sugar maple (Acer saccharum), yellow 
birch (Betula alleghaniensis), American basswood (Tilia americana), hop-hornbeam 
(Ostrya virginiana), and Rubus in the forest understory (Coyle et al. 2008b). This 
adult defoliation, coupled with fine root herbivory by larvae – densities of which 
can exceed 1000/m2 – can lead to seedling mortality (Pinski et al. 2005; Coyle et al. 
2008b, 2014). 

Fig. 15.2 Polydrusus sericeus (a) and  Phyllobius oblongus (b) adults with characteristic feeding on 
leaf margins of Ostrya virginiana (c) and  Acer saccaharum (d) in northern hardwood forests of the 
Great Lakes Region of North America (Photo credits: Steven Katovich, Bugwood.org [a]; György 
Csóka, Hungary Forest Research Institute, Bugwood.org [b]; David Coyle, Clemson University [c 
and d])
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15.3 Management Strategies for Tip, Shoot, Root, 
and Regeneration Pests in Forest Systems 

Determining when and where to dedicate resources towards pest management is one 
of the primary decisions facing forestry professionals around the world. This decision 
is, in part, dictated by geography and socioeconomic factors. In places where forestry 
is a major industrial activity and component of the economy, keeping forest stands 
pest-free and healthy requires, and is given, more emphasis and resources. 

Whether trees are in natural or unmanaged uneven-aged forests, or managed and 
even-aged forests; tip, shoot, root, and regeneration pests are usually not problem-
atic or controlled in healthy older or larger trees, as they rarely cause widescale 
measurable damage. However, several types of tip, shoot, and root feeding insects, 
specifically root weevils, can and do feed on tissues of stressed trees. For instance, 
several genera of root weevils in the southeastern U.S. oviposit in dying or dead pines 
(Matusick et al. 2013) and the larvae feed on and develop in dying or dead roots or 
stumps (reviewed by Coyle et al. 2015). These insects play an important ecological 
role in that their feeding helps break down woody tissue. Further, by creating their 
feeding galleries they help several species of fungi proliferate inside the tree tissues, 
thus aiding in wood decomposition. 

Younger trees in any forest situation are at a greater risk of damage from tip, 
shoot, and root pests. Managing these pests in mixed species or uneven-aged stands 
is often logistically difficult and economically unfeasible due to the heterogeneity of 
the system; conversely, in managed or planted forests control of tip, shoot, root, and 
regeneration pests is often a part of the overall management plan. In some cases, even-
aged managed stands are at a greater risk of pest pressure. For example, uneven-aged 
Norway spruce (Picea abies) or Scots pine (Pinus sylvestris) stands were at a lower 
risk for Hylobius abietis damage than even-aged stands in Scandinavia (Nevalainen 
2017). In contrast, even-aged stands of shortleaf pine (Pinus echinata) had lower 
levels of damage from the Nantucket pine tip moth and several species of Hylobius 
weevils than uneven-aged stands (Land and Rieske 2006). Although these studies 
report different effects of stand structure, both support the idea that regardless of 
location, smaller trees are more susceptible to damage by this group of herbivores 
than are larger trees. 

In heavily managed systems, such as seedling nurseries or intensively managed 
production forests, there are often established protocols to control damage from 
tip, shoot, root, and regeneration pests (e.g. Coyle et al. 2005; Cram et al.  2012). 
These pest management strategies may include pesticides, cultural or silvicultural 
treatments, the use of natural enemies, or a combination of tools. Different forest 
systems around the world have developed methods to manage tip, shoot, root, and 
regeneration pests, but these are often tailored to a particular pest and tree species. 
Pest behavior, host preferences and choices, and different forest types and forestry 
management tactics around the world all influence pest management strategies. 

The next portion of this chapter will highlight the biology, ecology, and manage-
ment of several arthropod species that impact tips, shoots, roots, or seedlings in forest
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systems. Each case study will focus on a particular organism or group of organisms, 
and discuss how these pests can impact tree growth, form, and productivity. 

15.3.1 Case Study: Rhyacionia Tip Moths 

There are 44 species of Rhyacionia tip moths worldwide (Gilligan et al. 2018) of  
which several species are found in North America (Miller 1967; Dickerson and 
Kearby 1972; Bell  1993). All tip moths attack pine (Pinus) species (Powell and Miller 
1978). Although adults do not feed, young larvae mine needles and older instars feed 
inside shoot tissue. Several Rhyacionia species are known to cause significant damage 
under certain conditions. 

Rhyacionia frustrana is an important pest of planted and natural pine in North and 
Central America and several Caribbean Islands (Powell and Miller 1978; Ford  1986; 
Asaro et al. 2003). This moth has up to five generations annually in the U.S., with 
adults emerging as early as March in some areas (Fettig et al. 2000, 2003). The life 
cycle of R. frustrana is roughly synchronized so that oviposition occurs with each 
new flush of growth on host trees (Berisford 1988). Preferred hosts in the southern 
U.S. are loblolly (Pinus taeda), shortleaf, and Virginia pine (P. virginiana) (Yates  
1966; Nowak et al. 2010). Adults in early generations typically emerge synchronously 
during a growing season, though this synchronicity can be reduced in generations 
later in the year (e.g. Gargiullo et al. 1985). After mating, females use volatile host 
terpenoids to locate oviposition sites (Asaro et al. 2004) and lay eggs on needles 
or shoots. After hatching, larvae bore into needles (later moving to buds or shoots), 
buds, or shoots, and feed inside these tissues (Asaro et al. 2003). This feeding kills 
the bud or shoot tip, and in response to this the tree produces additional shoots. 
This results in a severely forked branch or stem (Fig. 15.3). Feeding can also kill 
developing cones (Yates and Ebel 1972). Damage can be variable during the year, as 
some studies show an increasing level of tree shoot mortality as the growing season 
progresses (e.g. Nowak and Berisford 2000; Coyle et al. 2003) while in others the 
highest damage levels occurred early in the growing season (Yates 1966; Miller and 
Stephen 1983). Larvae pupate inside the shoot, and the entire life cycle takes just a 
few weeks (Gargiullo and Berisford 1983; Haugen and Stephen 1984).

Newly planted or young pine stands are considered most susceptible (Asaro et al. 
2003), as R. frustrana attack rates decrease as trees grow taller (White et al. 1984; 
Sun et al. 1998). Because damage rarely kills trees, a common dogma was that trees 
would “outgrow” R. frustrana damage by the end of the harvest cycle. However, 
long-term studies show a lasting impact of R. frustrana damage on tree productivity, 
as loblolly pine stands in North Carolina and Georgia that received tip moth control 
early in the rotation had greater stem volume and better stem form after 20 and 
15 years, respectively (Berisford et al. 2013). Neither fertilization, irrigation, nor 
vegetative competition control consistently impacts R. frustrana populations (Asaro 
et al. 2003; Coyle et al. 2003; Nowak and Berisford 2010), likely due to the highly 
variable R. frustrana and natural enemy populations on the landscape.
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Fig. 15.3 Adult Rhyacionia frustrana (a) oviposit on Pinus spp., where the larvae feed inside a 
shoot tip eventually causing shoot mortality (b). Repeated attacks can result in heavy terminal 
mortality and shoot production by the tree, resulting in a stunted, bushy tree (c) (Photo credits: 
James A. Richmond, USDA Forest Service, Bugwood.org [a]; David Coyle, Clemson University 
[b]; Terry Price, Georgia Forestry Commission, Bugwood.org [c])

Management strategies for R. frustrana have centered around pheromone trap-
ping and insecticide application (e.g. Donley 1960). Pheromone components for R. 
frustrana have been identified and isolated (Hill et al. 1981) and successfully used in 
monitoring programs to predict infestation levels (Asaro and Berisford 2001a). For 
years, optimal insecticide periods for foliar insecticide applications were based on 
moth phenology (Berisford et al. 1984) or pheromone trapping, and detailed maps 
helped advise pine growers when to spray for R. frustrana based on degree-day accu-
mulation (Malinoski and Paine 1988; Fettig et al. 2000, 2003). Recent advances in 
systemic insecticide technology have provided growers the option of applying treat-
ments directly to seedlings at planting (or planting pre-treated seedlings), and this 
management method has resulted in substantial reductions in R. frustrana damage 
and, consequently, increases in tree growth and biomass accumulation (King et al. 
2014). 

Several other Rhyacionia species cause occasional damage in pine plantations 
around the world. The European pine shoot moth (Rhyacionia bouliana), long 
regarded as a pine pest in Europe (Friend and West 1933), has established in 
North America where it is primarily a pest of ornamental pines and Christmas 
trees. It primarily impacts red pine, Scots pine, white pine (P. strobus), jack pine
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(P. banksiana), and Austrian pine (P. nigra) (Butcher and Haynes 1960). However, 
R. bouliana will occasionally damage lodgepole pine (P. contorta) seed orchards 
(Heeley et al. 2003) and red pine plantations, although trees may eventually outgrow 
this damage, which typically occurs early in the rotation (Miller et al. 1978). This 
pest is also known to cause significant damage in planted pine stands in South 
America, especially in loblolly pine, radiata pine (P. radiata), and slash pine (P. 
elliottii) (Eglitis and Gara 1974; Ide and Lanfranco 1996). As with most non-native 
species, R. bouliana populations tend to be higher in the invaded range (i.e. North 
America) than its native range (i.e. Europe) (Miller 1962). Additional reports of 
Rhyacionia species as occasional pests of pines appear throughout the literature. For 
instance, R. duplana occasionally causes shoot mortality and damage to Japanese 
black pine (P. thunbergia) in Japan (Kanamitsu 1965; Saito 1969), R. leptobula is 
a serious pest of Yunnan pine (P. yunnanensis) and Armand pine (P. armandii) in  
China (Huang 1987), and R. neomexicana is an important pest of ponderosa pine in 
the southwestern U.S. (Jennings 1975). 

15.3.2 Case Study: Otiorhynchus Root Weevils 

Tree seedlings are particularly susceptible to herbivory because they do not have 
large carbohydrate reserves from which to draw upon to help regenerate tissues 
and alleviate stress resulting from foliage loss. In forest nurseries, millions of tree 
seedlings can be present in one area, representing a highly concentrated food resource 
for pests. Weevils in the genus Otiorhynchus, native to Europe but now found in most 
of North America, parts of Australia, New Zealand, and Japan (Nielsen 1989), can 
be significant nursery pests. Adults are nocturnal and feed on the foliage of many 
woody plant species, though this leaf “notching” does little damage to the plant (e.g. 
Löf et al. 2004). Eggs are laid near the base of the seedling and larvae feed on the fine 
roots and lower stem, often causing significant damage (La Lone and Clarke 1981; 
Halldorsson et al. 2000) (Fig. 15.4). Adult Otiorhynchus weevils do not fly, and after 
emergence do not disperse far from where they developed as larvae (Moorhouse et al. 
1992; Brandt et al. 1995).

The most destructive Otiorhynchus weevils in the northern U.S. and Canada are 
O. sulcatus, O. ovatus, and O. rugusostriatus. In northern Europe, O. rugifrons, O. 
singularis, O. arcticus, and O. nodosus are also known to impact young nursery-
grown or planted seedlings (Halldorsson et al. 2000). Both conifer and hardwood 
seedlings may be impacted by Otiorhynchus weevils and, in some cases, damage 
can be severe. For instance, McDaniel (1932) detailed an infestation of O. ovatus in 
central Michigan, U.S., and noted that larval weevil feeding resulted in 33% of the 
seedlings being unusable in 1929, to 67% unusable in 1930, and in 1931 the entire 
crop of Norway and white spruce (Picea glauca), white pine, red pine, and ponderosa 
pine, and white cedar (Thuja occidentalis) were completely destroyed. Nearly 35% 
of Russian larch seedlings (Larix sibirica) were killed by Otiorhynchus feeding over 
a 3-year period in southern Iceland (Halldorsson et al. 2000).
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Fig. 15.4 Adult Otiorhynchus weevils, like this Otiorhynchus rugostriatus (a), are black, stout-
bodied, and flightless. Adult feeding appears as leaf notches, usually on the edges of leaves, and 
does very little harm to the plant (b). Larvae are white and grublike (c) and consume fine roots 
and the phloem of larger roots (d) (Photo credit: Matt Bertone, North Carolina State University 
[a]; Whitney Cranshaw, Colorado State University, Bugwood.org [b]; Michael Reding, USDA 
Agricultural Research Service, Bugwood.org [c]; David Gent, USDA Agricultural Research Service, 
Bugwood.org [d])

In nurseries, management of regeneration weevils is commonly done via fumiga-
tion (i.e. insecticide) treatments, or occasionally with entomopathogenic nematodes 
(parasitic nematodes that live in soil and feed on weevil larvae). Other management 
techniques include practicing clean cultivation, allowing infested areas to remain 
fallow, and rotating transplant beds so weevils do not have adequate host mate-
rial (Cram et al. 2012). The use of biological control, specifically soil fungi, to 
manage Otiorhynchus weevils in nurseries is being studied in Iceland (Oddsdottir 
et al. 2010) and thus far results seem promising—the addition of several types of 
soil fungi resulted in significant Otiorhynchus larval mortality. The cryptic nature 
of these beetles makes their detection difficult, and this can directly impact the effi-
cacy of any integrated pest management program put in place to control populations. 
However, developing chemical attractants for Otiorhynchus weevils is possible (van 
Tol et al. 2012). Assuming that this technology is fully developed, growers could 
better time chemical applications and increase their management efficacy.
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15.3.3 Case Study: Hylobius abietis 

Over 1 billion ha of natural and plantation forest land occurs in Europe and Asia, of 
which spruces (Picea) and pines are major components of the native flora and local 
timber industry (FAO 2020). This area, specifically the Scandinavian countries and 
Russian Federation, is a major producer of forest products. Consequently, adequate 
management for pests that impact the health of these forests is essential. 

The large pine weevil (Hylobius abietis), is one of the most serious pests of conifers 
in this region (Fig. 15.5). While Scots pine and Norway spruce are preferred hosts, 
H. abietis also feeds on other conifers and some hardwoods (e.g. silver birch [Betula 
pendula] and common beech [Fagus sylvatica]). Adults feed on the tender shoot 
tissue of young trees, causing stem girdling that can result in damage and mortality 
on over 80% of young seedlings in some areas (Gourov 2000; Hannerz et al. 2002; 
López-Villamor et al. 2019; Hardy et al. 2020). After mating, females deposit their 
eggs in the vicinity of or in notches chewed on the bark of roots of weakened or mature 
trees or stumps just below the soil surface. Larvae create galleries under the bark, 
feeding on the living tissue and disrupting nutrient transport in the tree, and pupate 
in chambers under the bark. Larval development and adult emergence often occurs 
within the same year, however, larvae may take up to five years to develop in some 
cases (Leather et al. 1999). Adults can live up to four years, and upon emergence 
require several weeks of feeding before becoming reproductively mature (Leather 
et al. 1999). Adults are attracted to volatiles emitted by cut stumps (Lindelöw et al. 
1993) where they mate and oviposit.

Scientists have worked for decades evaluating different management strategies 
for H. abietis. Various types of physical barriers have been evaluated (e.g. Lindström 
et al. 1986; Eidmann and Von Sydow 1989; Nordlander et al. 2011; Lalík et al. 2020). 
While many are as effective as insecticides, not all are likely to be commercially 
viable due to cost and/or time necessary to install. Insecticides (including permethrin, 
cypermethrin, imidacloprid, and others, Nordlander et al. 2011; Willoughby et al. 
2020) have been used as a management tool for H. abietis, many of which can reduce 
weevil feeding damage to acceptable levels. However, there is evidence that adult H. 
abietis can detect insecticides in woody tissue and actively avoid that tissue (Rose 
et al. 2005), calling into question the effectiveness of some insecticide treatments. 
Further, adult weevils may live for weeks after ingesting insecticides, during which 
time oviposition or new feeding damage could occur (Rose et al. 2005). However, 
the availability of insecticides is not perpetual (e.g. permethrin was banned from use 
in Europe in 2003). As the scientific community learns more about the impacts of 
different active ingredients, we use this knowledge to help make decisions on how 
these chemicals should and can be used, with human and environmental safety in 
mind. Sometimes, chemical formulations that were once thought to be safe turn out to 
be unsafe after new information is gathered. In cases such as these (e.g. permethrin), 
the insecticide may cease to be available for use. 

We cannot simply rely on chemical control of forest pests. Hence, for pests such 
as H. abietis, much research effort has also gone towards silvicultural techniques and
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Fig. 15.5 Feeding by Hylobius abietis adults (a) can girdle conifer seedlings throughout Europe 
and Asia, resulting in seedling mortality (b). While adult damage is the most dramatic and impactful, 
larvae feed on roots (c) and can cause damage to already stressed trees (Photo credit: Jean-Paul 
Grandjean, Office National des Forêts, Bugwood.org [a]; György Csóka, Hungary Forest Research 
Institute, Bugwood.org [b]; Petr Srutka, Czech University of Agriculture, Bugwood.org [c])
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residual stump management with a focus on determining the relationship between 
H. abietis and its host material (i.e. cut stumps, in-ground roots, and slash). Adult H. 
abietis are significantly more abundant in areas with white spruce stumps (Rahman 
et al. 2015; Piri et al.  2020) and increased incidence of seedling damage by adult 
feeding is expected and occurs in areas where seedlings are planted in close proximity 
to stumps (Piri et al. 2020). Site preparation, in particular the removal of stumps, 
which reduces volatiles that attract adults and oviposition and larval feeding sites, 
significantly reduces the risk of H. abietis damage to seedlings (Rahman et al. 2018; 
Wallertz et al. 2018). And, while commercial stump removal does not remove all 
roots from the site, Rahman et al. (2018) showed that waiting two years after harvest 
to remove stumps reduced larval H. abietis feeding and densities by 50%. Hylobius 
abietis damage was also positively correlated with the amount of slash remaining 
on the ground, which declined as time after harvest increased (López-Villamor et al. 
2019). Planting seedlings in the summer resulted in less H. abietis feeding damage 
than planting in other seasons (Wallertz et al. 2016; Nordlander et al. 2017a). Thus, 
timing for certain silvicultural management strategies for H. abietis is critical. 

Many other management methods have been evaluated with varying levels of 
success. Methyl jasmonate is a phytohormone present in plants that is involved in 
plant defenses. Exogenous application of methyl jasmonate has been shown to reduce 
H. abietis damage on maritime pine (P. pinaster), radiata pine, white spruce, and 
Scots pine seedlings in the field for two years (Zas et al. 2014). However, application 
of methyl jasmonate often results in growth reductions (Heijari et al. 2005), thus a 
trade-off between protection from H. abietis damage and tree growth occurs. Ento-
mopathogenic fungi (e.g. Metarhizium burnneum and Beauveria spp.) and nematodes 
(Steinernema carpocapsae and Heterorhabditis downesi) can persist in the soil for 
up to two years and provide significant (>85%) control of H. abietis larvae (McNa-
mara et al. 2018), and efficacy of different nematode species can be maximized by 
applying nematodes in specific ways, either directly on the stump or into the soil 
(Kapranas et al. 2017). Silvicultural practices such as fertilization (Zas et al. 2006) 
and prescribed fire (Pitkänen et al. 2008) led to increased H. abietis captures and 
damage. Further, there is significant genetic variation in P. abies seedling resistance 
to H. abietis feeding and mortality (Zas et al. 2017), and selection for resistant or 
tolerant families may be a viable management method in the future. 

Decades of research has contributed to a solid understanding of factors that impact 
H. abietis damage, and because of these efforts our ability to predict where damage 
might occur is improving. The age of the clearcut, amount of mineral soil exposed on 
the ground, seedling size, and temperature are all factors that can help predict where 
and when H. abietis damage will occur (Louranen et al. 2017; Nordlander et al. 
2017b). No one management method is completely effective or sustainable (Eidmann 
1979), and an integrated pest management strategy for H. abietis is necessary for 
successful conifer production in the region.
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15.3.4 Case Study: Root Weevil Complex in the Southeastern 
United States Pine Forests 

The most common tree species grown for commercial purposes in the southeastern 
U.S. are the southern pines, including loblolly, slash, longleaf, and shortleaf pine. 
These pines are economically and ecologically important to this region, contributing 
significantly to the economy and comprising some of the most biodiverse places in 
the world (Aruna et al. 1997; Noss et al.  2015). 

Several species of root-feeding weevils, including Hylastes salebrosus, H. tenuis, 
H. porculus, Dendroctonus terebrans, Hylobius pales, and Pachylobius picivorous are 
common in pine stands throughout the southeastern U.S. (Eckhardt et al. 2007; Zanzot 
et al. 2010; Coyle et al. 2015). Hylobius and Pachylobius weevils are commonly 
called “regeneration weevils” as they can severely impact young conifer plantings 
by feeding on the bark and phloem of pine seedlings (Fig. 15.6). On mature trees, 
adults will occasionally feed on the bark and cambium of twigs, causing a “flagging” 
where the tip of a branch dies and turns brown. Adults of these species are attracted 
to recently cut pine stumps, where they breed. Eggs are laid on the roots of the stump, 
and larvae feed on the root tissue. The impact of this damage is negligible to a mature 
tree (though an exception is with Christmas tree growers, where the loss of branches 
can decrease the value of trees; financial losses of nearly 20% can occur in some 
cases [Corneil and Wilson 1986]). The majority of the damage these weevils cause 
is by feeding on the bark and cambium of seedlings, either in the nursery or in newly 
planted forest stands. This feeding often kills the seedling and can cause significant 
economic damage to the landowner (Thatcher 1960; Lynch and Hedden 1984).

In the late 2000s and early 2010s, reports of pines dying in several parts of Alabama 
and Georgia concerned landowners and foresters and prompted scientists to take a 
closer look at the situation. In most cases, the dying trees involved older pines, with 
symptoms including yellowing needles and branch dieback. This phenomenon was 
called “southern pine decline” and was somewhat controversial (Coyle et al. 2015). 
While the aforementioned weevils were commonly associated with pine mortality, 
they were subsequently ruled out as the primary cause. It has been suggested that 
management and environmental conditions have a much greater impact on tree health 
(Coyle et al. 2020), as these weevils are secondary herbivores and are attracted to 
weakened or dying trees (Helbig et al. 2016). For example, Hylobius spp. adults are 
attracted to several volatile chemicals, specifically ethanol and monoterpenes (e.g. 
turpentine) (Siegfried 1987; Rieske and Raffa 1991). These volatiles are released 
by dying or recently dead pine trees and can be common in nurseries or where 
harvests have recently occurred (Fox and Hill 1973). The black turpentine beetle 
(Dendroctonus terebrans) typically attacks the lower bole of pine trees, especially 
trees injured by fire, machines, construction damage, or stressed by drought. 

Since these weevils feed on stressed, weakened, dying, or recently dead pine trees, 
the fact that they are commonly captured in areas with declining pine trees is not 
surprising—in fact, it is to be expected as this is suitable habitat for mating and 
oviposition. These weevils do not kill living, healthy, mature trees. Southern pine
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Fig. 15.6 Hylobius pales (a) and  Pachylobius picivorous (b) are significant pests of young pines 
and Christmas tree plantations in North America. Adult feeding removes phloem, resulting in 
seedling mortality (c), or can kill branches leading to large reductions in tree value (d). Larvae feed 
in stumps and large roots of weak, dying, or dead trees (Photo credits: Robert Anderson, USDA 
Forest Service, Bugwood.org [a, b]; Lacy Hyche, Auburn University, Bugwood.org [c]; Eric Day, 
Virginia Polytechnic University, Bugwood.org [d])

decline is a combination of many factors, including management, soil characteristics, 
weather and climate, and tree species. Planting the correct tree species on the appro-
priate site, maintaining proper basal area, and controlling competing vegetation is 
essential for pine growth in the southeastern U.S. The observed pine decline in the 
southeastern U.S is likely due to mismanagement of one or more of these factors and 
the root weevil complex associated with these declining pines is unlikely to be the 
cause of the problem.
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15.4 Other Arthropods Affecting Tips, Shoots, and Roots 
of Trees 

Given the great diversity of the Curculionidae, it is not surprising that many weevil 
species impact trees worldwide. And, while their damage is often negligible, or 
extremely limited in time or space, there are occasional occurrences when a typically 
non-impactful species causes measurable damage. For instance, although minor twig 
damage in Douglas-fir (Pseudotsuga menziesii) can occur from Cylindrocopturus 
furnissi when populations reach high densities (Douglas et al. 2013), these weevils 
are rarely noticed. Damage by C. furnissi often appears as scattered branch mortality 
on mature trees—hardly enough to cause any negative impacts (Furniss 1942). But 
weevil densities can increase rapidly, especially when trees are stressed by factors 
such as drought, at which point weevil damage can severely deform or even kill trees. 
The Norway spruce weevil (Pissodes harcyniae), can be an occasional pest of stressed 
Norway spruce in central and northern Europe, but relatively little is known about this 
pest’s life history (Kolk and Starzyk 1996). Damage to expanding terminal shoots of 
lodgepole pine can occur by the lodgepole terminal weevil (Pissodes terminalis); this 
damage can cause severe forking of the stem, but delaying the first thinning of the 
forest stand can help manage weevil populations (Maclauchlan and Borden 1996). 
The elephant weevil (Orthorhinus cylindrirostris) is primarily a pest of vines but can 
occasionally impact Eucalyptus, Acacia, and Castanospermum trees (Froggatt 1900; 
Hely et al. 1982). Further, many herbivores that feed on tree branch tips, shoots, 
and roots are opportunistic secondary pests. Developing effective management plans 
for these species is not only challenging, but the need is often unanticipated. For 
example, the Warren root collar weevil (Hylobius warreni) is an insect native to 
Canada normally found in low populations throughout the boreal forest. However, 
after the mountain pine beetle (Dendroctonus ponderosae) outbreak in western North 
America in the 1990s and early 2000s, H. warreni populations increased and caused 
considerable damage on young, replanted lodgepole pine in areas impacted by the 
outbreak (Robert and Lindgren 2006). As H. warreni adults do not fly, it appears the 
adults migrated via walking to replanted areas from older forests in search of food 
(Klingenberg et al. 2010). These are just a few examples of Curculionidae species 
that are occasional root and shoot pests of trees. 

Periodical cicada emergence occurs every 17 years and is a visually spectacular 
event where millions of larval cicadas synchronously crawl out of the soil and emerge 
as adults. Found only in eastern North America (Cooley et al. 2009) Magicicada spp. 
oviposit near the ends of hardwood tree branches, in the process killing the terminal 
end of the branch (Fig. 15.7). Damage to host trees can be highly variable and 
dependent upon tree species (Cook et al. 2001; Cook and Holt 2002), with branch 
mortality usually less than 30% (Miller and Crowley 1998). While younger trees 
are more susceptible, damage from cicada oviposition generally doesn’t result in 
long-lasting impacts on larger host trees (Miller and Crowley 1998; Cook and Holt 
2002; Flory and Mattingly 2008).
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Fig. 15.7 Despite high levels of terminal mortality (a), oviposition damage (b) from periodical 
cicadas (Magicidada septendicim) (c) rarely results in long-lasting damage on trees (Photo credits: 
Pennsylvania Department of Conservation and Natural Resources, Bugwood.org [a]; David Coyle, 
Clemson University [b]; Susan Ellis, Bugwood.org (c)) 

Defoliators can also cause tree shoot mortality, particularly when pest popula-
tions are high and their preferred leaf material has been exhausted. For example, two 
defoliators of eastern cottonwood (Populus deltoides) trees can, where high popula-
tions occur or where host conditions are conducive to infestation, cause substantial 
defoliation of tree terminals and terminal mortality (Fig. 15.8). In the southern U.S.,
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Fig. 15.8 Adult and larval cottonwood leaf beetles, Chrysomela scripta (a), feed on foliage of 
Populus trees. In some cases, feeding on tender shoot tissue will result in terminal mortality (b) 
(Photo credits: James Solomon, USDA Forest Service, Bugwood.org) 

the cottonwood leafcurl mite (Tetra lobulifera) can cause severe leaf loss and occa-
sional terminal mortality in plantation grown cottonwood trees, particularly those that 
exhibit rapid growth rates (Coyle 2002). The cottonwood leaf beetle (Chrysomela 
scripta) will also kill cottonwood terminals, as both adults and larvae will feed on 
the tender terminal tissue if preferred leaf tissue is no longer available (Coyle et al. 
2002). Terminal mortality rarely kills trees, but it can have long-lasting impacts on 
tree form, causing increased branching and reduced stem growth, which can nega-
tively impact tree value. In some cases, certain P. deltoides clones had nearly 40% 
more branch biomass when subjected to intense C. scripta defoliation compared to 
trees protected from defoliation (Coyle et al. 2008a). 

Root herbivory can have a significant impact on many tree species, particularly 
when herbivores feed on ephemeral tissues such as lower order roots (Hunter 2008). 
While difficult to measure due to the cryptic nature of belowground feeding and 
the spatially variable density of root feeding fauna (e.g. Coyle et al. 2008b), it is 
possible to estimate impacts based on measurements of pest or root density. One 
technique is to compare tree root growth responses in areas where root feeding fauna 
have been removed (often via chemical applications) to areas where root herbivores 
have not been removed. For example, chemical removal of 95% of root herbivores 
in Manchurian ash (Fraxinus mandshurica) and Gmelin larch (Larix gmelinii) plan-
tations in China resulted in first and second order root biomass increases of >42% 
in Manchurian ash and >53% in Gmelin larch (Sun et al. 2011). The impacts can be 
even more profound in seedlings, which have less capacity to cope with tissue loss. In 
Belarus, Kozel et al. (2017) exposed Scots pine, white spruce, and silver birch (Betula 
pendula) seedlings to root herbivory by larval cockchafers (Melolontha melolontha). 
In less than two months, scarab larvae consumed up to 73% of fine root biomass. 
These studies indicate that root herbivory—while not obvious—can have significant 
impacts on tree growth, health, and productivity.
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15.5 Conclusions 

Tree damage by shoot and root feeding pests will continue to require management 
efforts in forest stands worldwide. Early detection of forest pests is key to effec-
tive management, and recent advances in digital imagery and audio application and 
acquisition may be used to improve pest management strategies in forest systems. 
While detection of forest pest damage is possible via landscape-level imagery (e.g. 
Moderate Resolution Imaging Spectroradiometer, or MODIS), increased resolution 
of images is necessary before this technology becomes reliably usable from a prac-
tical standpoint (Gomez et al. 2020). However, images captured by unmanned aerial 
vehicles (UAVs, also called drones) appear to have more promise as they are able 
to obtain more usable imagery (Klouček et al. 2019). Capturing images with UAVs 
is more labor intensive than using widely available digital imagery, and it requires 
the operator to be appropriately licensed, but it is clear that both of these technolo-
gies hold great promise for the detection of forest pest damage. Further, acoustic 
sensor technologies that are being developed for pest detection in individual trees 
(e.g. Ashry et al. 2020) may eventually be useful for larger-scale forest pest detection 
and management. 

Proper silvicultural techniques and chemical management are and will remain 
effective management tools for many forest pests. But, as more insect species develop 
resistance to insecticides and the cost of insecticide development continues to rise 
(Sparks 2013), the forest industry needs to look to new technologies for pest manage-
ment. One such technology is tree resistance breeding (Showalter et al. 2018; Naidoo 
et al. 2019). Breeding trees for resistance to pests, either through traditional breeding 
methods or genetic engineering, has great potential for improving pest management 
in forestry. In fact, fusiform rust [Cronatrium quercuum (Berk.) Miyabe ex Shirai 
f. sp. fusiforme] management on pines in the southern U.S. via resistance breeding 
has been very successful (Schmidt 2003), and similar strategies could be applied tip, 
root, and shoot feeding pests. 

A major unknown in forest pest management is how climate change will impact 
arthropod-plant interactions and, consequently, pest management strategies. While 
generalities exist, there is a great deal of species-specific and system-specific hetero-
geneity in terms of pest responses to climate change (Pureswaran et al. 2018; Jactel 
et al. 2019). For example, increasing temperatures are expected to result in increased 
fecundity and damage by H. abietis (Inward et al. 2012) and also changes in voltinism, 
which may require more localized management strategies (Wainhouse et al. 2014). 
Further, as climate change impacts are not restricted to temperature changes (e.g. 
weather unpredictability is expected to increase) it is difficult to predict what addi-
tional impacts may affect forest pest management. Ultimately, a robust integrated 
pest management strategy is necessary for any economically important forest pest.
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