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renewable sources of  fibre and energy. Since 
intensive cultivation of  poplars and willows is 
still new to many parts of  the world, the disease 
challenges are often significant, ranging from 
selecting species and clones adequately adapted 
to the planting site, to developing and applying 
cultural practices to minimize disease. Genetic 
resistance to disease has been a major objective 
of  poplar and willow selection and breeding pro-
grammes throughout the world. Unfortunately, 
pathogenic organisms continue to evolve rapidly 
and adapt to new hosts. Breeding for resistance 
is thus likely to continue to be a high priority in 
the future.

In many regions of  the world where poplars 
and willows have been introduced, successful 
pathogen-free cultivation has initially been pos-
sible. Release from pathogens outside native 
ranges is an ecologically significant phenome-
non (Mitchell and Power, 2003), but pathogens 
from native ranges can eventually be reunited 
with their hosts (Newcombe and Dugan, 2010). 
Then, the disease outbreaks that follow these 
reunions may be especially severe, since patho-
gens may also benefit from release from biotic or 
abiotic constraints that limit disease in native 
ranges. The planting of  new varieties of  poplars 
and willows that are poorly adapted to the site 

8.1 Introduction

Across their native and planted ranges, Populus 
and Salix species and hybrids are host to a wide 
array of  microorganisms. Fortunately, only a 
relatively small number of  these organisms are 
pathogens that cause economically damaging 
diseases (Ostry and McNabb, 1985). No single 
pathogen is equally important throughout the 
entire range of  Populus and Salix, and many 
organisms are highly specific to only some spe-
cies and hybrids (Newcombe, 1996; Newcombe 
et al., 2001a). Since poplars and willows are 
similar ecologically and closely related through 
evolution (Argus, 2010; Eckenwalder, 2010), 
there are many parallels among their collective 
pathogens. Many of  the genera of  pathogens 
that affect one also affect the other (Newcombe 
et al., 2010).

Poplars and willows are affected by patho-
gens that typically specialize on leaves, stems or 
roots. Diseases incited by these pathogens are 
often responsible for reduced growth and wood 
quality of  affected trees; complete planting fail-
ures due to pathogens are also known 
(Steenackers et al., 1996). The threat of  disease 
is a major consideration in developing sustain-
able poplar and willow cropping systems for 
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may result in diseases caused by opportunistic 
pathogens (Trench and Churchill, 1987; Spiers, 
1989, 1998).

Willow and poplar species used in industrial 
production are selected for specific traits for a 
variety of  uses, including production of  energy, 
matches, veneer or wastewater treatment and 
heavy metal uptake from contaminated soils. 
However, species and hybrids with these traits 
may not have optimal growth or adaptive capac-
ity. They may also display poor resistance to dis-
ease and insect pests, especially when they are 
planted in areas where they have not been tested 
(Pinon and Valadon, 1997).

Intensifying the culture of  either poplars 
or willows can, in general, lead to disease prob-
lems. For example, willows that had been 
grown for basket production for centuries were 
scaled up rapidly for large, monoclonal planta-
tions when short-rotation forestry (SRF) for 
energy production was introduced in Europe in 
the 1970s. Promising clones with good yield 
potential and initially low disease susceptibility 
were suddenly much more common in the 
landscape. Within 10–15 years, these clones 
were severely affected by new species and races 
of  Melampsora rust. A very similar scenario 
developed in the Pacific Northwest of  the USA, 
where Melampsora responded to intensive cul-
ture of  initially resistant Populus hybrids with 
significant increases in pathogenic variation 
(Newcombe et al., 2001b).

Although most pathogens of  Populus and 
Salix are fungi, there are exceptions. Bacterial dis-
eases of  Populus have been important in Europe, 
where Xanthomonas populi is a serious pathogen 
of  susceptible varieties. Another important excep-
tion is the water mark disease of  tree-forming 
 willows (Salix subgenus Salix), caused by the 
 bacterium, Brenneria salicis (Erwinia salicis). This 
is a serious disease, although tree willows are not 
generally used in SRF. Recent research, however, 
has shown that the bacterium could reside in 
symptomless tissue in many different tree species 
and thereby be transmitted unintentionally to 
new sites.

Other bacterial species in recent years have 
also had large impacts. For example, species of  
Pseudomonas have recently caused substantial 
dieback, resulting in willow crop losses, espe-
cially in combination with frost damage. Poplar 
plantations are planted at wider spacing, resulting 

in lower humidity than in willow plantings, which 
in turn reduces damage by these pathogens.

Poplar breeding has a long history of  
hybridization involving parental species from 
Europe, North America and Asia. Willow breed-
ing has a shorter history, with traditional selec-
tion and breeding of  superior individuals in the 
early years to using the new biotechnologies in 
the breeding programmes of  today. In both pop-
lar and willow breeding, productivity ideally is 
accompanied by durable disease resistance.

The increasing interest in breeding and 
growing poplars and willows for fibre and energy 
has resulted in the movement of  planting materi-
als around the world. Poplar hybrids of  European 
and North American origin have been grown 
widely in plantations during the past 100 years 
(Eckenwalder, 2001), and selected clones have 
frequently been exchanged among countries, 
widely planted on a large range of  sites and man-
aged under various cultural systems.

It remains impossible to predict the outcome 
of  any encounter between a novel pathogen and 
an evolutionarily naïve host (Newcombe and 
Dugan, 2010). Some exotic poplars have been 
severely damaged by indigenous pathogens in their 
new locations, while native poplars are relatively 
unaffected. But the reverse outcome is also com-
monly observed (Newcombe, 2005), underscoring 
the need for regional clonal testing as opposed to 
theory-based prediction. Given this unpredictabil-
ity, vigilance is needed to prevent the additional, 
inadvertent movement of  pathogens on tolerant or 
resistant plant material into new geographic areas, 
where these pathogens could become damaging 
to native poplars or result in the evolution of  new 
pathogenic races or hybrid species (Spiers and 
Hopcroft, 1998; Newcombe et al., 2000). The 
international exchange of  planting material has 
increased disease occurrence worldwide, and only 
strict phytosanitary practices will prevent future 
introductions of  potentially damaging pathogens 
into new habitats (Rossman, 2001, 2009).

Worldwide, potentially the most damaging 
disease is perhaps leaf  rust, caused by species 
and races of  Melampsora that can cause prema-
ture leaf  fall and reduce growth; rust can also 
predispose highly susceptible trees to other biotic 
and abiotic damaging agents (Royle and Ostry, 
1995). Premature leaf  fall associated with rust 
and other foliar pathogens can lead to dieback or 
outright mortality (Newcombe et al., 2001a).
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Some pathogens, in addition to causing a 
leaf  disease, are also able to invade twigs, 
branches and main stems, resulting in cankers 
and dieback. Branch and stem cankers caused 
by Mycosphaerella populorum (with the better 
known asexual state called Septoria musiva) have 
a far greater impact than the foliar disease 
caused by the fungus in many regions of  North 
America. The bacterium Xanthomonas populi has 
been a pathogen of  high priority for resistance 
breeding due to its severe effects on the main 
trunks of  susceptible poplars in Europe. A recent 
problem is infection by ice nucleation active 
(INA) bacteria that initiate early freezing in the 
twigs and stems of  both willows and poplars at 
temperatures normally harmless, predisposing 
the plant to further infection by pathogenic bac-
teria or fungi.

This chapter provides an overview of  the 
range of  fungal and bacterial diseases affecting 
poplars and willows, including their distribution 
and importance in different regions of  the world. 
We have chosen to highlight briefly those major 
pathogens that overall have been the most 
damaging.

It is important to note that many pathogens 
of  Populus and Salix still await discovery. For 
example, a recent study (Busby et al., 2012) of  
the foliar pathogens of  P. angustifolia (the nar-
rowleaf  cottonwood of  higher elevations in the 
western USA) revealed many surprises: (i) the 
absence of  many of  the foliar pathogens found 
on P. trichocarpa in the western USA; (ii) the 
 relative absence of  Melampsora rust; (iii) the 
presence of  Phyllactinia populi that is commonly 
found on poplars in Asia but which appears to 
be restricted to P. angustifolia and its hybrids 
in North America; (iv) the presence of  
Mycosphaerella angustifoliorum, which is also 
restricted to P. angustifolia and its hybrids in 
North America; (v) new species of  
Mycosphaerella that will need to be described 
(Busby et al., 2012).

Over the years, the literature on Populus and 
Salix pathogens has become voluminous. We 
provide a few recent general references that 
include numerous citations to the pertinent lit-
erature. Our intent is to bring attention to select 
pathogens that have the potential to threaten 
the health of  willows and poplars and severely 
limit their usefulness and productivity. Not men-
tioned in this section are many foliage and stem 

diseases that normally are of  minor importance 
but that opportunistically can become quite 
damaging under some environmental and site 
conditions. There are many diagnostic guides to 
the pests of  poplars or willows available to those 
interested in distinguishing major and minor 
problems, and some of  these citations are pro-
vided as well (Ostry et al., 1989; Callan and 
Ring, 1994; Callan, 1998; Sinclair and Lyon, 
2005; Horst, 2008).

8.2 Disease Prevention

8.2.1 Disease resistance

Prevention of  disease problems is always a better 
management strategy than control after disease 
outbreaks (Ostry and McNabb, 1990). Planting 
disease-free stock, applying suitable cultural tech-
niques, sanitation, avoiding conditions leading to 
plant stress and monitoring for unfavourable 
 conditions are among the commonly suggested 
preventative practices to avoid disease.

Planting species and hybrids resistant to the 
major diseases is the best long-term strategy eco-
nomically and environmentally. Recognizing 
this, breeding programmes for producing 
improved poplar clones have been active for 
many years in many countries. The focus in 
Europe has long been on producing high-yielding 
clones with emphasis on selecting for resistance 
to Xanthomonas bacterial canker and Melampsora 
leaf  rust. In North America, resistance to leaf  
rust and Septoria leaf  spot and canker have been 
among the targeted traits. Although willows 
have been cultivated for centuries, especially for 
basket production, willow improvement work to 
select fast-growing and highly productive clones 
started on a large scale only in the late 20th 
century.

Planting clones that have been screened 
for resistance to the local populations of  patho-
gens is the most effective tactic for minimizing 
risk of  damage (Ostry and McNabb, 1986). 
Plantations are expensive to establish and few, 
if  any, direct control measures are available or 
cost-effective. Continually evolving races of  
pathogens on poplar and willow crops require a 
continuing effort to select and breed resistance 
to these new threats.
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Effective and efficient disease control strat-
egies and tactics, including the production of  
improved planting stocks, will require a contin-
ued investment in research and development. 
The temptation to plant the latest ‘super clone’ 
exclusively over large areas must be avoided; 
locally untested clones should also not be widely 
planted. Maintaining a broad genetic base in 
planting stock will require ongoing selection 
and breeding programmes that include collabo-
ration among plant pathologists, breeders and 
entomologists.

8.2.2 Clonal mixtures

Successful experiments have been conducted to 
develop a practical, cost-effective disease control 
strategy to suppress leaf  rust on willows within 
plantations using clonal mixtures (McCracken 
and Dawson, 1997). A random mixture of  clones 
with somewhat different levels of  resistance but 
similar growth form and rate has been demon-
strated to slow disease increase during the grow-
ing season, resulting in less rust and increasing 
yields (Dawson et al., 2005). Clearly, for clonal 
mixtures to succeed, the clones must vary spe-
cifically in genetic resistance.

When willows were planted in intimate, 
random mixtures, the onset of  Melampsora spp. 
rust was delayed. The build-up of  disease was 
slowed and the final rust level was reduced sig-
nificantly (McCracken and Dawson, 2003; 
Samils et al., 2003). Studies have indicated that 
the use of  genotype mixtures has not led to the 
development of  rust ‘super’ races or pathotypes 
capable of  infecting all mixture components 
(McCracken et al., 2000).

Climate can have a significant effect on new 
pathotype development. In maritime conditions 
where winters are mild and damp, Melampsora 
rust can survive asexually, whereas in countries 
with severe winter temperatures the pathogen 
must pass through a sexual stage. The latter 
begins with meiosis in the telial state on overwin-
tered poplar leaves. Haploid basidiospores then 
infect the alternate host, for example the needles 
of  a species of  Larix, where insects can cross- 
fertilize the haploid spermogonia. Dikaryotic 
aecia can then form on the alternate host and the 
aeciospores can infect the leaves of  Populus.

An important advantage of  diverse mix-
tures is that if  a particular genotype is eliminated 
over time due to disease or other cause, the 
remaining genotypes can capture the growing 
space and compensate for the loss (McCracken 
and Dawson, 2003). The greater the variation in 
genetic resistance among the clones in the mix-
ture, the better the mixture will perform. In a 
mixture made up of  seven straight S. viminalis 
genotypes, disease reduction was only evident in 
the early years after plantation establishment 
(Begley et al., 2009). Yield from diverse mixtures 
is also greater than the equivalent yield of  their 
components grown in monocultures (McCracken 
et al., 2001), possibly because plant diversity in 
general is associated with greater productivity 
(Tilman et al., 2001).

In North America, poplars have generally 
been planted in mosaics of  pure clonal blocks, 
mimicking the clonal patterns of  native stands 
of  trembling aspen (P. tremuloides). The sizes 
of  blocks vary depending on the size and config-
uration of  the plantation. This allows for the 
independent management of  the individual 
blocks should a problem arise in one or more 
clones and avoids large gaps resulting from 
 variable growth rates and tree mortality among 
clones.

8.2.3 Biological control

Environmental concerns with chemical control 
and the limited number of  available clones 
proven resistant to many diseases make the bio-
logical control of  pathogens a highly desirable 
goal. However, thus far, few biological control 
agents for major poplar pathogens have been 
identified, and a practical approach for their use 
has not been developed. A common problem in 
using biological control agents concerns the for-
mulation and application of  the agents in order 
to have a significant effect on disease develop-
ment in the field. Although not in practical use 
yet, the few examples that follow illustrate the 
potential use of  biological control agents for 
the control of  important pathogens of  poplars 
and willows.

Eudarluca caricis (with the asexual state 
known as Sphaerellopsis filum) is a hyperparasite of  
rust fungi that is associated with the suppression 
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of  rust pustule development in the UK and 
Germany. In the USA, E. caricis is  commonly seen 
hyperparasitizing Melampsora medusae on P. del-
toides in the south-eastern region of  the country 
(Nischwitz et al., 2004), but it is absent or uncom-
mon elsewhere. Foliar endophytes show con-
siderable promise in reducing rust severity 
(Newcombe et al., 2010) and selections are at 
present being tested in poplar bioenergy planta-
tions in the Pacific Northwest (G. Newcombe 
et al., 2012, unpublished information).

Under laboratory and greenhouse condi-
tions, a spore suspension and culture filtrate of  
Phaeotheca dimorphospora inhibited Septoria musiva 
(Yang et al., 1994). In addition, Streptomyces 
species have been demonstrated to suppress the 
incidence and severity of  Septoria leaf  spot on 
poplars in the field. Applied weekly, bimonthly or 
monthly to susceptible hybrid poplars, strains of  
Streptomyces significantly reduced leaf  spot 
caused by Septoria musiva compared to control 
trees (Gyenis et al., 2003).

8.3 Selected Leaf, Stem and Root 
Diseases of Poplars and Willows

As we have mentioned already, a large number 
of  diseases have been recorded on poplars and 
willows in natural stands and in plantations 
around the world. The diseases affecting poplars 
and willows are caused by a very wide range of  
microorganisms and abiotic factors. Often, mul-
tiple foliar and stem pathogens co-occur, result-
ing in multiple diseases that can damage trees. 
Many foliar pathogens can invade twigs, 
branches and stems, resulting in cankers and 
branch dieback and breakage. Their impact is 
largely dependent on tree age, local microcli-
mate, timing of  infection and conditions for 
pathogen spread and disease development.

Native pathogens not normally important 
on trees in natural stands can become damaging 
on both native species and exotic species and 
hybrids when these are grown as an agricultural 
crop under intensive cropping systems. Following 
are brief  descriptions of  the most damaging and 
important diseases affecting poplar and willow 
crops. These diseases were selected based on their 
potential risk for large economic impacts and the 
critical need to  prevent further spread of  the 
causal agents into new regions.

8.3.1 Melampsora leaf rust: 
Melampsora spp.

Distribution

Leaf  rust is the most widespread and serious 
 disease of  poplars and willows throughout the 
world. Some species of  Melampsora have been 
introduced outside their native ranges within 
the northern hemisphere (Newcombe and 
Chastagner, 1993a; Innes et al., 2004), and these 
and other taxa have been introduced inadvert-
ently into the southern hemisphere along 
with their deliberately introduced hosts 
(Spiers, 1998).

Hosts/host specificity

Species of  Melampsora are specialized on either 
Populus or Salix, and this specialization has 
evolved not once but multiple times in differ-
ent parts of  the northern hemisphere (Bennett 
et al., 2011). Identification of  species on 
the basis of  uredinial morphology alone is 
often difficult. This is particularly true of  
 species of  Melampsora on willows, because 
many more species need to be described in 
the first place (Bennett et al., 2011). Movement 
of  Melampsora species into new geographic 
regions and the presence of  Melampsora races, 
formae speciales, mixed infections on single 
leaves and interspecific hybrid species contrib-
ute to the complexity (Shain, 1988; Pataky, 
1990; Pei and McCracken, 2005; Chen and 
Harrington, 2006). The potential evolution of  
new rust pathotypes affecting previously 
resistant clones underscores the critical need 
of  monitoring poplar rust populations. Specia-
lization within species of  Melampsora is com-
mon (Ramstedt et al., 2002).

Willow rusts

Melampsora epitea, a species native to Europe, 
was described on the basis of  specimens from 
the Eurasian tree, S. alba (Plate 23A). Even in 
Europe, M. epitea is an ambiguous taxon (Pei and 
McCracken, 2005), but in the past, the taxon 
unfortunately was applied to willow rusts else-
where in the northern hemisphere. It is now 
clear that this taxon does not apply to the 
 willow rusts of  the western USA (Bennett  
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et al., 2011), where many species will have to be 
described once their life cycles are completely 
understood. In contrast, knowledge of  the willow 
rusts of  Europe (Helfer, 1992; Pei et al., 1993, 
2005), Australasia (Spiers and Hopcroft, 1994) 
and Asia (Tian et al., 2004) is relatively advanced, 
and a recent summary (Pei and McCracken, 
2005) need not be repeated in its entirety here. In 
brief, Pei and others have recognized 33 taxa apart 
from M. epitea. Willow rust pathotypes or races 
specialize even at the level of  host clones (Pei et al., 
1997), and much of  this information has also 
been summarized in Pei and McCracken (2005).

The population structure of  willow rusts has 
been studied by amplified fragment length poly-
morphism (AFLP) screening of  rust diversification 
within fields and between countries, including 
the UK, Northern Ireland, Sweden, France and 
Chile (Hurtado and Ramstedt, 2002, 2003). No 
 significant genetic differentiation between coun-
tries and continents was found, although patho-
types varied. This result implied that the willow 
rusts of  Chile were introduced from Western 
Europe, just as willow rusts were introduced else-
where in the southern hemisphere (Spiers, 1998).

Poplar rusts

Melampsora laricis-populina and its races are the 
most common and serious of  the Eurasian poplar 
rusts. This species is also now the most wide-
spread poplar rust, since it has been introduced 
into Australia and South and North America 
(Newcombe and Chastagner, 1993a; Innes et al., 
2004; Grondin et al., 2005; Barrès et al., 2008). 
Melampsora allii-populina is a closely related spe-
cies also found on a range of  poplars in Europe, 
but it has not been introduced elsewhere. 
Melampsora medusae is widely distributed in its 
native range in eastern North America and has 
now been found in western North America 
(Newcombe and Chastagner, 1993b). Melampsora 
occidentalis is native to western North America 
(Hsiang and Chastagner, 1993) and has been 
introduced in the central USA (Stack and Ostry, 
1989; Moltzan et al., 1993). In the western USA, 
M. medusae and M. occidentalis have hybridized 
and the hybrid taxon is known as M. ×columbi-
ana (Newcombe et al., 2000). This hybrid is cur-
rently generating the pathogenic variation that 
is proving challenging to poplar breeders in the 
Pacific Northwest region of  the USA (Newcombe 

et al., 2001b). Melampsora abietis-canadensis is 
found on hemlock and poplars in North America.

Biology

Most Melampsora species on poplars require an 
alternate host in the Pinaceae to complete their life 
cycle. Spermogonia and aecia are formed on the 
alternate host. Uredinia, telia and basidia form on 
Populus. The Eurasian species, M.  allii-populina, is 
unusual in that its spermogonia and aecia regu-
larly form on Allium or on Arum, but M. laricis-
populina also occasionally forms these spore states 
on Allium or even Corydalis (Farr et al., no date).

Melampsora species on willows collectively 
exhibit a much broader aecial host range in that 
Tsuga, Abies, Larix, Ribes, Saxifraga, Allium, 
Euonymus, Viola, Galanthus, Corydalis, and even 
some members of  the Orchidaceae can all be 
infected (Pei and McCracken 2005; Farr et al., 
no date), although no single species of  
Melampsora is likely to have this broad a range. 
In spring, teliospores in infected, dead leaves of  
Populus or Salix germinate and produce basidio-
spores, which are actively discharged and then 
windblown to the aecial host, where infection 
takes place. In summer, aeciospores produced in 
the needles may be carried by the wind back to 
poplar or willow leaves, where uredinial pus-
tules develop and release urediniospores that 
intensify the disease on the hosts during the 
growing season. With a cycle of  7–12 days, new 
uredinia appearing on the leaves theoretically 
could give rise to 15–20 generations during the 
growing season. Normally, however, the disease 
intensifies during late summer due to the cooler 
and more humid periods required for spore ger-
mination and infection.

In the UK, and especially Northern Ireland 
with its more humid climate, rust infection can 
occur in early summer, so epidemics have longer 
to develop. Some rust fungi are also believed to 
survive within perennating structures, buds for 
example, of  poplars or willows, and again the 
effect would be to increase the period during 
which an epidemic might develop.

Symptoms and damage

Uredinia (Plate 23D) commonly develop on the 
lower surface of  leaves, giving rise to yellow or 
necrotic spots and flecks on the upper surface 
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(Plate 23C). Severely affected trees are defoliated 
prematurely (Plate 23B), reducing growth pot-
ential and predisposing them to environmental 
stresses and invasion by secondary damaging 
agents. Early leaf  fall also increases the risk for 
winter injury,  dieback and infection by second-
ary pathogens.

Control

There are no practical direct control measures 
for leaf  rust. Preventative strategies include 
planting species and clones resistant to local 
populations of  Melampsora (Pinon, 1992). 
Plantation densities will affect humidity and micro-
climate and this can be problematic, especially in 
bioenergy plantations that use close spacing.

Planting large, monoclonal blocks should be 
avoided as a precaution in the event that a new 
species or pathotype of  rust becomes damaging. 
For willow cultivation, avoidance of  large mono-
clonal blocks has proven successful, as have 
planting clone mixtures in Northern Ireland. As 
already discussed, the clonal mixtures are 
believed to reduce the selection pressure of  a sin-
gle gene on rust fungi and are thus more sustain-
able than monocultures (Ramstedt, 2003).

Removal of  alternate hosts, for example 
Larix, will probably not reduce disease severity. 
In a study of  two plantations in Sweden, one 
with larch trees growing within the plantation 
and the other separated by 25 km from the near-
est larch, the endpoint for disease severity was 
the same, even though there was a delay in the 
latter (M. Ramstedt, 2010, unpublished data).

Biological control, as already discussed, is cur-
rently limited to E. caricis (Pei et al., 2010). Some 
foliar endophytes are, however, very promising.

8.3.2 Marssonina leaf spot and blight:  
Marssonina brunnea (telemorph 

Drepanopeziza tremulae), M. castagnei  
(D. populi-albae), M. populi (D. populorum) 

and M. balsamiferae (telemorph  
unknown)

Marssonina is a damaging foliar pathogen of  
poplar. Several Marssonina species can cause 
premature defoliation, reduce growth potential 
and predispose affected trees to secondary dam-
aging agents and stress (Plate 23E). Some clones 

of  willows, usually tree willows not grown for 
biomass, are seriously affected, but generally 
willows escape significant damage.

Distribution

Four, relatively well-studied species of  Marssonina 
on poplar are found throughout Europe, North 
America, Asia, Australia and New Zealand: Mars-
sonina brunnea (teleomorph Drepanopeziza tremulae), 
Marssonina castagnei (Drepanopeziza populi-albae), 
Marssonina populi (Drepanopeziza populorum) and 
Marssonina balsamiferae (teleomorph unknown). 
On willows, Marssonina brunnea and Marssonina 
salicicola are the major species of  importance. 
A fifth taxon, Marssonina populicola, is known to 
affect poplars in China (Zhuang, 2005).

Symptoms and damage

Leaf  spots are small (1 mm), circular to angular, 
brownish to black. The small spots can coalesce 
into irregularly shaped larger flecks (Plate 23F). 
Whitish masses of  conidia can be seen in the centre 
of  the spots. On highly susceptible clones, lens-
shaped lesions develop on petioles and current-
year shoots. Severe disease on susceptible clones 
results in premature defoliation, dieback and predis-
position to secondary organisms and abiotic stress.

Host specificity

Species in section Populus are susceptible to  
M. brunnea f. sp. trepidae, while species in the 
Aigeiros are susceptible to M. brunnea f. sp. brunnea 
(Newcombe and Callan, 1997). M. balsamiferae was 
reported occurring on P. balsamifera in Ontario and 
Manitoba. M. castagnei infects P. alba and M. pop-
uli is common on P. tremuloides (Spiers, 1983, 
1984, 1988; Spiers and Hopcroft, 1998). M. popu-
licola has been reported in China from P. davidiana, 
P. euphratica, P. ×euramericana, P. laurifolia, P. pseudo-
simonii, P. simonii and P. tomentosa (Zhuang, 2005).

Biology

The fungus overwinters in fallen leaves and in 
infected shoots (Plate 23G). In spring, ascospores 
produced in the leaves and conidia from lesions 
on the shoots are released in wet weather. Leaves 
and new shoots are infected throughout the 
growing season by rain-splashed conidia, inten-
sifying disease severity.
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CONTROL. Use of  resistant clones is the best con-
trol measure. The fungus can infect branches 
and twigs without causing symptoms, so avoid-
ing the spread of  the pathogen by movement of  
diseased cuttings is important. It is also known 
to be seedborne, so care needs to be taken to 
avoid inadvertent shipment of  infested seed. 
Pruning diseased twigs and branches as well as 
raking and burning fallen leaves may also provide 
disease control. Fungicidal control has proven to 
be successful, but no fungicides are labelled 
 specifically for use in plantations at this time.

8.3.3 Venturia leaf and shoot blight

Leaf  and shoot blight of  poplars and willows 
are caused by a total of  17 taxa of  Venturia, 
12 taxa  on Populus and an additional five 
on Salix (Farr et al., no date). Venturia spe-
cies produce either Fusicladium or Pollaccia 
anamorphs, or asexual states (Beck et al., 
2005).

Distribution

Northern hemisphere. Although species of  
Populus native to both Eurasia and North America 
have been reported as hosts of  Venturia, this does 
not appear to be the case for Salix (Farr et al., no 
date). Venturia has been reported from Salix in 
North America, but for the four major subgenera 
(Vetrix, Longifoliae, Salix and Protitea) the reports 
are only from Eurasian species. In other words, it 
is not clear that there are North American species 
of  Venturia that parasitize the North American 
species of  these four subgenera.

Hosts/host specificity

Studies of  the host specificity of  Venturia on 
Populus and Salix have been limited.

Symptoms and damage

Wilting shoot tips and leaves turn black and can 
often resemble frost damage (Plate 24C). 
Irregular necrotic blotches develop, with a layer 
of  olive-green spores covering the diseased area 
of  the leaves. Severe disease can reduce potential 
growth and stunt and deform young trees, 
resulting in a shrubby appearance. Willow scab 

caused by Venturia saliciperda can be serious on 
some ornamental species of  Eurasian origin, e.g. 
S. alba or S. babylonica. Young plants may be 
killed. V. saliciperda appears to be a minor patho-
gen on willow clones cultivated for SRF.

Biology

A high incidence of  leaf  and shoot blight often 
occurs during wet spring weather. In early 
spring, conidia produced in shoots killed the pre-
vious year and ascospores from infected over-
wintered leaves infect developing leaves and 
shoots. Conidia that develop on newly killed 
shoots (Plate 24A) and infected leaves can infect 
additional leaves and shoots in wet weather dur-
ing late spring and early summer (Plate 24B).

Control

Trees growing in dense stands under high 
humidity are often more susceptible to damage 
than those growing at wider spacing. Disease 
severity varied among host species and hybrid 
clones (Newcombe and van Oosten, 1997), and 
resistance was inherited from the exotic parent 
in a field experiment with interspecific hybrid 
pedigrees on Vancouver Island (Newcombe, 2003). 
Breeding and selection for resistance is practised 
in the Pacific Northwest of  the USA. Chemical 
control is possible, but is not practical for large 
plantations (Anderson and Anderson, 1980).

8.3.4 Bronze leaf disease: 
Apioplagiostoma populi

Distribution

This disease is known only in North America in 
Alberta, Saskatchewan, Quebec, Ontario and 
Manitoba, Canada, and in the north-eastern and 
mid-western USA (Northover and Desjardins, 
2003; Kawchuk et al., 2010).

Hosts/host specificity

Bronze leaf  disease affects several Populus species 
and is particularly damaging to hybrids in section 
Populus (Cash and Waterman, 1957; Heimburger, 
1966). Disease severity and damage varies among 
clones. Hybrids of  P. grandidentata and P. trem-
uloides can be severely damaged. P. ×canescens 
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planted as an ornamental or in windbreaks 
(Plate 24D) has also been severely damaged in 
many areas. Susceptibility of  P. alba has been 
reported, but in both reports, authors noted that 
affected individuals might have been misidenti-
fied hybrids with aspen.

Symptoms and damage

Developing leaves on affected branches in spring are 
often small and chlorotic, later turning to the distin-
ctive bronze and reddish-brown colour (Plate 24E). 
Disease initially is most severe in the lower crown, 
eventually developing throughout the crown. 
Dieback of  affected branches leads to a general 
decline in vigour over time, and eventual tree death.

Biology

A. populi overwinters as immature perithecia in 
infected leaves on the ground or leaves remaining 
on branches (Dance, 1957). Ascospores are discha-
rged in spring. The resulting scattered infected leaves 
turn orange-brown or reddish-brown from the mar-
gins inward in midsummer, and become dry and 
turn dark  reddish-brown in autumn. Acervuli with 
unicellular spores develop in early autumn and 
are thought to function as a spermatial stage. The 
 fungus also overwinters as mycelium in infected 
branches and systemically invades developing 
 tissues the following year (Smith et al., 2002). This 
results in the uniform infection of  all leaves on 
affected branches, in contrast to the scattered 
infected leaves resulting from ascospore infection.

Control

Prevention of  the disease by avoiding propagat-
ing and planting highly susceptible clones in 
areas where the disease is known to be present is 
the only practical measure. Care needs to be 
exercised not to move systemically infected plant 
material inadvertently.

8.3.5 Septoria leaf spot and canker

On Populus, taxa include the following: Septoria 
musiva (teleomorph Mycosphaerella populorum), 
Septoria populicola (teleomorph: Mycosphaerella 
populicola) and Septoria populi (teleomorph 
Mycosphaerella populi) (Farr et al., no date). On 
Salix, a dozen taxa have been reported (Farr 
et al., no date).

S. musiva is the most economically impor-
tant species, causing both leaf  spot and canker 
diseases of  poplars. Defoliation and stem break-
age can result in the complete loss of  highly sus-
ceptible poplar clones.

Willows are affected by Septoria didyma, 
Septoria salicina and Septoria salicicola, among oth-
ers, but these fungi are not regarded as economi-
cally important pathogens of  willow. Recently 
S. musiva was reported from Salix lucida in Quebec, 
Canada (Feau and Bernier, 2004). This poten-
tially could be a serious disease if  there were fur-
ther spread and establishment of  the pathogen on 
other important willow species and clones.

Distribution

In North America, S. musiva is widely distributed 
in the mid-west and eastern regions. Recently, it 
was confirmed in commercial hybrid plantations 
and nurseries in British Columbia (Callan et al., 
2007). There has been to date no confirmation 
of  its presence on native P. trichocarpa in the area 
around the affected plantations. S. musiva is not 
known to be present in Europe and is regarded as 
a high priority quarantine pathogen.

Hosts/host specificity

Species and hybrids in sections Populus, Aigeiros 
and Tacamahaca vary widely in susceptibility to leaf  
spot; however, many Tacamahaca hybrids are highly 
susceptible to both leaf  spot and canker in eastern 
North America. S. musiva has been recovered from 
leaf  spots on shining willow (Salix lucida spp. 
lucida) in Quebec. Septoria populicola (teleomorph 
Mycosphaerella populicola) causes leaf  spots on 
P. balsamifera and P. trichocarpa, but generally is not 
thought to cause cankers in nature. S. musiva has 
been reported causing cankers in plantings of  
P. balsamifer (Leboldus et al., 2008a, b). Septoria populi 
is of  periodic importance in causing leaf  spot disease 
in Europe. Mycosphaerella angustifoliorum causes leaf  
spots on P. angustifolia in the mountains of  western 
North America (Ramaley, 1991). It is likely that with 
more study new species of  Mycosphaerella will be dis-
covered on both Salix and Populus (Busby et al., 2012).

Symptoms and damage

On native P. trichocarpa, S. musiva causes a 
minor leaf  disease resulting in necrotic spots 
(Newcombe et al., 1995) (Plate 25B); however, 
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on many hybrid poplars, severe disease can 
result in premature defoliation, reduced growth 
potential and may subject severely affected trees 
to invasion by secondary damaging fungi and 
insect pests. In mid-western and eastern North 
America, S. musiva is the common cause of  
branch and stem cankers (Plate 25A) on planted 
P. trichocarpa hybrids and many other hybrid 
poplars, which can result in tree breakage and 
windbreak and plantation failures (Plate 25C).

Biology

The fungus primarily overwinters in fallen leaves. 
Ascospores are windblown and rain-splashed to 
developing leaves, stems and branches in the 
spring. Conidia produced in these infected leaves 
and young branch cankers are rain-splashed to 
adjacent leaves, stems and branches throughout 
the growing season, intensifying the foliage and 
canker disease within individual trees and infect-
ing additional trees. Infection courts include leaf  
scars and stipules, lenticels or various wounds.

Control

Although research on chemical and biological 
control treatments has been encouraging in 
nurseries, direct control in plantations is more 
difficult. Successful biological control of  Septoria 
leaf  spot in the field using Streptomyces spp. 
applications has been demonstrated (Gyenis 
et al., 2003). Planting resistant poplar species 
and clones is the best preventative strategy 
(Newcombe and Ostry, 2001; Ward and Ostry, 
2005). Care needs to be exercised to prevent 
movement of  infected planting stock into areas 
where the pathogen is not known to be present.

8.3.6 Hypoxylon canker: Entoleuca 
mammata (= Hypoxylon mammatum)

Distribution

Entoleuca mammata is widely distributed through-
out North America. Hypoxylon canker is particu-
larly damaging in Minnesota, Wisconsin and 
Michigan, but is less common in the western USA 
and has not been reported from Alaska. The dis-
ease has been reported from Finland, Germany, 
Sweden and France. The pathogen has been collec-
ted in Italy and Switzerland (Kasanen et al., 2004).

Hosts/host specificity

P. tremuloides is the most commonly and severely 
affected species in North America, and P. grandi-
dentata is occasionally infected. P. tremula in 
Europe, and when planted in North America, is 
susceptible. In Europe, P. alba, P. trichocarpa and 
P. tremula × P. tremuloides have been reported as 
hosts as well. In North America, Hypoxylon 
cankers have been reported occurring on P. bal-
samifera, P. nigra var. betulifolia × P. nigra ‘Volga’, 
P. nigra var. betulifolia × P. trichocarpa, P. maximo-
wiczii × (P. ×berolinensis), P. ‘Candicans’ × 
(P. ×berolinensis) and P.  deltoides × P. nigra 
‘Incrassata’. Several other hardwoods, including 
Salix spp., have been reported as hosts, but con-
clusive evidence for confirming saprophytic or 
pathogenic relationships on these species is lack-
ing. E. mammata  isolates vary in virulence, and 
somatic incompatibility keeps them genetically 
isolated and unique.

Symptoms and damage

Cankers can girdle and kill branches (Plate 25E) 
and main-stem cankers can cause top dieback, 
stem breakage or kill trees, depending on the 
height of  the canker on the stem (Plate 25D).

Biology

Ascospores, but not conidia, are infective (Plate 
25F). The fungus requires a wound through the 
bark for infection. Several insects common on the 
branches of  poplars cause oviposition wounds that 
are often infection sites. A number of  interacting 
pre- and post-infection host, pathogen and envi-
ronmental factors are critical for infection, disease 
progression and subsequent disease severity (Ostry 
and Anderson, 2009).

Control

No direct control is known. Maintain ing high 
stem densities in stands promotes self-pruning 
of  branches, reduces insect oviposition wounds 
and minimizes branch and lethal lower-stem 
infections. Aspen clones and species vary widely 
in susceptibility to the disease. It has been pro-
posed in native aspen stands that highly 
 susceptible clones not be regenerated but 
allowed to break up, so that the surrounding 
superior canker-resistant clones replace the 
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 susceptible clone. Improvement of  P. tremuloides 
through selection and breeding has been ham-
pered by the many non-specific wound responses 
of  aspen clones that account for poor correla-
tion of  resistance screening results to natural 
disease incidence or prevalence.

8.3.7 Miscellaneous branch  
and stem cankers

Cryptodiaporthe (Dothichiza) canker

Cryptodiaporthe populea (Discosporium 
populeum). Cryptodiaporthe canker is a dam-
aging canker pathogen of  poplars in the north-
ern  hemisphere and in South America. Trees 
under stress are highly susceptible to infection. 
Susceptibility varies by poplar species and hybrid, 
with members of  sections Aigeiros and Tacama-
haca being especially vulnerable. Early infection 
in nurseries can destroy seedlings or reduce their 
growth potential. Cankers can impact the growth 
and form of  older trees and can girdle stems and 
 subject infected trees to wind breakage.

Leucostoma canker

Cytospora chrysosperma. Cytospora species 
are predominantly opportunistic secondary path-
ogens that infect poplars and willows through 
wounds, scars or cracks in the bark on the main 
stem, twigs and branches. Infected bark becomes 
discoloured, and the affected areas may coalesce 
and girdle the stem. Trees under stress, especially 
water stress, are most susceptible. Damaged stems 
are susceptible to wind breakage.

8.3.8 Bacterial diseases:  
Pseudomonas spp., Xanthomonas spp., 

Sphingomonas spp., Erwinia spp.

Stem diseases of  willows have not been consid-
ered a serious problem until recent years. 
Bacterial canker and bark necrosis combined 
with freezing stress has largely been a neglected 
problem within SRF. Several bacterial species, 
for example Pseudomonas syringae, Erwinia spp. 
and Xanthomonas spp., can be involved and are 
usually ubiquitously present within plantings. 
P. syringae is an INA bacterium that, together 
with several other bacterial pathogens, is found 

on willows (Plate 26A). It generally only infects 
and damages trees under frost stress.

Xanthomonas populi  
(= Aplanobacter populi)

The bacterium X. populi has been a priority patho-
gen for resistance breeding in poplars for many 
years in Europe. Xanthomonas pv. salicis has been 
reported from the Netherlands, killing and damag-
ing Salix dasyclados (Gremmen and de Kam, 1974).

Distribution. The poplar canker dis ease caused 
by this bacterium is common in Europe but is not 
known to be present in North America.

Hosts/host specificity. Several physiologic 
races of  X. populi pv. populi infect species and 
clones in sections Aigeiros and Tacamahaca (Ridé 
and Ridé, 1978; de Kam, 1981; Nesme et al., 
1993) and X. populi pv. salicis infects willows (de 
Kam, 1977, 1978).

Symptoms and damage. Bacterial canker 
(Plate 26B) is one of  the most damaging diseases of  
poplars throughout much of  Europe, resulting in 
branch and stem cankers and dieback (Plate 26C).

Biology. The bacterium is spread by rain splash, 
insects, animals and equipment. Infection 
occurs in spring through bud scales, stipules, 
leaf  scars and fresh wounds (Plate 26D).

Control. Sanitation to avoid the spread of  the 
bacterium into new areas on planting stock or 
equipment and planting disease-resistant poplar 
clones are the best preventative measures 
(Lonsdale and Rose, 1998).

Pseudomonas syringae

Distribution. P. syringae is a ubiquitous bacterium 
with numerous varieties and pathovars. In SRF 
plantings, this bacterium was first reported 
on poplars in the Netherlands, but was not 
considered important economically. Since 2000, 
increasing dieback of  poplars and willows caused 
by this bacterium has been reported in Sweden.

Hosts/host specificity. P. syringae strains isola-
ted from poplars or willows can infect and cause 
disease on trees of  both genera, although clone 
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specificity has not been found among different 
isolates. Susceptibility differs among willow 
clones, and epiphytic populations of  the bacterium 
differ significantly among clones.

Biology. As an opportunistic pathogen, it can 
grow epiphytically on stems and leaves in many 
environments and crops without causing damage 
until suitable conditions for disease develop.

Symptoms and damage. P. syringae is a 
pathogen that can seriously damage trees 
throughout a plantation. Dieback of  shoots and 
large areas of  affected bark can be invaded by 
damaging secondary pathogens. Strains with 
ice-nucleating properties will initiate freezing at 
an early stage and predispose the plants to 
further infection and disease development, as 
well as infection by other pathogens (de Kam, 
1982; Ramstedt et al., 1994; Nejad et al., 2004, 
2006a, b; Cambours et al., 2005).

Control. Use of  resistant clones and wider 
spacing in plantations are the best management 
practices. Using clonal mixtures and maintaining 
vigorous growth of  plants are not effective, since 
the pathogen is not host-specific and is favoured 
by high humidity.

8.3.9 Root diseases

Brenneria salicis (syn. Erwinia salicis, 
Pseudomonas saliciperda)

Root disease research of  poplars and willows 
has not yet been a high priority. One exception 

is the water mark disease, caused by the Gram-
negative bacterium, B. salicis, that is especially 
damaging to S. alba (Day, 1924). The disease 
was first described in the early 1900s in 
England and the Netherlands, and it was 
recently reported from Belgium and Japan. The 
bacterium infects the roots and vessels where it 
resides, and can be asymptomatic in less sus-
ceptible hosts or non-hosts such as poplar, 
alder and other willows species. Disease symp-
toms include wilting leaves and discoloured 
wood with a high moisture content. An impor-
tant agent for spreading the pathogen is 
infested propagative material (Gremmen and 
de Kam, 1975). The potential presence of  
latent infections in roots and vessels of  a wide 
range of  species underscores the importance 
of  careful screening of  propagation stocks to 
avoid further spread of  this pathogen.

Phytophthora spp.

Although Phytophthora root rot has been 
reported only occasionally on poplars, with 
three of  the five current records from the south-
ern hemisphere (Farr et al., no date), vigilance is 
warranted. Phytophthora diseases have been 
causing increasing problems for a number of  
tree species. Phytophthora is able to adapt rapidly 
to new hosts. A new, more aggressive population 
has appeared on alder in recent years (Brasier 
et al., 2004). These emergent species hybrids are 
a new and serious threat to Alnus in Europe. 
A similar microevolutionary development in 
Phytophthora in dense willow or poplar plantings 
in wet areas or in plantations treated with waste-
water could be devastating.
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et al., 2006; Babmorad et al., 2007) and else-
where in Asia. Cultivated species of  Salicaceae 
have also been introduced to many regions 
where they were previously absent, especially 
during the past 250 years of  European coloniza-
tion. The insects found on these trees are often 
restricted to a few species that arrived with the 
plants themselves, a few more recent immi-
grants and an equally small number of  native 
insects that have adapted to the novel opportuni-
ties provided by these new trees.

Although about 1000 species of  insects 
have been found on willows and poplars around 
the world, not all of  them should be thought of  
as pests. An insect collected from a willow or 
poplar does not necessarily feed on it, or stay 
there long enough to cause any harm. Only a 
relatively small number of  species regularly 
cause such severe physical damage to trees that 
they reduce their economic or environmental 
value and are justifiably called pests. These 
insects may be present in large numbers, but 

9.1 Introduction

Poplars and willows in their native environments 
around the world provide habitats of  rich bio-
diversity. They are eaten by animals, birds and 
insects. Large mammals browse on saplings and 
shoots, rodents destroy buds and bark and wood-
peckers excavate holes for nests. However, by 
sheer numbers, diversity and impact, insects 
usually command the greatest ecological atten-
tion and attack all parts of  the tree. They eat 
leaves and buds, suck sap, induce galls, bore into 
shoots and wood, attack roots and transmit 
plant diseases.

Many species of  insects and mites attack 
both poplars and willows. Populus species are 
attacked by at least 300 species of  insects and 
mites in North America (Mattson et al., 2001) 
and about 525 species in Europe (Schwenke, 
1972–1986; Delplanque, 1998). Significant 
numbers of  pests have also been identified in 
India (Pandey et al., 2007) and Iran (Akbarian 
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even so, measuring the economic damage 
caused by insects is not easy and requires con-
siderable skill. In addition, the genetic diversity 
of  insects may be so great that different popula-
tions of  the same species feed on different host 
plants. For example, the leaf  beetle, Chrysomela 
lapponica Linnaeus (Coleoptera: Chrysomelidae), 
usually feeds on willows in northern Europe, but 
some populations in central Europe have become 
specialized feeders on birch (Betula pubescens 
Ehrhart) (Gross et al., 2007).

In this chapter, it is not feasible to present 
details of  every pest found on Salicaceae. Nor is it 
necessary, since many species, or groups of  
closely related species, have similar feeding hab-
its and eat both willows and poplars. A list of  
nearly 70 species illustrates the range of  insects 
and mites that attack willows and poplars, the 
damage they cause and the severity of  their 
attack in different parts of  the world (Table 9.1). 
The table shows that insect pests can be grouped 
largely according to their lifestyle, and so we pro-
vide a brief  overview of  the damage caused by 
insects as bud and leaf  feeders, leaf  miners, 
young shoot feeders, wood borers, root feeders 
and those that lead to the formation of  often 
very distinctive galls. A few species are so wide-
spread, or so consistently damaging, that they 
warrant more detailed description, and so a series 
of  case studies of  16 representative insect species, 
or groups of  similar species, is also included.

The economic and/or environmental 
impacts of  these functionally similar pests, and 
the appropriate management responses to them, 
are also usually similar. An overview of  inte-
grated pest management in cultivated crops, in 
which emphasis is placed on the primary roles of  
plant breeding and silviculture (as opposed to 
pesticides) as key tools for managing insects 
pests, is also provided.

Finally, the importance of  the global econ-
omy, which affects us all, is recognized with the 
inclusion of  a section on invasive species, quar-
antine issues and pest ecology in exotic environ-
ments, e.g. countries in which endemic Sali caceae 
are either absent or are outnumbered by exotic 
species.

The structure adopted in this chapter, with 
the inclusion of  willow pests, is a natural exten-
sion of  ‘Damaging poplar insects – internationally 
important species’, the FAO’s Internet guide 
to poplar insects (de Tillesse et al., 2007). 

This guide was first conceived as an update to 
the original FAO books on poplar production.

9.2 Insect Pests of Poplars 
and Willows

When an insect species causes sufficient damage 
to affect production or other values that are 
important to humans it is called a ‘pest’, but it is 
important to recognize that the term ‘pest’ does 
not have any natural or ecological meaning. 
A ‘pest’ is an entirely human construct, and it 
does not describe an insect’s abundance or even 
the relative abundance of  one insect compared 
with others. A species known as a ‘pest’ may be 
quite uncommon for long periods of  time at any 
one location, and might be a pest in one region 
or country but not in another (Table 9.1).

Of  the many hundreds of  insects that eat 
Salicaceae, perhaps fewer than 10% regularly 
cause sufficient damage to be called serious 
pests. Insects that eat or mine buds, leaves and 
shoots are among the most common pests, and 
most willow and poplar trees have many par-
tially eaten leaves. Under the most severe 
attacks, trees may be completely defoliated, 
growth rates may decline and trees may even 
die. Some of  these insects induce the tree to 
produce very distinctive galls in which they 
live. Wood-boring insects usually cause physi-
cal damage. They can weaken the trunk and 
make them vulnerable to windthrow. They 
may, in particular, make the trees unsuitable 
for many of  the most valuable uses, such as fur-
niture and veneering. On the other hand, trunk 
borers may have no measurable impact on 
paper or pulp production.

Insects may also greatly affect the func-
tional or aesthetic attributes of  willows and 
poplars planted for reasons other than wood 
production. A pest outbreak can reduce, if  not 
destroy, the function of  a row of  trees planted 
as a windbreak or for sunshade. Conversely, 
windbreak trees may be a problem if  they are 
hosts of  pests of  neighbouring food crops. 
Urban specimen trees lose their aesthetic value 
following attacks by leaf  miners, which spoil 
the leaves and cause premature leaf  drop. 
Finally, insects can transmit or facilitate the 
introduction of  fungal or other plant pathogens 
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Table 9.1. Important insect pests of poplars (P) and willows (W) from around the world.

Species P or W Damagea

Geographical distributionb

Amer Neotr Atl MEur Medit AraCp Chin IndM AusPp Afr

Acarina
Aceria parapopuli P SG ++

Hemiptera
Mordwilkoja vagabunda P G +
Parthenolecanium corni PW S ++ + +
Phloeomyzus passerinii P S + ++ +++ +++ + +
Tuberolachnus salignus W S ++ ++ ++ ++ ++ ++ ++ ++ ++

Coleoptera
Altica populi P D +
Anoplophora glabripennis P B +++
Anoplophora malasiaca P B +
Anoplophora nobilis P B +++
Apriona cinerea P B ++ ++
Apriona germari P B +++
Apriona japonica P B ++
Batocera horsfieldi P B +++ +++ +++
Batocera lineolata P B ++
Byctiscus populi PW D + +++ ++
Capnodis miliaris P B +++ +++
Chrysomela (= Melasoma) tremulae P D +++ ++
Chrysomela (= Melasoma) populi P D +++ +++ +++ + +
Chrysomela vigintipunctata P D ++
Cryptorhynchus lapathi PW B ++ +++ +++ +++ ++ +++
Megaplatypus mutatus (= sulcatus) P B +++ +
Melanophila picta P B ++ ++ +++ +++
Phratora (= Phyllodecta) spp. PW D ++ +++ ++ ++
Phyllobius spp. PW D ++ + ++ ++
Polydrusus (= Polydrosus) spp. PW D ++ + +++
Saperda (= Anaerea) carcharias P B +++ +++ +++
Saperda (= Compsidia) populnea PW BG ++ +++ +++ ++ +++
Xyleborus (= Anisandrus) dispar PW B +++ +++ +++

Continued
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Table 9.1. Continued.

Species P or W Damagea

Geographical distributionb

Amer Neotr Atl MEur Medit AraCp Chin IndM AusPp Afr

Lepidoptera
Cerura (= Dicranura) menciana PW D ++
Cerura (= D.) vinula PW D ++ ++ ++
Choristoneura conflictana P D +++
Clostera (= Pygaera) anachoreta PW D ++ ++ ++
Clostera (= P.) anastomosis PW D + ++ ++ ++
Clostera (= P.) cupreata PW D ++ ++
Clostera (= P.) fulguriata PW D ++
Cossus cossus PW B +++ ++ +++ ++
Epinotia solandriana P D ++ +
Gypsonoma aceriana P BLG +++ +++ +++
Gypsonoma haimbachiana P BLG ++
Gypsonoma riparia P BLG ++
Hyphantria cunea PW D +++ +++ ++
Leucoma (= Stilpnotia) salicis PW D + +++ +++ ++
Leucoma (= St.) candida PW D ++
Lithocolletis spp. PW L ++ ++ ++ ++ ++ ++
Malacosoma disstria P D +++
Operophtera brumata + bruceata PW D ++ ++ ++ +++
Orgyia thyellina PW D ++
Orgyia antiqua PW D ++ ++ ++ ++
Paranthrene tabaniformis P BG +++ +++ +++ +++
Phassus (= Endoclita) excrescens PW B ++
Phyllocnistis unipunctella PW L +++ ++ ++
Phyllocnistis labyrinthella P L ++ ++ ++
Phyllocnistis populiella P L ++
Lymantria dispar PW D +++ + +++ ++ ++ + +
Lymantria obfuscate PW D +++
Sesia (= Aegeria) apiformis P B +++ ++ ++
Yponomeuta rorrella PW D +++
Zeuzera pyrina PW B ++ +++
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Hymenoptera
Janus abbreviates PW D ++
Janus luteipes PW D ++ ++
Nematus oligospilus W D ++ ++ ++ ++ ++ ++ ++ ++ ++ ++
Trichiocampus populi P D ++
Trichiocampus viminalis PW D ++
Tremex fuscicornis PW B ++ + + + + + +

Diptera
Dasineura spp. PW G + ++ + +
Phytobia spp. PW B ++ ++ +
Rhabdophaga salicis W G ++ +

aD, Leaf feeder/defoliator; L, leaf miner; S, sucking insect/phloem feeder; G, gall-former; B, wood borer; more than one category often indicates damage is caused by different life stages.
bGeographical distribution received from the following regions: Amer, Canada, USA; Neotr, South America – especially Argentina, Chile; Atl, Eurosiberian region – Atlantic Domain: 
Belgium, Germany, Finland, France, UK, the Netherlands; MEur, Eurosiberian region – Mid-European Domain: Austria, Bulgaria, Hungary, Romania; Medit, Mediterranean region – 
Egypt, Italy, the Maghreb, Portugal, Spain, Syria, Turkey, ex-Yugoslavia; AraCp, Aralo-Caspian region – Iran, Iraq, Pakistan; Chin, Chinese region – China, Japan, Korea; IndM, Indian 
region – India, Pakistan; AusPp, Australo-Papua region – Australia, New Zealand; Afr, African region – South Africa.
Pest status: +, important species, but local or found occasionally; ++, important species, occurring quite frequently; +++, frequently occurring and particularly harmful species.
Species in bold italicized text: see ‘Selected Examples’ (Section 9.7) for additional information on these pests.
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that also attack willows and poplars (see 
Chapter 8 on the diseases of  poplars and willows).

9.2.1 Leaf feeders – the  
defoliators (Fig. 9.1)

The most obvious damage – and often the most 
spectacular – is caused by insects that eat leaves. 
Large numbers of  some species, usually in the 
insect orders Coleoptera (beetles), Lepidoptera 
(moths and caterpillars), Hymenoptera (wasps) 
and Diptera (flies and midges) can completely 
defoliate wide areas of  trees. Even if  the insects 
themselves cannot be seen or have left the tree, 
the damage they cause can often be used to iden-
tify them.

Leaf  rollers produce silken threads to ‘web’ 
leaves together to provide shelter and protection 

while they feed. The adult feeding patterns of  
many Coleoptera on leaves may be quite distinc-
tive, and some larvae ‘skeletonize’ one side of  the 
leaf  only. Sawfly wasp larvae such as Nematus 
 oligospilus Förster (Hymenoptera: Tenthredinidae) 
(see section 9.7.1) eat whole leaves. Adults lay 
eggs in a ‘pouch’ under the surface of  willow 
leaves and young larvae are often found in small 
‘shot-holes’ in the leaves next to the hatched egg. 
The empty eggshell and the hole in the leaf  are 
typical signs of  sawfly presence, even if  the larva 
itself  is no longer present.

The ability of  trees to compensate for leaf  
damage, the size of  trees attacked and the 
 difficulties in assessing insect populations and 
 en  vironmental variables make it very difficult to 
measure the economic or environmental impact 
of  defoliators. The timing of  attack can deter-
mine the consequences for the tree. If  defoliation 
occurs in spring, both willows and poplars can 

(a) (b)

(c)

Fig. 9.1. Damage caused by leaf feeders – skeletonizers, rollers and defoliators. (a) Altica populi larvae. 
(b) Poplar defoliated by Clostera anachoreta. (c) Riverbank willows in New Zealand defoliated by 
Nematus oligospilus (© 2011, Plant and Food Research). Photos courtesy of L. Nef (a), FAO (b), J. Charles 
(c). See also Plates 27A, B, C and D, 34E, 35A5, 35B5.
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compensate by growing new leaves in the summer, 
and tree productivity may hardly be affected. 
By contrast, summer defoliation, particularly if  
repeated several times within a season or over 
 several consecutive years, can reduce tree 
growth dramatically and may even kill the tree. 
Despite these difficulties, many studies have 
shown that damage can be severe. In the USA, 
attack by Chrysomela scripta Fabricius (Coleoptera: 
Chrysomelidae) (see section 9.7.2) reduced the 
growth of  seriously defoliated clones by 80% 
(Caldbeck et al., 1978), and Choristoneura  conflictana 
(Walker) (Lepidoptera: Tortricidae) (see section 
9.7.3) reduced radial increment and killed twigs 
(Cerezke and Volney, 1995). In Europe, repeated 
defoliation by Hyphantria cunea Drury (Lepidoptera: 
Arctiidae) through the year can affect the 
growth of  whole plantations severely (Allegro, 
1987), and in China, a single artificial defoliation 
of  75%, mimicking that of  Clostera (=Pygaera) ana-
choreta (Fabricius) (see section 9.7.4), reduced tree 
growth by approximately 20%; defoliation of  
100% reduced it by about 50% (Gao et al., 1985).

9.2.2 Leaf miners (Fig. 9.2)

Species of  leaf  miner occur within the orders 
Lepidoptera, Diptera, Hymenoptera and occa-
sionally Coleoptera. Larvae eat a leaf  between 
the upper and lower epidermis, forming a visible 
narrow ‘mine’, ‘tunnel’ or ‘track’ that charts its 
progress. The mine usually starts at the point at 

which the young larva emerged from the egg 
and becomes progressively wider as the larva 
grows. At the end of  the mine is either a larva, 
pupa or, sometimes, a corpse and evidence of  
natural enemy attack. Leaf  miners can be 
extremely numerous, and large populations may 
affect photosynthesis significantly. Seventy-five 
per cent of  the leaves of  some poplar clones in 
Belgium were mined by Phyllocnistis unipunctella 
Stephens (Lepidoptera: Phyllocnistidae) (see sec-
tion 9.7.5) (Nef, 1988a). Photosynthesis of  mined 
leaves was 25% lower than that of  undamaged 
leaves. Both mineral elements and polyphenols 
in the leaves were modified. The  latter, a defence 
response induced by the plant, reduced the num-
ber of  insects and reduced the growth, weight 
and fecundity of  the survivors (Nef, 1988a). In 
the USSR, attack by Phyllonorycter populifoliella 
(Treitschke) (Lepidoptera: Gracillariidae) hastened 
leaf  fall, delayed growth and diminished the 
 aesthetic value of  poplars (Belova and Vorontsov, 
1987). Urban specimen trees lost their aes-
thetic value following attacks by the leaf  
miner, Zeugophora turneri Power (Coleoptera: 
Megalopodidae), which caused premature 
leaf  drop (Tomilova and Kusnetsova, 1975). 
Paraleucoptera sinuella Reutti (Lepidoptera: 
Lyonetiidae), a species with gregarious larvae in 
a single mine, may totally defoliate trees and 
require insecticide treatments (Arru, 1967a).

9.2.3 Sucking insects/phloem  
feeders (Fig. 9.3)

Most sucking insects (such as aphids, scale 
insects and leafhoppers) feed on and extract 
phloem sap from the tree or feed on bark tissues. 
The damage they inflict on the tree can vary 
from inconsequential to lethal, especially if  the 
insects vector plant pathogens such as viruses. If  
the trunk is targeted, the tree may react by modi-
fying the structure of  the bark. Phloeomyzus pas-
serinii (Signoret) (Hemiptera: Aphididae) (see 
section 9.7.6) feeds on bark parenchymal tissues 
and modifies the tree structure, causing cracks 
in the bark and wood necrosis. Large popula-
tions of  this aphid may kill trees (Allegro and 
Cagelli, 1996; Allegro, 1997a). Another aphid, 
Tuberolachnus salignus Gmelin (Hemiptera: 
Aphididae) (see section 9.7.7), reduced both the 

Fig. 9.2. Damage caused by Phyllonorycter sp. 
leaf miner on Salix viminalis. Photo courtesy of 
S. Augustin. See also Plate 27C.
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growth and survival of  infested trees (Collins 
et al., 2001). T. salignus infested 40–100% of  wil-
low plantations and killed many trees in Himachal 
Pradesh, India (Chakrabarti et al., 2005). By 
 contrast, Aphis maculatae Oestlund (Hemiptera: 
Aphididae) in the USA hardly affected the growth 
of  various hybrids, despite major differences in 
degrees of  attack (Wilson and Moore, 1986). Leaf  
and planthoppers can also be pests. In Iran, 
Monosteira unicostata Mulsant & Rey (Hemiptera: 
Tingidae), the poplar lace bug, seriously damages 
poplars in nurseries, plantations and wood lots 
(Babmorad et al., 2007), and Chaitophorus leu-
comelas Koch (Hemiptera: Drepanosiphidae) is 
considered a pest of  poplars (Yali et al., 2006). In 
China, the armoured scale insect Quadraspidiotus 
gigas (Thiem & Gerneck) (Hemiptera: Diaspididae), 
living on the trunks and branches, reduced  poplar 
growth by 17% (Hu et al., 1985).

In similar locations, other insects, such as 
thrips (Thysanoptera), feed on soft plant tissues 
rather than phloem and do not usually cause 
significant damage.

9.2.4 Gall formers (Fig. 9.3)

Feeding or oviposition by some insects induces 
rapid, localized growth of  plant cells to produce 
a gall on a branch, shoot, petiole or leaf  lamina. 

The young stage of  the insect usually lives in the 
gall, which provides both food and protection 
from natural enemies. Galls are formed by some 
species of  mites (Acari), moths (Lepidoptera), 
wasps (Hymenoptera), aphids and sap-sucking 
plant bugs (Hemiptera) and flies (Diptera). The 
galls themselves can be simple or complex in 
structure and are often sufficiently distinctive to 
identify the insect that caused them. Aceria para-
populi (Keifer) (Acari: Eriophyoidea) induces 
galls in the axillary buds, and its population 
dynamics are affected by plant genotype (Gom 
and Rood, 1999; McIntyre and Whitham, 2003). 
Sawflies of  the genus Euura (Hymenoptera: 
Tenthredinidae) form galls on the stem, petiole, 
buds and leaf  midribs of  Salix (Price et al., 2004). 
Studies over 20 years have shown a general pref-
erence of  Euura species for long vigorous shoots, 
and other Tenthredinidae, for example Pontania 
and Nematus, have showed similar preference 
(Price, 2003). Aphids, for example Pemphigus 
spp., that attack leaf  petioles or stalks may 
induce galls with very complex structures. Pemp-
higus spirothecae Passerini induces a corkscrew-
like gall. Pemphigus bursarius (Linnaeus), which 
may be host specific to Populus nigra Linnaeus, is 
even used as an index of  the genetic purity of  
poplars of  this species within its natural distri-
bution (Tittle, 1972). Different species of  
Dasineura gall midges (Diptera: Cecidomyiidae) 
(see section 9.7.8) attack the terminal buds and 

Fig. 9.3. Damage caused by phloem feeders and gall formers. (a) Chaitophorus leucomelas on Populus 
nigra. (b) Galls caused by Rhabdophaga salicis on Salix cinerea. Photos courtesy of K. Tuba (a), T. Nyman, 
(b). See also Plates 28A, B and C, 39D, 43B3.

(a) (b)
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young leaves of  Salix (Gagné, 2004) and oviposit 
in willow buds, where the developing larvae 
induce the formation of  galls.

9.2.5 Bud and young shoot  
feeders and borers (Fig. 9.4)

Bud feeders

‘Leaf  rollers’ are the caterpillars of  moths in the 
family Tortricidae. Different species of  leaf  rollers 
eat buds in the spring before moving on to the 
leaves. Adult Coleoptera (such as Peritelus 
sphaeroides Germar (Coleoptera: Curculionidae)) 
may eat whole buds, or the females may lay their 
eggs in the buds. Emerging larvae then feed 
within the bud, leading to desiccation and bud 
drop. The weevil, Pselaphorynchites tomentosus 
Gyll. (Coleoptera: Curculionidae), lays eggs in the 
buds of  poplars and willows. Larvae fall to the 
ground when the buds drop, and they complete 
their development in the soil (Kippenberg, 1975). 
A few sawflies in the genus Pontania also oviposit 
in the terminal buds of  willow species, leading to 
gall formation as a habitat for their larvae.

Shoot borers

Shoot-boring insects usually drill straight tunnels 
that are smaller than those of  wood borers. 

Paranthrene spp. (Lepidoptera: Sesiidae) and some 
Saperda spp. (Coleoptera: Cerambycidae) are regu-
larly observed feeding and boring into shoots. 
Shoot borers can be particularly harmful in nurs-
eries, where their feeding on terminal shoots 
induces stem forking or ramification, or causes 
the shoots to break. The damage distorts the 
shape of  the growing tree and can reduce its com-
mercial value significantly. Shoot borers can also 
allow entry by stem rots. Paranthrene tabaniformis 
Rottemburg (see section 9.7.9) larvae feed within 
the stems, shoots and branches of  many species 
of  poplars and willows and cause distinctive 
swelling of  plant tissue (Bertucci, 1986). Larvae 
of  Gypsonoma aceriana Duponchel (Lepidoptera: 
Tortricidae) (see section 9.7.10) feed initially on 
leaves, but continue their development in shoots 
close to the terminal buds. Repeated insecticide 
treatments are required in nurseries (Attard, 
1979). On the other hand, Saperda inornata Say 
(Coleoptera: Cerambycidae) (see section 9.7.11) 
in the USA may attack up to 60% of  shoots, but 
few are broken and ultimately the attacks have 
little impact on growth (Moore and Wilson, 
1986). Female leaf-rolling beetles, Byctiscus spp. 
(Coleoptera), puncture young shoots or leaf  stems 
and then ‘roll’ the damaged tissues into which 
they oviposit. The damaged shoots or leaves then 
fall to the ground (Gruppe et al., 1999).

Cicadas also cause physical damage that 
weakens young shoots and causes them to 

Fig. 9.4. Damage caused by bud and young shoot feeder Earias chlorana on Salix viminalis. Photo 
courtesy of S. Augustin. See also Plates 28D, E and F, 40D.
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break. However, this damage results from adult 
females drilling into soft shoots to lay often long 
lines of  eggs.

9.2.6 Wood borers (Fig. 9.5)

Wood-boring insects are usually members of  the 
Coleoptera and Lepidoptera, and occasionally 
Diptera and Hymenoptera. Larvae typically drill 
tunnels or galleries in the trunk or branches, 
which interrupt sap circulation, cause cracks in 
the bark and lead to wood necrosis. The damage 
may also allow the establishment of  plant patho-
genic diseases, which cause significantly more 
damage than the original insect. Tunnels of  
wood borers can be quite large and are often 

more sinuous than those of  shoot borers. The 
physical appearance of  the tunnel may often sig-
nal the identity of  the insect that caused it. Large 
numbers of  big borers, for example Saperda cal-
carata Say (Coleoptera: Cerambycidae) (see sec-
tion 9.7.11), can cause severe structural damage 
to a tree, with large limbs or even whole trees 
subject to breaking under severe weather condi-
tions (especially wind and snow) (Ostry et al., 
1989). The Asian longhorn beetle, Anoplophora 
glabripennis (Motschulsky) (Coleoptera: Ceram-
bycidae) (see section 9.7.12), which has recently 
spread from China and Korea to the USA and 
Western Europe, is particularly destructive be -
cause it attacks healthy trees. Larvae bore into 
trunks and large branches, severely damaging the 
structural integrity of  the wood and eventually 
killing the tree. Adult Megaplatypus mutatus 

(a) (b)

(c) (d)

Fig. 9.5. Damage caused by wood borers. (a) Saperda carcharias tunnels in wood. (b) Windthrow 
resulting from Cryptorhynchus lapathi damage. (c) Phytobia cambii injury to wood – cross section. 
(d) Cossus cossus exit hole at the base of the trunk. Photos courtesy of A. Delplanque (a, b and d), 
M. Martinez (c). See also Plates 45D and E, 47F.
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(Chapuis) (Coleoptera: Platypodidae) (see sec-
tion 9.7.13) bore large gallery systems into liv-
ing poplars, which significantly weaken tree 
stems and devalue the timber (Alfaro et al., 
2007). Cryptorhynchus lapathi (Linnaeus) 
(Coleoptera: Curculionidae) (see section 9.7.14) 
can cause severe economic losses, for example 
25% in the Netherlands (Moraal, 1996a), 
whereas, despite their abundance, Sesia api-
formis (Lepidoptera: Sesiidae) (see section 
9.7.15) larvae cause hardly any damage to 
large poplars because their galleries are 
restricted to the lower parts of  the trunk. Tremex 
fuscicornis Fabricius (Hymenoptera: Siricidae) 
(see section 9.7.16) is also known as a wood-
boring wasp, with a broad host range. Boring 
larvae can damage the timber severely, and the 
fungus associated with T. fuscicornis causes wood 
decay (Parra et al., 2007). However, changing 
crop values may change the pest status of  an 
insect. For example, Paranthrene robiniae (Hy. 
Edwards), an endemic sesiid of  the north- 
western USA, could be tolerated when poplar 
plantations were harvested for pulp, but became 
of  much greater concern when crop rotation 
was increased for the production of  saw timber 
(Brown et al., 2006). Even small insects can 
cause economic damage that may appear quite 
disproportionate to the size of  the tunnel. Hence, 
the tiny vertical galleries made by Phytobia spp. 
(Diptera: Agromyzidae) in cambium can subse-
quently cause visible black lines or cracks when 
veneering (Martinez et al., 1985).

9.2.7 Root feeders

Some soil-living beetle larvae feed on roots and 
can be particularly harmful to young willow 
and poplar plantations. The larvae of  the wee-
vil, Lepyrus palustris (Scopoli) (Coleoptera: 
Curculionidae), eat fine, softer roots, while 
adults defoliate poplars and willows (Hoffman, 
1954). Melolontha melolontha (Linnaeus) 
(Coleoptera: Scarabaeidae) larvae may also 
feed on the roots (Bougard, 1977). Lepidoptera 
larvae may also colonize roots. Galleries of  
Sesia apiformis (Clerck) and Cossus cossus Linnaeus 
formed in the lower parts of  the trunk may 
extend downwards into the roots. After har-
vest, the larvae may continue to develop in the 

remaining roots and attack a replacement plan-
tation, causing considerable economic damage.

9.2.8 Disease vectors (Fig. 9.6)

Willows and poplars are attacked by a wide range 
of  fungal and bacterial diseases that bypass the 
trees’ physical defences through their close asso-
ciation with wood-boring insects. Consequently, 
many insects are considered pests more because 
of  the diseases they introduce than the physical 
damage they themselves cause. Many plant path-
ogens rely on insects for their transfer from tree 
to tree, and they are also often a food source for 
the young insect larvae themselves. Megaplatypus 
mutatus (see section 9.7.13) introduces Ambrosia 
to poplars in the same way that bark beetles in 
elm trees are associated with Dutch elm disease 
(Guerrero, 1966), and Saperda calcarata (see sec-
tion 9.7.11) in Canada facilitates the establish-
ment of  disease (Drouin and Wong, 1975). 
A quantitative relationship between the weevil 
Cryptorhynchus lapathi (see section 9.7.14) and 
the canker Mycosphaerella populorum G.E. 
Thompson has been demonstrated in the USA 
(Abebe et al., 1990), while in China, there is a 
relationship between the establishment of  canker 
Cytospora chrysosperma (Pers.) Fr. and Melanophila 
decastigma (Fabricius) (Coleoptera: Buprestidae) 
(Liu and Jia, 1988). In Italy, initial attacks by 
Paranthrene tabaniformis (see section 9.7.9) are 
followed by infestations by various fungi, such as 
Xanthomonas (= Aplanobacter) populi (Ride), and 
borers such as C. cossus (Bertucci, 1986).

Other plant pathogens are transmitted by 
phloem-feeding insects. Some of  these rela-
tionships are very specific. Many leaf  hoppers, 
and particularly Rhytidodus decimusquartus 
(Schrank) and Populicerus populi (Linnaeus), are 
vectors of  phytoplasma (Berges et al., 1997; 
Cousin et al., 1999). The bacterium Xanthomonas 
populi, which causes bacterial canker, is found in 
the tunnels made by Agromyzidae midges 
(Martinez and Gumez, 1998), and in Canada, 
many bacteria are introduced when trunks are 
attacked by Lygus lineolaris (Palisot de Beauvois) 
(Juzwik and Hubbes, 1986).

Ecological studies to understand the tri-
trophic relationships between diseases, insect 
vectors and plant hosts should be regarded as 
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some of  the most useful research to improve the 
commercial value of  Salicaceae in the future.

9.3 Other Animal Pests  
of Poplars and Willows

9.3.1 Mammals (Fig. 9.7)

Poplars and willows are damaged by both large 
and small mammalian browsers – from moose, 
elk and deer, to beavers, rabbits, mice and voles. 
Young trees are especially susceptible to bark-
eating mammals during winter, when other food 
is scarce, and may be killed by ring-barking (gir-
dling). Large mammals injure stems, and rabbits 
destroy young shoots. Secondary fungi often 
enter trees through wounds caused by animal 
feeding and can cause branch dieback. Feeding 
by reindeer decreases biomass production, 

reducing the height of  willows and accelerating 
dieback of  the shoots (Den Herden et al., 2004). 
Feeding by mammals may also affect the shape 
of  the plants because damage leads to apical 
breaking and resprouting increases the numbers 
of  lateral branches. The appearance of  such 
young growth may then attract insects, leading, 
for example, to increased densities of  the galling 
sawflies, Phyllocolpa sp. (Roininen et al., 1997).

Willows and poplars are a favourite food of  
beavers, which cut down smaller trees for their 
dams. Beavers also eat the bark and leaves of  
trees, and can girdle and kill larger trees that are 
left standing. Of  course, beavers usually also sig-
nificantly modify their environment and any eco-
nomic damage should be analysed against the 
environmental benefits that they provide (e.g. 
Pollock et al., 2003, and many other references).

Browsing mammals may modify or deter-
mine the structure of  native stands of  Salicaceae 
substantially by destroying young seedlings or 

(a)

(b)

(c)

Fig. 9.6. Disease vectors. (a) Xanthomonas populi. (b) Beetle injury and Ambrosia fungus in a mature 
poplar, and vectors: (c) Phytoplasma on Populus nigra. Photos courtesy of M. Villar (a), A. Delplanque 
(b and c). See also Plate 29A, B and C.
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saplings. Similarly, they have the potential to 
destroy young nurseries or commercial planta-
tions. On the other hand, they are generally 
easier to control at a population level than insect 
pests, and their damage decreases as the trees 
grow older.

There are some options available for small 
mammal control, especially in nurseries and 
young plantations. Good grass control can mini-
mize damage by mice and voles effectively. 
Physical barriers can be applied around young 
trees to protect them from small mammals, and 
repellents may discourage animal feeding effec-
tively (Ostry et al., 1989). Finally, marked differ-
ences in winter browsing damage among poplar 
clones have been observed (Dickmann, 1978), 
so favoured clones should not be planted in areas 
where animal damage is common or unavoid-
able (Ostry et al., 1989).

9.3.2 Birds (Fig. 9.7)

Some birds can be a nuisance in poplar planta-
tions, especially woodpeckers (which nest in 

trunks) and corvids (which nest in the canopy). 
The nests of  crows are sometimes sufficiently 
heavy to break branches. Anyway, the damage 
caused by woodpeckers is usually negligible, as 
they prefer to nest in dead or rotten wood 
(Allegro, 1993).

9.4 Integrated Pest Management 
(IPM) of Insect Pests of Poplars  

and Willows

9.4.1 What is IPM?

IPM has become widely accepted as both an 
environmentally and economically sustainable 
strategy for pest control. Many books and papers 
have been written about IPM, which nowadays 
is often regarded as a holistic and sustainable 
approach to the management of  all pests, includ-
ing insects, other animals, plant diseases and 
weeds. IPM accepts that a diversity of  tactics is 
more effective over time than a single tactic 
(especially if  that tactic is use of  broad-spectrum 

(a)

(b)

(c)

Fig. 9.7. Damage caused by mammals and birds. (a) Beaver damage to Populus nigra. (b) Elk feeding 
on bark of aspen poplar. (c) Woodpecker damage to poplar. Photos courtesy of M. Villar (a and c),  
FAO (b). See also Plate 29D.
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pesticides), and it generally leads to a reduction 
in pesticide use. It is worth remembering that 
IPM was conceived in the 1970s to address prob-
lems in the capital-intensive agricultural sys-
tems of  the USA. Here, the new, cheap and 
reliable broad-spectrum insecticides (especially 
organochlorines, organophosphates and carba-
mates) had become the only real strategy for pest 
control and had led to the then 20-year-old 
‘ pesticide treadmill’. Under the new IPM model, 
‘economic thresholds’ (often measured by com-
plicated and knowledge-intensive pest monitor-
ing systems) were used to restrict or modify 
pesticide use, while other tactics such as biologi-
cal control and plant resistance were encour-
aged. A somewhat different IPM model was 
developed elsewhere that relied on training 
farmers to observe and understand the interac-
tions between pests and their natural enemies as 
a basis for reducing pesticides (Dent, 2000). In 
both cases, it has become clear over the past 
40 years that it is often much easier to measure 
a change in pest numbers than it is to determine 
why the change has occurred. Nevertheless, 
IPM did introduce significant scientific discipline 
to pest control, as well as recognizing the 
requirements for knowledge of  the biology and 
ecology of  crops, pests and natural enemies.

In forestry, the size and longevity of  planta-
tion or natural production forests dictate that 
large-scale inputs such as pesticides are both 
uneconomic and impractical, although they 
have a place in commercial nurseries or occa-
sionally in high-value plantations. Pest manage-
ment aims to control populations, rather than 
individual insects. Poking a wire into a hole may 
kill an individual borer very effectively, but is a 
completely impractical method for borer control 
throughout a forest. Forest managers also want 
to control all pests, and a good technique for 
controlling wood borers may leave defoliators, 
for example, untouched. Adopting a holistic 
approach to pest management means address-
ing the plantation as a whole and understanding 
that soil, site aspect and climate, tree species and 
cultivars, pests and diseases, other plants and 
other insects (especially natural enemies) all 
have a potential effect on pest numbers. There 
are so many connections between these compo-
nents that a full knowledge of  the interactions 
between them can never be achieved. The evolu-
tion of  very rapid growth rates in the Salicaceae 

may inevitably have been accompanied by an 
increased susceptibility to attack by phytopha-
gous insects (Mattson et al., 2001). On the other 
hand, the nutritional constraints of  ‘poor’ host 
plants can have a very significant effect on the 
population dynamics of  insects that feed on them, 
and may influence strongly whether populations 
remain at low or outbreak levels (Price et al., 
2005). Such dynamic adaptations have ensured 
that there is an ecological balance between the 
growth and death rates of  trees and herbivores, 
even though the ‘balance’ may fluctuate wildly 
over ecological time frames. Extraordinary envir-
onmental conditions may also affect both natality 
and mortality dramatically, and together with 
population dynamics, can lead to the outbreaks 
of  pests that are a feature of  forest entomology. 
Time is then required for the pre-existing ‘bal-
ance’ to return. Hence, IPM for poplars and wil-
lows has developed largely as an attempt to build 
in as much ecological stability as possible by 
increasing environmental biodiversity, using 
pest-resistant trees and so on.

In principle, the numbers of  a particular spe-
cies of  insect at any one time and place are deter-
mined by the balance between natality (the birth 
rate of  the insect) and mortality (its death rate). 
Pest management activities aim to promote the 
factors that minimize natality and maximize 
mortality. Natality is perhaps managed most eas-
ily by manipulating the nutritional attributes of  
the host plant, while mortality is most managea-
ble by encouraging natural enemies or (occasion-
ally) by applying pesticides. Host plants are best 
manipulated in the long term by breeding for pest 
resistance, and in the short term by selecting the 
best planting environments and silvicultural 
techniques. The introduction or encouragement 
of  natural enemies can be a very effective and 
ecologically sustainable control weapon, while 
pesticides should be recognized as a very powerful 
but short-term and temporary solution to a pest 
problem – to be used sparingly and with caution, 
and, in forestry, usually restricted to nurseries.

These human-led pest management activi-
ties are inevitably augmented by natural environ-
mental factors that may be more or less 
predictable, with more or less predictable impacts. 
Low temperatures may provide a vital mortality 
factor in overwintering insects, and extended 
winter freezing is often more reliable than the 
occasional storms that can also reduce insect 
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numbers dramatically in some years. While 
severely adverse weather usually impacts directly 
on mortality, benign weather usually acts indi-
rectly on natality through improved larval nutri-
tion that increases survival rates and adult 
longevity and fecundity. A simple ‘armchair’ 
exercise illustrates how apparently small changes 
may have dramatic impacts. Let us suppose that a 
population consists of  one pair of  insects in a tree 
and the female lays 100 eggs, half  of  which are 
males and half  females. Then, in order to start the 
next generation with the same size population, 
i.e. one pair of  insects, 98 of  the mother’s off-
spring must die before they reproduce. Such 98% 
mortality within a generation is quite normal for 
insects, which is one reason why insects have 
not taken over the earth’s resources; but if  only 
96 offspring die (an apparently small reduction to 
96% mortality), then the next generation doubles 
in size. Because many insects can breed so quickly, 
it takes only a relatively small reduction in mor-
tality over one or two generations for insect popu-
lations to ‘explode’. Conversely, of  course, 
relatively small increases in mortality can reduce 
populations dramatically, which is what IPM tries 
to exploit. By applying a range of  ‘additive’ tac-
tics, IPM aims to increase mortality at different 
stages of  insects’ life cycle throughout the year to 
reduce pest populations to very low levels.

Successful IPM in Salicaceae uses combina-
tions of  any appropriate control methods to man-
age pest populations within acceptable levels. 
Practices may differ markedly between nurseries 
and production forests for timber, pulp or veneer. 
IPM systems are designed for local conditions and 
should respond to actual pest densities and to 
actual or expected damage. Control decisions take 
account of  economic, ecological and social 
aspects. IPM is dynamic over time, tends not to 
rely on one or the same control method and is tai-
lored most successfully to regional requirements 
(e.g. Wu et al., 2006). Not surprisingly, IPM sys-
tems vary considerably among countries, and 
even among different regions within countries, 
but successful IPM inevitably requires significant 
knowledge of  the biology and population dynam-
ics of  pests as well as silviculture. Traditional IPM 
approaches used for agriculture may not always 
be appropriate for forestry, as illustrated by a 
review of  insect pest  management in intensively 
managed hardwood forest systems in North 
America (Coyle et al., 2005).

Pest control methods in willow and poplar 
plantations are dominated by those that can be 
described as either ‘cultural control’ or ‘biologi-
cal control’ strategies. These also apply in nurs-
eries, where the addition of  insecticides is also 
more likely to be justifiable. Rationally, however, 
pesticides should be applied only when the cost is 
lower than the damage being caused. This 
requires considerable knowledge of  the pest 
identity, biology and economics, as well as the 
ability to measure and monitor changes in pest 
populations over time.

Pheromones (Fig. 9.8)

Insect sex pheromones are an increasingly valu-
able tool in IPM programmes. Sex pheromones 
are species-specific chemicals produced by the 
virgin females of  many (but not all) species of  
insects that attract males to them for mating. 
The chemical structures of  many pheromones, 
especially for species of  Lepidoptera, have now 
been identified and synthesized (El-Sayed, 2005) 
and are commercially available. Pheromones 
have a wide range of  uses in IPM. They are com-
monly used in monitoring programmes, to sig-
nal the arrival of  a pest in a new region or to 
measure its dispersal, distribution or relative 
population size. Pheromones have been used to 
monitor populations of  the Lepidoptera, Cossus 
cossus and Zeuzera pyrina Linnaeus (Pasqualini 
and Natale, 1999). In small areas, they have 
been used successfully to control pests by dis-
rupting mating (by artificially flooding an area 
with pheromone so that the males are unable to 
locate real females). Attempts to control the 
pest by ‘mass trapping’, i.e. removing so many 
males from the population that females are not 
mated, are not usually successful. Mass trapping 
of  Paranthrene tabaniformis to restrict popula-
tions has only been achieved in isolated planta-
tions (Wu et al., 1987; Moraal et al., 1993).

Pheromones can also be used in ‘lure-and-
infect’ and ‘lure-and-kill’ strategies. In the for-
mer, traps attract males to sources of  insect 
viruses or bacteria, so that females or their off-
spring become infected and die. In the latter, the 
males are attracted to insecticides and are killed. 
The many potentially valuable monitoring and 
control uses of  pheromones in IPM programmes 
are covered in many books (e.g. Dent, 2000; 
Schowalter, 2000) and is beyond the scope of  
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this chapter. They certainly are poised to become 
important tools in willow and poplar IPM 
programmes.

9.4.2 Cultural control of insect pests

Cultural control is the most important strategy 
for managing most insect pests of  poplars and 
willows. Cultural control techniques make use 
of  the physical, chemical and structural attrib-
utes of  trees that limit pest populations by either 
making themselves completely unpalatable to 
herbivores or by decreasing the number of  off-
spring of  the pests that do feed on them. Effective 
cultural control is often the essence of  good silvi-
culture, but there is no single or universal 
method for predicting or reducing insect dam-
age. Certainly, the most appropriate willow and 
poplar cultivars should be selected for the local 
environmental conditions and for resistance or 
tolerance to the prevailing pests and disease spe-
cies. Tree stand density and agroforestry may 
also have significant influence on the spatial 
 distribution and impact of  pests (and diseases) 
(Heidari et al., 2006).

Interactions between the environment and 
tree species or clonal susceptibilities are well rec-
ognized. It is not unknown for the most dam-
aged tree types in one plantation to be the 
healthiest in another, so the choice of  the most 
appropriate (best-for-purpose) cultivars or spe-
cies for a given site may depend crucially on local 
knowledge. In principle, foresters should identify 
the most harmful pests of  willows or poplars in 
the area or site to be planted and select the most 
appropriate growing techniques and cultivars to 
minimize the threats from these pests.

Resistant species and tolerant 
clonal selection

There is a large body of  data on the resistance of  
willow and poplar species and cultivars to insects. 
Many experiments carried out under varied 
planting regimes have shown clearly that the 
severity of  insect attacks is linked to genetic fac-
tors that determine either physical or chemical 
defences in trees (Tomescu and Nef, 2007). One 
significant disadvantage of  traditional breeding 
is that a research programme to create or define 
resistant clones and then to test them under various 

Fig. 9.8. Integrated pest management: pheromone trap. Photo courtesy of S. Augustin.
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growing conditions can often take up to 15 years 
to complete. Recent advances in genomics 
research are providing new insights and perspec-
tives into the chemical ecology and biochemistry 
of  poplar defences against insects (Philippe and 
Bohlmann, 2007). Resistance may come either 
from natural species or clonal characteristics 
that may be improved by plant breeders (Figs 9.9 
and 9.10), or those provided by biotechnology, 
for example by introducing genes that induce 

toxin formation for Bacillus thuringiensis (Bt) 
Berliner (see below). In both cases, resistance 
 ideally should not be derived from the activity of  
a single gene but from the joint impact of  a series 
of  genes. Such polygenic resistance usually pro-
vides a broader defence against pests because 
evolution to overcome multiple resistance mech-
anisms usually takes far longer to occur.

Whatever the resistance mechanism, the 
objective is not to eliminate the pest entirely but to 
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reduce numbers to acceptable levels. The advan-
tages of  selective cross-breeding are that it can 
lead to persistent resistance across large geo-
graphical areas. In addition, after the preliminary 
research effort, the resistance is ‘free’. Research 
with poplars has shown that the cultivar ‘Robusta’ 
(Populus deltoides × P. nigra), obtained about 1910, 
is more susceptible to some insects than other 
P. deltoides × P. nigra crosses of  more recent origin. 
Damage caused by defoliating caterpillars in 
Belgium is generally more abundant on P. deltoides 
× P. nigra hybrids than on P. trichocarpa (Torr. & 
Gray) clones (Tomescu and Nef, 2007). Hybrids 
originating from P. trichocarpa or from P. deltoides 
Bartram ex Marshall have different characteris-
tics of  resistance to Phyllocnistis unipunctella. The 
differences can be linked to the fact that the for-
mer is a forest species and the latter is a pioneer 
poplar (Nef, 2007). In Finland, Saperda carcharias 
(Linnaeus) (see section 9.7.11) is a serious pest 
of  ‘regular’ and ‘hybrid’ aspens. Investigation 
showed that both genotypes were equally suscep-
tible to the beetle and so planting decisions must be 
based on other criteria (Välimäki and Heliövaara, 
2007). P. alba Linnaeus is effectively resistant to the 
borer Cryptorhynchus lapathi, and clones are avail-
able in Italy for cultivation for  biomass production 
(Allegro et al., 2007). Damage to P. simonii Carrière 
by the poplar leaf  bug, Monosteira unicostata 
(Mulsant & Rey), was greater than that to 
P. trichocarpa, P. ciliata and P. alba ‘44/9’. Other 
clones of  P. alba and P. nigra were less damaged 
(Babmorad et al., 2007). Seven of  12 poplar species 
and clones in Iran were immune to woolly poplar 
aphid, Phloeomyzus passerinii (see section 9.7.6), 
but five clones of  P. nigra were susceptible to the 
pest to varying degrees (Sadeghi et al., 2007). 
Poplar breeding programmes in Italy have, for a 
long time, selected clones which are resistant to Ph. 
passerinii (Arru, 1974; Lapietra and Allegro, 
1990a; Allegro and Cagelli, 1996; Allegro et al., 
1996a). Pest and disease resistance in a range of  
genotypes from different countries of  origin 
imported into a new region can be evaluated and 
compared against local pests to help determine the 
‘best’ genotypes for that region (Casa et al., 2007).

Polycultures versus monocultures

Willow and poplar growers are well aware that 
pest outbreaks are often associated with large 
monocultures of  species or clones. The use of  

monoclonal plantations is probably a major 
cause of  the proliferation of  insect damage in 
the Euro-Mediterranean area and in China. 
Evidence from a wide range of  agricultural eco-
systems indicates that increasing the diversity of  
plant species within a system often also increases 
the ecological stability of  insect populations 
within it. More ecological niches are available 
for different plant-feeding insects and their natu-
ral enemies, and a combination of  competition, 
interference and predation and parasitism may 
often be sufficient to prevent pest outbreaks alto-
gether. Additionally, when an outbreak does 
occur, the increased ecological stability in the 
system may limit the intensity and duration of  
the outbreak. Hence, the use of  mixed planta-
tions and a species-diverse understorey should 
be promoted. Three or more cultivars or species 
of  tree, varying in their susceptibility to the 
major pests, can prevent insects from respond-
ing uniformly to the resistance traits of  the most 
resistant cultivars and hence from adapting to 
the defences of  the host plants.

The impact of  space on insect populations 
and persistence is also important. Mosaics of  iso-
lated small plantations can minimize pest out-
breaks. Isolation may be provided by planting 
stands at some distance from each other or by 
separating them by different plant species that 
are unlikely to share insects with Salicaceae. One 
problem for plantation design is that the best 
spatial scale for pest control differs among pest 
species, according to their biology and ability to 
disperse. Hence, there will never be a single 
 spatial design to suit all pests. In addition, inter-
stand or understorey plants may be either 
attractive or repellent to pests. Leucoma salicis 
(Linnaeus) (Lepidoptera: Lymantriidae) out-
breaks are very rare in poplar plantations with 
an abundant and varied understorey. Caterpillars 
migrate regularly from tree to tree, but with a 
varied understorey they more frequently find 
themselves on a non-host plant on which they 
cannot survive. Low plant diversity may be one 
reason why linear plantations, for example by 
the roadside, are more vulnerable to attacks by 
this insect (Nef, 1978). Gypsonoma aceriana (see 
section 9.7.10) attacks are rarer if  the understo-
rey cover is not very dense (Cavalcaselle, 1972a; 
Sekendiz, 1973; Heymans et al., 1984).

‘Tree traps’ (non-economic plants which 
are more attractive to a pest than the crop in 
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which they are planted) have also been used 
 successfully. Lygus lineolaris in the USA is highly 
attracted to Erigeron canadensis, which can be 
planted as a tree trap among poplars, reducing 
damage to poplars by 90% (Sapio et al., 1982); 
and in Canada, the introduction of  Melia azedarach 
and Acer negundo as tree traps reduced damage 
by Anoplophora glabripennis by 60–70% (Sun et al., 
1990). In a Chilean P. nigra plantation, a compar-
ison of  the effectiveness of  treated trees and logs 
as traps to detect and control Tremex fuscicornis 
showed that logs attracted 83% of  the total num-
ber of  ovipositing females caught, and all of  the 
oviposition sites were found in the logs. Trees 
and logs used as traps were later destroyed by 
chipping or burning (Parra and González, 2011).

Soil nutrition and other environmental 
conditions

Soil nutrition and structure (hence, water reten-
tion and microfauna and flora) play a major role 
in determining the growth rates and health of  
willows and poplars. Tree health can be a key 
factor determining the severity of  insect dam-
age, so site selection for soil characteristics is an 
important aspect of  pest management. In fact, 
appropriate site selection for a nursery or planta-
tion may prove to be the most important deci-
sion for limiting pest damage. Well-aerated 
soils with good water retention and pH (KCl) 
from 5.5 to 7 should be sought to promote pop-
lar growth. Comparative experiments showed 
that Phyllocnistis unipunctella (see section 9.7.5) 
was less abundant on sandy ground than on 
muddy and wet ground. These soils probably 
modified the chemical composition of  the leaf  
(especially tannins) and hence increased insect 
mortality (Nef, 1988b, 2007). Trees in the centre 
of  plantations, and those on rich soils, were more 
subject to attack by Cryptorhynchus lapathi (see 
section 9.7.14) (Attard, 1978).

Trees that are physiologically stressed 
through drought, poor site selection and planta-
tion techniques are less able to tolerate insect 
attack than healthy trees. Low numbers of  a pest 
that might cause no damage to a healthy tree 
may damage or even kill a stressed one. 
Preliminary research showed that the intensity 
of  defoliation was correlated with various chem-
ical elements in the soil, such as the C/N rela-
tionship and potassium, or iron and calcium 

(Hakizimana and Nef, 1998). In sunny and dry 
positions, broader tree spacing reduced attacks 
by Phloeomyzus passerinii (see section 9.7.6) 
(Arzone and Vidano, 1984).

Poplars may grow well in industrial areas 
with potentially contaminated soils, but there 
may still be impacts on pests. Poplar growth in the 
USSR was satisfactory near industrial complexes 
that produced iron oxides or fluoride, but pest 
damage, especially by tetranychid mites and 
aphids, was more abundant (Makhovskaya et al., 
1984). The use of  wastewater did not increase 
attack from borers (Cryptorhynchus lapathi) (see 
 section 9.7.14) or defoliators (such as Chrysomela 
scripta) (see section 9.7.2) unless it was excessive 
or salted (Szontagh, 1981; Augustin et al., 1994). 
Effects of  wastewater treatment were found on 
leaf  damage in willow plantations, but no signifi-
cant differences were found for chrysomelid bee-
tles (Ahman and Wilson, 2008).

9.4.3 Biological control  
of insect pests (Plate 30)

Biocontrol by insect natural enemies

Perhaps the most pervasive form of  insect pest 
control is through the activity of  natural 
 en  emies. These are the many species of  animals 
(especially other insects) and diseases that kill 
herbivorous insects. The term ‘biological con-
trol’ (often shortened to ‘biocontrol’) was first 
proposed and defined in 1919 by an American 
entomologist, Harry S. Smith, as the ‘control or 
regulation of  pest populations by natural 
 en  emies’. Natural enemies of  insects include pre-
dators and parasitoids, pathogens such as viruses 
and fungi and bacteria such as Bt (although, 
strictly, only the spores and not its protein deriv-
atives). Most natural enemies of  herbivores are 
other insects that can be divided into two groups – 
predators and parasitoids. Predators can be 
thought of  as the ‘lions’ of  the insect world, and 
one individual predator (such as a ladybird or 
lacewing) usually catches and eats many insects. 
Parasitoids are unique to the insect world and 
are a real wonder of  evolution. These insects are 
usually small (or tiny) wasps or flies. Many are 
almost invisible and they are quite harmless to 
humans, but are among the most important 
regulators of  insect populations everywhere. 
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Adult parasitoids lay an egg (or eggs) on or in a 
host insect and the young parasitoid larvae then 
eat their prey alive, finally killing the host just as 
they complete their own development.

Biocontrol provided by natural enemies is 
perhaps the most important ‘ecosystem service’ 
for pest control available to poplar and willow 
growers. Many species of  natural enemy often 
attack a single species of  pest insect (e.g. Sadeghi 
et al., 2007), but it is usually difficult to deter-
mine which ones provide the ‘best’ control. 
Nevertheless, effective biocontrol agents kill 
large numbers of  pests and prevent their popula-
tions from expanding, and a successful biocon-
trol programme uses natural enemies to keep 
pests below the numbers that cause economic 
loss. However, there is no biological rule that 
states that predators and parasitoids will ‘natu-
rally’ control all pests to the economic level 
required by humans. This is partly because the 
term ‘pest’ has no ecological meaning – it is a 
purely human construct, and as discussed ear-
lier, an insect’s pest status varies according to 
crop, time and location.

Three types of  biological control pro-
grammes are generally used in insect pest 
management:

1. Classical biological control: the importation 
and establishment of  a natural enemy into a 
new habitat. Many insects become pests because 
they arrive in a new country without their natu-
ral enemies. Classical biocontrol programmes 
identify the key natural enemies in a pest’s native 
habitat and introduce them to the pest’s new 
environment. Where Salicaceae are native, both 
the pest insects and their natural enemies are 
usually also native, so there is no reason to 
import new natural enemies – except, of  course, 
when new invasive species arrive.
2. Augmentative biocontrol: managed releases 
of  more natural enemies to supplement those 
already present. Here, natural enemies are 
added to supplement existing populations and 
improve their impact. Natural enemies (usually 
from commercial insectaries) may be released by 
‘inoculation’ or ‘inundation’. For inoculative 
biocontrol, timing is usually critical and rela-
tively small numbers are released to ensure that 
subsequent generations of  natural enemies 
achieve control. Thus, if  natural enemies are 
known to have been killed by a cultural activity, 

for example spraying or pruning, or by an 
 un  avoidable action, for example bad weather, 
then steps can be taken immediately to rectify 
the situation. For inundative biocontrol, very 
large numbers are released at once to provide 
rapid control of  an immediate pest problem. 
Apart from nurseries, most willow and poplar 
plantations are usually unsuitable for augmen-
tative releases of  natural enemies, because the 
spatial and temporal distribution of  pests is too 
irregular to justify costly natural enemy rear-
ing programmes. Tremex fuscicornis (see section 
9.7.16), which is native to Europe and Asia, 
was found in the central area of  Chile in 2000. 
In the same year, Megarhyssa praecellens 
Tosquinet (Hymenoptera: Ichneumonidae), a 
parasitoid of  late-instar larvae of  the pest, was 
introduced to Chile deliberately. Parasitism lev-
els reached close to 30%, but its low natural 
dispersal rate led to the development of  a pro-
gramme to breed and release large numbers of  
the parasitoid where T. fuscicornis was active in 
the V, IV and Metropolitan regions of  Chile 
(Parra and González, 2007).
3. Conservation biocontrol: the preservation 
and/or manipulation of  the habitat or environ-
ment of  natural enemies to improve or enhance 
their effectiveness over long periods. Two key fea-
tures of  conservation biocontrol are: (i) remov-
ing or mitigating external management hazards, 
especially pesticides; and (ii) providing and pre-
serving a favourable environment for the sur-
vival of  natural enemies. Conservation biocontrol 
recognizes that many pesticides kill natural 
 en  emies as well as the target pest, so if  insecti-
cides must be used, they should be chosen and 
applied carefully to minimize any impact on 
 natural en emies. For many (or most) willow and 
poplar plantations, more effective biocontrol may 
be achieved by developing a favourable environ-
ment for natural enemies (see ‘Polycultures 
 versus monocultures’ above).

In practice, the more artificial the willow or pop-
lar plantation, the greater are the opportunities 
for managing natural enemies in some way, 
especially through conservation or classical bio-
control. Good pest control from natural enemies 
known to be present can often be achieved by 
using common-sense management activities, 
but knowledge of  the ecology of  natural enemies 
may be a key component for the success of  any 
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biological control programme. Telenomus nitidu-
lus (Thomson) (Hymenoptera: Proctotrupidae) 
is an egg parasitoid of  the satin moth, Leucoma 
salicis. Studies showed that it was rare at the 
beginning of  a moth outbreak, but numbers 
increased rapidly as moth numbers increased. 
Features of  its life history, such as the fact that 
adult females emerged with some mature eggs 
and a preference for lower parts of  the tree, helped 
to explain its impact at different parts of  the out-
break cycle and confirmed that chemical applica-
tions against the egg stage of  the pest moth would 
be detrimental to biocontrol by the parasitoid 
(Nef, 1976).

Biological control of insect pests  
by birds and mammals

Large numbers of  defoliators and bud- and leaf-
feeding insects are eaten by many species of  birds, 
but birds are rarely important biocontrol agents 
because they kill relatively few individuals of  pest 
species. Birds and small mammals may, however, 
be effective against long-lived or slow-breeding 
pests, or those pests that are attacked during dor-
mancy (especially as pupae in the soil), or those 
that can cause significant economic damage at 
very low populations. Hence, various species of  
woodpeckers (Picidae) eat significant numbers of  
xylophagous insects, especially in winter, and in 
Italy this may compensate largely for damage 
caused by their nesting (Allegro, 1993). Predation 
of  pupae by northern orioles (Icterus galbula 
(Sibley and Monroe)) may be responsible for 
maintaining low densities of  the forest tent cater-
pillar, Malacosoma disstria Hübner (Lepidoptera: 
Lasiocampidae), in North America (Parry et al., 
1997a). Small rodents eat large numbers of  forest 
insects such as Lymantriidae, and they may make 
important contributions to limiting pest popula-
tions (Hanski, 1992).

Biological control of insect pests by 
entomopathogens and nematodes

Microbiological control uses microorganisms 
such as the fungus, Beauveria bassiana, viruses 
and insect-destroying nematodes, or products 
derived from microorganisms such as the pro-
teins and spores from Bt. Many of  these very 
small organisms occur naturally in willow and 
poplar environments, but are often not in 

 sufficient quantities at the right place or time to 
control pests adequately. Hence, commercially 
supplied formulations, traditionally applied as 
sprays, are used when required. Although they 
are quite safe environmentally, they are effec-
tively insecticides with the same problems as any 
chemical spray, for example cost and practical 
difficulties of  application to tall trees across large 
areas. They may be particularly useful in nurser-
ies and may be the only way to target wood-boring 
larvae effectively. Novel techniques for using 
microorganisms, such as those that combine 
pheromones and viruses or fungi, for example 
‘lure-and-infect’, are starting to be developed. 
Their practical value is likely to increase in the 
future. In the meantime, there are many reports on 
their potential as biocontrol agents against several 
willow and poplar pests. Mortality from viruses 
that infect larvae of  Leucoma salicis in Belgium was 
additive through each development stage, provid-
ing up to 80% mortality of  the population over 
time (Nef, 1978). In the USA, the  ento mopathogenic 
nematode, Neo aplectana carpocapsae Weiser, associ-
ated with the bacterium, Xenorhabdus nematophilus, 
killed 90% of  Paranthrene robiniae when applied at 
the first signs of  attack (Kaya and Lindegren, 
1983), and using the same organisms in Italy, 
Cavalcaselle and Deseo (1984) obtained very posi-
tive results against Paranthrene tabaniformis but less 
encouraging ones against Crypto rhynchus lapathi. 
A local strain of  B. bassiana at concentrations of  
107 and 108 conidia ml−1 killed 100% of  Saperda 
populnea (Linnaeus)  larvae in Turkey, after median 
lethal times of  4.6 and 4.4 days, respectively (Eken 
et al., 2006).

Finally, it should be noted that biocontrol 
specifically excludes many ecologically rational 
methods of  control, such as use of  hormones, 
pheromones, ryania, neem and other organic 
pesticides. Also, all environments are regularly 
hit by changes and perturbations, such as wind, 
rain, hail and dust storms. Although these natu-
ral but non-biological (abiotic) disturbances 
may kill many insects, they are not called bio-
logical control.

9.4.4 Chemical control of insect pests

The modern use of  manufactured broad- 
spectrum insecticides against agricultural pests 



480 J.G. Charles et al.

began with the introduction of  Paris Green in 
the 1870s. This chemical, which was originally 
used as a dye and rodenticide, contained 28% 
arsenic and was almost as lethal to humans as to 
insects. Since then, insecticides have become 
accepted as cheap and highly effective means of  
pest control, especially since the development of  
organochlorines, organophosphates and pyreth-
roids in the 1950s and 1960s. They do, however, 
have many drawbacks. In particular, those with 
broad-spectrum activity kill natural enemies 
and non-target insects as well as the pests they 
are applied against; and many pest populations 
have developed genetically inherited resistance 
to one or more groups of  insecticides. Un -
fortunately, natural enemies have not developed 
resistance to nearly the same extent as have the 
pests. Repeated use of  some insecticides can 
even induce pest outbreaks, as shown for 
Paranthrene tabaniformis (Giorcelli and Allegro, 
1999). Since about 1960, our knowledge of  the 
environmental pollution of  these broad- spectrum 
insecticides and their implication in human 
health issues has led to an increasing social back-
lash against their use. These pressures have 
driven (and continue to drive) the development 
of  new generations of  insecticides that are rela-
tively safe to humans and to the environment, 
and are targeted against specific groups of  pests.

Pesticides continue to be extremely power-
ful weapons and undoubtedly should be retained 
as part of  the arsenal of  weapons for insect con-
trol. However, they should be used sparingly and 
only when a number of  conditions are met. 
Growers should never apply any pesticide with-
out knowing that the pest is present, and they 
should also quantify the extent of  insect damage 
before an insecticide is used. The potential 
impact on natural enemies should also be con-
sidered before application. The damage (or pre-
dicted future damage) of  the pest should exceed 
a reasonable economic threshold, so that the 
estimated economic loss from a pest attack is 
greater than the cost of  insecticide treatment. 
Even substantial damage in plantations can be 
tolerated if  it does not kill the trees, but insecti-
cides will be justified more easily in nurseries if  
the growth or shape of  plants for commercial 
use is compromised by pest attacks.

Insecticides should be selected carefully for 
optimum control of  the target pest. It is impor-
tant to read and understand the product label 

before spraying. Instructions must be followed, 
particularly those relating to the environment, 
the development stage of  the target insect, den-
sity and condition of  the vegetation, dose rates 
and the places to be treated. It goes without say-
ing that national and/or state regulations for 
chemical control must be adhered to at all times.

9.4.5 Genetic engineering

Poplars were the first trees to be genetically mod-
ified by insecticidal genes. McCown et al. (1991) 
reported the transformation of  poplar with 
cry1a delta-endotoxin from Bt, which provided 
protection against Lymantria dispar (Linnaeus) 
(Lepidoptera: Lymantriidae) and Malacosoma 
disstria (Robison et al., 1994). Transgenic poplar 
(P. nigra cv. ‘Jean Pourtet’) coding for a trypsine 
proteinase inhibitor were also obtained; how-
ever, no insect pest resistance was obtained 
(Confalonieri et al., 1998). Transgenic poplars 
targeted against Coleoptera, carrying either a 
plant protease inhibitor (Leplé et al., 1995; 
Delledonne et al., 2001) or a cry3a delta-endotoxin 
Bt gene (Strauss et al., 2001; Génissel et al., 
2003) with insecticide activity, have also been 
produced. While transgenic poplars engineered 
with proteinase inhibitors showed a moderate 
activity against Chrysomela tremulae Fabricius 
(Coleoptera: Chrysomelidae) in young trees, tox-
icity of  transgenic poplars producing Bt cry3a 
toxin against C. tremulae was high (Augustin 
et al., 2004). These Bt poplars can provide an 
attractive alternative to conventional insecticide 
sprays to control some of  the key pests (Carrière 
et al., 2003). However, one of  the main risks 
associated with the widespread use of  the 
Bt plants is the rapid development of  genetically 
inherited resistance in pest populations targeted 
by the toxins (Gould, 1998). Field resistance to 
Bt cotton has been reported for a few moth species 
feeding on this crop, but field resistance to 
Bt toxin sprays has been detected in several pop-
ulations of  Plutella xylostella (Linnaeus), and many 
targeted pests have been selected for Bt resist-
ance in the laboratory (reviews in Ferré and Van 
Rie, 2002; Tabashnik et al., 2003; Griffiths and 
Aroian, 2005). The speed at which the evolution 
of  resistance to transgenic plants is likely to occur 
depends on key factors supported by the ‘high 
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dose refuge management’ strategy originally 
proposed by Georghiou and Taylor (1977). To 
delay resistance, the initial frequency of  alleles 
conferring resistance in insect field populations 
has to be rare, the resistance to Bt plants must be 
recessive so that only resistant homozygotes can 
complete their life cycle on Bt plants, and a bio-
logical ‘cost’ should be associated with resist-
ance so that the fitness of  resistant individuals 
on non-Bt plants will be lower than that of  sus-
ceptible individuals. In the case of  C. tremulae, it 
has been shown that the resistance allele fre-
quency at the start of  Bt plant cultivation was 
higher than originally presumed, suggesting 
that resistance might be selected rapidly in tar-
get pests in the absence of  refuges. However, 
Bt resistance was counter-selected in Bt-free 
environments, making it possible to delay or to 
prevent the evolution of  resistance if  enough 
refuges were planted (Wenes et al., 2006).

Other pest inhibitor genes, such as plant 
cysteine proteinase inhibitor gene (CPI) and spi-
der neurotoxin gene (BGT) are also being investi-
gated in poplars by molecular biologists (Lin 
et al., 2006; Zhang et al., 2007).

In China, any field transgenic testing 
(whether large or small) and commercial releases 
must be approved by the State Forest Admini-
stration. At the end of  2008, 400 ha were planted 
with four transgenic lines of  genetically modified 
(GM)-poplars (three lines of  Bt P. nigra and one line 
of  BtCry IAc and arrowhead proteinase inhibitor 
(API) white hybrid poplar) (Hu et al., 2010).

9.5 Invasive Species and 
International Exchanges  

of Plant Material

9.5.1 Immigration along  
man-made pathways

The international mobility of  insects through 
trade and other human activities is of  increasing 
concern. Many important pests in one part of  
the world have been transported across coun-
tries or continents to new environments. In their 
new ‘homes’, they may add to or displace exist-
ing pests on commercial crops, or rapidly alter 
the ecological balance of  native insect fauna. 
Many insects that cause no damage in their 

country of  origin have become serious economic 
or environmental pests elsewhere. In addition, 
global warming is enabling alien species to 
expand into regions that were previously too 
inhospitable for survival (Walther et al., 2009).

Species can enter a new country along a 
number of  different pathways, and hugely 
 damaging pests have been transferred acciden-
tally between continents by poorly considered 
(or unconsidered) shipments of  plants or timber. 
Many incursions happened during the period 
of  European colonialism, for example Sirex 
spp. from Europe to New Zealand and Australia 
in the late 19th century (Nuttall, 1989). Many 
have also occurred recently – for example 
Anoplophora glabripennis from China to the USA, 
Canada and Europe (see section 9.7.12); and, in 
the other direction, Megaplatypus mutatus from 
South America to Europe (see section 9.7.13) 
(Alfaro et al., 2007); and Tremex fuscicornis 
from the northern hemisphere to Australia and 
Chile (see section 9.7.16). Invasions within con-
tinents also commonly occur. Alien invasive 
species are being viewed increasingly as a long-
term threat to global sustainable forestry – in 
both Salicaceae and other forest species (see FAO, 
2010) – and various international trade mecha-
nisms and protocols exist to help block these 
pathways. Effective actions almost always result 
from combinations of  well-defined and regu-
lated import health standards, stringent quaran-
tine measures and ongoing education.

An obvious pathway for new pests is on 
Salicaceae germplasm during the deliberate 
transfer of  plants between countries. The threat 
of  new pest incursions via international 
exchanges of  plant material cannot be over-
stated. This pathway is usually travelled by 
 scientists and foresters – those working with 
Salicaceae for breeding or other studies – who 
thus have a particular responsibility to ensure 
that the plants they import are free of  pests and 
diseases. Techniques for ensuring that pollen, 
seeds, cuttings or rooted plants are pest and dis-
ease free should be employed at all times. Some 
countries, or groups of  countries, have already 
produced rigorous regulations governing the 
exchange of  plant material, e.g. various EU 
directives. Even if  no such regulations exist, wil-
low and poplar researchers should develop and 
adhere to a set of  principles designed to mini-
mize the risk of  pest transfer between countries. 
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Monitoring and treatment techniques, the 
required expertise and responsibilities of  pro-
gramme participants and the structure and 
operational procedures of  quarantine laborato-
ries should all be defined and adhered to.

9.5.2 Seeds

Pests of  willow or poplar seeds themselves are not 
known. Insects do occur in the fruit capsules, but 
there is really no need for whole capsules to be 
exchanged as there is little impact on seed viabil-
ity if  they are removed for transfer. Nevertheless, 
extreme caution should still be exercised. The 
Douglas-fir seed chalcid, Megastigmus spermotro-
phus Wachtl (Hymenoptera: Torymidae), is a 
rather innocuous insect in North America, 
where it damages Douglas-fir seeds. Yet it has 
become a major pest in Europe, capable of  
destroying 90% of  seeds (Roques, 1981; but see 
Rappaport et al., 1993). Similar examples for wil-
low seeds are quite possible. So, before shipment, 
all seeds should be inspected very carefully visu-
ally and/or irradiated to ensure they are not car-
rying any insect. Any exchange should be 
accompanied, both before and after dispatch, by 
pesticide treatment.

9.5.3 Cuttings and seedlings

Exchanges of  cuttings and seedlings pose a 
greater challenge as they may be hosts to many 
more types of  insects, especially sap suckers and 
stem borers. For small quantities of  cuttings, 
obligatory and thorough visual inspections 
should ensure that most adult insects or large 
larvae are detected and then destroyed. Eggs and 
small larvae or small adults, for example mites, 
may escape visual detection and so additional 
heat and chemical disinfestation treatments 
(such as fumigation or immersion for several 
hours in a suspension of  insecticide and fungi-
cide) should be carried out both before and after 
transport.

In vitro growing techniques may offer the 
best possible solutions to the problems of  
exchanging new plant material. These tech-
niques enable new individual plants to be pro-
duced rapidly and in great number, but while 

they ensure freedom from insects, bacteria can 
sometimes avoid disinfection, and viral diseases 
remain a threat.

9.5.4 Bark or cut timber

Exchanges of, or trade in, bark or other chipped 
wood or cut timber can be accompanied by 
many insect species in a dormant, for example 
eggs or caterpillars hibernating in bark cavities, 
or an active stage, for example on shoots. Insects 
living internally in wood or shoot exports are 
practically undetectable. There have been disas-
trous precedents, such as nematodes and fungi 
associated with Monochamus spp. (Coleoptera: 
Cerambycidae) introduced accidentally on coni-
fers into Japan, and Sirex noctilio Fabricius 
(Hymenoptera: Siricidae) into Australia and 
New Zealand. Anoplophora chinensis (Forster) 
(Coleoptera: Cerambycidae) has been introduced 
in different European countries through bonsais 
imported from Asian countries. Debarking 
before shipment reduces the pest risks, although 
increasing the risk of  timber desiccation.

Associated insects exported from temperate 
to tropical climates, for example accompanying 
exports of  industrial bark to regions that are too 
hot for poplar growing, may not be able to estab-
lish in such different environments. In such 
cases, it may be argued that precautionary 
measures are superfluous. However, insects are 
so adaptable that this remains a very high-risk 
strategy.

9.5.5 Response to invasion

Unfortunately, and perhaps inevitably, despite all 
precautions, new insects that can feed on 
Salicaceae do continue to arrive in new countries. 
The ecological and economic impacts of  these 
new invaders are often unpredictable because 
of  the numbers of  vacant ecological niches, the 
absence of  natural enemies and different cli-
matic or environmental conditions. A minor (or 
even almost unknown) pest in one country may 
become a major pest in another. Nematus oli-
gospilus (see section 9.7.1) is almost unknown in 
its native northern hemisphere, but is a signifi-
cant pest in South America and New Zealand. 
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New pests may be particularly damaging when 
they arrive in a country where native Salicaceae 
are rare or absent. Conversely (but perhaps less 
commonly), native polyphagous species may 
move on to Salicaceae for the first time.

Experience has shown that the effectiveness 
of  responses to new invaders depends on the 
state of  preparedness of  society, the research 
community and the industries that use 
Salicaceae. Some of  the questions that need to be 
answered before (or soon after) the arrival of  a 
new pest are:

 • What are the most common invasive spe-
cies from a world perspective (in an attempt 
to predict the most likely invaders and their 
pathways)? A central and regularly updated 
list of  potentially damaging immigrants is 
useful.

 • Can a new arrival be identified? Maintaining 
sufficient taxonomic expertise to identify 
new pests and to recognize them when they 
do arrive is crucial.

 • Will the new species survive and become 
established? Ecological expertise to carry out 
appropriate biological studies of  individual 
species may be an essential part of  determin-
ing whether they will establish. Studies of  
the new invader or its close relatives in their 
region of  origin may be required.

 • Will the new species cause sufficient dam-
age to be considered a pest? This is a com-
plex question and the answer may have to 
consider analyses of  economic, environ-
mental and social costs. It will need to take 
into account the potential host range (espe-
cially of  native plants) of  the insect and a 
prediction, if  they do survive, of  the popula-
tion development in new habitats. The 
‘new’ ecology may be crucially different to 
that in its country of  origin.

 • Has the new pest arrived with any of  its 
natural enemies, or do existing species 
attack the new pest?

Only then can a sensible decision be made on 
whether to attempt eradication or accept it as a 
new pest to be dealt with through normal pest 
management programmes. If  eradication is con-
sidered to be an option, then early detection, 
identification and impact analysis is vital, as is 
rapid access to appropriate eradication technology 
(such as fixed-wing aeroplanes or helicopters 

and support crews for aerial spraying). Time is of  
the essence, as the more time the pest is given to 
establish, the larger the population, the more 
widespread it becomes and the more technically 
difficult it is to run even the most efficient eradi-
cation programme.

9.6 Conclusions

Poplars and willows are attacked by a huge 
array of  diverse animals, especially insects. Over 
the course of  evolutionary history, dynamic 
adaptations have ensured that there is an eco-
logical balance between the growth and death 
rates of  trees and herbivores. The balance that 
allows willows and poplars to flourish in the wild 
must be replicated, at least in part, in managed 
plantations in order to prevent outbreaks of  
pests that may cause economic or environmen-
tal damage. IPM is a key management tool for 
foresters, but the successful implementation of  
IPM requires significant knowledge of  the ecolo-
gies of  the pests and their host trees. Cultural 
control and biological control by natural ene-
mies are two important pest management tech-
niques that can regulate the birth and death 
rates, respectively, of  herbivores, but the relative 
importance of  either is often site and tree-use 
specific. The increase in international trade 
threatens the production of  willows and poplars 
everywhere through the introduction of  new 
and unexpected insect pests. Willow and poplar 
researchers and end-users have particular 
responsibilities to ensure that they themselves 
are aware of  the risks and take informed and 
appropriate care to avoid or manage them.

9.7 Selected Examples of Insect 
Pests of Poplars and Willows

9.7.1 Willow sawfly, Nematus  
oligospilus (Hymenoptera: 
Tenthredinidae) (Plate 33)  

J.G. Charles

Global distribution

Species of  the subfamily Nematinae form the 
dominant group of  sawflies in the boreal and 
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arctic regions of  the northern hemisphere. The 
Holarctic genus Nematus contains more than 
120 species, with host plants dominated by Salix 
spp. and Populus spp. N. oligospilus Förster is 
native to north and central Europe and the 
Caucasus. It is also widely distributed through 
North America and Eurasia, where it may possi-
bly represent a complex of  closely related species 
(Koch and Smith, 2000). Only a few species of  
Nematinae, and no Nematus, are native to the 
southern hemisphere.

In the southern hemisphere, N. oligospilus 
was first recorded from Argentina in 1980 (as 
N. desantisi (Smith, 1983; Koch and Smith, 2000)). 
It then established in Chile in 1984 (Gonzalez et al., 
1986), Lesotho and South Africa in 1992/1993 
(Urban and Eardley, 1995), New Zealand in 
1997 (Berry, 1997) and Australia in 2003 
(Bruzzese and McFadyen, 2006). N. oligospilus in 
the wild appears to live exclusively on Salix spp. 
Laboratory trials in New Zealand have shown 
that larvae can complete development on 
20 species of  Salix and two species of  Populus 
(J. Charles, 2011, unpublished data).

Description

Adult N. oligospilus are 6–9 mm long, with a 
dark brown head and rather pale straw-coloured 
legs and thorax. The abdomen of  a young female 
is green, which is a consequence of  the colour of  
mature eggs in her ovaries. Hence, it becomes 
straw coloured as her eggs are laid. The wings 
are colourless, but with distinct venation. Larvae 
are green, with a brown head capsule in early 
instars and a pale head capsule with brown 
marking above the eye in later instars. This col-
oration, together with its close alignment along 
the leaf  edge, provides extraordinarily effective 
camouflage. Cocoons are usually either pale 
green or dark brown.

Biology

Females lay kidney-shaped eggs under the upper 
or lower lamina of  leaves, although the upper 
surface is often preferred. The neonate larva rap-
idly eats a ‘shot-hole’ in the leaf  and then strad-
dles the edge of  the hole, curling its body around 
the hole’s perimeter while continuing to feed. 
After one to two moults, the larva moves to the 
edge of  the leaf, where the opposable grip of  the 

tibial claws prevents dislodgement by adverse 
weather conditions. Biotic disturbances from 
either above or below are avoided by swinging its 
body rapidly to the other side of  the leaf. In the 
laboratory, a larva eats about two leaves during 
its lifespan, about 1.5 leaves during the final two 
instars. The larva develops through five or six 
instars before spinning a tough cocoon. During 
the summer generations in the southern hemi-
sphere, the pre-pupa is followed quickly by pupa-
tion and adult emergence. Shortening day 
length in late summer (with a critical photoper-
iod of  just over 11 h), induces an obligatory dia-
pause during which the sawfly remains as a 
pre-pupa through the winter. Pupation occurs 
in spring (or, rarely, the following spring) and 
adults emerge several weeks after Salix bud 
break, when there are mature leaves available 
for oviposition. In its Holarctic range, N. oligospi-
lus is bisexual, with one or two generations per 
year. In the southern hemisphere, all popula-
tions are unisexual (females only) and develop 
through up to six or seven generations a year. 
Females are strong fliers, and dispersal in both 
New Zealand and South America has been 
measured at about 300 km year−1 (Ovruski and 
Fidalgo, 1991; Charles and Allan, 2000).

Impact

Although apparently insignificant in the north-
ern hemisphere, N. oligospilus has become a 
chronic pest of  willows in New Zealand. Sawfly-
infested trees in the eastern regions of  the North 
Island are often defoliated by early January. 
Re-growth is also defoliated once or twice more 
before autumn, resulting in poor growth, limb 
loss and even death of  mature trees within one 
to two seasons. Manual defoliation of  potted 
willows to mimic sawfly damage seriously com-
promises root growth. Such losses critically 
reduce the effectiveness of  willows for erosion 
control and riverbank protection. Similar losses 
have restricted the use of  willows in parts of  
Argentina. By contrast, N. oligospilus can be 
viewed as a useful biocontrol agent in Australia 
(Caron et al., 2011), where willows are more 
likely to be regarded as exotic weeds; and in 
parts of  South Africa it is considered by recrea-
tional fishermen to be a useful insect because it 
provides a novel food source for freshwater fish 
such as trout.
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Control

Where willows are planted primarily to prevent 
soil erosion or for riverbank stabilization, sawfly 
control by insecticides is not practical, economi-
cally feasible or environmentally acceptable. In 
New Zealand, N. oligospilus shows some host 
preferences for oviposition (Charles et al., 1998), 
and species or cultivars showing any resistance 
to N. oligospilus are sought for inclusion in a wil-
low breeding programme. Biological control by 
natural enemies imported from Europe remains 
a possible option (Alderete et al., 2002), while 
mixed plantings to reduce the reliance of  river 
protection on willows alone are also being 
investigated.

Invasive risk

N. oligospilus probably spread through the south-
ern hemisphere from Argentina, rather than by 
multiple introductions from the northern hemi-
sphere. Some evidence for this route includes 
the simultaneous arrival in South Africa of  
N. oligospilus and its South American parasitoid, 
Dibrachys cavus (Urban and Eardley, 1995). In 
addition, populations in the northern hemi-
sphere are bisexual, while all in the southern 
hemisphere are females, with thelytokous par-
thenogenic reproduction.

None of  the widespread and common 
Nematus species in the northern hemisphere is 
considered to be anything other than an occa-
sional minor pest. Yet in the southern hemi-
sphere, N. oligospilus illustrates many potential 
issues associated with invasive insects. For 
example:

 • There was no prior indication from its biol-
ogy in the Holarctic that N. oligospilus was a 
potential invader.

 • The biology of  N. oligospilus is significantly 
different from that in its home range, espe-
cially the development of  parthenogenesis 
and multi-voltinism permitted by warmer/
longer seasons.

 • Populations are often relatively huge, due 
either to lack of  natural enemies (top-down 
effects) or improved host quality (bottom-
up effects), or both.

 • The presence of  a new invader may have 
unpredicted ecological consequences that 
raise unexpected problems for communities.

9.7.2 Poplar and willow leaf beetles, 
Chrysomela spp. (Coleoptera: 

Chrysomelidae) (Plates 34 and 35) 
S. Augustin

Chrysomela (= Melasoma) populi Linnaeus
Chrysomela (= Melasoma) tremulae Fabricius
Chrysomela (= Melasoma) scripta Fabricius
Chrysomela (= Melasoma) vigintipunctata Scopoli, 
willow leaf  beetle
Chrysomela crotchi Brown, aspen leaf  beetle
Chrysomela aeneicollis Schaeffer

Global distribution

All Chrysomela species associated with poplar 
and willow are from the northern hemi-
sphere. The most important are: C. (= M.) 
populi, C. (= M.) tremulae, C. (= M.) scripta, 
C. (= M.) vigintipunctata, C. (= M.) lapponica, 
C. crotchi and C. aeneicollis Schaeffer. C. populi 
and C. tremulae have a Euro-Asiatic distribu-
tion. Their native range is from Western 
Europe (UK, France, Spain and Portugal) to 
China and Japan, and both species occur 
among poplars in the whole range of  their 
occurrence, except in the extreme northern 
area. They were introduced into the eastern 
maritime region of  North America (Novak 
et al., 1976). C. scripta is distributed through 
the natural range of  nearly all poplar species 
in North America, from Canada to northern 
Mexico. The aspen leaf  beetle, C. crotchi, is 
widespread in North America, including 
Canada. Of  the willow leaf  beetles, C. lappon-
ica is found through northern Eurasia and 
C. vigintipunctata through Europe and 
Palaearctic Asia. C. aeneicollis is found mainly 
at altitude throughout north-western North 
America.

Description

These leaf  beetle species are all similar in appear-
ance. Adults are sexually dimorphic, with males 
smaller than females. The largest, C. populi 
 (10–12 mm long) and C. tremulae (6–9 mm), 
have a metallic-red sheen. C. scripta (5.4–9 mm) is 
greenish- to reddish-yellow in colour and its elytra 
or wing covers are marked with black, irregularly 
shaped spots. C. vigintipunctata  (6.5–8.5 mm) 
are overall yellow to brownish-green in body 
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colour, marked with black spots on the head 
and thorax and broad black stripes on the elytra. 
C. crotchii on aspens is black with brown elytra. 
C. lapponica (5–8 mm) differ in the colouring pat-
tern of  their red and black morphs, described by 
Gross et al. (2004a) as a thermic adaptation. 
C. aeneicollis is brown, with light green to bright 
red spots. Larvae of  all these species are dark 
brown at emergence and generally paler when 
older, and are difficult to identify to species 
before the adult stage.

Biology

C. populi, C. tremulae and C. scripta feed and repro-
duce on many poplar species and hybrids of  sec-
tions Populus, Aigeros and Tacamahaca, and on 
willow (Brown, 1956; Augustin et al., 1993a, b; 
Mattson et al., 2001). C. crotchi feeds primarily on 
trembling aspen, P. tremuloides Michx., and occa-
sionally on largetooth aspen, P. grandidentata 
Michx. (Smereka, 1965), P. balsamifera Linnaeus 
and Salix spp. (Brown, 1956). C. vigintipunctata and 
C. aeneicollis feed on many willow species, and 
C. lapponica feeds on willow and beech (Gross 
et al., 2004a).

All these species have similar life cycles. 
Adults overwinter under dead leaves or in the 
soil, both within and near plantations, and 
emerge from diapause in spring when poplar 
and willow leaves begin to unfold. Mating occurs 
after a feeding phase on the new foliage and 
 couples can be found on shoots and leaves, the 
females continuing to crawl and feed during 
mating. The fertilized females generally lay eggs 
in groups on the underside of  leaves. C. scripta 
females lay an average of  823 eggs (Head et al., 
1977), C. tremulae up to 1000 eggs and C. crotchi 
up to 326 eggs (Smereka, 1965). Incubation 
lasts from a few days to 2 weeks, depending on 
temperature. Young larvae just after emergence 
usually feed gregariously on the lower epidermis 
and skeletonize the leaf. As they grow, they dis-
perse progressively into smaller groups and feed 
individually. Large larvae and adults eat whole 
leaves, but generally leave the midrib and veins. 
Both adults and larvae generally prefer younger 
leaves (Augustin and Lévieux, 1993; Fang and 
Hart, 2000). Large populations of  larvae or 
adults feed also on growing shoots, buds and on 
the tender bark of  the tips of  twigs. The larvae 
develop through three instars and pupation 

occurs after about 1 month. At the end of  the 
late third stage, larvae move to various parts of  
the tree or to the undergrowth, fasten them-
selves with a posterior adhesive pad and pupate.

Voltinism depends on climate. C. tremulae 
and C. populi develop through two to three gen-
erations a year (Jodal, 1973; Augustin and 
Lévieux, 1993). In northern latitudes, C. scripta 
has only one generation, but in the southern 
USA as many as seven generations have been 
recorded (Ostry et al., 1989). C. crotchi and 
C. aeneicollis are monovoltine in the USA and 
Canada (Brown, 1956; Smereka, 1965; Rose 
and Lindquist, 1982).

When disturbed, larvae of  all species of  
Chrysomela discharge a defensive secretion from 
nine pairs of  dorsal glands. The secretion is 
mostly salicylaldehyde, and the larvae use phe-
nolic glycosides (salicin) from the leaves of  pop-
lar and willow as the precursor to its production 
(Pasteels et al., 1983, 1984; Smiley et al., 1985; 
Soetens et al., 1998). This secretion is an effec-
tive defence against some generalist predators 
and an antimicrobial effect has also been shown 
for C. vigintipuntata and C. lapponica (Gross et al., 
2002). However, the host plant-derived defen-
sive secretions may also be used by a specialized 
fly parasitoid (Megaselia opacicornis Schmitz, 
Diptera: Phoridae) to locate its host (Gross et al., 
2004b; Zvereva and Rank, 2004). The volume 
of  secretions by C. vigintipunctata larvae is 
reduced when they are on host plants with low 
phenolic glycoside content, such as Salix purpu-
rea, S. myrsinifolia and S. fragilis.

Many natural enemies of  C. scripta, C. populi 
and C. tremulae have been observed (Loi, 1970; 
Head et al., 1977; Burkot and Benjamin, 1979; 
Augustin and Lévieux, 1993), but although 
they evidently do affect host populations, insuf-
ficient information is available to make rec-
ommendations for pest management. However, 
parasitoids and predators may have driven 
C. lapponica from willows to pioneer birches, 
where the risk of  predation and parasitism is 
lower (Gross et al., 2004a).

Impact

Chrysomelid beetles are major pests of  poplars 
and willows. The impact of  defoliation is par-
ticularly severe in short-rotation coppice (SRC) 
plantation in the first 1–3 years of  growth, when 
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trees have a high ratio of  the young foliage pre-
ferred by all Chrysomela species. The beetles can 
reduce biomass or kill young nursery plants and 
destroy new growth on old trees (which them-
selves are not as prone to attack).

C. scripta is the most important defoliating 
poplar pest in the USA, causing economic damage 
in young plantations (Burkot and Benjamin, 1979; 
Harrell et al., 1981; Reichenbacker et al., 1996; 
Coyle et al., 2008). Coyle et al. (2002) showed that 
C. scripta defoliation reduced tree volumes of  cer-
tain Populus clones by more than 70% after three 
growing seasons. In France, natural defoliation by 
C. tremulae and C. populi induced a biomass reduc-
tion of  more than 30% on P. tremula Linnaeus × 
P. tremuloides hybrids after two growing seasons 
(S. Augustin, 2011, unpublished data).

Clonal susceptibility to C. populi, C. tremulae 
and C. scripta varies, but hybrids or clones having 
a P. alba parent are generally not preferred for 
feeding or oviposition by adults (Caldbeck et al., 
1978; Harrell et al., 1981; Augustin et al., 
1993a, b). Within the Populus section, the prefer-
ences for adult oviposition and larval develop-
ment of  C. populi and C. tremulae are: P. tremula × 
P. tremuloides > P. tremula × P. alba (P. ×canescens) 
> P. alba (Augustin et al., 1993a, b). The main 
hosts of  C. scripta are in Aigeiros and Tacamahaca, 
but clones with P. deltoides parentage are pre-
ferred for oviposition and development (Caldbeck 
et al., 1978; Harrell et al., 1981; Bingaman and 
Hart, 1992). C. lapponica individuals prefer Salix 
species with high salicyl glycoside (SG) content, 
such as S.borealis (Zvereva and Rank, 2003), but 
a relationship between host-plant chemistry 
and larval survival does not appear to exist for 
C. aeneicollis (Rank, 1994).

Control

Nursery infestation can be reduced by removing 
leaf  litter around young trees, depriving the 
adults of  their overwintering habitat, although 
some species hibernate in the soil. Some insecti-
cides can be applied successfully when the eggs 
begin to hatch, although pest control by insecti-
cides is not allowed in forests in many countries 
and is economically and environmentally not 
acceptable. Several Bt formulations have pro-
vided control of  C. scripta. Transgenic poplars 
have been created both with proteinase inhibitors 
and Bt genes. Bt poplars have shown a strong 

insecticidal effect on C. tremulae, although resist-
ance to Bt plants may be present before selection at 
frequencies higher than originally thought, sug-
gesting that selection for resistance may be rapid in 
the absence of  refuges (Wenes et al., 2006).

Several alternative control methods can be 
considered. These include using resistant plant 
cultivars, avoiding monocultures, establishing 
mosaics of  small plantations rather than a single 
large one and maintaining the ratio of  natural 
enemies as high as possible (see Coyle et al., 2005).

Invasive risk

These pests are not present in the ‘alert lists’ of  
phytosanitary organizations. Although they 
have the capacity for active movements and dis-
persal, international trade appears to be the 
most likely pathway for passive introduction.

9.7.3 Large aspen tortix, Choristoneura 
conflictana (Lepidoptera: Tortricidae) 

(Plate 36) 
W.J.A. Volney

Global distribution

The large aspen tortrix (LAT), C. conflictana 
(Walker) (Tortricinae), is native to North America 
and feeds principally on trembling aspen (P. trem-
uloides). A common associate, also feeding on 
aspen during outbreaks and with which it may 
be confused, is the olethreutine moth, Sciaphila 
duplex Walsingham. The range of  LAT is trans-
continental in the boreal forests from Labrador to 
Alaska. Its southern limit in eastern and south-
western USA is probably aspen forests in the 
mountains of  these regions (Beckwith, 1973), 
but it would not be surprising to find it in Mexico.

Description

A female’s entire complement of  between 60 and 
700 (Prentice, 1955; Beckwith, 1973; Evenden 
et al., 2006) pale green eggs may often be laid in a 
single layered mass, appressed to the upper sur-
faces of  aspen leaves. Prentice (1955) indicated 
that, on hatching, the larvae are pale yellow-
green, with light brown heads, prothoracic shield 
and anal plates. The coloration darkens with each 
moult, and by the fifth instar the body is dark 
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green, with a black head capsule, setal bases and 
anal plate. The thoracic shield becomes reddish-
brown to black, with a light brown anterior mar-
gin in the final (fifth) instar. Its length varies from 
15 to 21 mm. Pupae are initially bright green but 
darken to reddish-brown or black. Male pupae 
have five abdominal segments, whereas females 
have only four. Female moths have a wingspan 
between 27 and 35 mm, and males are smaller. 
The base coloration of  the forewings is light grey 
with dark grey basal, median and distal irregular 
bands that complete the forewing colour pattern. 
Hindwings are light grey, with a feathery fringe of  
scales on the posterior margins.

Biology

On hatching in mid-July, larvae disperse to feed by 
skeletonizing upper leaf  surfaces. In late August, 
larvae migrate to the base of  trees, where they 
spin hibernacula in bark crevices, dead bark and 
mosses, and where they overwinter in the second 
instar. Larvae emerge when aspen buds begin to 
swell in early to mid-May. They then mine these 
buds, feed and moult to the third instar. As the 
leaves expand, the larvae leave the mines, eventu-
ally webbing leaves together to form a shelter in 
which they feed. More than one feeding structure 
may be constructed in the larval stage. Feeding is 
completed by mid- to late June, with pupation 
lasting 1–2 weeks. Moth emergence begins in late 
June to early July and lasts from 5 to 8 days. 
Females release a sex pheromone apparently con-
sisting only of  (Z)-11-tetradecenal (Evenden and 
Gries, 2006). Mating typically occurs on the first 
evening after female emergence and she lays her 
eggs almost immediately. Delayed mating results 
in a reduction of  a female’s realized fecundity 
(Evenden et al., 2006). Eggs take 7–10 days to 
hatch under field conditions. There is one genera-
tion per year.

Impact

The damage caused by larvae feeding on buds and 
foliage is often accompanied by silk webbing. 
When outbreaks occur and defoliation is severe, 
this webbing may be found in the understorey 
(Ives and Wong, 1988). Outbreaks  seldom last for 
more than 2 years (Cerezke and Volney, 1995). 
Thus, a reduction in radial increment of  defoliated 
trees is most often the result of  these episodes. 

However, some top-kill and branch mortality has 
been observed. Tree mortality rarely occurs 
because of  this feeding, but mortality would be 
restricted to suppressed trees if  it does occur 
(Thomas, 1978). The feeding also elicits a short-
term resistance to the insect with the production 
of  salicortin and tremulacin in damaged leaves 
(Clausen et al., 1989). Long-term induced resist-
ance has not been demonstrated. There are clonal 
differences in host phenology (Parry et al., 1997b) 
and these induced responses (Clausen et al., 1991) 
play largely uninvestigated roles in the success of  
LAT populations and the damage sustained as a 
consequence of  outbreaks.

Control

A wide range of  natural enemies has been 
observed to attack LAT outbreak populations. 
These include birds, such as the downy wood-
pecker and red-eyed vireos and chickadees. Insect 
predators include an anthocorid bug (Beckwith, 
1973) two species of  ants (Prentice, 1955) and a 
carabid. All immature stages of  this insect are 
attacked by parasitoids. Over 26 different genera 
of  insect parasitoids have been recovered from 
LAT from studies in Canada and Alaska (Prentice, 
1955; Torgersen and Beckwith, 1974; Wong, 
1979). The array of  microorganisms infecting 
LAT includes a granulosis virus, an entomopox-
virus, several microsporidian species and several 
species of  fungi (Burke, 1982). An industrial prep-
aration of  Bt (Berliner) showed promise in reduc-
ing field populations (Holsten and Hard, 1985).

Management of  these populations on an 
extensive scale has not been necessary. However, 
if  an intensive, short-rotation aspen plantation 
culture is to be undertaken, direct control tech-
niques for LAT populations may warrant devel-
opment (Mattson et al., 2001).

9.7.4 Poplar leaf defoliators, Clostera 
spp. (Lepidoptera: Notodontidae)  

(Plate 37)  
A.P. Singh

Global distribution

The genus Clostera has a worldwide distribution 
(Costa, 2006). Clostera fulgurita Walker is widely distri-
buted in the Oriental tropics including China, Pakistan, 
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India, Sri Lanka, Borneo, Sumatra and Java 
(Southdene Sadirian Berhad, 2011). Clostera 
cupreata Butler occurs in northern India and 
adjoining Pakistan (Singh and Singh, 1986).

Food plants of  C. fulgurita and C. cupreata 
include: Xylosma longifolium (Flacourtiaceae); 
Elaeodendron glaucum (Celastraceae); S. tetrasp-
erma, S. babylonica, P. alba, P. ciliata, P. nigra and 
P. deltoides (Salicacaceae); and Gymnosporia falcon-
eri (Celastraceae) (Beeson, 1941; Mathur and 
Singh, 1960; Browne, 1968; Singh and Singh, 
1986; Singh et al., 2004). Both species are major 
pests of  poplar and willows.

Description

C. fulgurita is a greyish-brown moth. The fore-
wings have irregular white markings on the 
anterior half, a reddish-brown spot on the apical 
half  and an indistinct series of  submarginal 
black spots. Wing expanse is 36–46 mm. Eggs 
are spherical and bright yellow in colour. A full-
grown larva is 30–35 mm long, with lateral 
tufts of  sparse, whitish hairs on each segment. 
Two broad white lines run almost the length of  
the body dorsally, interrupted by two distinctive 
black ‘spots’, one posteriorly and the other on 
body segment four. Both of  these spots have dis-
tinctive yellow setae, while the setae on the rest 
of  the body are white. The spiracles are white 
with black rims. There are also two narrow, pale 
dorsolateral lines along the length of  the body. 
The head capsule of  the earlier instars (one to 
three) is black, but gradually turns orange-
brown in the fifth instar, measuring 4 mm. The 
colour of  the larva also turns from dark to pale 
brown as it grows from the second to the fifth 
instar. The pupa is reddish-brown in colour, 
elongated, cylindrical in shape, rounded at the 
cephalic end and pointed at the posterior end. In 
C. cupreata, the head, thorax and forewings of  
the moth are pale reddish-brown in colour, while 
the abdomen and hindwings are much paler as 
compared to C. fulgurita. The male moth has 
characteristic anal tufts arising on the dorsal 
side of  the anal segment. Wingspan varies from 
25 to 30 mm. Freshly laid eggs are light green to 
yellow in colour, but after some time, longitudi-
nal, curved, reddish-brown lines originating 
from the centre appear on the egg. The larva is 
light brown with a greenish mid-dorsal portion, 
the head light brown speckled with dark brown 

spots and with two reddish tufts of  hairs each on 
the mid-dorsal region of  the first abdominal 
 segment and on the eighth abdominal segment. 
The mature larva is 28 mm long. The pupa is 
reddish-brown in colour, elongated and cylindrical 
in shape, with the cephalic end rounded and the 
posterior end pointed (Singh and Singh, 1986).

Biology

C. fulgurita has 10–12 generations in the plains of  
northern India. The moth lays eggs in groups on 
the under surface of  a poplar leaf, usually on the 
terminal part. One female may lay 500–700 eggs. 
Incubation period is 4 days. The first two instars 
feed gregariously on the upper and lower epider-
mis of  the leaf, thus skeletonizing it, while the 
later stages consume the whole leaf, leaving only 
the larger veins. There are five larval instars and 
the larval period varies from 17 to 23 days. The 
mature larva spins a thin hairy pupal cocoon in 
between two leaves, fastening them together with 
silk, or in a leaf  fold. In winter, the larva pupates 
in leaf  debris on the ground or crevices in the 
rocks and tree trunk close to the ground. The 
pupal period varies from 7 to 10 days in May–
June. The biology of  C. cupreata is quite similar to 
that of  C. fulgurita, except that the eggs are laid on 
both the lower and upper surface of  leaves in 
groups of  200–300. The larval period varies from 
11 to 13 days, the pupal period from 4 to 6 days 
and the entire life cycle is from 19 to 21 days, with 
eight or nine generations a year in the plains of  
northern India (Singh and Singh, 1986). The 
pupae of  the two species can also be identified and 
differentiated from Clostera anastomosis (Arru, 
1965) by the shape of  the cremaster, the distribu-
tion of  punctures on the abdominal segments and 
the presence or absence of  folds around the anus 
(Singh and Sharma, 1979a). In addition, the 
shape of  the uncus, harpé and anellus in the male 
genitalia and the size of  the signum in the female 
genitalia are characters of  taxonomic importance 
(Singh and Sharma, 1979b) that distinguish 
these two species from C. anastomosis genitalia as 
described by Arru (1965).

Impact

Clostera are common in poplar nurseries. The 
attacks start in March–April and continue until 
leaf  fall in October. Symptoms of  infestation are 
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crown death, with leafless crowns leading to loss 
of  apical dominance, resulting in forking and 
sometimes plant death in nurseries when the 
attack is severe. Mortality is due mainly to rapid 
and repeated infestation and deformities in the 
main stem, otherwise there is only loss in 
growth. Alternate/collateral hosts growing nat-
urally in the vicinity of  poplar plantations play a 
vital role in the survival and population growth 
of  the insect. The loss in radial increment is 
appreciable when more than half  the foliage is 
lost (Singh and Singh, 1986). However, even 
25% defoliation by Clostera spp. is known to 
decrease the growth increment of  poplar trees 
significantly (Gao et al., 1985). Severe and 
repeated defoliation results only rarely in the 
death of  plants. Complete loss of  leaves and defo-
liation late in the growing season, for instance in 
August, are generally the most damaging 
because they leave the plant in a weakened con-
dition and open to attack by other pests and dis-
eases. Severe and repeated defoliation can kill 
young plants (Singh et al., 2004).

Control

Serious outbreaks of  both C. cupreata and C. ful-
gurita can occur on P. deltoides grown in agrofor-
estry in northern India (Singh et al., 2004; Costa, 
2006). A wide range of  natural enemies native to 
India have been recorded to check the pest popula-
tions effectively (Singh et al., 2004). These include a 
nuclear polyhedrosis virus (NPV) and a large num-
ber of  egg, larval and pupal parasitoids, including: 
Telenomus colemani (Hymenoptera: Sceleonidae); 
Trichogramma chilonis and Trichogramma poliae 
(Hymenoptera: Trichogrammatidae); Aleoides 
 percurrens (Hymenoptera: Braconidae); Sturmia 
sp. (Diptera: Tachinidae); Canthecona furcellata 
(Hemiptera: Pentatomidae); and Sycanus collaris 
(Hemiptera: Reduviidae). These are potential bio-
control agents in India that can be used for the bio-
control of  Clostera (Singh et al., 2004). Clonal 
susceptibility is also very important. P. deltoides 
clones ‘IC’, ‘G-3’, ‘G-48’, ‘D-100’ and Populus 
×euramericana that were planted extensively under 
agroforestry in the 1980s were heavily attacked 
during epidemics (Singh and Singh, 1986), while a 
number of  promising tolerant P. deltoides clones 
have been evaluated (Singh and Pandey, 2002).

Clostera can be managed in both nurseries 
and plantations by foliar insecticide sprays, for 

example 0.1% carbaryl or fenitrothion in water 
(Singh et al., 2004). Aerial spraying of  1 kg (a.i.) 
of  carbaryl (Sevin 85S) at 1 kg ha−1 in water solu-
tion gave 99.1% kill of  the target pest in the Terai 
region of  northern India during an outbreak in 
1981 covering over 1100 ha (Singh et al., 1983).

Invasive risk

Both species of  Clostera pose a threat to commer-
cial plantations of  poplar throughout northern 
India and Pakistan in the absence of  natural 
enemies and with large-scale monoculture pop-
lar plantations. The spread is caused mainly by 
commercial trade, with eggs, larvae and pupae 
carried on young plants to new sites from nurs-
eries. Management of  Clostera populations on an 
extensive scale is not always necessary, but is 
advised locally in nurseries. These two species 
are also limited by the colder climates in temper-
ate regions of  the northern hemisphere.

9.7.5 Poplar leaf miner, Phyllocnistis 
unipunctella (Lepidoptera: 
Phyllocnistidae) (Plate 38)  

L. Nef

Global distribution

Most species of  Phyllocnistis are associated with 
poplars and willows. Among the most important 
are Ph. unipunctella Stephens (= Ph. suffusella 
Zeller) on poplars and Ph. saligna Zeller on willows 
in Europe, Ph. labyrinthella (Bjerk.) on aspens in 
Asia and Ph. populiella on aspens in North 
America (de Tillesse et al., 2007).

Description

Phyllocnistis spp. are small moths, with a 7–8 mm 
wingspan. The forewings are narrow and fringed. 
The hindwings are narrower still, with a long 
fringe. The eggs of  Ph. unipunctella are greenish-
grey, and the flat, tiny larvae are yellowish-
white. The larvae are almost legless, but mobility 
is enhanced by lateral protuberances.

Biology

Ph. unipunctella can have as many as three gen-
erations a year, with the first adults appearing at 
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the start of  summer. The eggs are laid individu-
ally on the lower surface of  new leaves. The 
young larva hatches after 6–9 days, penetrates 
the leaf  epidermis and makes a tortuous mine, 
which often follows a main vein or the leaf  edge. 
The larva feeds in the leaf  for about 2 months. 
The shiny white leaf  surface above the mine 
looks like a snail trail. Pupation occurs in a 
cocoon under a silken membrane in the folded 
edge of  the leaf  (Nef  and Janssens, 1982).

Impact

Physical and soil conditions at a site may be the 
most important factors determining population 
densities, although they also vary from year to 
year with prevailing weather conditions. Clonal 
selection also has an impact on individual growth 
and population densities. The length of  mines 
varies from 14 to 34 cm in different clones, 
 averaging 17 cm in P. deltoides × P. nigra, 27 cm in 
P. trichocarpa and 24 cm in P. trichocarpa × P. del-
toides. Mined young leaves will grow to only about 
75% of  the size of  healthy leaves. According to 
extensive research (Nef, 1988a), 20% of  the 
leaves are attacked, and the insect reduces the 
average leaf  area (and thus probably the growth) 
by about 5%. However, up to 70% of  the leaves of  
some poplars are attacked. The frequency of  the 
insect on a clone is linked significantly to the 
quantities of  each of  the elements P, Mn, K or Zn, 
and the quantities of  K, Mo, Cu and Zn are modi-
fied  significantly – either positively or negatively – 
after attack (Bouyaiche and Nef, 1987).

The numbers and development of  Ph. uni-
punctella larvae depend also on foliar tannins 
(polyphenols). Tannin-rich leaves, typical of  for-
est poplars (P. trichocarpa and its hybrids), sup-
port longer but fewer mines, and the rate of  
larval development and pupal weights are 
reduced. In leaves of  pioneer poplars (P. deltoides 
× P. nigra), these parameters are reversed, and 
moreover, the levels of  secondary polyphenols 
produced after attacks are almost 100% higher 
than in P. trichocarpa. It can be concluded that 
resistance to Ph. unipunctella is markedly lower 
in clones derived from pioneer poplars (Nef, 
1988b, 2007).

The reduction in photosynthesis caused by 
Ph. populiella is attributable primarily to the fail-
ure of  stomata to open normally on bottom-
mined leaves (Wagner et al., 2008).

Control

Despite its significant impact, chemical control of  
Ph. unipunctella is not economically justified, even 
in forest nurseries, because the damage is not per-
sistent. A cultural control strategy should be 
adopted, based on planting resistant clones in 
physically suitable sites that avoid humid or heavy 
soils. A good choice of  sites and clones will reduce 
populations of  this insect significantly. The P. del-
toides × P. nigra hybrids show great variability, the 
most susceptible being ‘Robusta’ (to which the 
insect is expected to be best adapted because of  its 
ancient co-evolutionary history). P. trichocarpa is 
passably resistant, and P. trichocarpa × P. deltoides 
hybrids are the most resistant. Common clones of  
decreasing susceptibility used in Belgium are: 
‘Robusta’, ‘Primo’, ‘Gaver’, ‘Ogy’, ‘Columbia 
River’, ‘Gibecq’, ‘Trichobel’, ‘Ghoy’, ‘Isières’, ‘Fritzi 
Pauley’, ‘Hunnegem’, ‘Raspalje’, ‘Beaupré’, ‘Unal’ 
and ‘Boelare’ (Nef, 1985).

In North America, the susceptibility of  wil-
lows to Phyllocnistis spp. larvae was also depend-
ent on the willow species and their hybrids, and 
increased with fertilizer use. Physiological stress 
and susceptibility to the pest can thus be 
inversely related (Orians and Floyd, 1997).

9.7.6 Woolly poplar aphid, Phloeomyzus 
passerinii (Hemiptera: Aphididae)  

(Plate 39)  
G. Allegro

Phloeomyzus passerinii (Signoret)
(= Phloeomyzus redelei, Phloeomyzus dearborni 
(Eastop and Hille Ris Lambers, 1976; Masutti, 
1982))

Global distribution

Ph. passerinii has a Eurasian distribution. Its native 
range stretches from Europe (UK, Netherlands, 
Belgium, France, Germany, Spain, Italy, Greece, 
Hungary, Russia) and the Middle East (Israel, 
Egypt, Syria, Iran) to Pakistan and China, where a 
new subspecies has been recorded (Zhang et al., 
1982). It has been introduced to North America, 
probably in the recent past, and recorded (as Ph. 
dearborni) in the USA (Maine) and Canada (Smith, 
1974). Further studies are needed to define the 
taxonomic status of  the different populations.
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Description (Theobald, 1929;  
Arzone and Vidano, 1984)

The wingless, virginoparous females are a pale 
yellowish-green to dull white, covered lightly 
with a mealy wax, with dusky legs and lateral 
tufts of  white or bluish-white woolly wax on 
each side posteriorly. The head is dusky, with 
five-segmented brown or smoky coloured anten-
nae. The rostrum tapers to a very long point, 
reaching the metacoxae. The eyes are small and 
black, and the legs short and thick. There are 
two wax plates each side in front of  the cauda. 
The body is oval in shape and 1.6–1.7 mm long.

The first-instar larvae are yellowish-green, 
with dusky antennae, legs and tip of  rostrum. 
They have an oval-elongated body shape, with 
parallel sides and are 0.5 mm long. The anten-
nae have four segments, and the rostrum is thick 
and very long (exceeding the body length). The 
second-, third- and fourth-instar larvae have, in 
comparison with the first instar, more slender 
legs and antennae and a shorter rostrum, the tip 
of  which hardly reaches the apex of  the abdo-
men. Their body is darker and more oval in 
shape, and 0.7, 1.1 and 1.4 mm long, respec-
tively. The third- and fourth-instar nymphs are 
yellowish-green, with wing pads that are very 
small in the third instar and well developed in 
the fourth instar. The antennae are five- and six-
segmented in the third and fourth instars, 
respectively.

The winged, oviparous females are about 
1.5 mm long, green, with a dark head and thorax 
and dusky antennae and legs. The six-segmented 
antennae are slender and without secondary 
sensoria. The eyes are large and the wing veins 
clouded on each side with brown. The alate males 
are smaller than the females (length about 1.0 
mm) but also have six-segmented antennae. 
Each female generally carries two eggs at a time. 
The eggs are subcylindrical in shape, three times 
longer than wide and a shiny, reddish-orange in 
colour. They are 0.3–0.4 mm long.

Biology

As far as we know, Ph. passerinii feeds exclusively 
on Populus species. P. nigra and P. ×canadensis 
(P. nigra × P. deltoides hybrids) are its favourite 
hosts, but P. deltoides can also be affected, even 
though its susceptibility to the pest is generally 

lower (Lapietra and Allegro, 1990a). P. ciliata 
was recorded as a potential host in Pakistan 
(Habib and Ghani, 1970) and in Iran (Shojai 
and Lotfian, 1988). The pest was also recorded 
on P. alba (Theobald, 1929; Della Beffa, 1936). 
P. tremuloides can be affected in North America 
(Smith, 1974).

Very little is known of  the physiology of  
feeding of  Ph. passerinii, which is thought to 
occur on the parenchymal tissues of  the bark 
that are rich in carbohydrates and nitrogen com-
pounds (Allegro, 1997a). A morphological 
study was carried out on the digestive system of  
Ph. passerinii (Ponsen, 1982), without investi-
gating the physiology of  digestion.

Populations of  Ph. passerinii usually develop 
anholocyclically on poplar through apterous 
virginoparous females. Colonies begin to grow in 
May–June, when temperatures become favour-
able, and disappear at the latest in August–
September, even if  overwintering might be 
anticipated by the presence of  adverse envir-
onmental conditions such as early cold weather 
or violent storms. Infestations are revealed by 
the waxy flocks, woolly and whitish in colour, 
which are produced in abundance mainly by 
apterous females. Over 12 generations per year 
can occur in the field. Each generation lasts 
9–31 days (on average 11 days), depending on 
air temperature and host. Each female can pro-
duce about 170 larvae over an average lifespan 
of  36 days. Overwintering occurs in the second 
or third larval instar (rarely in the fourth instar), 
generally in the crevices of  the bark of  superfi-
cial roots. The first-instar larva is the only dis-
persal stage, both actively (by crawling to a new 
site on the plant) and passively (being carried by 
the wind that catches the waxy tufts). Once the 
larva has reached its new location and has 
inserted the stylet into the bark tissues, it devel-
ops to the adult stage without moving. Adult 
females also generally spend their life without 
moving from the original position (Arzone and 
Vidano, 1984). Winged forms, both males and 
oviparous females, are frequently observed in 
laboratory colonies when the host plants or cut-
tings start to deteriorate. However, they have 
been observed in the field only occasionally, 
mainly during autumn. Egg laying has never 
been observed in wild populations, and a life 
cycle with a secondary host has never been dem-
onstrated. Most biological observations (as well 
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as those on host-resistance behaviour) have 
been carried out in the laboratory, using colo-
nies established by artificial inoculations of  pop-
lar cuttings kept in jars with water at the bottom, 
at a constant temperature of  20°C and a relative 
humidity of  70% (Arru, 1971, 1974; Lapietra 
and Allegro, 1990a; Allegro et al., 1996b). 
Development of  Ph. passerinii is favoured by 
moderately high air temperatures (20–25°C), 
high air humidity (>70% RH), limited air move-
ment and shady habitats. A number of  natural 
enemies (predators) of  Ph. passerinii have been 
quoted in the literature (Vidotti, 1960; Arzone, 
1987; Raspi, 1996), even though the effective-
ness of  the complex is normally inadequate to 
control the pest beneath the damage threshold 
in poplar plantations.

Impact

Ph. passerinii is considered an economically 
important pest of  cultivated poplars in Italy, 
Syria, Belgium and Hungary, but there is evi-
dence of  an increasing virulence in other coun-
tries such as France (Maugard and Chauvel, 
1997; Bankhead-Dronnet et al., 2008) and 
Spain (Aparisi, 1971). It is periodically (at inter-
vals of  5–10 years) very harmful to poplar plan-
tations in northern Italy, where most of  the 
cultivated clones (about 80% of  trees) are sus-
ceptible to its attack (Arru, 1975; Lapietra and 
Allegro, 1990b).

Ph. passerinii feeding activity, which 
involves the injection of  a toxic saliva, causes 
bark suberization and, during the heaviest 
attacks, cracks and necroses. Death of  the bark 
disrupts water and nutrient circulation, and 
hence increasingly stresses the roots. In some 
cases, the tree can collapse during the summer 
period or can be windthrown (Lapietra and 
Allegro, 1981). Ph. passerinii is generally present 
at low population levels on Populus species in the 
natural riparian woodlands of  the Mediterranean 
area. By contrast, its virulence is enhanced 
greatly by cultivation, mainly due to the great 
reduction of  genetic variability of  trees (planta-
tions are usually monoclonal) and to high plant 
density (more than 300 plants ha−1) (Lapietra 
and Allegro, 1981; Arzone and Vidano, 1984; 
Allegro, 1997a). Therefore, Ph. passerinii can be 
considered as a typical ‘cultural pest’ (Allegro 
and Cagelli, 1996).

Control

The pest can be controlled by growing resistant 
or moderately resistant poplar clones. The resist-
ance to Ph. passerinii among different Populus 
species and cultivated clones may vary consist-
ently and is genetically based (Arru, 1967b). For 
this reason, the breeding of  resistant poplars 
may lead to appreciable benefits in a reasonably 
short time (Arru and Lapietra, 1979). A labora-
tory test based on the artificial inoculation of  
poplar cuttings (Arru, 1971, 1974) proved to be 
a very useful method for early evaluation of  
resistance in progenies from P. deltoides and 
P. nigra crosses, which in Italy were bred in order to 
obtain hybrid clones of  cultural interest. P. nigra 
genotypes showed a wide range of  resistance 
levels from very low to very high, with a higher 
ratio of  resistant genotypes among those from 
southern Italy (Allegro and Cagelli, 1996). P. del-
toides, on the other hand, exhibited generally 
high resistance levels (Arru and Lapietra, 1979). 
The laboratory test was validated by comparing 
those results with field data from the same clones 
in natural infestations of  the aphid (Lapietra and 
Allegro, 1986a). It was shown that laboratory 
tests carried out with cuttings collected during 
the vegetative period gave more reliable results 
(Allegro et al., 1996b). The newly selected hybrid 
clones in Italy range from highly resistant to 
highly susceptible (Lapietra and Allegro, 1986a, 
1990a; Allegro et al., 1996b). Iranian poplar 
species and cultivars were also tested by field and 
laboratory methods (Shojai and Lotfian, 1988, 
1990; Shojai et al., 1998; Sadeghi et al., 2002). 
A study of  the biochemical markers of  resist-
ance, based on analysis of  phenolic compounds 
in three groups of  P. nigra, each characterized by 
a different resistance behaviour, showed that 
some phenolics were linked to specific resistance 
groups; so, they are likely to play a role in the tree 
resistance mechanism (Allegro et al., 1996a).

Chemical control is needed generally when 
outbreaks occur in poplar plantations. Spraying 
trunks with white mineral oils alone or mixed 
with organophosphates always proved to be 
effective when carried out at the beginning of  
the outbreaks (Aparisi, 1971; Lapietra and 
Allegro, 1981; Allegro, 1989, 1997a; Giorcelli 
and Allegro, 1999).

Monitoring older (>5-year-old) poplar 
plantations during the risk period (May–August) 
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is necessary to detect outbreaks early and to 
plan a rational control strategy. As a rule, the 
intervention threshold is reached when colonies 
start to spread from the bark crevices and cover 
large areas of  the trunk. When colonies cover 
the whole trunk circumference, a delay of  about 
2 weeks in applying control methods can be 
enough to cause serious damage to the tree.

The probability of  heavy infestations and of  
economic damage can be decreased significantly 
by planting trees more than 6 m from their near-
est neighbour (Lapietra and Allegro, 1981).

Invasive risk

Ph. passerinii outbreaks are increasing in fre-
quency in northern Italy (Allegro, 1997a), with 
heavy economic losses caused both by the death of  
thousands of  trees and by the need for expensive 
chemical control. In France, there is evidence that 
pest populations are increasing (Bankhead-
Dronnet et al., 2008; S. Augustin, France, 2011, 
personal communication). The pest is not present 
in the ‘alert lists’ of  phytosanitary organizations. 
Ph. passerinii has a very low capacity for active 
movement and dispersal, but attention must be 
paid to the possibility of  its passive introduction 
into southern hemisphere countries by the trans-
port of  freshly felled poplar trunks, if  not debarked.

9.7.7 Giant willow aphid, Tuberolachnus 
salignus (Hemiptera: Aphididae)  

(Plate 40)  
C.M. Collins

Global distribution

The giant willow aphid, T. salignus Gmelin 
(Lachninae: Lachnini), is thought to originate 
from the Asian subcontinent, and its distribu-
tion reflects that of  willows; it is virtually cosmo-
politan, being absent only from Australasia. It is 
a specialist willow feeder, but very occasionally 
has been recorded on poplar.

Description

The giant willow aphid is one of  the largest 
aphids recorded, with an adult body length of  
5.0–5.8 mm. It occurs in both winged and wing-
less parthenogenetic forms, producing live 

offspring. All morphs are mid-grey-brown to 
dark grey-brown, with a lighter underside and 
darker spots on the abdomen. The most distinc-
tive feature of  the aphid is a large dark brown 
dorsal tubercule of  unknown function. The spe-
cies is strongly aggregative, forming vast brown-
ish-black colonies on infested trees. Accidental 
brushing against colonies of  T. salignus can stain 
clothing a rusty-reddish colour, and the abun-
dant honeydew production of  this species 
attracts many wasps.

Biology

T. salignus has an unusual temporal distribution 
among aphids. It first appears in early summer, 
when trees are considered to be nutritionally 
poor hosts. Populations peak in late autumn, 
and aphids can continue to feed and reproduce 
long after the host tree has shed its leaves. The 
species is rarely seen in spring, when trees are 
considered to be high-quality hosts to aphids, 
due to nutrient translocation associated with 
the rapid growth stage.

The aphid is asexual. No sexual morphs have 
ever been found and studies of  the ribosomal DNA 
arrays associated with X-chromosomes confirm it 
to be parthenogenetic (Blackman and Spence, 
1996). In the absence of  sexual reproduction, and 
thus the lack of  an egg stage, T. salignus is thought 
to spend late winter and spring viviparously. 
Whether there exists a specialist morph, such as 
a hiemalis (an overwintering asexual stage), 
remains unknown and a mystery surrounds the 
location and occurrence of  the aphid during this 
period. Adults can survive several days at temper-
atures of  –5°C and can live for up to 3 months at 
temperatures of  10°C. Both winged and wingless 
forms spend a significant proportion of  the adult 
lifespan in the post-reproductive stage, which may 
benefit their clonal siblings and progeny by 
improving the nutritional quality of  the host by 
increasing ‘sink’ characteristics.

Phylogenetic studies link this species to 
conifer-feeding aphids, which suggests that it 
may be linked ancestrally to gymnosperm host 
plants (Normark, 2000).

Impact

Infestation by the giant willow aphid reduces the 
shoot and root biomass of  host trees substantially 
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and increases water use and photosynthetic rate 
(Collins et al., 2001). Infestation in the first year 
after planting can cause a 50% reduction in root 
and shoot productivity. The presence of  T. salignus 
can exacerbate seriously the effects of  summer 
drought stress of  host trees. It also leads to an 
increased proportion of  nitrogen in the leaves of  
infested plants, and this may potentially improve 
the host’s suitability as food to other herbivores. 
There are also indirect effects of  aphid feeding 
mediated by honeydew deposition. Trees flower 
more and are more branched, which has conse-
quences for SRC harvesting, as branched trees do 
not cut and bundle compactly. There are few data 
available on the long-term duration of  infesta-
tion, so it may be that although the impact is sub-
stantial within a year, this is mitigated by it being 
occasional between years.

Control

As this aphid is primarily a pest to SRC willow 
crops, there are huge problems with insecticide 
application. Conventional pest control such as 
pesticide sprays are hard to apply to a willow 
SRC crop, as the canopy can reach several metres 
high and the subcanopy is sufficiently dense to 
impede the passage of  tractors and spraying 
booms. The use of  helicopters and aeroplanes to 
apply pesticide to mature crops is unlikely to be 
economic and may well be inefficient, as canopy 
foliage will intercept sprays before they reach the 
stem-feeding aphids.

There are no significant arthropod natural 
enemies recorded, and as the species appears to 
sequester salicylic acid, its foul taste deters 
vertebrates.

Future research into the identity (whether 
viral or fungal) and ecology of  the entomopatho-
gen that reduces numbers dramatically in late 
autumn may hold promise.

Miscellanea

The giant willow aphid has made several appear-
ances in the scientific literature. Thomas Mittler 
used this species in his classic studies of  aphid 
feeding and nutrition. Each aphid’s stylet (the 
hypodermic-like mouthparts) was severed dur-
ing feeding and provided direct access to plant 
phloem for the analysis of  its composition 
(Mittler, 1957). T. salignus also made an appearance 

in the chemical literature when, having been 
noted for its staining, it was investigated as a 
potential source of  dyes for military uniforms. In 
1881, William Curtis suggested that the abun-
dant honeydew produced by T. salignus ‘be gath-
ered and, by purification, converted into the 
choicest sugar-candy’. He also mentioned its 
special attraction for wasps, but not bees.

9.7.8 Willow gall midges, Dasineura 
spp. (Diptera: Cecidomyiidae) (Plate 40) 

S. Höglund and S. Larsson

Global distribution

Dasineura is the largest genus in Cecidomyiidae 
and includes species that make simple and com-
plex galls, roll leaves and live freely in flowers or 
flower heads. The genus Rhabdophaga is consid-
ered synonymous with the genus Dasineura by 
some taxonomists (Gagné, 2004). Numerous 
species of  Dasineura are known from Salicaceae, 
in particular from Salix spp. and a few from 
Populus spp. (Gagné, 1989). Gall-forming 
Dasineura spp. are known to attack willows and 
poplars in Europe, East Asia and North America.

Description

The adults are small (2–3 mm) and short-lived, 
typically living only long enough to mate and lay 
eggs. Larvae are legless and may be white, yel-
low, orange or red, depending on species and 
age. Larvae are the only feeding stage and they 
induce modifications of  the plant tissue. The 
outcome of  this interaction is typically an abnor-
mal plant structure – the gall – the structure of  
which is often typical of  the midge species that 
caused it. Identification of  the gall midge species 
is often based on the form and position of  the 
gall. There are several types of  galls: (i) leaf  galls 
appear on leaf  blades or petioles; (ii) stem galls 
on stems and twigs, ranging from slight swelling 
to large knot-like growths; and (iii) bud/flower 
galls on bud or flower structures.

Biology

The female lays her eggs close to the feeding site 
where the larva, although rather immobile, 
selects the final place for gall initiation. The larva 
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attacks plant parts that are actively growing, 
such as buds and undeveloped leaves, and devel-
ops through three instars. Certain species have 
several generations per year, depending on 
whether or not the host plant has an indetermi-
nate growth. Gall midge biology is complex, in 
particular regarding diapause and when to leave 
the gall. Larvae of  some species leave the host 
when fully grown, whereas others pupate in the 
gall and leave as adults (Yukawa and Rohfritsch, 
2005). Some species have extended diapause, 
such that a fraction of  the population remains in 
diapause over the next generation(s). At the pop-
ulation level, sex ratio is close to 1:1. Individual 
females, however, can produce progeny of  a sin-
gle sex.

Impact

Galls act as sinks for resources, and therefore 
compete with the plant’s own sinks, i.e. buds, 
leaves and shoots. Galling insects can change 
plant characteristics such as photosynthesis, 
phenology, leaf  longevity, architecture and bio-
mass production. The effect of  galling insects on 
plant growth depends on the density of  galls and 
on the importance of  the infested plant part for 
growth. For example, one Dasineura ingeris 
(Sylvén and Lövgren) larva can kill the apical 
bud of  S. viminalis Linnaeus. This leads to loss of  
apical dominance, followed by rearrangement of  
growth by stimulating development of  many 
new shoots and subsequent reduction of  bio-
mass production. By comparison, D. marginem-
torquens (Bremi) lives in the leaf  margin of  
S. viminalis and hundreds of  galls are required to 
reduce biomass growth significantly. In addi-
tion, galling insects can affect the density of  
other insects, such as leaf  beetles, indirectly by 
stimulating regrowth and thereby enhancing 
the food quality of  the plant.

Control

The population density of  gall midges is influ-
enced strongly by parasitoids and predators. 
Parasitism by both endo- and ectoparasitoids 
can be very high. The ability of  parasitoids to 
control gall midge populations is probably higher 
in perennial plants such as poplars and willows 
than in annual plants, because perennials are 
not harvested every year. In Sweden, parasitoids 

and predators commonly seem to control popu-
lations of  D. marginemtorquens (Strong and 
Larsson, 1994); three species of  parasitoids 
(Aprostocetus abydenus Walker and Aprostocetus 
torquentis Graham (Hymenoptera: Eulophidae) 
and Synopeas myles Wallner (Hymenoptera: 
Platygastridae)) attack D. marginemtorquens lar-
vae. The larvae and pupae are also killed by the 
predatory bug, Anthochoris nemoralis Linnaeus.

Chemical control is difficult because the gall 
midge larva is well protected within the gall and 
the adult only lives for a very short period. The 
most effective control appears to be to use resistant 
plant varieties. In a semi-natural crop such as 
S. viminalis, great genotypic variation in resistance 
has been revealed against D. marginemtorquens 
(Strong et al., 1993). The resistance is expressed as 
high neonate larval mortality without gall forma-
tion. Both hypersensitive and non-hypersensitive 
plant responses have been associated with resist-
ance (Höglund et al., 2005). Interestingly, females 
do not discriminate against resistant genotypes 
and therefore lay as many eggs on resistant as 
on susceptible genotypes (Larsson et al., 1995).

Invasive risk

The risk for outbreaks of  Dasineura spp. is linked 
strongly to the occurrence of  parasitoids and 
predators. With several generations per year, 
some Dasineura species can reach high densities 
rapidly. When present, D. marginemtorquens can 
be spread easily during the establishment of  new 
plantations for short-rotation forestry because 
the overwintering cocoons are on the cuttings 
that are planted in the field.

9.7.9 Dusky clearwing, Paranthrene 
tabaniformis (Lepidoptera: Sesiidae) 

(Plate 41)  
A. Delplanque

= Sciapteron tabaniformis

Global distribution

P. tabaniformis Rottemburg (Paranthreninae) is 
widespread in central and southern Europe, 
North Africa and Asia, especially in China, the 
north of  India and Pakistan. It can also be found 
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across Canada and in Russia and Finland. It is a 
pest of  Populus and Salix in many regions (Brizzi, 
1962; Templado, 1964; Postner, 1978), but 
also feeds on Alnus. In North America, other 
clearwing moths of  the genus Paranthrene attack 
the Salicaceae family, e.g. P. dollii (Neumoegen), 
P. robiniae (Hy. Edwards) and the closely related 
P. tricincta Harris. (See also section 9.7.15, Sesia 
apiformis.)

Description

The adult insect has a wasp-like appearance. The 
head is black and appears to be separated from 
the thorax by a yellow collar. The body is black, 
with three yellow rings on the abdominal seg-
ments and an expandable anal tuft on the last 
segment. The posterior yellow ring in males is 
divided into two. The front wings are brown and 
the back ones are transparent. The wingspan is 
25–35 mm (Postner, 1978).

Eggs are brown-red in colour and have a 
fine reticulation. Caterpillars are creamy white, 
with slightly darker dorsal and lateral stripes. 
They have three pairs of  functional legs that 
readily distinguish them from beetle wood- 
boring larvae.

Biology

Adults emerge from May to July and mate 
immediately. Egg laying occurs throughout the 
summer, but primarily in July and August in 
central Europe and Canada. Females lay numer-
ous eggs on branches, close to wounds or cracks 
in the bark of  young trees, or in old galleries of  
other insects. Caterpillars hatch after about 
10 days and immediately bore a gallery under 
the bark. Trees react by cell multiplication, 
which forms a swelling on 1–2-year-old seed-
lings in nurseries (Postner, 1978; Delplanque, 
1998; Allegro, 2008b). Larvae continue boring 
into the wood until they reach the centre of  the 
stem, where they cease feeding during winter. 
In the following spring, the larvae bore a longi-
tudinal gallery, always ascending, in the heart 
of  the stem, which can become 120–150 mm 
long and 7–8 mm in diameter. At maturity, the 
caterpillar can be up to 40 mm long. Larvae 
may utilize old galleries of  Saperda populnea 
Inglebert or Cimbex lutea Thomson. Galleries 
can also be found at the base of  seedlings in 

nurseries, close to Sesia apiformis galleries, 
which also exploit the base of  stems and the 
roots.

Larvae may hibernate once or twice, 
depending on the climate, before pupating 
within a cocoon close to the tunnel opening. The 
pupa is cylindrical, and the anterior third 
appears from the tunnel opening to allow the 
adult to emerge. Pupal exuviae can be found 
hanging from the exit hole after the emergence 
of  the imago.

Impact

P. tabaniformis lives on all cultivated poplars, but 
willows are seldom attacked. The insects are 
common in nurseries, where they cause particu-
larly heavy damage on 1- and 2-year-old plants. 
They are also common in young plantations, but 
are rarely found in natural forests. The presence 
of  P. tabaniformis can be detected by a gall-shaped 
swelling of  the trunk, sometimes pierced with an 
exit hole and frass. Tree growth is disturbed, and 
they also become much more fragile and can 
break when exposed to the wind.

Control

Some natural enemies may regulate the popula-
tion at a relatively low level. The parasitoid com-
plex of  P. tabaniformis in Europe includes 
numerous species (Georgiev, 2000, 2001), and 
it can decrease the pest level up to 55–65% 
(Postner, 1978; Moraal, 1996b). In nurseries, 
P. tabaniformis can be controlled chemically if  
applications are made during the oviposition 
period when the caterpillars begin boring into 
the bark. Insecticide coverage must be achieved 
throughout the flight period. Adult flight periods 
can be determined, and insecticide applications 
timed against them, by using pheromone traps 
to monitor for the presence of  adult males 
(Lapietra and Allegro, 1994).

No clonal preferences have been found, but 
the balsam poplars (section Tacamahaca) are par-
ticularly affected. Plants must be checked before 
planting, to verify the absence of  galls. Another 
means of  prevention is to avoid trunk wounding 
or pruning during the flight period. Old infested 
poplars, willows or alders in the vicinity of  plan-
tations must be removed before the adults hatch, 
in order to avoid further infestation.
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Invasive risk

P. tabaniformis is a widespread species that has 
colonized almost all the northern hemisphere 
and threatens most poplar species. In the USA, it 
coexists with the well-adapted native P. tricincta 
that develops through two generations per year. 
Consequently, it seems that P. tabaniformis is a spe-
cies that can adapt easily to new environments.

9.7.10 Poplar twig borers, Gypsonoma 
spp. (Lepidoptera: Tortricidae)  

(Plate 42)  
L. Nef

Global distribution

The 15 species in the genus Gypsonoma, all from 
the northern hemisphere, are associated mostly 
with poplars and willows. The most important 
are: G. aceriana Duponchel (from Europe to Iraq, 
North Africa, and recently introduced in North 
America), G. haimbachiana Kearfott (on P. deltoides 
in North America) and G. (= Eucosma) hapalosarca 
Meyr (Iraq, Pakistan) (de Tillesse et al., 2007).

Description

Gypsonoma spp. are small, pale coloured moths, 
with a 12–15 mm wingspan. The tips of  the fore-
wings of  G. aceriana are spotted brown. The yellow-
ish larvae, 8–12 mm long when mature, are 
almost hairless. The head and the cephalic capsule 
vary from black to light brown in different species.

Biology

G. aceriana has two generations a year in south-
ern Europe and in North Africa, but only one in 
central Europe, where adults appear in June–
July. The female lays groups of  one to three eggs 
near the central vein of  the lower leaf  surface. 
Eight to 15 days later, the neonate larvae start to 
tunnel a tiny mine, feeding on the leaf  paren-
chyma. Some time before the leaf  falls in 
autumn, the larvae disperse to hibernate in 
small crevices in the branch or trunk. In the 
spring, they leave this shelter and bore into 
young twigs or buds. The damage is noticeable 
only 4–10 days later, when a characteristic 
conical tube of  frass and sawdust, about 5 mm 

long, appears at the entrance of  the mine. The 
most important impact, however, is that the lar-
vae induce galls to form on the branches, which 
are weakened. The size of  the galls varies mark-
edly from clone to clone. Mature larvae move 
from the twigs to the trunk, or fall to the ground, 
to pupate. The adult emerges 12–17 days later 
(Heymans, 1984). The southern, bivoltine popu-
lations of  G. aceriana also overwinter as larvae. 
G. haimbachiana has only one annual generation, 
whereas G. hapalosarca can be multivoltine.

Impact

G. aceriana causes negligible damage to adult 
poplars. In nurseries, or in young plantations, 
damage can become much more severe, mainly 
in the apical bud, which is the preferred site for 
the larvae. When apical shoots are weakened or 
destroyed, they are replaced by a deformed top, 
which makes the plant unmarketable. More 
than 80% of  nursery plants attacked by G. aceriana 
may be deformed, of  which 50% are ‘double 
tops’ (Heymans, 1984). G. haimbachiana can 
cause similar damage to young P. deltoides. The 
larvae of  G. hapalosarca web together and skele-
tonize leaves of  P. euphratica.

Control

Natural enemies can sometimes kill large num-
bers of  these pests and may be useful in inte-
grated control programmes. There has been 
considerable research on different ways to con-
trol G. aceriana. Attractants can be used to cap-
ture adults (Booij and Voerman, 1984; Allegro, 
1992). Damaged branches can be removed. 
Chemical control is not nowadays justified eco-
logically or economically, except maybe in nurs-
eries. Here, well-timed applications may be 
effective against young or hatching larvae, dur-
ing the autumn dispersal or against ovipositing 
adults. Application of  a birdlime strip around 
the lower part of  the apical bud is very effective 
(Heymans, 1984) and is particularly useful in 
protecting more susceptible clones. G. aceriana 
damage is negligible in nurseries that support 
favourable poplar growth, with a not too acid 
pH, appropriate groundwater and a soil rich in 
mineral elements but without vegetation (may 
be linked to insect mortality). Dry and sandy 
soils should be avoided.
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Clonal susceptibility is very important. 
The clones of  P. trichocarpa × P. deltoides or of  
P. trichocarpa are more susceptible to G. aceriana 
than those of  P. deltoides × P. nigra. Decreasing 
ranks of  sensibility for most clones used in Belgium 
are: ‘Hunnegem’, ‘Columbia River’, ‘Unal’, ‘Ghoy’, 
‘Boelare’, ‘Fritzi Pauley’ = ‘Beaupré’, ‘Raspalje’, 
‘Robusta’, ‘Trichobel’, ‘Isières’, ‘Primo’, ‘Ogy’, 
‘Gaver’ and ‘Gibecq’ (Nef, 1985).

Damage by G. haimbachiana does not appear 
to be significantly different among the non-
hybrid clones of  P. deltoides. (Payne et al., 1972), 
but the insects prefer non-irrigated poplars 
(Woessner and Payne, 1971).

P. alba and P. ciliata are quite resistant to 
G. hapalosarca and P. euramericana and P. nigra 
are highly susceptible, but the differences are 
very dependent on environmental conditions 
(Chaudry and Ahmad, 1973).

9.7.11 Poplar borers, Saperda spp. 
(Coleoptera: Cerambycidae)  

(Plate 43)  
S. Augustin

Saperda carcharias (Linnaeus) (= Anaerea carcha-
rias Inglebert) (large poplar longhorned beetle)
Saperda populnea (Linnaeus) (= Compsidia popul-
nea Inglebert) (small poplar longhorned beetle)
Saperda calcarata Say (poplar borer)
Saperda inornata Say (poplar gall borer)

Origin and global distribution

Several species of  Saperda are known to attack 
Populus and Salix spp. The main species in Europe 
and Asia are S. carcharias and S. populnea, and 
in North America, S. calcarata and S. inornata. 
S. carcharias ranges from Europe (Sweden, Finland 
to the Mediterranean) to the Far East (eastern 
Siberia, northern China and North Korea). 
S. populnea is a common species in the Holarctic 
region, whereas S. calcarata and S. inornata are 
widely distributed in North America.

Description

S. carcharias and S. calcarata are c.30 mm long. 
S. carcharias is black and covered with a yellowish 
or greyish pubescence. S. calcarata is greyish blue 
and heavily striped, with fine brown dots that 

overlay a faint yellow pattern. S. populnea and 
S. inornata are smaller and more elongate than 
S. calcarata. S. inornata is greyish, while S. populnea is 
grey-black, with faint spots of  yellowish pubes-
cence. Larvae of  these species are elong ate, cylin-
drical, legless and yellowish white, with variation 
in chitinization of  the thorax according to species.

Biology

In Europe and Asia, S. carcharias may attack 
all poplar and willow species, but prefers aspen 
(P. tremula), including hybrids P. tremula ×  
P. tremuloides (Välimäki and Heliövaara, 2007). 
Aspen is also the main host of  S. populnea, which 
also attacks other poplar species and willows. In 
North America, S. inornata favours quaking 
aspen (P. tremuloides), whereas S. calcarata pre-
fers quaking aspen in the northern part of  its 
range (Peterson, 1947) and eastern cottonwood 
(P. deltoides) in the southern part (Morris, 1963), 
while other poplar species and cultivars are also 
attacked (Peterson, 1947).

The life cycle of  S. carcharias lasts for 2–4 
years, depending on climate. Adults emerge 
from infested trees in summer and oviposition 
occurs from July to September. Females prefer to 
lay eggs under the bark of  5- to 10-year-old trees 
on any part of  the bole. On young trees, eggs are 
usually laid in the lower part of  the trunk. The 
larva does not hatch until late spring of  the fol-
lowing year and bores a horizontal tunnel 
towards the centre of  the tree. The larval galler-
ies of  this large wood borer are long, and some 
descend from the trunk to the roots then rise 
again to the centre of  the sapwood. After exten-
sive summer feeding, the larva hibernates until 
the spring of  the following year. It pupates at the 
beginning of  summer, and about 2 weeks later 
the young adult emerges from the larval gallery.

The life cycle of  S. populnea lasts 1 year in 
temperate areas, but 2–3 years in colder regions. 
Adults emerge in spring and oviposition occurs 
from the beginning of  May until July. Eggs are 
laid in horseshoe-shaped notches carved out by 
the females, preferably on small, lignified 
branches from the previous year. The larvae 
hatch after 10–15 days. The young larva bores a 
circular gallery under the bark, causing a char-
acteristic gall at the base of  the branch. It subse-
quently penetrates the wood and then the 
heartwood, which it follows upwards. The larva 
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hibernates in autumn and either emerges the 
following year after pupation or spends another 
1 or 2 years as a larva while continuing to 
tunnel.

The life cycle of  S. calcarata varies from 
2 years in Mississippi (Morris et al., 1975) to 3–5 
years in the northern part of  its range (Peterson, 
1947; Drouin and Wong, 1975). Adults emerge 
in May and June in the southern part of  North 
America and as late as July and August in the 
north (Hofer, 1920; Morris et al., 1975). Mating 
begins approximately 1 week after emergence, 
and a few days later, females start to lay single 
eggs (occasionally two or three at a time) in 
niches cut into the bark of  the trunk and 
branches of  trees that are at least 3 years old. 
The eggs hatch after 2–3 weeks and larvae begin 
boring into the bark tissue of  stems and 
branches. Later, they move into the sapwood and 
the heartwood. Larvae hibernate in the galleries 
until spring, and then they feed actively and 
enlarge and extend their tunnels (Drouin and 
Wong, 1975). Pupation occurs from April to 
July, depending on climatic conditions, and 2–3 
weeks later, the adults emerge from the gallery 
entrances.

The life cycle of  S. inornata varies from 1 to 
2 years (Nord et al., 1972). In late spring and 
summer, the female lays eggs in incisions made 
in the bark of  young stems and branches of  1- to 
3-year-old trees. Eggs are often laid at intervals 
around the stem at the same height. Generally, 
one larva develops in each location and begins 
feeding and boring in irregular galleries under 
the bark. As a result of  this tunnelling activity, 
a globulose gall appears around the injured 
area. Part of  the population, apparently result-
ing from eggs laid early in the oviposition period, 
bore a central tunnel parallel to the axis of  the 
stem, where they overwinter and pupate in 
spring. Adults emerge in the following spring. 
The remainder of  the population resumes feed-
ing in the spring and spends a second winter as 
larvae, which emerge in the following spring, 
2 years after hatching from eggs.

Impact

The adults of  the Saperda species treated here 
feed on leaves and the bark of  new shoots, 
although damage is generally negligible. Larval 
damage is much more severe. Galls and sap runs 

mixed with frass on the trunk are the first signs 
of  larval presence.

S. carcharias is considered to be the principal 
poplar pest in the Mediterranean region. 
Generally, it does not kill the trees, but it predis-
poses host trees to other mortality agents, e.g. 
fungi (Cherepanov, 1988). Poplars and willows 
of  all ages are attacked. Larval tunnelling into 
the sapwood reduces wood quality, but economic 
damage from timber degradation and reduction 
in growth is regarded as moderate in Europe 
(Evans et al., 2004). However, large numbers of  
boring larvae weaken trees, which may snap 
during heavy winds, and this may be an impor-
tant factor in some regions.

S. populnea is a primary pest in many areas 
around the world. P. tremula is especially affected, 
but other species, for example P. alba and P. nigra, 
may be attacked severely. Trees weakened by 
drought stress and poor soils are particularly 
susceptible. Branches and shoots are deformed 
and break easily at the level of  galling when 
exposed to wind. S. populnea is also a vector of  
fungal and bacterial diseases, such as A. populi 
and Dotichiza populnea (Grechkin and Vorontzov, 
1962; Roques, 1998b). In young plantations 
and nurseries, the death of  branches and shoots 
may lead to important economic losses. For older 
trees planted under good conditions, S. calcarata 
is a pest of  secondary importance.

S. calcarata is a serious pest of  poplars 
throughout most of  North America (Morris 
et al., 1975). Young trees are attacked at and 
below the ground level and larger trees via the 
bole (Solomon, 1995). Damage is more obvious 
in open than in dense stands and along the edge 
of  stands, with higher light levels preferred by 
females for oviposition (Mattson et al., 2001). 
Large trees are rarely killed, but larval tunnel-
ling weakens the stem and attacks occurring 
high up on the stem increase susceptibility to 
wind breakage (Coyle et al., 2005). Small trees 
are occasionally killed by S. calcarata. In addition 
to larval damage, excavations from woodpeckers 
searching for larvae, and Hypoxylon canker 
(caused by fungi (Hypoxylon spp.)) that infect the 
wounds, further weaken trees and increase the 
risks of  wind breakage.

S. inornata damage is mainly a problem in 
young stands and is worst in nurseries and in  
1- to 3-year-old trees in plantations. Stems and 
branches occasionally break off  or die above the 
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gall, although most trees overgrow the gall. 
Economic loss caused by S. inornata in natural 
stands of  aspen is negligible, but some mortality 
can occur in test clones (Nord et al., 1972). 
Woodpeckers and infection by Hypoxylon can-
ker disease can amplify seriously the weakness 
of  trees damaged by S. inornata (Nord and 
Knight, 1972; Ostry and Anderson, 1995).

Control

The natural mortality of  S. carcharias is high, 
and the trees’ chemical defences kill up to 80% 
of  eggs and young larvae (Allegro, 1991). 
Among the natural enemies, fungi and hymen-
opteran parasitoids in the Ichneumonidae, 
Braconidae and Chalcidoidea have mainly been 
recorded (Roques, 1998a). Woodpeckers (espe-
cially the great spotted woodpecker, Dendrocopos 
major (Picidae) in Europe) may also destroy many 
larvae (Allegro, 1991). In young poplar planta-
tions, most eggs are laid at the base of  plants and 
a coating of  birdlime (a sticky barrier) on the 
lower part of  the trunk may prevent oviposition. 
Insecticides can also be sprayed effectively when 
larvae are present on the bark (just after hatch-
ing) or can be injected into the larval holes 
(Allegro, 1998). However, there is no completely 
effective control method and infested poplars 
should be removed to avoid contamination of  
healthy trees nearby.

Population densities of  S. populnea are lim-
ited by natural enemies (Hellrigl, 1974; 
Pulkkinen and Yang, 1984; Georgiev et al., 
2004), but these generally do not control the 
pests adequately. Infestations can be reduced by 
avoiding siting new plantations in poor and 
drought-stress affected soil, by selecting clones 
adapted to the site conditions or by applying fer-
tilizer during the first year of  planting. In nurs-
eries and young plantations, tree monitoring is 
necessary in winter, and shoot swellings must be 
destroyed before adult emergence.

Natural control of  S. calcarata by parasi-
toids, predators, fungi and woodpeckers is 
important (Hofer, 1920; Peterson, 1947). 
Avoiding poor sites for plantations and main-
taining healthy trees can reduce the incidence of  
S. calcarata markedly. Borer infestations vary 
directly with stem diameter and inversely with 
stocking rate (Solomon, 1995). In aspen stands, 
periodic removal of  infested trees has not been 

effective because the reduction in stand density 
may result in higher infestations (Peterson, 
1947). In managing aspen, therefore, the rec-
ommended practice is to maintain well-stocked 
stands and to clear cut at maturity (Ostry et al., 
1989). Insecticides may be necessary for pro-
tecting trees in parks and urban areas.

For S. inornata control, planting resistant 
clones on good poplar sites, followed by good 
arboricultural practices such as pruning of  
rooted nursery stock to remove galls at harvest 
and eliminating infested stems, are recom-
mended. Spraying nursery stool beds or rooting 
beds when adults begin oviposition may also be 
necessary (Ostry et al., 1989).

9.7.12 Asian longhorn beetle, 
Anoplophora glabripennis (Coleoptera: 

Cerambycidae) (Plate 44)  
H. Jiafu and Y. Luo

Global distribution

A. glabripennis (Motschulsky) was originally 
restricted to China and Korea (Cavey et al., 1998; 
Lingafelter and Hoebeke, 2002; Williams et al., 
2004) and was detected outside Asia for the first 
time in 1996 in New York City. It subsequently 
spread to other places in North America 
(Chicago 1998, New Jersey 2002 and Toronto, 
Ontario, Canada, 2003). Elsewhere, it was first 
discovered in 2001 at Braunau am Inn, Austria 
(Tomiczek et al., 2002) and then in 2002 at 
Yokohama, Japan (Takahashi and Ito, 2005), 
2003 at Gien in France (Hérard et al., 2006), 
2004 at Neukirchen am Inn in Germany (EPPO, 
2008) and 2007 at Corbetta in Italy (Maspero 
et al., 2007). Models have demonstrated that  
A. glabripennis could become established in many 
locations worldwide (MacLeod et al., 2002; 
Townsend Peterson et al., 2004; Keena, 2006).

Description

Eggs are off-white, 5–7 mm long, cylindrical, 
tapering towards each end. The larvae are off-
white, up to 50 mm long, soft-bodied with a 
hard, brown head. The pupae are about 30–33 
mm long and 10 mm wide. Pupae are initially 
off-white, but gradually turn to light then dark 
brown. Adults are black, shiny, 20–35 mm long 
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and 7–12 mm wide. Each wing case has about 
20 distinctive, irregular white spots. Females are 
generally larger than males. The antennae are 
very long: on females they are about the same 
length as the body; on males they are about 
twice the length of  the body (Li and Wu, 1993).

Biology

In China, A. glabripennis requires 1–2 years to 
develop from egg to adult. It generally overwin-
ters as a larva. The number of  generations per 
year may vary as a function of  local climatic 
conditions. In Inner Mongolia (northern China), 
a single generation takes 2 years to develop, 
while in Taiwan, one generation per year has 
been documented (Li and Wu, 1993). To com-
plete metamorphosis, A. glabripennis needs 
1264.2 ± 188.3 accumulated degree-days (DD), 
at an average lower development threshold of  
13.4 ± 0.3°C (Yang et al., 2000).

The eggs need between 8 and 12 days to 
complete their development. Neonate larvae 
begin to feed on the phloem layers around the 
oviposition site. The early larvae tunnel laterally 
into the phloem and cambium layers under the 
tree bark. Larger larvae tunnel deeper into the 
heartwood, where they are well protected. Each 
mature larva creates a chamber near the outer 
bark in which to pupate. After emergence and 
melanization, adults spend several days resting 
before chewing a 6–18 mm exit hole (Lingafelter 
and Hoebeke, 2002). In China, adults emerge 
from April/May to October (Zhao and Yoshida, 
1999). In New York City and Chicago, adult 
A. glabripennis have been recorded from July to 
November (Haack et al., 1996). Under labora-
tory conditions, the highest recorded fecundity 
was 66.8 ± 5.0 eggs per female at 25°C, but in 
nature fecundity may vary from 30 to 178 via-
ble eggs per female (Keena, 2005, 2006). 
Fecundity is correlated positively with beetle 
body size and negatively with beetle age. Adult 
beetles can fly several hundred metres in a single 
flight to locate suitable host trees.

A. glabripennis larvae have been reared in 
laboratories on an artificial diet (Zhao et al., 
1999; Dubois et al., 2002; Keena, 2005).

The major economic damage reported all 
over the world due to A. glabripennis is to poplars 
(Populus), maples (Acer), willows (Salix) and elms 
(Ulmus) (Sawyer, 2003; Haack et al., 2006). 

In China, A. glabripennis has caused the greatest 
damage to poplar species. Although A. glabripen-
nis populations predominantly increase on pop-
lar plantings from the sections Tacamahaca and 
Aigeiros, it prefers poplar species and hybrids 
of  the section Aigeiros. In the Aigeiros section, 
P. nigra, which is native to Europe, south-west 
and central Asia and north-western Africa, is 
considered the most vulnerable species. In par-
ticular, the popular P. nigra ‘Italica’ and 
‘Thevestina’ are very susceptible to A. glabripen-
nis. P. deltoides is less susceptible, followed by 
P. ×canadensis. Poplar species belonging to the 
sections Tacamahaca (balsam poplars) and 
Leucoides are also attacked by A. glabripennis, but 
at lower levels (Li and Wu, 1993). Poplar species 
belonging to the sections Turanga, for example 
P. euphratica Oliv., P. pruinosa Schrenk., and 
Populus, for example P. alba L., P. ×hopeiensis Hu 
et Chou, P. ×tomentosa and P. tremula, are consid-
ered less susceptible or slightly resistant (Bao 
et al., 1999). No records have been found regard-
ing the reactions of  A. glabripennis to poplars 
from the section Abaso.

Despite the above-mentioned economic 
damage caused to poplars by A. glabripennis, it is 
very polyphagous. The host list includes the 
genera Acer, Betula, Elaeagnus, Fraxinus, 
Hedysarum, Hippophae, Koelreuteria, Platanus, 
Populus, Robinia, Salix, Sophora, Tilia and Ulmus 
(Li et al., 1999). Acer is the most attractive genus, 
followed by several Populus species, such as 
P. simonii Carr. and P. cathayana Rehd.(Gao et al., 
1997). In North America, A. glabripennis has 
been reported to attack 18 deciduous tree spe-
cies belonging to 12 genera (Haack et al., 1997; 
Lingafelter and Hoebeke, 2002).

Impact

A. glabripennis has an enormous destructive 
potential because it attacks healthy trees and 
spends most of  its life as a larva, boring inside 
tree trunks and large branches. This compro-
mises the tree’s vascular system, causes severe 
damage to the wood’s structural properties and 
eventually leads to the death of  the tree (Cavey 
et al., 1998). It poses an enormous threat to 
urban, suburban and rural forests in areas 
where it is introduced (e.g. Haugen, 2000; 
Nowak et al., 2001). In China alone, A. glabripennis 
causes an estimated annual loss of  more than 
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10 billion Chinese yuan (Su et al., 2004), and it 
has been listed as one of  that country’s most 
dangerous forest pests. In Chicago and New York 
City, the efforts to control or eradicate the exotic 
A. glabripennis have led to the removal and 
destruction of  all trees having symptoms of  
A. glabripennis attack (Haack et al., 1997). These 
eradication efforts already cost many millions 
of  dollars annually. The estimated maximum 
potential national urban impact of  A. glabripennis 
in the USA is a value loss of  US$669 billion, 
with tree mortality of  about 30% and a reduc-
tion of  total canopy cover of  about 35% (Nowak 
et al., 2001).

Control

The life cycle of  A. glabripennis combines con-
cealed immature stages and a tendency to lay 
small numbers of  eggs in several trees, so it is very 
difficult to prevent its spread. The USDA’s Animal 
and Plant Health Inspection Service (APHIS) 
has established domestic quarantine regulations 
that prohibit the local transport of  potentially 
infested wood or wood products from areas where 
A. glabripennis infestations have been found.

In areas where A. glabripennis has been 
detected as a new invasive species, eradication 
programmes have been adopted (Haack et al., 
1997). These programmes include felling, 
removal and chipping or incineration of  infested 
trees (Smith et al., 2001). In the USA, trees are 
usually surveyed for beetles within an 800 m 
radius of  each infestation point, and trunk or 
soil injections with imidacloprid are applied to 
each potential host tree within this radius 
(USDA-APHIS, 2006).

The most widely adopted method for con-
trolling high populations of  A. glabripennis in 
China consists of  spraying chemical pesticides 
into the canopies of  host trees to kill adults (Liu 
et al., 1999). Another commonly used chemical 
control strategy uses bamboo or wooden sticks 
containing aluminium phosphide that are 
inserted into larval frass holes, where the gas 
that is produced kills the A. glabripennis larvae 
(Zhao et al., 1995a). In addition, injections of  
systemic insecticides into the trunks of  infested 
trees and the application of  trunk-coating insec-
ticides are effective measures that are considered 
to have low environmental impact (Zhao et al., 
1995b). In particular, injecting tree trunks with 

the organophosphate insecticide, methami-
dophos, controls not only A. glabripennis but also 
piercing-sucking insect pests (Zhang et al., 
1994). Finally, local forestry organizations have 
promoted other physical control measures such 
as catching adults, killing eggs and young larvae 
and blocking frass holes (Gao and Li, 2001). 
These physical control measures can be effective 
in maintaining the A. glabripennis population 
below pest thresholds, especially in the case of  
young trees and in urban areas.

For biological control measures, entomo-
path ogenic fungi have been developed for 
A. glabripennis control, and entomopathogenic 
nematodes, coleopteran and hymenopteran para-
sitoids and predatory woodpeckers have been 
investigated (Ogura et al., 1999; Wang et al., 
1999; Zhang et al., 1999; Li et al., 2000; Solter 
et al., 2001; Dubois et al., 2004a, b, 2008; Fallon 
et al., 2004; Hajek et al., 2006).

Ecological control of  A. glabripennis in 
China involves planting mixtures of  preferred 
and non-preferred tree species, and this practice 
can prevent outbreaks successfully (Yan and 
Yan, 1999; Luo et al., 2003).

Invasive risk

Based on information concerning the current 
distribution, biology and economic impact of  
A. glabripennis in Asia and North America, 
together with recent European interceptions, 
there is a significant risk that A. glabripennis 
could become established and cause damage to 
important forest and fruit tree species all over 
the world (MacLeod et al., 2002). Particular 
attention should be paid to preventing the possi-
ble transportation of  eggs and larvae of  the pest 
via untreated solid wood packing material 
(SWPM) used in international cargo.

A. glabripennis is considered a dangerous 
quarantine pest in North America and the 
European Community (EPPO, 2004b).

9.7.13 Ambrosia beetle, Megaplatypus 
mutatus (Coleoptera: Platypodidae)  

(Plate 45)  
R. Gimenez

= Platypus sulcatus, Platypus mutatus
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Global distribution

M. mutatus (Chapuis) (Platypodinae: Platipodini) 
is native to South America and is found in 
Argentina, Bolivia, Brazil, French Guiana, 
Paraguay, Peru, Uruguay and Venezuela. It is 
especially prevalent in Argentina, where infesta-
tions have caused severe damage to species of  
Populus, Quercus, Eucalyptus and Pinus (Bascialli 
et al., 1996; Alfaro, 2003; Giménez and Etiennot, 
2003). Willows may be attacked, but are not 
severely damaged.

M. mutatus was discovered in 2000 in 
Populus plantations at Caserta, Italy (Tremblay 
et al., 2000; Allegro and Della Beffa, 2001; 
EPPO, 2004a; Allegro, 2008a; Servizio fitosani-
tario regionale, 2011).

Description

The adult beetle is small (7–8 mm long) and a 
dark brown to black colour. The elytra are stri-
ated with four longitudinal ridges. The head is as 
long as the pronotum, and the antennae are 
short (Brethes, 1908; Santoro, 1957; Brugnoni, 
1980). The female body has rounded terminal 
segments, while the male abdomen appears to be 
truncate. The eggs are oblong, smooth, 0.5–0.9 mm 
long and a brilliant white colour. The legless 
 larvae are white initially and 1.5–4 mm long, 
growing to 9–11 mm in the final instar. The free 
pupa is 7.5–9.2 mm long (Santoro, 1963, 1965).

Biology

Most adults leave their galleries in a tree from 
November to January (spring and summer), 
although they do not fly until the beginning of  
autumn. The adults emerge from their parents’ 
entrance hole. In the River Plate Delta in 
Argentina only 3–5% of  the entry holes show 
adult emergence, compared with 7–15% in 
Neuquén Province (Thomas, 2005). This low 
rate of  survival indicates that currently 
unknown mortality factors are involved. Traps 
catch a mean of  20 adults per trap, and a few 
catch over 300 adults.

Infestation is initiated by the male, which 
bores a short gallery in the bark and waits for a 
female with which to copulate. The couple 
(mostly the female) continues to bore radial gal-
leries, where eggs are laid (Santoro, 1957, 

1963). A pair of  adults, eggs, larvae and pupae 
can be found in the galleries throughout the 
year, with inactive adults at the end of  winter.

M. mutatus is an ‘ambrosia beetle’ that car-
ries a symbiotic fungus into a mycangium 
(Alfaro, 2003). The fungal mycelium stains the 
wood and bark of  infested trees, but is not patho-
genic. As the beetle moves through the tunnels, 
the walls are smeared with the fungus (Raffaellea 
santoroi Von Arx), which is cultivated for larval 
feeding (Guerrero, 1966). First- and second-
instar larvae are mycetophagous and xylopha-
gous and those from the second instar are 
xylophagous (Santoro, 1963).

Impact

M. mutatus attacks many species of  native and 
exotic broadleaf  and coniferous trees (Allegro, 
1990a; Giménez and Etiennot, 2003). Unlike 
most ambrosia beetles, it only attacks living, 
standing trees and is unable to live in standing 
dead timber. Of  all the host trees, only the pop-
lars have shown a propensity to be windthrown. 
M. mutatus tunnels weaken the tree trunks and 
seriously damaged poplars are frequently felled 
by strong winds. ‘Catfish’ clones seem to be more 
susceptible than others cultivated in Argentina. 
Windthrow damage begins 2 years after the ini-
tial infestation in the plantation, and only if  the 
trees are older than 15 years. In poplars, 86% of  
attacks are in trees with diameters at breast 
height greater than 15 cm. In the Paraná 
River Delta, 15–40% of  trees were attacked from 
1997 to 2000 and 3–10% after 2000. This is a 
chronic pest with a very variable abundance. 
In 1999, 72% of  harvested timber was damaged 
by M. mutatus (Gimenez et al., 2004).

Control

Infested trees must be removed before the adult 
flight period. The trunks should be cut as low as 
possible and the stump quickly surface dried 
(Toscani, 1991). In addition, the entrance holes 
should be blocked with a stick (Santoro, 1962, 
1967). This manual control is a very effective 
alternative, as the insects die because they can-
not remove the sawdust and are deprived of  oxy-
gen in the tunnels.

No biological control agents have been 
identified.
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For chemical control, bark spraying to a 
height of  8–10 m was effective with carbaryl 
4.25 g a.i. l−1, cypermethrin 0.05 g a.i. l−1, lamb-
dacihalothrine 0.0167 ml a.i. l−1, chlorpyrifos 
1.275 ml a.i. l−1 or calcium polysulphide 3% 
(Giménez and Etiennot, 2002; Giménez and 
Panzardi, 2003; Giménez et al., 2003; Thomas, 
2011). Azadarichtin (0.3 and 1.2%) prevented 
M. mutatus attack, but higher concentrations 
were not effective (Giménez and Kocsis, 2007).

The economic injury level (EIL) and eco-
nomic threshold (ET) were calculated at 0.29 
and 0.086 attacks per tree, respectively, for pop-
lars of  the Paraná River Delta, Argentina, where 
they are planted at a ratio of  70:10:20% for saw-
ing, peeling and cellulose pulp production, 
respectively (Gimenez and Moya, 2011).

Pheromones detected and tested in labora-
tory and field conditions to attract M. mutatus 
were: (+)-6-methyl-5-hepten-2-ol ((+)-sulcatol, 
or retusol) and 6-methyl-5-hepten-2-one (sulca-
tone) (Gonzalez Audino, 2011).

Barbosa and Wagner (1989) discussed the 
importance of  moisture for the associated fungi. 
M. mutatus are unlikely to survive if  logs or wood 
products are dried sufficiently (Santoro, 1963; 
Davis et al., 2005). Wood products may be 
shipped safely from infested areas following dry-
ing by heat treatments or fumigation with 
methyl bromide (SAGPyA, 2003; FAO, 2009) or 
sulfuryl fluoride (Mizobuchi et al., 1996).

Invasive risk

Although the flight capacity of  this pest is not 
well known, it is very improbable that M. muta-
tus can disperse naturally to new countries. It is 
most likely to be transported over long distances 
in woody plants, planting and wood products. Its 
presence in Italy (Allegro and Della Beffa, 2001) 
may be attributed to an introduction of  infested 
wood from South America (Tremblay et al., 
2000; Allegro, 2008a).

Unspecified ‘Platypus spp.’ have been 
intercepted at ports of  entry in the USA at least 
46 times from 1985 to 2004, and 2.3 inter-
ceptions of  Platypodidae have been reported 
annually (Davis et al., 2005). Most of  the insect 
interception reports are taxonomically incom-
plete, so specimens identified as ‘Platypus sp.’ 
or ‘Platypodidae’ are not necessarily M. muta-
tus. However, even if  all of  the ‘Platypus sp.’ or 

‘Platypodidae’ reported were M. mutatus, the 
arrival rate would still be low compared with 
other insect pests (Davis et al., 2005).

Even so, the presence of  a new invader may 
have unpredicted ecological consequences, and 
concerns have been raised at the prospect of  this 
insect becoming a global pest.

9.7.14 Poplar and willow borer, 
Cryptorhynchus lapathi (Coleoptera: 

Curculionidae) (Plate 46)  
G. Allegro

Global distribution

C. lapathi (Linnaeus) is native to the entire 
Palaearctic region from Europe to Japan, but can 
now be considered Holarctic as, in the 18th cen-
tury, it was introduced to eastern North 
America, where it spread rapidly north into 
Canada and then west to British Columbia.

C. lapathi is host specific to Populus spp. and 
Salix spp. (although Alnus and Betula are occa-
sional hosts). C. lapathi shows a marked prefer-
ence for humid riparian habitats, where its main 
host plants, poplars and willows, are commonly 
found. It is also widespread in commercial pop-
lar and willow plantations, particularly in those 
growing on humid soils, where it can cause 
severe economic losses. C. lapathi can feed and 
reproduce on a large number of  P. and Salix spe-
cies. P. nigra, P. deltoides, P. ×berolinensis and their 
hybrids, as well as P. deltoides × P. trichocarpa 
hybrids, may be severely attacked (Johnson and 
Johnson, 2003), while P. alba and P. simonii are 
generally less affected (Cadahia, 1965; Dafauce, 
1976; Jodal, 1987; Broberg et al., 2005). Among 
willows, S. viminalis, S. caprea Linnaeus, S. trian-
dra Linnaeus, S. purpurea Linnaeus and S. fragilis 
Linnaeus are potential hosts (Roques, 1998a), as 
well as S. alba Linnaeus (G. Allegro, Italy, 2011, 
personal observation).

Description

The ovoid eggs are about 1 mm long, soft, white 
and laid in the bark. The larvae are white with a 
brown head, subcylindrical, legless and more or 
less curved in shape. Body length ranges from 
1 mm for first-instar larvae to 13 mm just prior 
to pupation. The pupae average 10 mm in length 
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and have a visible developing snout. The legs 
and wings are pressed closely to the body. At 
first, pupae are white but gradually turn to 
brown, pink and grey (Garbutt and Harris, 
1994). The adults are hard-bodied, rough-
appearing, winged weevils about 8 mm long. 
The head is largely hidden by the thorax; the for-
ward end tapers into a narrow snout which, 
when folded, tucks into a ventral thoracic 
groove. Adults are readily distinguished by their 
colour pattern. Tiny black and either grey or 
pink scales on the back contrast with the rest of  
the body, which is predominantly black.

Biology

The pest is univoltine in Asia and in the south-
ern areas of  Europe and the USA. It is biennial in 
countries with a colder climate (Canada and the 
northern parts of  Europe and the USA). Where 
C. lapathi is univoltine, the winter is spent mainly 
in the larval stage, although a few eggs and 
adults may overwinter together with larvae 
(Zocchi, 1951; Szalay-Marzsò, 1962; Dafauce 
et al., 1963; Cavalcaselle, 1966). There is gen-
eral agreement that larval feeding starts in 
spring after budburst and lasts until May or 
June. Adults appear in the field from June and 
oviposition occurs until autumn, with eggs 
hatching normally before the onset of  cold win-
ter weather. In countries with a biennial cycle, 
the first winter is spent at the egg or larval stage 
and the second one at the adult stage, sometimes 
in the pupal chamber and sometimes in the soil 
and litter (Francke-Grosmann, 1960; Smith and 
Stott, 1964). Larval feeding occurs in the spring 
period. In very cold environments, a 3-year cycle 
is possible (Garbutt and Harris, 1994).

The adults possess functional wings but 
movement by flight has never been observed in 
the field (Smith and Stott, 1964), so active dis-
persal by walking on the ground is limited to, at 
most, 100 m year−1 (G. Allegro, Italy, 2011, per-
sonal observation). The adults are most active in 
the evening or early morning, but they readily 
drop to the ground feigning death when dis-
turbed. Sometimes, they can be heard producing 
distinctive squeaking sounds. They feed by punc-
turing the succulent bark of  new shoots. After 
mating, females lay single eggs in small holes 
excavated in the bark of  young stems, usually at 
lenticels or at branch bases. Trees are chosen 

independently of  their health, but a relationship 
between attack incidence and soil P and K con-
tent has been observed (Abebe et al., 1990). The 
eggs hatch in about 2–3 weeks, but larvae soon 
enter diapause, overwintering under the bark, 
and start feeding activity only in the spring of  
the following year. They initially tunnel around 
the circumference of  the stem but, at about the 
fourth instar, they turn and bore radially into 
the wood. The frass is at first pushed out by the 
larvae, but later it is allowed to accumulate in 
the tunnels. Six or seven larval instars have been 
observed (Cavalcaselle, 1966; Garbutt and 
Harris, 1994). The physiological aspects of  lar-
val feeding were investigated by Chararas 
(1969). At the end of  larval development, which 
can last from 2 to many months, depending on 
climatic conditions, pupation occurs at the end 
of  the tunnel.

Larvae have been reared in the laboratory 
on artificial media (Cavalcaselle, 1972b; Hou 
et al., 1992b).

Many natural enemies of  C. lapathi have 
been quoted in the literature (Ratzeburg, 1839; 
Schmiedeknecht, 1914; Muesebeck, 1931; 
Sweetman, 1936; Strojny, 1954; Szalay-Marzsò, 
1962; Mrkva, 1963; Cavalcaselle, 1966; Yang, 
1984), but the effectiveness of  the complex is 
normally limited and inadequate to control the 
pest below the damage threshold in poplar and 
willow commercial plantations.

Impact

Young stems (ranging in diameter from 2 to 
8 cm) can be severely damaged by larvae. Young 
trees can be killed or drastically weakened by 
galleries, and wind often breaks damaged 
branches.

C. lapathi is considered an economically 
important pest in Turkey, Italy, Belgium, France, 
Spain, Yugoslavia, Hungary, China, Korea, 
Japan, USA and Canada. It is most injurious in 
countries where poplars (and secondarily wil-
lows) are grown to produce high-quality wood, 
e.g. for plywood and furniture industries (Italy, 
Spain, France, Hungary). In Italy, it has been 
estimated that 180 t of  insecticides are sprayed 
annually in poplar stands against the pest, at a 
cost of  about €1,000,000 (Allegro, 1997b). 
C. lapathi may spread throughout poplar and 
willow SRF plantations, seriously reducing their 
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productivity and also presenting a hazard for the 
neighbouring traditional poplar plantations 
(Allegro et al., 2007).

C. lapathi is thought to have little or no 
impact on natural poplar and willow popula-
tions, as damaged (or even broken) branches of  
Salicaceae are very capable of  sprouting and 
regenerating. Moreover, natural poplars or wil-
lows rarely form pure communities, thus pre-
venting an epidemic spread of  the pest.

C. lapathi has been indicated as a possible 
vector of  bacterial willow diseases (Lindeijer, 
1932; Callan, 1939).

Control

Elimination of  sources of  infestation is consid-
ered to be almost impossible, as the pest is widely 
distributed on wild poplars and willows and on 
the crowns of  older trees under culture.

Poplars and willows in nurseries must be 
protected in order to prevent passive transfer of  
C. lapathi to commercial plantations. Young 
plants can be chemically protected and checked 
to eliminate the infested ones. Chemical protec-
tion is generally also needed in young poplar 
stands when high-quality wood has to be 
obtained. Protection in older stands is not war-
ranted, as trunks over 15–20 cm in diameter are 
unlikely to be attacked and damaged. 
Organophosphate or pyrethroid insecticides are 
commonly used. Control of  adults (Dafauce, 
1965; Lapietra and Arru, 1973) or young lar-
vae (Schvester and Bianchi, 1961; Lapietra, 
1972; Cavalcaselle and De Bellis, 1983; Allegro, 
1997b) can be achieved by spraying trunks, 
ensuring that they are thoroughly wetted. Very 
high larval mortality is achieved while they still 
feed on bark tissues and before they penetrate 
into the wood. In countries where the pest over-
winters as larvae, nursery plants can be treated 
effectively in the winter period by using pyre-
throid insecticides (Lapietra and Allegro, 
1986b). This technique is particularly useful to 
prevent the passive distribution of  the pest to 
stands by infested nursery stock.

Biological control of  the pest is possible 
by injecting entomopathogenic nematodes 
(Cavalcaselle and Deseo, 1984; Hou et al., 1992a) 
or fungi (Cavalcaselle, 1975) into the larval gal-
leries. Experiments to control C. lapathi larvae by 
X-rays have been carried out (Cavalcaselle and 

De Bellis, 1968, 1970). Physical barriers proved 
to be effective in preventing C. lapathi adults from 
climbing trunks (Allegro, 1990b).

Invasive risk

C. lapathi has been designated a quarantine pest 
by El Comité de Sanidad Vegetal del Cono Sur 
(COSAVE) of  South America (Argentina, Brazil, 
Chile, Paraguay and Uruguay). Particular atten-
tion should be paid to preventing the possible 
movement of  eggs and larvae of  the pest by com-
mercial trade of  nursery plantlets.

9.7.15 Poplar hornet clearwing, Sesia 
(= Aegeria) apiformis (Lepidoptera: 

Sesiidae) (Plate 47)  
A. Delplanque

Global distribution

S. apiformis (Clerck) is widespread in the north-
ern hemisphere. It is found across Europe, from 
Finland to the Mediterranean basin, in the 
Middle East, Asia Minor and China. It was intro-
duced into North America around 1880 in 
Massachusetts and is present now in Connecticut, 
New York, New Jersey, Pennsylvania and 
California (Morris, 1986). It attacks poplars and 
willow and has been recorded from lime, birch 
and ash. S. bembeciformis (Hübner) and S. tibialis 
(Harris) are closely related species.

Description

Members of  this family are known as clearwing 
moths because most of  one or both pairs of  
wings lack any scales, leaving them clear or 
transparent. S. apiformis bears a striking 
 resemblance to the giant hornet, Vespa crabro 
(Hymenoptera: Vespidae), with predominantly 
yellow abdomen and legs and yellow and 
 brownish-black head and thorax. The wingspan 
is 34–44 mm. The forewings are long and narrow, 
with an apparent brown border. The hindwings 
are somewhat broader than the forewings.

Eggs are spherical, orange to dark purple. 
They are laid apparently randomly by the female, 
either individually or in small clusters in the bark 
at the base of  the trunk or among the roots. This 
oviposition behaviour leads to significant mortal-
ity that is compensated for by high fecundity.
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Larvae are yellowish-white, with brown 
pronotal plate and anal shield. Mature larvae 
can grow to 65 mm long (Postner, 1978). They 
are covered by short hairs and have three pairs 
of  functional legs that readily distinguish them 
from beetle wood-boring larvae.

Biology

The colourful adults fly during the day from May 
to August. They mate immediately after emer-
gence and females oviposit without delay, each 
laying up to 1000 eggs. Eggs are laid at the base 
of  poplar trees and hatch after approximately 2–4 
weeks. Larvae are very mobile. They eat through 
the bark and penetrate into the base of  the trunk 
or the roots, forming galleries from 20 to 50 cm 
long. Mature larvae are 15–25 mm long. The gal-
leries usually descend towards the roots and 
increase in diameter as the larva grows. In large 
trees, the galleries never quite reach the heart-
wood (Postner, 1978; Heath and Emmet, 1985).

The life cycle lasts 2 or occasionally 3 years. 
In the first winter, the larvae hibernate in their 
galleries under the bark from October and con-
tinue to develop in the following spring, boring 
galleries farther into the wood. When mature, 
the larva migrates from the roots to the base of  
the tree trunk and weaves a cocoon of  wood 
debris, where it spends the second winter. It 
pupates in the following spring and the young 
adult emerges about 3 weeks later. The pupal 
chamber is made very close to the bark and the 
chrysalis is orientated with its head to the out-
side of  the tree. The head of  the chrysalis is very 
heavily sclerotized into cutting plates to bore 
through the final layer of  bark and allow the 
adult to emerge. Empty pupal cases are quite 
noticeable near the base of  the trunk or around 
the root collar, and up to 20 of  these exuviae 
have been seen hanging from one tree after the 
adults have emerged. The circular exit holes are 
about 8 mm in diameter (Postner, 1978; 
Delplanque, 1998).

Damage

In contrast to other borers, larvae of  S. apiformis 
do not eject frass from their galleries and so they 
are difficult to detect. However, the exit holes are 
easily seen after adult emergence, especially 
when the pupal exuvia is hanging from them.

Impact

S. apiformis has been regarded as a major pest of  
poplar in central and eastern Europe (Postner, 
1978). Galleries in shoots can reduce the growth 
of  young trees, and may also kill them. Severe 
infestations can occur in both old and young 
plantations (Chrystal, 1937; Speight, 1986). 
S. apiformis occurs frequently in nurseries and 
especially in commercial plantations that pro-
vide the seedlings for nurseries. It also occurs in 
new plantations, especially those replanted after 
harvesting poplars, with roots hosting large 
insect populations. Poplars of  all ages are 
attacked, even very large ones. Larval galleries 
result in timber loss in large trees. Root damage 
can encourage penetration of  fungi and other 
xylophagous insects. Damage to older trees 
affects the trunk base and thus is of  lesser impor-
tance than on young trees. Attacks seem more 
frequent where the understorey vegetation is 
dense, particularly where it consists of  shrub, tall 
weed or rough grass (Coleman and Boyle, 2000; 
Arundell and Straw, 2001; Straw et al., 2007).

In certain areas, there is a preference for 
young trees. Only poplars grown on stony 
ground are spared as the eggs need relatively 
high humidity to hatch. The percentage of  sap-
wood moisture also strongly influences caterpil-
lar growth. There is very strong caterpillar 
mortality when wood becomes too dry.

Control

No resistant poplar clones have yet been found 
and so preventative control is advisable. Old 
infested roots should be removed before plant-
ing, as they may be a source of  infestation for 
2 years after a tree has been removed. Damaged 
poplar, willow and alder trunks situated in the 
proximity of  the plantation should be removed. 
IPM strategies developed for other species of  
clearwing moths may also be applicable to 
S. apiformis. For example, Paranthrene robiniae is 
an endemic sesiid of  the north-western USA, 
where it has recently become a significant pest 
in extensive poplar plantations. Brown et al. 
(2006) recommends that contact insecticides 
are not used against adult moths and are 
replaced by mating disruption and, eventually, 
planting clones that are not as susceptible to 
sesiid attack.
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Weed control in young plantations and 
coating the base of  poles with Stockholm tar up 
to about 20 cm above the ground level before 
planting are also very effective methods of  pro-
tection by preventing oviposition. If  necessary, 
tree necks can be sprinkled with systemic 
 in  secticides or the trunk can be treated with con-
tact insecticides to a height of  1 m.

Invasive risk

S. apiformis is a widespread species and has been 
able to colonize new environments already 
inhabited by well-adapted, closely related species 
(such as S. tibialis). It seems that S. apiformis is a 
species that can adapt easily to new environ-
ments and so its eradication or control in coun-
tries where it has been recently introduced 
should be undertaken.

9.7.16 Tremex wasp, Tremex fuscicornis 
(Hymenoptera: Siricidae) (Plate 48) 

P. Parra

Global distribution

T. fuscicornis (Fabricius) is native to Europe and 
Asia. In Europe, it is found in Austria, the Czech 
Republic, Denmark, Finland, France, Germany, 
Hungary, Italy, Latvia, Norway, Poland, 
European Russia, Armenia and the Ukraine. In 
Asia, it is widely distributed across China, Japan, 
Korea, Asian Russia (including Kamchatka, 
Kurile Islands, Sakhalin, Siberia) and Taiwan 
(Smith, 1978).

It has established in the southern hemi-
sphere (possibly through transportation in dun-
nage during international trade), with first 
records in Australia in 1996 and Chile in 2000.

It attacks weakened or moribund trees in the 
genera Betula, Pterocarya, Fagus, Pyrus, Robinia, 
Juglans, Acer, Ulmus, Alnus, Quercus, Prunus, 
Zelkova, Celtis, Carpinus, Salix and Populus. Suc-
cessive attacks kill the trees (Viitasaari, 1984).

In Chile, it has been detected in poplars  
(P. nigra, P. alba and P. deltoides) and occasionally 
in willows (S. babylonica Linnaeus and S.humbold-
tiana Willd.), false acacia (Robinia pseudoacacia 
Linnaeus), boxelder maple (Acer negundo Linnaeus) 
and walnut (Juglans regia Linnaeus). In Australia, 
it attacks poplars and willows.

Description

Adult females have a cylindrical body from 14 to 
40 mm long. The abdomen is yellow-orange, with 
black transverse bands. The black, 13-segmented 
antennae vary between 4 and 10 mm long. 
Wings (up to 26 mm long) are a transparent 
honey colour, with the first pair of  superior mar-
ginal and the interior veins darkest. Legs are 
brown to yellow. The abdomen terminates with a 
short thorn-like tergite, above the very robust and 
protruding ovipositor, from 9 to 21 mm in length.

Males are totally black (including legs and 
antennae), with a bright metallic sheen, and are 
from 11 to 29 mm long. Wings are similar to 
females but a darker amber colour and from 8 to 
22 mm long. The antennae are 12-segmented 
and 3–8 mm long. The abdomen also terminates 
in a short thorn-like tergite.

Eggs are whitish, from 1 to 1.2 mm long 
and 0.2–0.25 mm in diameter. The female 
inserts her ovipositor into the wood fibre perpen-
dicularly and obliquely, so that eggs are laid sep-
arately in the wood, but in groups. Larvae have a 
cylindrical, cream-coloured body, a semi-spherical 
head with strong jaws and one-segmented 
antennae, and three pairs of  prethoracic legs. 
The largest larvae can be 3.7 cm long and 0.7 cm 
in diameter. Pupae are initially cream-coloured 
but develop pigmentation progressively from the 
head towards the rest of  the body and their 
appendages until taking the adult’s colour 
(Parra et al., 2005).

Biology

Relatively little is known of  T. fuscicornis in its 
native habitat. In Chile, mating occurs in the 
crown of  trees, where the highest number of  
males is concentrated. Females are strong fliers 
and can disperse several kilometres in search of  
a suitable host. They select weakened, stressed or 
recently cut trees in which to oviposit, taking 
advantage of  the natural fissures of  the trunk to 
insert the ovipositor more easily into less ligni-
fied tissues.

During oviposition, the female injects a 
phytotoxin and also spores of  a symbiotic fungus 
(Cerrena unicolor (Bull.) Murrill) that cause a 
white rot in the timber (Palma et al., 2005). The 
ovaries of  ten field-collected females held 
between 398 and 901 eggs (Palma and San 
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Martin, 2004), but females generally lay 300–
400 eggs, usually dying in the oviposition pos-
ture (González, 2000; Servicio Agricola y 
Ganadero, 2000). Larvae appear after 3–4 weeks 
and initially feed exclusively on the hyphae of  
C. unicolor. Later, they begin to construct cylin-
drical galleries toward the xylem. Frequently, the 
damage causes sap to leak, resulting in patches 
of  dark, oily-looking stains on the bark. In its 
final instar, the larva tunnels close to the surface 
of  the tree and pupates at the end of  the gallery. 
The adults emerge, leaving a circular exit hole of  
5–6 mm diameter.

T. fuscicornis is univoltine, but under advan-
tageous environmental conditions it may develop 
through a generation in 5 months, especially in 
dead trees. The life-cycle duration depends on 
the climatic conditions and the moisture con-
tent of  the wood. In the Metropolitan Region of  
Chile, 95% of  the population emerges between 
October and February. Emergence declines from 
March and adult activity ceases in July, when 
only immature stages exist. The sex ratio is usually 
1:1 (Parra et al., 2007).

Impact

In its natural range, populations of  T. fuscicornis 
are typically low and difficult to measure. In 
Chile, the insect infests trees that present evident 
symptoms of  weakness caused by various stress 
factors. Water deficiency is the main factor, 
besides fire damage to the base of  trees and 
nutritional deficiencies. T. fuscicornis also lives in 
dead or fallen trees and crop waste.

The physical results of  T. fuscicornis damage 
are tree mortality and the deterioration of  wood 
quality, with loss of  volume resulting from larval 
galleries, emergence holes and the white wood 
rot caused by C. unicolor.

Control

In Chile, an IPM strategy against T. fuscicornis is 
used, combining monitoring and detection 
methods and phytosanitary measures includ-
ing cultural and biological control (Parra et al., 
2007). T. fusciformis is detected in the forest 
through surveillance and a system of  trap trees 
(weakened by herbicide application) that aims 
to attract and to concentrate populations of  the 
insect to facilitate its control. Phytosanitary 
measures (through chipping, incineration or 
burial of  timber with immature stages of  the 
insect) are obligatory during an infestation in 
order to develop an efficient cultural control 
strategy by public or private entities affected by 
the pest. Silvicultural management aims to 
maintain or improve the vigour of  the trees to 
prevent damage or to contain it within accept-
able levels. Application of  biological control 
is possible using the parasitoids Megarhyssa 
 praecellens and Ibalia jakowlewi Jacobson 
(Hymenoptera: Ibaliidae). M. praecellens attacks 
final-instar larvae and Ibalia attacks eggs and 
young larvae. Levels of  parasitism of  30% by 
M. praecellens, plus natural death and the 
action of  predators, has led to high expecta-
tions for the success of  the biological control 
programme.
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Plate 33. Nematus oligospilus on willow. (A) Adult female. (B) Eggs. (C) Mature larva feeding on edge of a leaf. 
(D) Pupal cocoon. Photos courtesy of J. Charles. All photos © 2011 Plant & Food Research.
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Plate 34. Poplar leaf beetle. Chrysomela populi. (A) Adult. (B) Eggs. (C) Larva. (D) Pupa. (E) Damage. Photos courtesy of A. Delplanque (A, C, E) and S. Augustin (B, D).
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Plate 35. Poplar and willow leaf beetles. (A) Chrysomela tremulae. (B) Chrysomela scripta. 1, Adults; 2, eggs; 3, larvae; 4, pupae;. 5, damage. Photos courtesy of A. Delplanque
(A4, A5, B1, B2, B3), S. Augustin (A1, A2, A3), Gerald J. Lenhard, Louisiana State University, Bugwood.org (B4) and James Solomon, USDA Forest Service, Bugwood.org
(B5).
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Plate 36. Choristoneura conflictana on poplars. (A) Adult. (B) Hatched egg mass. (C) Leaves webbed together by
larva. (D) Mature larva. (E) Overwintering larvae in hibernacula. (F) Leaves webbed together by feeding larva. (G)
Pupal case protruding from webbed leaves. (H) Several webbed leaf clusters with feeding damage. (I) Severely de-
foliated trembling aspen stands. Note understorey plants festooned with silk from wandering larvae. Photos courtesy
of W.J.A. Volney, Natural Resources Canada.
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Plate 37. Poplar defoliator Clostera fulgurita. (A) Moth. (B) Eggs with 1st instar larvae. (C) Parasitized eggs (black) by Trichogramma sp. (D) 5th instar larvae.
(E) Pupa. Photos courtesy of A.P. Singh.
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Plate 38. Phyllocnistis unipunctella on poplar. (A) Adult. (B) Larva. (C) Rolled leaf containing pupa. (D) Mine. (E) Phyllocnistis saligna mine on Salix sp. Photos courtesy of
Tom Tams, www.northumberlandmoths.org.uk (A), A. Delplanque (B, C, D) and Gyorgy Csoka, Hungary Forest Research Institute, Bugwood.org (E). 
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Plate 39. Phloeomyzus passerinii on poplar. (A) Adult. (B) Adult females and neanids. (C) First infestation symptoms
on the trunk. (D) Heavily infested poplar trunk. Photos courtesy of G. Allegro.
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Plate 40. Tuberolachnus salignus on willow. (A) Apterous adults on young shoot. (B) Adult. (C) Winged adults.
(D) Gall on leaf margin. (E) Injury to bark. (F) Dasineura marginemtorquens on willow. Dasineura ingeris gall with
pupae in leaf bud. Photos courtesy of T. Collins (A), S. Höglund (B, D, F) and S. Augustin (C, E).
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Plate 41. Paranthrene tabaniformis. (A) Adult female. (B) Adult male. (C) Larva in gallery. (D) Exuvia of chrysalis. (E) Gall on young shoot. (F) Gallery emptied by European
green woodpecker Picus viridis. Photos courtesy of  A. Delplanque.
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Plate 42. Gypsonoma aceriana on poplar. (A) Adult. (B) Exuvia of chrysalis hanging from a branch. (C) Frass of
young larva on leaf. (D) Branch reaction to attack. (E) Result of repeated attacks on branches. Photos courtesy of
A. Delplanque (A, B, C, D) and L. Nef (E).
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Plate 43. Saperda spp. on poplar. (A) Saperda carcharias. (B) Saperda populnea. (C) Saperda calcarata. 1, Adult;
2, chrysalis in gallery; 3, damage. Photos courtesy of A. Delplanque (A, B, C1), James Solomon, USDA Forest 
Service, Bugwood.org (C2) and Minnesota Department of Natural Resources Archive, Bugwood.org (C3).
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Plate 44. Anoplophora glabripennis. (A) Adult. (B) Oviposition pits and exit holes. (C) Pupa in its pupal chamber.
(D) Galleries with mature larvae. (E) Infested poplar in Ningxia, China. Photos courtesy of F. Hérard (A, B, C), 
A. Roques (D) and Michael Bohne, Bugwood.org (E). 
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Plate 45. Megaplatypus mutatus. (A) Adults. (B) Hole with sawdust produced by adult. (C) Trap over a hole for adult emergence. (D, E) Damage to trunk. (F) Windthrow
damage in poplar plantation. Photos courtesy of G. Allegro (A, D), R. Gimenez (B, C, E) and L. Nef (F).
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Plate 46. Cryptorhynchus lapathi. (A) Adults. (B) Larva in gallery. (C) Pupa in gallery. (D) Damage to branch. 
(E) Damage to young branch. (F) Broken tree with C. lapathi gallery. Photos courtesy of G. Allegro (A, B, C, D) and
A. Delplanque (E, F).
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Plate 47. Sesia apiformis on poplar. (A) Adults mating. (B) Eggs on trunk. (C) Larva in gallery. (D) Chrysalis surrounded by frass. (E) Wood injury. (F) Exit holes at the base
of the trunk. Photos courtesy of A. Delplanque.
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Plate 48. Tremex fuscicornis. (A) Female. (B) Larva. (C) Fallen tree with damage. (D) Larval galleries. (E) Windthrow
damage in poplar plantation. Photos courtesy of P. Parra.
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